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National Evaluation
of Risk Reduction

Approach for Assessing 

Coastal Protection Value of 

Coral Reefs

Reguero et al., 2021, Nature Sustainability

A combination of oceanographic, 

coastal engineering, ecologic, 

geospatial, social, and economic 

models
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Modeling Coral Reef-lined Coastal Flooding

Storlazzi et al., 2025, Science Advances

For a building in the 100-yr flood

hazard zone 

(1% chance of flood damage any given year), 

the probability of being flooded 

once in a 30-yr period 
(a typical home mortgage)

is 26% 

10 m2 resolution

= 100 year floodplain with current reefs

= coral reefs



4

Flooding with Potential Restoration

Storlazzi et al., 2021, USGS Report

Flooding with Potential Restoration

Storlazzi et al., 2025, Science Advances

10 m2 resolution

With coral reef restoration,

the probability of being 

flooded once in a 30-yr 

period 
(a typical home mortgage)

decreases by 20% 

= 100 year floodplain with restored coral reefs

= 100-year floodplain with current coral reefs

= coral reefs
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Protection Provided by Potential Restoration

Storlazzi et al., 2021, USGS Report

Social Protection Provided by Potential Restoration

Storlazzi et al., 2025, Science Advances

10 m2 resolution

= 100 year floodplain with current reefs

= 10 people protected

= 20 people protected

= 30 people protected

= 40 people protected

= 50 people protected

= coral reefs
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Protection Provided by Potential Restoration

Storlazzi et al., 2021, USGS Report

Economic Protection Provided by Potential 

Restoration

Storlazzi et al., 2025, Science Advances

10 m2 resolution

= 100 year floodplain with current reefs

= $1,000,000 in property protected

= $2,000,000 in property protected

= $3,000,000 in property protected

= $4,000,000 in property protected

= $5,000,000 in property protected

= coral reefs
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National Evaluation
of Risk Reduction

Reguero et al., 2021, Nature Sustainability

Risk Valuation Framework

How does the insurance industry, US Federal Emergency Management Agency, 

and the US Army Corps Engineers calculate annual risk reduction benefits? 

Annual

Risk Reduction 

Benefit
=

Probability of

Occurrence
X

Magnitude

of Impact

current reefs

degraded reefs

% change

current reefs

degraded reefs

% change

current reefs

degraded reefs

% change

restored reefs

current reefs

% change

restored reefs

current reefs

% change

restored reefs

current reefs

% change
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National Evaluation
of Risk Reduction

18,180 people 

per year

$2,545,771,746 

per year

Reguero et al., 2021, Nature Sustainability 
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Immediate return on investment

~2%

Paid for over 30 years at

7% discount rate

~20%

Cost : Benefit
Analyses

Coral reef restoration

Storlazzi et al., 2025, Science Advances

Assuming coral reef restoration and 30 years maintenance cost = $3,000,000 per kilometer

If benefits > cost, then the project has a 

positive return on investment

Most benefits occur where 

communities, infrastructure, and 

economic activity are located
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Designing Restoration – kilometer scale

Storlazzi et al., 2021, USGS Report

All of the tools used to fund

gray infrastructure 

(seawalls, breakwaters, etc)

can be used to fund

green infrastructure 

(ecosystem restoration)

Colgan and Beck, 2017, Lloyd’s Tercentenary Research 

Foundation Report

So What?

Every $1 spent in mitigation saves 

$4 in adverted damage for tropical 

storms

National Institute of Building Sciences, 2019 

Natural Hazard Mitigation Saves Report
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Benefit : Cost Analyses

First Successes:
Public Sector

US Federal Emergency Management Agency’s 

Flood Assessment Structure Tool (FAST)

US Federal Emergency Management Agency’s first 

successful Hazard Mitigation Grant Program award to 

restore coral reefs for hazard risk reduction
(7 kilometers to protect Puerto Rico’s capital and international airport)
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First Successes:
Public Sector

US Department of Defense Advancing Coral Reef 
Restoration for Coastal Protection

Hazard Risk Reduction Benefits exceed $1.8 billion annually for US Reefs 

Source Selection Information - See FAR 2.101 and FAR 3.104 1

• These dollar figures represent the estimated cost savings per year 

by the top 1m of fringing coral reefs (Source: USGS 2019-1027 

report and Reguero et al. 2021, Nature Sustainability) 

The top 1 m of Reef can protect 

infrastructure

• Protecting some areas in Hawaii (see circled area) could create 

large ROI where we have a lot of DoD Installations: (Joint Base 

Pearl Harbor, Hickman FTAC, Hickman AFB, NAVFAC Hawaii)

• There are 1,700 military installations in worldwide coastal areas that 

may be effected by sea level rise and storm surges

• It would cost $30M to replace the top 1m of reef in a km so some 

places have a return of investment in a year (see circled area)

DoD Installation(s)

~$70 million program to develop make 

hybrid coral reefs grow faster and be 

more resilient to cost-effectively protect 

tropical coastal military bases from 

storm-driven flooding
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First Successes:
Private Sector

Insurance, Re-insurance, 

Catastrophe and Resilience Bonds

Decker et al., 2025, 

Swiss Re Institute
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First Successes:
Private Sector

Insuring Nature as Coastal Defense Infrastructure
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First Successes:
Private Sector

Insuring Nature as Coastal Defense Infrastructure
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Protection Provided by Potential Restoration

Storlazzi et al., 2021, USGS Report

Next Steps

Determine performance

Deploy 

testbed 

structures

Increase Application of Corals Reefs as Nature-based 
Solutions by the Engineering Community
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Any questions?
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