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Coral Reefs at Risk 
~25% of the world’s coral reefs 
have already been damaged 
beyond repair and 75% are 
threatened by global and local 
stressors 

World Resources Institute 



  

 
   

  
  

  
    

   

Coral Reefs Threats 

Global 
• Thermally-induced bleaching 
• Ocean acidification (atm CO2) 

Local 
• Land-based pollution 

(sediment, nutrients, contaminants) 
• Disease 
• Coastal acidification (nutrients) 
• Overfishing and poor fishing practices 
• Physical destruction (groundings, development) 



    
       

         

        
    

        

  

  
 

   
 

Ecosystem Services of Coral Reefs: 
US coral reefs Biodiversity – “Rain forests of the sea”; cover <1% of 

generate sea floor but home to >25% of all marine species 
$2.064 billion** 

Food – a primary source of protein for most island annually in these 
nations; nursery habitat for many commercial species ecosystem services 

Brander and van Beukering, 2013,Tourism – a primary source of income for most island NOAA Report 
nations 



   
  

Coral Reefs & Coastal Protection 
Quataert et al., 2015, Geophysical 

Research Letters 

climate 
change 

sea-level 
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Infrastructure, freshwater supplies, 
and natural, cultural, and historic 

resources on coral reef-lined coasts 
are threatened by coastal flooding. 
If nothing is done, forecasted reef 

degradation and sea-level rise 
will exacerbate that flooding and 

increase the threat to coastal 
communities. 



  

  

 

Hagatna, GU Pago Pago, AS 

San Juan, PR 

Delap, RMI 



   
  
 

    
    

     
    
 

Our approach for 
assessing Coastal 
Protection Value: 

A combination of oceanographic, coastal 
engineering, ecologic, geospatial, social, 

and economic models 

Storlazzi et al., 2019, USGS Report 
Reguero et al., 2021, Nature Sustainability 



        

Flooding 

ocean 

Storlazzi et al., 2019, USGS Report and Reguero et al., 2021, Nature Sustainability 



        

Flooding 

Storlazzi et al., 2019, USGS Report and Reguero et al., 2021, Nature Sustainability 



 

        

People Threatened 

Storlazzi et al., 2019, USGS Report and Reguero et al., 2021, Nature Sustainability 



 

        

Property Threatened 

Storlazzi et al., 2019, USGS Report and Reguero et al., 2021, Nature Sustainability 



Storm Values 
Risk and Benefits 

current reefs 
degraded reefs
% increase 

RISK
BENEFIT 

        

  

  

 

  
 

RISK = white area under blue line 

BENEFIT = gray area between blue and red lines 

Annual RISK or BENEFIT = integral of white 
or gray area 

Storlazzi et al., 2019, USGS Report and Reguero et al., 2021, Nature Sustainability 



 

 

        

Annual Benefits 
18,180 people

(2010 census) 

Storlazzi et al., 2019, USGS Report and Reguero et al., 2021, Nature Sustainability 



 

 

        

Annual Benefits 

$1,805,511,877 
(2010 USD) 

Storlazzi et al., 2019, USGS Report and Reguero et al., 2021, Nature Sustainability 
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Increase in Risk by Sector 
current reefs 

degraded reefs 

Private Sector Public Sector 

Storlazzi et al., 2019, USGS Report and Reguero et al., 2021, Nature Sustainability 



Relative Increase in Risk by Region 

        

     

         
           

  

Coastal communities in the territories are at relatively greater risk of increased 
flooding due to projected coral reef degradation due to climate change, 

especially the young, old, low-income, and minorities. 
Storlazzi et al., 2019, USGS Report and Reguero et al., 2021, Nature Sustainability 



The Solution: Reef Restoration 
“Green” restoration 

“Gray-green” restoration 

Restored reef 



   
  

Coral Reefs & Coastal Protection 
Quataert et al., 2015, Geophysical 

Research Letters 

restoration 

restoration 

restoration 



    

Flooding 

Storlazzi et al., 2021, USGS Report 



    

Flooding with Potential Restoration 

Storlazzi et al., 2021, USGS Report 



    

    

Protection Provided by Potential Restoration 

Storlazzi et al., 2021, USGS Report 



     

    

  Total People Protected 

>920 people in Puerto Rico annually 

Storlazzi et al., 2021, USGS Report 



    
    

  Total Property Protected 

>$40 million in Puerto Rico annually 
Storlazzi et al., 2021, USGS Report 



       
    

  Total Property Protected 

>$720 million over 30 years with a 4% discount rate 
Storlazzi et al., 2021, USGS Report 



      
 

 

   

       
 

       
     
   

  

        

How Does the US Decide to Fund 
Pre-disaster Mitigation and 
Post-disaster Restoration? 

Benefit : Cost Analysis 
Hazard risk reduction vs cost* 

Needs to be done at a spatial resolution 
and in an economically rigorous manner 

to meet the needs defined in the US 
Stafford Act and the US Office of 

Management and Budget’s Circular A-94 

*Coral reef restoration cost: $500,000 to $2,000,000 per kilometer 



   

 

Public Sector: Benefit analyses 

FEMA, 2021, HAZUS Report 



   

 

Public Sector: Benefit analyses 

FEMA, 2021, HAZUS Report 



     

     

 
  

    

 
 

    

      
   

   
  

Where can this lead us? 

All of the tools used to fund 

gray infrastructure 
(seawalls, breakwaters, etc) 

can be used to fund 

green infrastructure 
(ecosystem restoration) 

National Institute of Building Sciences, 2019 
Natural Hazard Mitigation Saves Report: 

Every $1 spent in mitigation saves $4 in adverted 
damage for tropical storms Colgan and Beck, 2017, Lloyd’s Tercentenary Research 

Foundation Report 



  

    

   
     

   
   

    

   
 

 
     

         
   

 
 

 
 

  

Who in the public sector cares? 

FEMA 

DOD 

NOAA 

States and 
Territories 
NGOs 

• Community Infrastructure Resilience Branch 
• Risk Analysis Branch 
• Risk Reduction Division, Grant Analysis and Tools Section Federal 
• Benefit:Cost Analysis Program Partners 

for Nature-
Based • Defense Advanced Research Projects Agency Solutions 

• Center of Excellence in Flood Risk Reduction Working 
• ERDC, Engineering with Nature Initiative Group 
• ERDC, Risk and Decisions Science Team (along w/ 

USGS) 

• Coral Reef Conservation Program 
• Restoration Center 

• Hawaii, Florida, Puerto Rico, US Virgin Islands, Guam, 
American Samoa, C.Northern Mariana Islands 

• Coastal States Organization 
• American Shore and Beach Preservation Association 



        Public Sector: Laws to designate reefs as critical 
infrastructure for coastal protection 



           

   Public Sector: Advancing guidance 

West et al., 2022, EPA Report Stovall et al., in review, USCRTF Report 
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Public Sector: Advancing reef restoration 

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

The top 1 m of Reef can protect 
infrastructure 

DoD Insta at on(s) 

• 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) 

• 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) 

Source Selection Information - See FAR 2.101 and FAR 3.104 1 



    

    

    
   

    
    

 

 

 
 

 

    

      
     

What is the Private Sector doing? 

Resilience 
Infrastructure 

Bonds 
Munich Re 

Insurance 
Swiss Re 

Support pre-storm reef restoration 
based on projected hazard risk 

reduction benefits 

Pay for defense through reduced 
cost of insurance bond 

Set rates to promote reef protection 

Fund restoration of damaged reefs 

Colgan and Beck, 2017, Lloyd’s Tercentenary Research Foundation Report 
Beck et al., 2019, InsuResilience Global Partnership Report 



   Private Sector: Reef insurance 



   Private Sector: Reef insurance 



      
     

        

  
 

 

Summary 
US coral reefs protect >18,000 people and >$1.805 billion 
annually (vs $2.064 billion for all other services)…and thus 

their most important ecosystem function in the US is 
protecting coastal communities. 

Coral reefs disproportionately protect the 
young, old, low-income, and minorities. 

(ENVIRONMENTAL JUSTICE) 



   

    
     

  

   

     

Opportunities 

Include Nature in Industry Risk Models 

Private incentives: Insurance, Resilience bonds 

Public incentives: Pre-disaster mitigation funds, 
pre-disaster green bonds, and special purpose tax 

districts; Post-disaster restoration funds 

Prioritizing Natural Infrastructure in Policy: 
FEMA, USACE 



   
   

  
  

 

    
  

Linking coral reef health and restoration to 
coastal hazards risk reduction 

Reduce risk to, and 
increase the resiliency, of our Nation’s 

coastal communities 

…..while also maintaining biodiversity, 
fisheries, tourism, etc. 



Thank you! 

Any questions? 
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