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Common assumption: healthy coral reefs 
provide shoreline protection.



Coral Reefs Reduce 97%
Incoming Wave Energy

But is this view correct?

Over 1015 scientific citations since 2014!



Not all reefs look and function the same!

• Meta-analyses reveal that coral reefs 
provide substantial protection against 
natural hazards by reducing wave energy 
by an average of 97%. Reef crests alone 
dissipate most of this energy (86%).

• They identified 255 studies on coral reefs 
and wave attenuation.

• They could only extract data for their meta-
analyses from 27 independent publications



No reefs 
from 

Florida 
used 

in study!

Only 2
studies

from the
Caribbean

They examined wave attenuation 
across three reef environments: 

the reef crest, reef flat, 
and the whole reef.

Although there was usable data 
for 27 reefs – not all reefs had 

data for the entire reef

They used “whole reef” data from 
only 13 reefs

13 out of 255!



Lost in translation!

> 150 media publications



How and why did the message get lost?
It all started with 97%.

“We knew that reefs break waves and reduce their energy,” 
said Beck, who was surprised by the findings. “We were not 
expecting to see a 97 percent reduction, though. But it 
really is that consistent and that strong across all the 
data.” The team of scientists analyzed more than 255 studies 
on coral reefs and the buffering effect they have on waves that 
pass through them. When reefs break waves, they found, the 
process begins at the reef crest.”   
              (From Brendan Bane, Mongabay 2014)



“Coral reefs protect lives and property by 
absorbing 97 percent of a wave’s energy while 
buffering shorelines from currents, waves, and storms. 
The U.S. is one of the top 10 countries worldwide that 
benefits from coral reefs in terms of risk reduction.”











Prototypical Reef - Great Barrier Reef

Reef Crest

Reef Flat

Rear Zone/Lagoon

Breaking Waves



Classically Zoned Caribbean Reef

Shallow wave-reef interactions 
involve dissipative effects of wave 
breaking, turbulence, and friction, 
resulting in measured wave 
energy transformations ranging 
from 72 - 97% depending on reef 
configuration and water depth.

Roberts, H. H., Wilson, P. A., & Lugo-Fernández, A. 
(1992). Biologic and geologic responses to physical 
processes: examples from modern reef systems of the 
Caribbean-Atlantic region. Continental Shelf 
Research, 12(7-8), 809-834.



Belizean Barrier Reef

Reef Crest

Fore Reef
Spur & Groove

Lagoonal 
Patch Reefs

Inner Reef Flat

Outer Reef Flat

Note dissipation of wave energy occurring on the reef crest and inner reef flat. 





Assumptions in Burke and Spalding
• Although reefs are highly effective at attenuating waves, their 

effect is most powerful over short distances, particularly during 
storm events, when wind-driven processes can enable the 
reformation of waves over relatively short distances. To account for 
this diminishing level of protection with increasing distance 
between the reef and shore, three tiers of protective capacity were 
assigned to coastal grid cells: 

• • within 500 m of a coral reef (high protection) 
• • within 2 km of a coral reef (medium protection) 
• • behind a barrier reef (low protection) 
• • none of the above (no protection) 



Burke, R.B., 1982. Reconnaissance 
study of the geomorphology and benthic 
communities of the outer barrier reef 
platform, Belize. The Atlantic Barrier 
Reef Ecosystem at Carrie Bow Cay, 
Belize I. Structure and Communities, 
pp.509-526.

Wave Shadows



How many reefs in Florida have a reef 
crest and reef flat?

How deep are the reef crests?

How wide are the reef flats?

How laterally continuous are these reefs?

How far offshore are these reefs?

What is the coral cover?

How about north of the 
Fowey Rocks Light?

(Ferrario et al. 2014) 



Florida Keys National Marine Sanctuary

Marine Zones
• Sanctuary PreservationAreas
• Special-Use Areas
• Ecological Reserves
• Wildlife ManagementAreas
• Existing ManagementAreas

The Florida Reef Tract is discontinuous and extends from the Dry Tortugas to Fowey Rocks



Named Reefs are Found
Seaward of Islands

Inimical waters model of 
Ginsburg & Shinn (1964)

Not a continuous barrier reef.

Only small sections have kept pace with 
sea level rise through the Holocene and 

grow to present-day sea level.

“On the basis  of their  geologic  history, the 
outer reefs are often termed bank reefs (Shinn, 
1963) while in their functional aspect they are 
termed barrier reefs (Ginsburg, 1956). As 
Ginsburg stated, while they are barrier reefs, 
they are of little individual extent, have wide, 
non-reef  areas  between them  and are only 
somewhat  more  consolidated  within  the 
Sanctuary  and northward to Fowey Light.”

             (From Voss, 1983)



Reguero, B.G., Storlazzi, 
C.D., Gibbs, A.E., Shope, 
J.B., Cole, A.D., Cumming, 
K.A. and Beck, M.W., 2021. 
The value of US coral reefs 
for flood risk reduction.  
Nature Sustainability, 4(8), 
pp.688-698.

Do the coral communities off Key West 
provide expected benefits?





Reefs off Key West

Eastern Dry Rocks

Sand Key

Rock Key

N

N



Wave Shadow - Individual Reefs

     Sand Key                                  Rock Key 



Hurricane Ian – Key West (2022)



Hurricane Ian – Key West (2022)

This is what it looked like in Key West with the “with reefs” scenario. 



Storm Impacts - Key West (2024)

Hurricane Debby                       Hurricane Helene                      Hurricane Rafael



• This study was undertaken on the coral reefs in southeastern Florida, which are at the northern 
extent of reef growth along America. 

• Lying off southeast Florida are a series of submerged, shore-parallel, fossil reef terraces. These 
relict reefs are the remains of a nearly continuous, 150 km long, barrier-reef system that extended 
northward from Miami to Palm Beach County in the early to middle Holocene. 

• The two main terraces are referred to as the inner and outer reefs; closer to shore a fossilized 
coquina beach deposit is apparent and is known as the nearshore ridge complex. 

• Modern-day assemblages of stony corals and octocorals have colonized these relict reefs and 
nearshore hardbottom structures.

• Coral cover has been low on these features since the middle Holocene.

• Historically, coral cover has routinely been measured at <3%.

Detail Study Area





How we define a reef is important!



How we define a reef is important!

No ‘coral reefs’ in 
southeast Florida look like this graphic.



Both these wave breaks are in the nearshore ridge complex 
which are comprised of Pleistocene-age coquina beach ridges.

Most shoreline protection in Miami-Dade, Broward, 
and Palm Beach is provided by these rock ridges.

These are NOT coral reefs!



Reguero, B.G., Storlazzi, 
C.D., Gibbs, A.E., Shope, 
J.B., Cole, A.D., Cumming, 
K.A. and Beck, M.W., 2021. 
The value of US coral reefs 
for flood risk reduction.  
Nature Sustainability, 4(8), 
pp.688-698.

Any $$$ benefits are provided by the nearshore 
ridge complex and nearshore hardbottom habitats 

 

While they have some living coral on their surfaces 
these are not coral reefs

Do the coral communities off SE 
Florida provide expected benefits?



NO, they do not!

There are no shallow 
water reefs

north of 
Fowey Rocks

Do the coral communities provide 
expected benefits?



More of the same?

15 January 2025







Wave Dissipation Analysis – SE Florida 
• Wave height and energy dissipation was estimated using XBEACH 1D numerical model.

• Hurricane Irma boundary conditions acquired from NOAA WaveWatch III were propagated along 
1D cross-shore transect starting at offshore boundary in 200 meters water depths.

• Profile transects were acquired from NOAA NCEI 1/9th arc second and 1/3rd arc second digital 
elevation models. 

• XBEACH numerical model was run for 3600 seconds in one-dimensional hydrostatic mode

• Spatially varying wave and current friction coefficients were applied to each transect based on 
habitat data. 

• Friction coefficients used were from Storlazzi et al. (2012).  

• Reef habitat was simulated over 100-m cross sectional sections at the reef crests of each transect. 

• Elevation was added to coral coverage areas based on coral cover.



Best developed “modern” coral reef along 
the Florida reef tract

Even Carysfort Reef is small when compared 
with proto-typical barrier reefs 



Carysfort Reef



Dead in-situ Acropora palmata at the seaward 
edge of the reef crest, Carysfort Reef

< 1 m



Dead in-situ Acropora palmata on the reef crest



Acropora palmata rubble on the reef flat



Soldier Key – Fowey Rocks



Key Biscayne



Virginia Key



Miami Beach



Outer reef off Miami Beach

• Depth  ~11 meters

• Coral cover  < 1%

• Low-relief 
     colonized 
     pavement



Sunny Isles



Wave Energy Reduction



Wave Height Reduction



Florida’s Reefs Do NOT Provide the Energy 
Diminution Services as Purported

• Why is this important?

 - Science actually matters
 
 - Actual site conditions should guide restoration/coastal    

   resilience options
 
 - Failure to understand these basic principles has led to 
    overpromising and ultimately underperforming restoration                   

   project goals



Punchline to the Story

From a wave attenuation point of view – 
coral reefs in Florida aren't what they are

cracked up to be. 

Sept. 10, 2017
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