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ABOUT US 

• The Water Institute of the Gulf is a not-for-profit, 
independent research institute dedicated to providing 
advanced understanding and technical expertise to 
support management of coastal, deltaic and water 
systems, within Louisiana, the Gulf Coast and around the 
world.  

• Our mission supports the practical, relevant and timely 
application of state-of-the-art science and engineering, 
providing solutions that benefit society. 
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PROGRESS? 
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Much is known about the capacity of nature-based features to 
reduce coastal erosion from smaller storms, but additional 
research is needed to better understand and quantify the 
effects of natural features (other than beaches and dunes) on 
storm surge, wave energy, and floodwater inundation. In 
general, the level of risk reduction provided by oyster reefs 
and seagrasses appears much lower than that provided by 
constructed dunes and hard structures, and most of the 
benefits are associated with reductions in wave energy during 
low- to moderate energy events. Research has documented 
reductions in peak water levels from salt marshes and 
mangroves, but certain storm conditions and large expanses 
of habitat are needed for these to be most effective.  
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WHAT DO WE KNOW? 

Reviewed ~80 separate studies 
–  Field, lab, modeling 
–  Waves, surge 

Across coastal environments:  
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• Barrier island 
• Coastal Forests 
• Coral reefs 
• Marshes 

• Oyster reefs 
• SAV 
• Sand dunes 

 



INCREASING 
UNDERSTANDING? 
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SITE/SPECIES SPECIFIC RESPONSE  
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0 1 2 3 4 5

Spartina alterniflora
Thalassia testudinum

Spartina alterniflora
Limonium vulgare, Aster Tripolium,…

Aster, Suaeda, Puccinellia,…
Aster, Suaeda, Puccinellia,…

Puccinellia maritima, Salicorinia…
Atriplex portulacoides, Spartina…

Atriplex portulacoides, Salicorinia…
Spartina anglica, Salicornia spp.
Spartina anglica, Salicornia spp.

Salicornia spp
Kandelia candel, Sonneratia sp.,…

Thalassia testudinum

Average Wave Reduction in % per meter 
(Low energy environment) 

average wave reduction in %/m 
Data from Anderson et al. 2011 
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Mangroves 
Different Species 

With mangroves 

Without mangroves 

Without  
mangroves 

With  
mangroves 

Increasing  
age of trees 

Brinkman, 1997 

Mazda 

Mazda et al., 2006 

Quartel et al., 2007 

10 

  



Suzuki et al., 2012 

Cyclone waves 
Varying factors for roots, stems and canopies 

Mangroves 
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Coral Reefs 
Gelfenbaum et al. 2011 

High tide - low tide Roughness 
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When do the 
events occur? 
 
When does the 
ecosystem  act to 
reduce the effect? 
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300m flume experiment 
Real marsh sods 
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• Reduction in dissipation for regular waves exceeding 0.3m in height  - a change in behavior of the 
marsh vegetation. 

• Under low incident waves (H < 0.3 m; T < 3.6 s), the plants swayed and interacted with wave 
motion throughout the wave 

• For larger waves (stronger currents stems bent over to angles >50 during the forward wave motion 
• Allows the flow for part of the wave cycle to skim over, rather than travel through the vegetation, 

thus retaining energy and reducing dissipation 



Understanding How Natural Features Contribute 
to Coastal Risk Reduction 16 



VEGETATION CHARACTER 
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WAVE ATTENUATION 



SUMMARY THOUGHTS 

• Laboratory studies enable control of waves and 
detailed measurements 

• Limitations on scale 
• Marsh vegetation vs. marshes 
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SUMMARY THOUGHTS 
• Scaling up 

– Lab to field 
– Plants to landscapes 
– Point measurements to landscape dynamics 
– Theory to practice 
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Role of coastal marshes in 
response to increases in 
relative sea level.  
 
(A) Contemporary natural 

shoreline.  
(B) Natural shoreline w/SLR.  
(C) “Holding the line”  
(D) Hybrid interventions where 

space is allowed for the 
maintenance of natural 
coastal defenses 

Spalding et al., 2013 



TAKE HOME 
• The effects are real 

– There is a contribution from nature 
• The effects are site/event specific 

– Beware ‘benefits transfer’ 
• Ecosystem benefits  

– Risk reduction is one of many 
– ‘Lagniappe’….. 

• Erosion and flooding are part of nature 
– Our buildings and businesses are not 
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THANK YOU 

301 NORTH MAIN STREET, SUITE 2000 
BATON ROUGE, LA 70825 

 
(225) 448-2813 

WWW.THEWATERINSTITUTE.ORG 
 

Denise Reed | dreed@thewaterinstitute.org 
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