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Salt Marsh Wave Reduction 
and Erosion Protection
• Up to 60% of wave reduction attributed 

to vegetation
• Marsh substrate remained stable under 

all conditions, even once waves had 
broken the stems

• “…salt marsh ecosystems can be a 
valuable component of coastal 
protection schemes.”

Möller et al.  Nature Geosciences. 2014



New Coastal Resilience Case Studies: Coastal 
Texas Protection and Restoration Project, 
Galveston

• Multiple lines of 
defense; outer barrier 
island and inner bay

• Restored beach and 
dune system

• Gate system at 
primary connection to 
Gulf of Mexico

• USACE still awaiting 
Congressional 
approval and funding 
for project

Palinkas et al. (2022)
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Rebuild By Design: Big “U” 
Project

• Hard and soft infrastructure with 
recreational benefits

• Integrate flood protection into community, 
improve water access

• Berms and flood walls or barriers



Big “U” Project: Eastside Resilience Project



Climate Adaptation and Recreational 
Benefits
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Natural and Hybrid 
Research Needs?
• Natural and hybrid storm protection 

benefits? 
• Value of  storm protection benefits and co-

benefits? 
• Best practices for design?
• Need Multidisciplinary efforts

• How to implement?



Main Findings:
• US coastal wetlands 

are a sink for 
greenhouse gases
• Loss of wetlands is a 

growing source; loss 
mostly in the Gulf
• A lot less restoration 

is occurring than loss
• Accomplished this 

with globally available 
Landsat data and the 
Wetlands Supplement 
� other countries can 
do this, too



Comparing Coastal 
and Ocean Carbon 
Opportunities

• Others have claimed that there are 
other blue carbon sinks that should be 
considered

• Green is actionable now

• Science is still lacking for many 
systems

• (Yellow emerging, ? Not enough data)

• And the feasibility of incorporating 
these into human policies is still 
undetermined

• Howard et al. In Review



How much carbon 
can ecosystems in 
the U.S. store if 
we implemented 
ALL natural 
climate solutions?
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1.2 Pg CO2e yr-1 ($100tC)
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20% of US net emissions



3. 
Nature/Biodiversity 
and Human Health



Biodiversity 
Conservation

• Prior reasons to 
conserve biodiversity 
• Intrinsic value
• Provisioning of 

food, medicines
• Climate regulation



Nature/Biodiversity 
and Human Health

•New evidence 
suggests important 
connections 
between biodiversity 
and human health 
and well-being



Human Health and Well-Being

• “…a state of physical, 
mental and social well-
being and not merely the 
absence of disease or 
infirmity.”                                            
-World Health Organization 
(1946)
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Synthesis Study Questions
1. Is there convincing evidence that 

experiencing more natural settings can 
improve psychological and physical 
health?

2. Does exposure to biodiverse nature 
result in measurable health responses? 

1. Can biodiversity provide humans and 
animals protection from allergic and 
inflammatory diseases?  

Sandifer, Sutton-Grier and Ward, 2015

YES!

YES.



Biodiverse Nature can help prevent…

• Allergies
• Asthma
• Some heart disease
• Type 2 diabetes
• Some types of obesity
• Some cancers

Sandifer, Sutton-Grier and Ward, 2015



Allergies and 
Biodiversity



Allergies: Protective Role 
of Microbial Diversity



“Biodiversity” or “Hygiene” Hypothesis

• Our bodies must learn not to 
attack:
• Self
• Harmless molecules in air 

(pollen)
• Gut contents 

Rook 2013



Finland Adolescent Study
• Analyzed land-use types within 

3km radius of homes
• Kids with allergies
• Lower diversity of habitats 
• Fewer kinds of Gram-

negative gammaproteo-
bacteria on their skin which 
have an allergy protective 
effect (Hanski et al. 2012)

• Loss of contact with diverse 
natural world is making us 
sick

https://www.anthropocenemagazine.org/conservation/2012/09/biodiversity-under-our-skin-2/



Wetlands and 
Human Health

• Bacterial communities in anaerobic marsh 
soils of Sapelo Island, GA
– Diversity similar to terrestrial soils but 

unique composition
– Bacteria included representatives of 

Firmicutes and Bacteriodetes, two of 
the bacterial groups to which exposure 
was negatively associated with allergic 
reactions (Lasher et al. 2009)

• Need to develop and test hypotheses 
about wetland biodiversity, particularly 
microbial diversity, and health protective 
benefits to people 

Sutton-Grier and Sandifer. 2018. Wetlands



Ongoing Research Needs
• Specific mechanisms for biodiversity 

affects human health
• Best ways to measure biodiversity to 

determine human exposure? 
• Which metrics of health would be the 

best indicators of biodiversity-human 
health impacts? 

• Better monitor biodiversity and integrate 
info into public health and natural 
resource management and policy

• Need for large, community-wide health 
datasets and over longer periods of time



And more research is coming out all the time…

Chang et al. 2021

Landon et al. 2020









Opportunity: Nature/Biodiversity
• Exposure to nature has direct, positive heath effects and exposure to 

biodiversity may have direct, positive impacts human health
• Potential to implement these findings to enhance human well-being 
and develop increased public support for green & blue space 
protection and restoration
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