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Science to inform transformation 
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south Florida



• Effects are already here ~ “sunny day” 
flooding

• Not just a coastal issue

• Up to another ~5-12” projected by 2040, 
increasing # and extent of events

• Implications for natural & built 
environment i.e. drinking water, waste & 
water management, coastal hazard 
protection, property & business

• Billions of dollars have already been 
incurred in climate-related damages with 
cumulative stresses for vulnerable 
populations

• Events intersect to produce “triple-
whammy” impactsCoconut Grove, Miami, Fall 2016

Coastal cities around the world are vulnerable 
to climate change & sea-level rise (e.g., Miami)

Shorecrest, Miami, Fall 2017



Climate change is no longer considered just an 
environmental issue but one that permeates every sector of 
society with significant implications for economic prosperity 

and growth, social equity and quality of life. 

Climate change is one of the greatest 
sustainability challenges 



Coastal ecosystems – naturally adaptive

Mangroves

Tidal marshes
Seagrass meadows



Global Distribution 
of Tidal Marshes

Soil Carbon Stocks and Living Biomass

Slow increase in sea level over recent geologic history led 
to build-up of coastal wetlands and massive accumulation 
of organic soil (peat) and sequestration of carbon dioxide

Mg CO2 ha-1

Plants are very most important 
for  coastal wetland build-up 
along shorelines and stability



Can coastal wetlands keep pace with current and future 
rates of sea-level rise? How does increasing salinity and 
inundation influence plant growth and soil building? 

Changing phosphorus availability is also important, but won’t talk about that today!
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Unified Sea Level Rise Projection
(Southeast Florida Regional Climate Change Compact, 2019)
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Arrows show dry season seawater INFLUX  into surface and groundwater (not to scale)

Current 
Flow

Future 
Flow?

The Everglades, FL, USA, is undergoing a multi-billion dollar hydrologic 
restoration program, but increasing concern over impact of SLR



2 Foot SLR 
No Flow Restoration

2 Foot SLR 
+ Flow Restoration

USACE

Will SLR result in a wholescale collapse of vegetated peat marshes with saltwater 
intrusion or can freshwater restoration ameliorate the effects of SLR and enable 

mangrove forests to transgress inland (preserving vegetated wetlands long-term)?

Significant uncertainty in the fate of Everglades coastal 
wetlands under SLR and water management



The effects of projected sea-level rise on Everglades 
coastal ecosystems: Evaluating the potential for and 
mechanisms of peat collapse using integrated 
mesocosm and field manipulations

Outdoor 
Mesocosms

Field 
ChambersLandscape 
Assessment



Bottom of 
culms

Soil surface

Exposed 
roots

“A relatively rapid shift in soil C balance, leading to a net loss 
of organic C and loss of soil elevation, culminating in a 
conversion of vegetated marsh to open water ponds”

Wilson et al. 2018. Estuaries and Coasts.

What is “Peat Collapse” at the plot scale?



What is “Peat Collapse” at the landscape scale?

Field dosing site

EVERGLADES NATIONAL PARK

Main park road

Evidence of 
conversion of 

sawgrass peat marsh 
to ponds

H2Graphics & Davis

Unimpacted



Objectives:
1) Investigate the potential for and mechanisms of peat collapse using integrated 

outdoor laboratory mesocosms and field manipulations 
2) Develop actionable information for water management and conservation of 

coastal south Florida

The Ben 
Wilson  
carbon flux 
chamber in 
the 
outdoor 
mesocosms

Dosing the field chambers

Overarching hypothesis: Enhanced salinity due to storm surge (pulsed) and 
saltwater Intrusion (continuous) in freshwater and brackish peat marshes will 

reduce carbon inputs (e.g., via plants) and increase in C loss from the soil and litter.

Mechanistic Studies – testing response thresholds to 
inform long-term observations



Elevated 
salinity plus 
dry-down 
caused 
more 
carbon to 
be lost to 
the 
atmosphere 
and loss of 
elevation 
(peat 
collapse). 

RELEVANCE: Provides soil oxidation thresholds and salinity targets 
for regional hydrologic restoration models so that restoration and 
operations are optimized to minimize drydown and create sufficient 
hydrological head in the coastal regions vulnerable to peat collapse.

How is this information being used to guide regional water 
management and restoration? à Inundation (depth and 
duration) and salinity targets

Depth-duration curves w/ and w/o 
restoration

Overland flow restoration 
”alternative” modeled scenario



Results advance understanding and 
communication of water 
management (SFWMD and USACE) 
and Everglades restoration (FWS and 
NPS) needs with changing climate

"A critical question for the CERP is whether, 
and for how long, restoration of freshwater 
flows can mitigate salinity incursion related 

to sea-level rise and associated peat collapse 
and can facilitate a landward migration of 

coastal mangroves to counteract the effects 
of sea-level rise.” 

NASEM CISRERP 2018 Report



Sea Grant and Florida 
Coastal Everglades US Long-
Term Ecological Research 
project collaborators et al. 



Coastal wetland mitigation potential recognized among national 
and global research and policy communities

Figure by Peter Thornton



Coastal Blue Carbon 
Approaches

Research Agenda that identifies 
the following practices to 
evaluate:
1. Active ecosystem management
2. Restoration
3. Nature-based adaptation
4. Managed wetland transgression
5. Carbon-rich projects

Practices that increase the amount 
of carbon stored in living plants or 
soils in tidal marshes, mangroves, 
and seagrass beds

Conclusion: ….The cost of the carbon removal is low or zero …. these 
projects target other benefits such as ecosystem services and coastal 
adaptation. Understanding of the impacts of sea-level rise, coastal 
management, and other climate impacts on future uptake rates should be 
improved….

Recreation & Tourism

FisheriesCarbon Storage & Seq.

Coastal protection



Can wetlands created or restored in urban environments confer the same level of 
ecological services (e.g., carbon mitigation) as wetlands in natural environments? 

Hypothetical trajectory for mangrove 
restoration: Osland et al. 2012. 

Mangrove Soil Carbon
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(Reference)

(Reference)
Crandon Park

Oleta River State Park

Bill Baggs Cape Florida

North Point Virginia Key

Historic Virginia Key Beach Park

Sources: Esri, HERE, DeLorme, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS,
NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong
Kong), swisstopo, MapmyIndia, © OpenStreetMap contributors, and the GIS User Community

Daniel Virden, M.S. thesis, In prep

Thinking beyond the Everglades for restoration and climate mitigation 
opportunities that also directly benefit the urban system and Biscayne Bay 



Living shoreline seawall renewal – Michael Singer

Can nature-based adaptation projects confer 
the same level of ecological services (e.g., 
carbon mitigation) as wetlands in natural 
environments? 



Greater Miami and the Beaches 
Resilience Research Collaborative

Regional Climate 
Action Plan 2.0

Develop a multi-sectoral
research agenda and strategy
to: 
1)assess performance
outcomes and impacts of
resilient 305 actions across
social, ecological and
infrastructure domains and
2) anticipate changing
conditions and new
opportunities, including
baseline assessment, long-
term monitoring and resilience
accelerators on new projects

Addressing how resilience can also build sustainability (incl. mitigation)
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