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What has not changed:
• Sedimentation rate discrepancies between methodologies, including (R)SET-MH, have 

not been resolved

What has changed since then:
• Introduction of (R)SET-MH methodology to quantify recent sedimentation
• Increased rate and magnitude of sea level rise forecast to accompany climate change

So what?



Pilot studies and formulation 
of standard methods

Objective Why

1970s and 80s

Above and below ground  
processes including 
biogeochemistry and  
sedimentation

How wetlands work

1980s and early-90s
Historic change in 
sedimentation

Resiliency of habitat and 
ecosystem function to sea 
level rise and civil engineering 

Mid-1990s and 00s Recent sedimentation
Resiliency (SLAMM) and 
restoration success (BACI)

2000s and 10s Carbon flux Climate change
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Evolution of approach and rationale used in wetland studies designed to quantify temporal and spatial 

changes in sedimentation
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Figure 1. RSET-MH set-up in a coastal mangrove to quantify recent sedimentation. From 

Webb et al. 2013. 

Recent (<10 years)
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Radioisotope geochronology data used to quantify geologic and historic sedimentation. 

Modified after Webb et al. 2013. 

Ln excess 210 Pb 137 Cs activity14 C

Geologic (>100 yrs) Historic (100 to 50 yrs)



Geologic

Duration of 

observations 

(mo) Accretion

Elevation 

change Cs-137 Pb-210 C-14

Maine 204 2.84 (11) Goodman et al. 2007

Massachusetts 1.83 (2) Redfield 1972

New York 0.02 Kolker et al. 2010

New York 2.30 2.10 Donnelly and Bertness 2001

Chesapeake Bay 60 20.48 (8) 17.64 (9) Cadol et al. 2014

Chesapeake Bay 2.35 0.82 Hussein 2009

South Carolina 60 7.73 (4) 3.08 (4) Stagg et al. 2016

Georgia 60 14.73 (4) 11.2 (4) Stagg et al. 2016

Georgia 7 6.40 (3) 1.93 (3) Craft 2007

Georgia 3.70 Loomis and Craft 2010

Florida 1.60 0.50 0.48 (4) Craft and Richardson 2008

Florida 0.10 (6) Choi and Wang 2004

Louisiana 2.48 (6) Nyman et al. 2006

Louisiana 8.58 5.85 Jarvis 2010

Louisiana 60 13.70 (2) 2.9 (2) 6.85 (2) 5.75 (2) Rybczyk and Cahoon 2002

Louisiana 10.02 (9) -3.17 (9) Lane et al. 2006

Louisiana 4.97 (6) 2.95 (6) Prouhet 2001

Louisiana 48 16.40 3.50 Baustain et al. 2012

Louisiana 10.50 (2) DeLaune 1978

Louisiana 1.43 1.18 (4) DeLaune et al. in review

Louisiana 7.69 (6) 4.29 (3) 3.55 (15) Smith 2009

Louisiana 5.26 (9) 4.49 (9) Smith 2012

Texas 3.94 (32) White et al. 2002

Western Gulf of Mexico 3.90 (2) 3.10 (2) Turner et al. 2006

Gulf of Mexico 3.62 (4) Callaway et al. 1997

Average 11.54 5.99 4.71 3.21 1.36

Reference

Radiometric

Wetlands (207)

(R)SET-MH

Location

Recent Historic

Estimates of Atlantic and Gulf Coast marsh accretion rates (mm/yr) organized by 

location and method. Values decrease with increasing age of sediment (left to right).  

(11) = number of observations if more than one.



Geologic

Duration of 

observations 

(mo) Accretion

Elevation 

change Cs-137 Pb-210 C-14

Hutchinson Island, Florida 9.50 (5) 1.00 (6) Parkinson et al. 1994

Florida Keys 3.22 (5) Callaway et al. 1997

Southwest Florida 36 9.00 (2) 3.80 (2) Whelan et al.  2009

Southwest Florida 3.05 (2) Smoak et al. 2013

Southwest Florida 0.60 (3) Parkinson et al. 1994

Southwest Florida 1.10 (2) Parkinson et al. 1994

Rookery Bay, Florida 30 6.34 (5) 2.34 (5) Cahoon and Lynch 1997

Rookery Bay, Florida 36 3.66 (7) 2.11 (7) McKee 2011

Rookery Bay, Florida 1.80 1.60 Lynch et al. 1989

Naples Bay, Florida 4.16 (5) 2.52 (7) Marchia et al. 2016

Average 6.33 2.75 4.67 2.39 0.90

Reference

Radiometric

Mangrove (65)

(R)SET-MH

Location

Recent Historic

Estimates of Atlantic and Gulf Coast mangrove accretion rates (mm/yr) organized by location and 

method. Values decrease with increasing age of sediment (left to right).  (11) = number of 

observations if more than one.





Figure 3a. Published global distribution of coastal wetlands. Those hypothesized to be 

vulnerable to increases in relative sea-level encircled. Known SET locations plotted as orange 

circles. From Webb et al. 2013.





Figure 1a. Comparison between local relative sea level rise and accretion rates 

for low- and high-elevation marshes of Atlantic and Gulf Coast salt marshes in 

North America and Europe. Dashed line is 1:1. From Kirwan et al. 2016.



Figure 3b. Threshold rates of sea level rise (grey band) above which marshes are not 

able to survive. The predicted probable range of global sea level rise rates in 2100 is 

indicated by the pale green and blue bands (IPCC AR5). From Kirwan et al. 2016.



Coastal response to sea level rise during Holocene Epoch (southeastern USA).  ERS 

= erosional shoreface retreat. Sea level history from Balsillie and Donoghue (2004).
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Figure 12.8. Linear trend in accretion verses relative sea level rise for mangrove sites in the SET 

network. From Cahoon et al. 2006.
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(R)SET-MH Summary of Observations

• SET-MH rates of coastal marsh sedimentation yield higher values than those based upon 
radiometric geochronology. 

• SET-MH data generally represent less than a decade of observations. So the cumulative effects of 
subsurface processes have likely not been fully integrated into the stratigraphic sequence.

• Predictive models using SET-MH data forecast marsh resilience at rates of SLR inconsistent with the 
Holocene stratigraphic record.

• Radiometric geochronology is a more viable means of forecasting resilience because it yields 
estimates of marsh sedimentation operating over decades to centuries – the same interval over 
which predictions of climate change and SLR are typically discussed. 



Figure 1. Location of six (6) 

sediment cores obtained in the 

Shark River Basin of 

Everglades National Park. 

From Breithaupt et al. 2014
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Figure 4. Mean accumulation rates of five parameters derived from six cores and aggregated by 

decade from year 1900 to 2010. All values based upon 210Pb activity profile. Bars represent 95% 

confidence. Adapted from Breithaupt et al. 2014. 
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2000-2010: 4.8 mm/yr

1900-2010: 2.7 mm/yr

Kirwan et al. 2016



The restoration and 

avoided loss of tidal 

wetlands and coastal 

habitats offers 

significant potential 

for the

sequestration of 

carbon, 

simultaneously 

restoring ecosystem 

health while reducing 

greenhouse gas 

(GHG)

emissions.

2014
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Evolution of approach and rationale used in wetland studies designed to quantify temporal and spatial 

changes in sedimentation



Modeling of marsh and mangrove habitat response to SLR was often based upon SET data:
• Acquired from habitat different than the target Refuge
• Not collected in the State of Florida
• Inconsistent with references cited
• Or unrealistic default values

This yielded results that overestimated habitat resilience towards the year 2100.

A logical progression of errors…..

Over the last decade, the UFSWS contracted SLAMM analysis of all 130+ coastal Refuges, including 22 in 
Florida.

I looked at four: Merritt Island, Archie Carr, Hobe Sound, and the Ten Thousand Island.
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