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Riches in the Soil –  
The Wetland Carbon Bank 
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How Did We Engage With End 
Users? 
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New England sea level rise is rapid— 
2.8 mm per year since 1932. 

Woods Hole NOAA Water Level Station 

Sea level rise in one year 

Daily tidal 
amplitude 





S. alternaflora 
Smooth cordgrass 

S. patens 
Saltmarsh hay 

D. spicata 
Spike grass 

J. gerardi 
Saltmeadow rush 

How has 28 cm change in sea level 
in 100 years impacted the marsh? 

Data collected by J. Mora, WBNERR 
monitoring program 



Data collected by J. Mora, WBNERR 
monitoring program 

Nag Marsh, Prudence Is. NERR (RI) 

Coggeshall Marsh, Prudence Is. NERR (RI) 

Raposa et al. 2015, 
Estuaries and Coasts 



How do we know how vegetation has responded to sea level rise? 
 
 If we only look back several decades, satellite and aerial imagery provide clues.  

From: Smith (2015) 
Wetlands 35: 127-136 

Color infrared 8-band satellite 



Pleasant Bay (PB) 
 
From: Smith (2015) 
Wetlands 35: 127-136 

1984 High marsh extent 

2013 High marsh extent 



Wellfleet (WE) 
 
From: Smith (2015) 
Wetlands 35: 127-136 

1984 High marsh extent 

2013 High marsh extent 



So we know vegetation response can be fast, and that high marsh 
migration and loss is widespread across New England. 
 
How are Waquoit marshes responding and how will they fare with 
greater rates of sea level rise? 



10 sediment cores were collected in low marshes and  
1 core in the high marsh across Waquoit Bay estuary. 
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Core locations 

Great 
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Sage Lot 
Pond 

Hamblin 
Pond 
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Map produced by J. Mora,  with data from 
the WBNERR monitoring program 











23 

Naturally occurring radio isotope lead-210 was 
used to date sediments over the past century. 

226Radium 

222Radon (gas) 

Soil degassing/ 
decay 

210Lead 

Deposition 
Decay/transport 

210Lead sediment        
accumulation 



High resolution sediment ages were determined  
from sediment 210Pb profiles, which has a half-life of 
22.3 years. 
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Excess 210Pb profiles for all Waquoit Bay cores. 



Vertical accretion, or growth, for salt marshes since 1900. 





High marsh is losing elevation 
through time. 
 
This supports the observation 
that high marsh is converting to 
low marsh as a result of the high 
marsh vertical growth rate less 
than the rate that sea level is 
rising. 

The low marsh accretion rate 
initially was lower than sea level 
rise, but in the past two decades 
has increased, regaining some 
elevation capital 



Marshes lost elevation from 
1900 to 1980. Elevation loss 
in the high marsh was 1.5 
mm y-1, compared to sea 
level rise rates of 2.8 mm y-1. 

Since 1980, many marshes 
have switched to elevation 
gains relative to sea level 
rise. The rate of elevation 
loss in the high marsh 
continues, suggesting the 
high marsh is at maximal 
growth. 
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Remaining organic matter 

Productivity, both above 
ground shoots and below 
ground roots, is greater in 
the low marsh. 
 
Organic matter provides the 
majority of the volume of 
salt marsh peat. 

Using the density of organic 
matter, it is possible to 
calculate the theoretical 
maximum accretion rate 
based on how much of the 
organic matter produced 
each year is preserved in 
sediments.  

Low marsh  

High marsh  
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So how will salt marshes respond to increasing rates of sea level rise? 



Kirwan & Megonigal, 2013 
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Salt marsh resilience to sea level rise is 
currently conceptualized as dependent on 
mineral sediment supply.  

For organic rich marshes, such as we 
have on Cape Cod, organic matter is 
the main contributor to sediment 
volume and vertical accretion. 
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Figure 8. Example 2050 prediction results for Sandy Neck in Barnstable, Massachusetts, showing A, 
generalized land-cover information, B, adjusted elevation (AE) ranges with respect to mean high water, C, the 
prediction probability or likelihood of observing the AE prediction, and D, the likelihood that the coastal response is 
dynamic or static.

Lentz et al. 2014 Open File 
Report: USGS 2014-1252 

Land cover categories for 
Barnstable Great Marsh.  
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Likelihood that elevation will 
adjust to sea level rise. 

Where dynamic elevation 
change is expected (neutral 
colors are either no change or 
unknown.) 





U.S. Geological Survey is tasked with conducting science in support of 
management of our nation’s land and marine resources for safe, productive, 
and resilient communities and economies. 

Located on the Woods Hole 
Oceanographic Institution campus. 


