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Prioritizing wetlands for carbon and resilience 

Future coastal habitat and blue carbon modeling: Background and methods 

Nicholas Institute, Duke University (contact: katie.warnell@duke.edu) 

Background 
The InVEST coastal blue carbon model (Sharp et al. 2018) estimates the amount of carbon stored in 

coastal habitats at set time points and the amount of carbon sequestered by those habitats over time.  It 

also calculates carbon emitted due to disturbance or conversion of those habitats.  It has been used 

previously for watershed-scale analyses (Richmond et al. 2015); no previous state- or national-level 

analyses using this model were found.   

We developed a Python model to project changes to coastal habitats due to sea level rise; future coastal 

habitat maps were used as inputs for the InVEST coastal blue carbon model to assess carbon storage in 

salt marsh and seagrass habitats in the study area, how much additional carbon would be expected to 

accumulate if those habitats persisted undisturbed for a period of time, and how carbon fluxes from 

marshes might change due to sea level rise.  Seagrass habitat extent and location were assumed to 

remain constant with sea level rise.  While seagrasses will likely be affected by climate change through 

changes to light availability, water quality, and temperature (some of which are influenced by sea level 

rise), the variety of interacting factors make it difficult to predict whether and how seagrass in a 

particular area will be affected by sea level rise (Short and Neckles 1999).  In contrast, marshes are very 

sensitive to inundation, and there has been a large amount of research on changes to marsh habitats 

due to sea level rise. 

We also identified potentially restorable salt marsh and assessed the potential for “hands-off” 

restoration via reconnection of tidal flows due to sea level rise.  Some of these areas were salt marsh in 

the past and become less saline following tidal disconnection due to a road, berm, or other barrier; 

others are natural freshwater marshes.  In both cases, the low salinity makes these areas likely sources 

of methane, a potent greenhouse gas (Kroeger et al. 2017).  Sea level rise is thought to increase salinity 

and reduce methane emissions when it reaches these areas.  Restoring these areas to salt marsh also 

presents opportunities for restoration projects with carbon mitigation benefits (Fargione et al. 2018). 

Model inputs and parameters 
Key model inputs are maps representing the spatial distribution of blue carbon habitats at different time 

points and tables with information about the amount of carbon stored in each habitat type, the rate at 

which the habitat type sequesters additional carbon, and the impact of disturbance on carbon stored in 

the habitat.  

Future spatial distribution of blue carbon habitats 
Spatial representations of blue carbon habitats at different time points were created by starting with the 

current extent of blue carbon habitats and identifying where marshes are likely to drown, erode, accrete 

vertically, and migrate horizontally at set time points for several sea level rise scenarios.  To create the 

future habitat map for a given SLR scenario and time point, several processes that cause changes to 

existing marsh and potentially restorable marsh are applied in succession: erosion, drowning or 
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accretion due to SLR, and inland migration, as described in the following sections (Figure 1). 

 

Figure 1: Process for creating future coastal habitat maps.  For each time step, existing marsh is classified as eroded, accreting, 
drowned, or persisting marsh depending on the criteria shown in the flowchart.  Accreting and persisting marsh areas are used 
as the marsh input for the next time step.  Migration space for the SLR elevation associated with the timestep is overlaid with 
the potential for salt marsh creation/restoration layer; areas of overlap are classified as connected due to sea level rise, while 
non-overlapping migration space is migration space marsh, and non-overlapping potential for salt marsh creation/restoration 
remains unchanged as an input for the next time step.  Seagrass extent is assumed to remain constant.   

Sea level rise scenarios 

A separate set of sea level rise scenarios was used for each state to align with the scenarios they 

currently use (formally or informally) in planning (Table 1).  In addition, one common sea level rise 

scenario, the intermediate scenario from Sweet et al. 2017 (corresponding to 1-m global sea level rise by 

2100), was used for a regional analysis to allow for cross-state comparison and use of the results. 

Table 1. Sea level rise scenarios and sources for each state. 

State SLR scenarios Source 

Delaware RCP 8.5, 17th and 83rd 
percentiles 

Callahan et al. 2017 

Maryland RCP 2.6, RCP 4.5, and RCP 8.5, 
all 50th percentile 

Boesch et al. 2018 

New Jersey Moderate emissions scenario, 
83% chance of exceedance and 
17% chance of exceedance 

Kopp et al. 2019 

New York 25th, 50th, and 75th percentiles New York State Climate Change 
Regulatory Revisions 2016 

North Carolina Intermediate-low and 
intermediate scenarios 

Sweet et al. 2017 

Virginia Intermediate and intermediate-
high scenarios 

Sweet et al. 2017 
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Some states’ sea level rise projections are available at the state level, while other states have a set of 

projections for different locations within the state.  The Sweet et al. 2017 projections are available for 

multiple locations within the six-state study area, including at tidal gauges and points on a one-degree 

grid.  Whenever multiple projections for a scenario and time point were available, the mean of all 

projections within the state (or study area, for the regional analysis) was used. 

All sea level rise projections were converted to a common vertical datum (MHHW) and baseline year 

(2010).  Because the data used to delineate migration space was available for half-foot increments of 

sea level rise from this baseline, the sea level rise projections were interpolated to identify the years 

during which sea level rise was projected to reach the next half-foot increment.  For example, the Sweet 

et al. intermediate scenario projects sea level rise to reach 0.3’ in 2020 and 0.63’ in 2030.  After 

interpolating to align with half-foot increments, these projections are 0.5’ in 2027 and 1’ in 2039.  

For each sea level rise scenario, a future habitat raster was created for each year in which projected sea 

level rise reached a new half-foot increment.  For each state, a common end year near the end of the 

century was selected to use across the sea level rise scenarios to facilitate comparing results over the 

same time period.  One constraint on the end year is the maximum sea level rise represented in the 

migration space dataset (10’); if sea level rise was projected to exceed 10’ by the end of the century, an 

earlier end year was chosen.  When there was no year in common among the sea level rise scenarios for 

a state, the earliest year of those in consideration was chosen and used for all scenarios.  This results in 

a slight overestimate of sea level rise near the end of the century for the other scenarios, but generally 

end years for each sea level rise scenario were within 5 years of each other. 

Existing coastal habitat extent and salinity 

Existing marsh and seagrass extent and location were identified using the same data source from the 

coastal vulnerability analysis (Table 2).  Marsh elevation was extracted from NOAA bathymetric-

topographic elevations converted to MHHW using NOAA’s VDatum software (CIRES 2014). 

Table 2. Marsh and seagrass data sources for each state. 

State Marsh data source(s) Seagrass data source(s) 

Delaware State of Delaware updated 
version of NWI (2019, provided 
by Mark Biddle) 

None found 

Maryland National Wetland Inventory (US 
FWS 2019), Maryland wetlands 
(MD DNR 2019) 

2018 Chesapeake Bay SAV 
Coverage (MD iMap, DNR, VIMS 
2018) 

New Jersey Land Use/Land Cover of New 
Jersey 2015 (NJDEP Bureau of 
GIS 2019) 

Seagrasses (NOAA Office for 
Coastal Management 2020) 

New York National Wetland Inventory (US 
FWS 2019), Hudson River Tidal 
Wetlands Inventory (NY DEC 
2014) 

Seagrasses (NOAA Office for 
Coastal Management 2020), 
Statewide Seagrass map, (NYS 
Dept. of Environmental 
Conservation 2018) 

https://www.fws.gov/wetlands/Data/State-Downloads.html
https://gisdata-njdep.opendata.arcgis.com/datasets/land-use-land-cover-of-new-jersey-2015-download
https://gisdata-njdep.opendata.arcgis.com/datasets/land-use-land-cover-of-new-jersey-2015-download
https://www.arcgis.com/home/item.html?id=12ba9d56b75d497a84a36f94180bb5ef
http://gis.ny.gov/gisdata/inventories/details.cfm?DSID=1209
http://gis.ny.gov/gisdata/inventories/details.cfm?DSID=1209
http://gis.ny.gov/gisdata/inventories/details.cfm?DSID=1209
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North Carolina National Wetland Inventory (US 
FWS 2019) 

SAV 2012-2014 mapping (NC 
DMF 2019), National Wetland 
Inventory (US FWS 2019) 

Virginia VIMS Tidal Marsh Inventory 
(Berman et al. 2016) 

2018 Chesapeake Bay SAV 
coverage (MD iMap, DNR, VIMS 
2018) and National Wetland 
Inventory (US FWS 2019) 

 

Salinity is a key driver of methane emissions from coastal habitats; since methane is a potent 

greenhouse gas, this determines whether coastal habitats are net carbon sinks or sources of carbon 

emissions.  Therefore, it was important to classify coastal habitats by salinity.  Comprehensive spatial 

salinity datasets were available for the coastal areas of New Jersey, Virginia, and Maryland (Lathrop 

2015, VIMS 2017).  We created salinity rasters for North Carolina, Delaware, and New York by 

interpolating from point measurements of water salinity obtained from the National Water Quality 

Portal following the method used to create the New Jersey salinity dataset (Lathrop 2015).  Final salinity 

rasters were overlaid with marsh and seagrass habitats to classify them into three salinity categories: 

low (< 5 psu), moderate (5-18 psu), and high (>18 psu). 

Horizontal marsh erosion 

Horizontal erosion of marshes is a significant cause of marsh loss in the study area and is influenced by 

many factors, including marsh condition, wave energy, boat wakes, sediment availability, shoreline 

composition, and tidal dynamics (Cowart et al. 2010).  We estimate the horizontal change rate 

(feet/year) from the size of the water body associated with the marsh (a proxy for fetch and wave 

energy, which have been found to correlate with erosion rates, e.g., Schwimmer 2001) and tidal range 

(difference between MHW and MLW), calibrated using approximately 8,000 measurements of shoreline 

change rates in marshes from Virginia, Maryland, New Jersey, and New York (Offerman 2015, Knippler 

and Sylvia 2016a, Knippler and Sylvia 2016b, Defne 2017, VIMS 2019, Welk 2019): 

𝑀𝑎𝑟𝑠ℎ ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑐ℎ𝑎𝑛𝑔𝑒 𝑟𝑎𝑡𝑒 = −.798 − (. 0008 ∗ √𝐴𝑊𝐵) +  .129 ∗ 𝑇𝑅 + (.0025 ∗ 𝑇𝑅 ∗ (√𝐴𝑊𝐵)) 

in which AWB is the area of the water body (acres) and TR is the tidal range (meters).  Because the 

shoreline change rate dataset was so noisy, this equation predicts relatively low erosion rates (negative 

horizontal rates of change), ranging from approximately 0.4 to 0.9 feet/year over the multistate study 

area.  Despite its weak predictive power, varying predicted erosion rates based on water body area and 

tidal rate is an improvement over using the mean measured erosion rate and helps to capture the 

overall expected magnitude of marsh loss due to erosion (e.g., Cowart et al. 2011).  It does not identify 

specific areas that are very vulnerable to erosion. 

At each time step in the model, the horizontal change rate for each marsh pixel is calculated using the 

equation above.  For all marsh pixels, the total horizontal erosion since the previous time step is 

calculated by multiplying the horizontal change rate by the number of years since the previous time 

step.  Then, the cumulative amount of horizontal erosion from the beginning of the analysis period is 

updated (for the first time step, the cumulative erosion is equal to erosion in that time step; for later 

time steps, cumulative erosion is the sum of erosion in all earlier time steps and erosion in that time 

step).  The distance from each marsh pixel to the adjacent water body is compared to the cumulative 

amount of horizontal erosion that has occurred since the beginning of the analysis period.  All marsh 

https://www.fws.gov/wetlands/Data/State-Downloads.html
https://www.waterqualitydata.us/wqp_description/
https://www.waterqualitydata.us/wqp_description/


5 
 

pixels closer to the water body than the cumulative amount of horizontal erosion that has occurred are 

considered eroded.  For example, if the cumulative horizontal erosion is 150’, all marsh pixels less than 

150’ from the adjacent water body are considered eroded. 

The area of the adjacent water bodies and distance from marsh pixels to those water bodies are 

updated at each time step.  This allows changes due to sea level rise (marsh drowning, water body 

expansion) to influence marsh erosion rates. 

Maximum vertical accretion with sea level rise 

The maximum vertical accretion rate for coastal areas was calculated following the method in Schuerch 

et al. 2018 based on tidal range (difference between MHW and MLW) and suspended sediment 

availability, both of which have a positive relationship with accretion rate.  Tidal range was estimated by 

converting NOAA bathymetric-topographic elevations to MHW and MLW using NOAA’s VDatum 

software and subtracting MLW from MHW.  Suspended sediment concentration was estimated as the 

long-term average of monthly aggregated sediment concentrations from the GlobColour total 

suspended matter dataset, which is derived from satellite imagery.  The maximum possible vertical 

accretion rate for each pixel in the study area was estimated as follows: 

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑎𝑐𝑐𝑟𝑒𝑡𝑖𝑜𝑛 (𝑚𝑚/𝑦𝑒𝑎𝑟) = (
1

3.42
) ∗ 𝑇𝑅0.915 ∗ 𝑆𝑆 − 1.5 

in which TR is the tidal range (meters) and SS is the suspended sediment concentration (mg/liter).  The 

other parameters in the equation were set by Schuerch et al. (2018) using data and models by Kirwan et 

al. 2010.  

Potential for salt marsh creation/restoration through hydrologic connection 

Some wetland and open water areas along the coast are potentially suitable for salt marsh creation or 

restoration, given their elevation and tides, but are currently low-salinity marsh or open bodies of 

freshwater.  Some of these areas were historically salt marsh, but were cut off from tidal flows by a 

road, berm, or other barrier; or purposely disconnected to create impoundments (Kroeger et al. 2017).  

Others are natural freshwater wetlands where salinity is low due to groundwater inflows.  In both cases, 

the low salinity in these areas makes them potential sources of methane.  

To identify areas where salt marsh could be created or restored, we combined a potential salt marsh 

dataset (McGarigal et al. 2018) with information from the National Wetlands Inventory (US FWS 2019).  

From the DSL tidal settings data, all pixels with values greater than 0.5 were considered to be potential 

salt marsh or wetter.  Areas of flowing (lotic) open water (open water identified from the 2016 NLCD, 

lotic water bodies identified from NWI) were excluded from potential salt marsh areas (these included 

estuaries and rivers).  The DSL dataset is not available for North Carolina, so potential for salt marsh 

creation or restoration in that state was based on the NWI and elevation.  All wetlands classified as 

impoundments in the NWI that are less than 5 meters in elevation were considered to have potential for 

salt marsh creation or restoration.  We were not able to identify specific barriers to flow or to 

differentiate between historic salt marshes lost due to tidal disconnection and natural freshwater 

marshes. 

Using land cover (NLCD 2016, USGS 2019), we excluded developed land, agricultural areas, forests, and 

woody wetlands from the potential for salt marsh creation or restoration layer.  We also excluded 

existing salt marshes.  This leaves open water and freshwater emergent herbaceous wetlands as areas 
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with potential for salt marsh creation or restoration that could reduce methane emissions.  Finally, we 

removed patches less than 10 acres in size from the final layer, to avoid including isolated pixels. 

Migration space 

Migration space was created from NOAA’s 2019 sea level rise marsh migration datasets, which are 

available at half-foot increments of sea level rise from 0.5’ to 10’, following the method in Anderson & 

Barnett 2019.  For a given sea level rise elevation, all areas that convert from non-tidal habitats in the 

baseline scenario to tidal habitats and do not overlap with developed areas (from CCAP 2016, NOAA 

2020) are considered potential migration space.  The migration space layers were updated to exclude 

overlap with existing tidal habitats, and only migration space areas that are spatially contiguous with 

either existing tidal habitats or migration space for the preceding SLR elevation were included in the 

final migration space layers.   

Areas where development is projected to occur in the future were removed from the final migration 

space layers using the Integrated Climate and Land Use Scenarios (ICLUS) v2 projections (US EPA 2016), 

which project land use and land cover at decadal intervals through 2100 based on shared socioeconomic 

pathways.  When creating the future habitat raster, the ICLUS development projection for the year 

closest to the year being modeled was selected, and all pixels classified as high-density exurban or more 

developed (including urban, suburban, commercial, industrial, institutional, and transportation) were 

removed from the migration space available at that time point. 

The migration space was overlaid with the potentially restorable salt marsh layer; migration space 

overlapping with potentially restorable salt marsh was classified as restored salt marsh due to sea level 

rise, while all other migration space was classified as new marsh in the migration space.  New marsh 

pixels in the migration space were randomly assigned a salinity value (low, moderate, or high) in the 

same proportion as the current marshes in the state.  For example, if 40% of existing marshes in a state 

are in high-salinity areas, 40% of the new marsh in the migration space is assumed to be high-salinity.   

Carbon storage, accumulation, and emission parameters 

Baseline carbon storage and accumulation rates 

Estimates for carbon storage and accumulation rates by salt marsh and seagrass were derived from 

existing field measurements in those ecosystems.  For each habitat type, initial carbon storage was 

assumed to be constant across salinity classes, but carbon accumulation rates varied by salinity class. 

For seagrass, carbon storage was set at 198.2 metric tons CO2e/hectare using the mean value for carbon 

stocks in temperate Western Atlantic eelgrass meadows from Rohr et al. 2018. Carbon accumulation by 

high-salinity seagrass (>18 psu) was set at 1.8 metric tons CO2e/hectare/year using a global estimate of 

carbon burial rate by seagrasses (Siikamaki et al. 2012).  Previous research estimated that seagrass in 

lower-salinity areas have methane emissions approximately equal to their carbon sequestration rates 

(Pendleton et al. 2012), so the low- and moderate-salinity seagrass was assigned a carbon accumulation 

rate of zero. 

For salt marsh, carbon storage was set at 737.2 metric tons CO2e/hectare, the mean value of a 

compilation of field measurements obtained from the Coastal Carbon Atlas of sediment carbon storage 

in saline and brackish marshes in the study area (see appendix I for full list of field measurement 

sources).  Carbon accumulation by high-salinity salt marsh (>18 psu) was set at 3.85 metric tons 

CO2e/hectare/year, the mean value of a compilation of field measurements from the study area 
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obtained from the Coastal Carbon Atlas (see appendix I).  This is a conservative rate; two global 

estimates of salt marsh carbon accumulation (McLeod et al. 2011; Ouyang and Lee 2014) and one 

estimate for the conterminous United States (Chmura et al. 2003) range from 8–8.98 metric tons 

CO2e/hectare/year.  To compensate for increased methane emissions from moderate- and low-salinity 

marshes, the carbon accumulation rate for moderate-salinity marshes was set to 48% of the value for 

high-salinity marshes, and the carbon accumulation for low-salinity marshes was set to zero 

(Poffernbarger et al. 2011, Chmura et al. 2003). 

Marshes in the migration space accumulate carbon at the same rate as existing marshes, depending on 

their salinity class. 

Areas with potential for salt marsh creation or restoration do not have associated carbon storage or 

accumulation rates.  They do not influence the carbon storage or sequestration calculated by the model 

unless they are connected by sea level rise, at which point they accumulate carbon at a rate equal to the 

expected methane emissions reduction from the conversion, 24.7 metric tons CO2-e/ha/year (Fargione 

et al. 2018). 

Carbon accumulation by vertically accreting marshes 

When marshes accrete vertically due to sea level rise, they accumulate carbon more quickly (Kirwan and 

Mudd 2012, Gonneea et al. 2019).  The amount of carbon accumulated depends on the rate of vertical 

accretion and the carbon density of the accumulated sediment: 

𝐶𝑎𝑐𝑐 = 𝐴𝑐𝑐𝑣 ∗ 𝑂𝐶𝑠 

in which Accv is the vertical accretion rate (cm/year) and OCs is the organic carbon density in the 

sediment.  Organic carbon density was set to 0.328 grams C/m3; this is the mean value from the Coastal 

Carbon Atlas dataset for the study area (see appendix I for full list of field data sources).  Vertical 

accretion rate (equal to sea level rise rate, for marshes that can keep up), and therefore additional 

carbon accumulation, varies by sea level rise scenario and time period.  For example, for the 

intermediate Sweet et al. 2017 scenario: 

Time 
period(s) 

Vertical 
accretion rate 
(equal to SLR 
rate), cm/yr 

Carbon 
accumulation, 
grams C/m2/year 

Carbon accumulation, 
metric tons 
CO2e/hectare/year 

2010-2030 .762 0.0245 9.17 

2040-2100 1.524 0.05 18.34 

2100-2120 .762 0.0245 9.17 

 

These carbon accumulation estimates are for high-salinity marshes; as described above, moderate-

salinity marshes’ accumulation rates were set to 48% of high-salinity marshes, and low-salinity marshes 

had zero carbon accumulation. 

Carbon emissions from drowned marshes 

When marshes drown due to sea level rise, they stop accumulating carbon, and some portion of their 

stored carbon is released.  There is high uncertainty about the amount of stored carbon that is emitted; 

25-50% was set as a best estimate by the North Carolina Natural and Working Lands group based on 
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their experience and literature (Pendleton et al. 2012).  Due to this uncertainty, each sea level rise 

scenario was modeled twice, once assuming that 25% of stored carbon is released following marsh 

drowning, and once assuming that 50% of stored carbon is released. 

Carbon emissions from eroded marshes 

Eroded marshes stop accumulating carbon, and some portion of their stored carbon is released as 

sediment erodes.  However, research suggests that much of this sediment (and carbon) is captured by 

nearby marshes.  This prevents the carbon from being emitted to the atmosphere, and the additional 

sediment supply can support marsh accretion, ultimately increasing the resilience and carbon 

sequestration potential of those marshes (Kirwan et al. 2016).  Our model does not redistribute 

sediment or carbon from eroded marshes, but to account for the lower potential for carbon emissions 

from eroded marshes in comparison to drowned marshes, the model was run with 10% and 25% of 

stored carbon released following erosion. 

Model runs and outputs 
Model runs for each sea level rise scenario cover the time period from the baseline year (2010) to 20 

years beyond the final future habitat raster.  This additional time allows for the release of carbon from 

any marsh area lost during the final time interval.  Carbon released due to marsh drowning or erosion 

was assumed to follow an exponential decay function with a half-life of 10 years. 

Model outputs include rasters of carbon stocks at each modeled time point (specific time points vary by 

sea level rise scenario, as described above); carbon accumulation, carbon emissions, and net carbon 

sequestration (accumulation minus emissions) for each time period (between subsequent time points), 

and total net carbon sequestration for the entire analysis period.  All raster outputs are in units of 

million metric tons CO2e/hectare.  These results were used to calculate total carbon stocks and fluxes 

(accumulation, emissions, and net sequestration) for each sea level rise scenario and time point by state, 

in million metric tons CO2e. 

Model caveats and limitations 

Spatial datasets  

Coastal blue carbon habitats: There is wide variation in the temporal and geographic coverage of marsh 

and seagrass data, with known data gaps in some areas.  For example, the EPA is in the process of 

developing SAV data for the Delaware Bay, but that dataset is not yet available.  Some states have more 

recent and comprehensive data than others.  Despite known limitations of the National Wetlands 

Inventory, in particular the age of underlying datasets, it was used to fill gaps in other datasets where 

necessary.  The spatial resolution of most of these datasets and the model (30-m) does not capture 

small-scale marsh topography (e.g., channels) that influence many of the processes described in the 

model. 

Suspended sediment data: This is an older dataset (long-term average of monthly data from 2002 to 

2012) and may not reflect recent changes to sediment availability.  Its coarse spatial resolution (4 km) 

also obscures local sediment sources such as river inlets. 

Modeled processes 

Vertical accretion: This model uses a simple algorithm for determining marshes’ ability to accrete 

vertically with sea level rise.  It does not incorporate sediment supplied by marsh erosion, barrier island 

overwash, and aeolian transport of dune sand.  These are difficult to estimate due to their episodic 
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nature and lack of data.  Their exclusion may result in underestimating the potential for vertical 

accretion. 

Marsh migration: The areas available for marsh migration in the model were identified based on the 

NOAA datasets, updated to exclude current and projected developed land, as described above.  As sea 

level elevations continue to increase, some areas are no longer suitable for marsh migration and are not 

included in the migration space layers, these migration space marshes are then designated as drowned 

marshes.  We could not assess the potential for migration space marshes to vertically accrete and avoid 

drowning, because the data inputs used to estimate accretion ability (tidal range and suspended 

sediment) are not available over land where the migration areas are located. 

Marsh erosion: The horizontal erosion rates used to identify eroded marshes are calculated from a 

simple equation based on water body size and tidal range that does not take into account many other 

factors that influence erosion, often on a local scale (e.g., sediment inflows, boat wakes).  In addition, 

the spatial resolution of the model (30 m) means that very low erosion rates may not influence the 

future habitat maps; the cumulative amount of horizontal erosion must be at least 15 m (the mean 

distance between a marsh pixel and an adjacent body of water) over the analysis period to create 

eroded marsh in the future habitat maps. 

Potential for salt marsh creation or restoration:  This layer includes both historic salt marshes lost due 

to tidal disconnection and naturally occurring freshwater marshes; it does not differentiate between 

those two classes.  While both may emit methane due to low salinity, disconnected salt marshes are a 

likely target for restoration, while managers likely want to preserve naturally occurring freshwater 

marshes for their habitat and other values, especially if they are a rare habitat type in the coastal area. 

The layer may also include impoundments that are being used for another purpose, such as providing 

drinking water, and so are not candidates for salt marsh creation or restoration. 

Carbon emissions from drowned and eroded marshes:  As discussed above, there is uncertainty about 

the fate of carbon stored in marshes when they drown or erode.  Drowned marshes are likely to release 

a fraction of their carbon, but current estimates span a wide range (Pendleton et al. 2012).  Eroded 

marshes can contribute sediment to nearby marshes, which may prevent carbon emissions and increase 

the accretion capability of those marshes, but some sediment is likely lost and releases its carbon. 

Sea level rise: Sea level rise is projected to vary spatially, but available projections of sea level rise 

elevation are only available for certain locations (often tidal gauges) and do not fully reflect the 

potential geographic variation in sea level rise elevations.  In addition, the model applies one sea level 

rise elevation across each modeled state for each time point; no intra-state variation in sea level rise is 

included.  For the regional sea level rise scenario, one sea level rise elevation for each time point is used 

across the entire study area. 

Processes not included in the model 

Salinity changes:  The model does not include potential shifts in salinity over time due to sea level rise 

due to the many complex and interacting factors that influence salinity (hydrodynamics, new inlets, 

freshwater inflows).  Salinity changes may influence carbon fluxes from marshes (e.g., reduced methane 

fluxes from freshwater marshes that become more saline), but literature has shown different methane 

flux responses to saltwater intrusion into tidal freshwater marshes, so this effect is uncertain (Weston et 

al. 2014). 
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Local vertical land movement:  While vertical land movement is included as a factor in many of the 

localized and regionalized sea level rise projections, subsidence occurs at very local scales due to factors 

such as groundwater and fossil fuel withdrawals (Karegar et al. 2016).  Fine-scale vertical land 

movement is not captured in the model and may result in underestimation of marsh vulnerability to sea 

level rise in places with high local subsidence rates. 

Acknowledgements 
This work was funded by the United States Climate Alliance.  Thanks to the teams from each of the 

partner states, North Carolina, Virginia, Maryland, Delaware, New Jersey, and New York, who provided 

feedback on the model and data sources. Kevin Kroeger (USGS), James Holmquist (SERC), Mark Schuerch 

(University of Lincoln), Brad Compton (University of Massachusetts), Carolyn Currin (NOAA), and Brad 

Murray (Duke University) shared their data, methods, and expertise.  Thanks to Lydia Olander (Duke 

University) for her guidance on this project. 

References 
Anderson, M.G. and A. Barnett. 2019. “Resilient Coastal Sites for Conservation in the South Atlantic US.” 

The Nature Conservancy, Eastern Conservation Science. 

https://www.conservationgateway.org/ConservationByGeography/NorthAmerica/UnitedStates/edc/Do

cuments/SouthAtlantic_Resilient_Coastal_Sites_31Oct2019.pdf. 

Arkema, K.K., G. Guannel, G. Verutes, S.A. Woody, A. Guerry, M. Ruckelshaus, P. Kareiva, M. Lacayo, and 

J.M. Silver. 2013. “Coastal Habitats Shield People and Property from Sea-level Rise and Storms.” Nature 

Climate Change 3: 913-918. http://www.nature.com/doifinder/10.1038/nclimate1944.  

Ator, S.W., 2019, Spatially referenced models of streamflow and nitrogen, phosphorus, and suspended-

sediment loads in streams of the Northeastern United States: U.S. Geological Survey Scientific 

Investigations Report 2019–5118, 57 p., https://doi.org/10.3133/sir20195118.  

Berman, M.R., Nunez, K., Killeen, S., Rudnicky, T., Bradshaw, J., Angstadt, K., Tombleson, C., Duhring, K., 

Brown, K.F., Hendricks, J., Weiss, D. and Hershner, C.H. 2016. Virginia - Shoreline Inventory Report: 

Methods and Guidelines, SRAMSOE no.450. Comprehensive Coastal Inventory Program, Virginia 

Institute of Marine Science. https://www.vims.edu/ccrm/research/inventory/virginia/index.php.  

Boesch, D.F., W.C. Boicourt, R.I. Cullather, T. Ezer, G.E. Galloway, Jr., Z.P. Johnson, K.H. Kilbourne, M.L. 

Kirwan, R.E. Kopp, S. Land, M. Li, W. Nardin, C.K. Sommerfield, W.V. Sweet. 2018. Sea-level Rise: 

Projections for Maryland 2018, 27 pp. University of Maryland Center for Environmental Science, 

Cambridge, MD. https://mde.maryland.gov/programs/Air/ClimateChange/MCCC/Documents/Sea-

LevelRiseProjectionsMaryland2018.pdf.  

Callahan, John A., Benjamin P. Horton, Daria L. Nikitina, Christopher K. Sommerfield, Thomas E. 

McKenna, and Danielle Swallow, 2017. Recommendation of Sea-Level Rise Planning Scenarios for 

Delaware: Technical Report, prepared for Delaware Department of Natural Resources and 

Environmental Control (DNREC) Delaware Coastal Programs. 

https://southbethany.delaware.gov/files/2018/11/Attachment-6-to-February-2018-Mayor-Report-

Technical-Report-Regarding-SLR-Planning-Scenarios.pdf.  

https://www.conservationgateway.org/ConservationByGeography/NorthAmerica/UnitedStates/edc/Documents/SouthAtlantic_Resilient_Coastal_Sites_31Oct2019.pdf
https://www.conservationgateway.org/ConservationByGeography/NorthAmerica/UnitedStates/edc/Documents/SouthAtlantic_Resilient_Coastal_Sites_31Oct2019.pdf
http://www.nature.com/doifinder/10.1038/nclimate1944
https://doi.org/10.3133/sir20195118
https://www.vims.edu/ccrm/research/inventory/virginia/index.php
https://mde.maryland.gov/programs/Air/ClimateChange/MCCC/Documents/Sea-LevelRiseProjectionsMaryland2018.pdf
https://mde.maryland.gov/programs/Air/ClimateChange/MCCC/Documents/Sea-LevelRiseProjectionsMaryland2018.pdf
https://southbethany.delaware.gov/files/2018/11/Attachment-6-to-February-2018-Mayor-Report-Technical-Report-Regarding-SLR-Planning-Scenarios.pdf
https://southbethany.delaware.gov/files/2018/11/Attachment-6-to-February-2018-Mayor-Report-Technical-Report-Regarding-SLR-Planning-Scenarios.pdf


11 
 

Cooperative Institute for Research in Environmental Sciences. 2014. “Continuously Updated Digital 

Elevation Model (CUDEM) - 1/9 Arc-Second Resolution Bathymetric-Topographic Tiles.” NOAA National 

Centers for Environmental Information. https://doi.org/10.25921/ds9v-ky35.  

Chmura, G.L., S.C. Anisfeld, D.R. Cahoon, and J.C. Lynch. 2003. Global carbon sequestration in tidal, 

saline wetland soils. Global Biogeochemical Cycles 17(4). https://doi.org/10.1029/2002GB001917.  

Cooperative Institute for Research in Environmental Sciences. 2014. “Continuously Updated Digital 

Elevation Model (CUDEM) - 1/9 Arc-Second Resolution Bathymetric-Topographic Tiles.” NOAA National 

Centers for Environmental Information. https://doi.org/10.25921/ds9v-ky35.  

Cowart, L., Corbett, D. R., & Walsh, J. P. (2011). Shoreline Change along Sheltered Coastlines: Insights 

from the Neuse River Estuary, NC, USA. Remote Sensing, 3(7), 1516–1534. 

https://doi.org/10.3390/rs3071516 

Cowart, L., Walsh, J. P., & Corbett, D. R. (2010). Analyzing Estuarine Shoreline Change: A Case Study of 

Cedar Island, North Carolina. Journal of Coastal Research, 26(5), 817-830. 

https://login.proxy.lib.duke.edu/login?url=https://www-proquest-

com.proxy.lib.duke.edu/docview/756338143?accountid=10598.  

Defne, Z. 2017. Shoreline change rates in slat marsh units in Edwin B. Forsythe National Wildlife Refuge, 

New Jersey. U.S. Geological Survey. https://catalog.data.gov/harvest/object/d240f1e1-2a00-491d-85e6-

0a6f9d669663/html.  

Doran, K.S., J.W. Long, J.J. Birchler, O.T. Brenner, M.W. Hardy, K.L.M. Morgan, …, and M.L. Torres. 2017. 

Lidar-derived beach morphology (dune crest, dune toe, and shoreline) for U.S. sandy coastlines (ver. 3.0, 

February 2020): U.S. Geological Survey data release, https://doi.org/10.5066/F7GF0S0Z.  

Fargione, J. E., Bassett, S., Boucher, T., Bridgham, S. D., Conant, R. T., Cook-Patton, S. C., Ellis, P. W., 

Falcucci, A., Fourqurean, J. W., & Gopalakrishna, T. (2018). Natural climate solutions for the United 

States. Science Advances, 4(11), eaat1869.  

Gonneea, M. E., Maio, C. V., Kroeger, K. D., Hawkes, A. D., Mora, J., Sullivan, R., Madsen, S., Buzard, R. 

M., Cahill, N., & Donnelly, J. P. (2019). Salt marsh ecosystem restructuring enhances elevation resilience 

and carbon storage during accelerating relative sea-level rise. Estuarine, Coastal and Shelf Science, 217, 

56–68. https://doi.org/10.1016/j.ecss.2018.11.003. 

Karegar, M. A., Dixon, T. H., & Engelhart, S. E. (2016). Subsidence along the Atlantic Coast of North 

America: Insights from GPS and late Holocene relative sea level data. Geophysical Research Letters, 

43(7), 3126–3133. https://doi.org/10.1002/2016GL068015.  

Kirwan, M. L., Guntenspergen, G. R., D’Alpaos, A., Morris, J. T., Mudd, S. M., & Temmerman, S. (2010). 

Limits on the adaptability of coastal marshes to rising sea level. Geophysical Research Letters, 37(23). 

https://doi.org/10.1029/2010GL045489. 

Kirwan, M. L., & Mudd, S. M. (2012). Response of salt-marsh carbon accumulation to climate change. 

Nature, 489(7417), 550–553. https://doi.org/10.1038/nature11440. 

https://doi.org/10.25921/ds9v-ky35
https://doi.org/10.1029/2002GB001917
https://doi.org/10.25921/ds9v-ky35
https://doi.org/10.3390/rs3071516
https://login.proxy.lib.duke.edu/login?url=https://www-proquest-com.proxy.lib.duke.edu/docview/756338143?accountid=10598
https://login.proxy.lib.duke.edu/login?url=https://www-proquest-com.proxy.lib.duke.edu/docview/756338143?accountid=10598
https://catalog.data.gov/harvest/object/d240f1e1-2a00-491d-85e6-0a6f9d669663/html
https://catalog.data.gov/harvest/object/d240f1e1-2a00-491d-85e6-0a6f9d669663/html
https://doi.org/10.5066/F7GF0S0Z
https://doi.org/10.1016/j.ecss.2018.11.003
https://doi.org/10.1002/2016GL068015
https://doi.org/10.1029/2010GL045489
https://doi.org/10.1038/nature11440


12 
 

Kirwan, M. L., D.C. Walters, W.G. Reay, and J.A. Carr. 2016. Sea level driven marsh expansion in a 

coupled model of marsh erosion and migration. Geophysical Research Letters 43: 4366– 4373, 

https://doi.org/10.1002/2016GL068507.  

Knippler, K.A. and E.R. Sylvia. 2016a. Updating Shoreline Rates of Change in Calvert and Prince George’s 

Counties, Maryland. Maryland Geological Survey Coastal and Environmental Geology File Report No. 

2016-04.  

Knippler, K.A. and E.R. Sylvia. 2016b. Updating Shoreline Rates of Change in Harford County, Maryland. 

Maryland Geological Survey Coastal and Environmental Geology File Report No. 2016-05.  

Kopp, R.E., C. Andrews, A. Broccoli, A. Garner, D. Kreeger, R. Leichenko, N. Lin, C. Little, J.A. Miller, J.K. 

Miller, K.G. Miller, R. Moss, P. Orton, A. Parris, D. Robinson, W. Sweet, J. Walker, C.P. Weaver, K. White, 

M. Campo, M. Kaplan, J. Herb, and L. Auermuller. New Jersey’s Rising Seas and Changing Coastal Storms: 

Report of the 2019 Science and Technical Advisory Panel. Rutgers, The State University of New Jersey. 

Prepared for the New Jersey Department of Environmental Protection. Trenton, New Jersey. 

https://www.nj.gov/dep/climatechange/pdf/nj-rising-seas-changing-coastal-storms-stap-report.pdf.  

Kroeger, K. D., Crooks, S., Moseman-Valtierra, S., & Tang, J. (2017). Restoring tides to reduce methane 

emissions in impounded wetlands: A new and potent Blue Carbon climate change intervention. Scientific 

Reports, 7(1), 11914. https://doi.org/10.1038/s41598-017-12138-4.  

Lathrop, R. 2015. Documentation for TNC Restoration Explorer App. 

https://maps.coastalresilience.org/newjersey/plugins/living-shorelines-nj/resources/Methods.pdf.  

Maryland iMap, Maryland DNR, VIMS. 2018. Chesapeake Bay SAV Coverage – 2018. 

https://data.imap.maryland.gov/datasets/5c69fa401b004b9b93005f2557d5c972_0.  

Maryland Department of Natural Resources. 2019. Maryland Wetlands – wetlands, polygon. 

https://data.imap.maryland.gov/datasets/cd293a192f844ac49d9716ee5a107d7a_1.  

McGarigal K; Compton BW; Plunkett EB; DeLuca WV; Grand J; Ene E; Jackson SD. 2018. A landscape 

index of ecological integrity to inform landscape conservation. Landscape Ecology 33:1029-1048. 

https://doi.org/10.1007/s10980-018-0653-9.  

McLeod, E., G. L. Chmura, S. Bouillon, R. Salm, M. Bjork, C.M. Duarte, …, and B.R. Silliman. 2011. A 

blueprint for blue carbon: toward an improved understanding of the role of vegetated coastal habitats 

in sequestering CO2. Frontiers in Ecology and the Environment 9(10): 552-560. 

https://doi.org/10.1890/110004.  

National Oceanic and Atmospheric Administration, Office for Coastal Management. “2016 C-CAP 

Regional Land Cover.” Coastal Change Analysis Program (C-CAP) Regional Land Cover. Charleston, SC: 

NOAA Office for Coastal Management. 

National Oceanic and Atmospheric Administration, Office for Coastal Management. 2019. Potential 

Marsh Distribution for Future Net Sea Level Rise.  ftp://ftp.coast.noaa.gov/pub/crs/SLR/. 

National Oceanic and Atmospheric Administration, Office for Coastal Management. 2020. Coastal 

Change Analysis Program (C-CAP) Regional Land Cover 2016. Charleston, SC: NOAA Office for Coastal 

https://doi.org/10.1002/2016GL068507
https://www.nj.gov/dep/climatechange/pdf/nj-rising-seas-changing-coastal-storms-stap-report.pdf
https://doi.org/10.1038/s41598-017-12138-4
https://maps.coastalresilience.org/newjersey/plugins/living-shorelines-nj/resources/Methods.pdf
https://data.imap.maryland.gov/datasets/5c69fa401b004b9b93005f2557d5c972_0
https://data.imap.maryland.gov/datasets/cd293a192f844ac49d9716ee5a107d7a_1
https://doi.org/10.1007/s10980-018-0653-9
https://doi.org/10.1890/110004
ftp://ftp.coast.noaa.gov/pub/crs/SLR/


13 
 

Management. Accessed Month Year at 

www.coast.noaa.gov/htdata/raster1/landcover/bulkdownload/30m_lc/.  

National Oceanic and Atmospheric Administration. 2019. VDatum software version 4.0.1. 

https://vdatum.noaa.gov/. 

New Jersey DEP Bureau of GIS. 2019. Land use/land cover of New Jersey 2015. https://gisdata-

njdep.opendata.arcgis.com/datasets/6f76b90deda34cc98aec255e2defdb45.  

New York State Climate Change Regulatory Revisions. 2016. Adopted part 490, projected sea-level rise – 

regulatory impact statement. https://www.dec.ny.gov/regulations/103889.html.  

New York State Department of Environmental Conservation. 2014. NY Hudson River Tidal Wetlands. 

https://www.arcgis.com/home/item.html?id=6b3cad836fb841d0847642fbbb814658.  

New York State Department of Environmental Conservation. 2018. NYSDEC statewide seagrass map. 

https://www.arcgis.com/home/item.html?id=12ba9d56b75d497a84a36f94180bb5ef.  

NOAA Office for Coastal Management. 2020. Seagrasses. 

https://coast.noaa.gov/arcgis/rest/services/MarineCadastre/Seagrasses/MapServer.  

North Carolina Department of Marine Fisheries. 2019. SAV 2012-2014 Mapping. 

https://www.nconemap.gov/datasets/ncdenr::sav-2012-2014-mapping?geometry=-

79.744%2C34.484%2C-72.806%2C36.054.  

Offerman, K.A. 2015. Updating shoreline rates of change in Anne Arundel and Baltimore Counties, 

Maryland.” Maryland Geological Survey Coastal and Estuarine Geology File Report No. 2015-03. 

Ouyang, X. and S.Y. Lee. 2014. Updated estimates of carbon accumulation rates in coastal marsh 

sediments. Biogeosciences 11: 5057-5071. https://doi.org/10.5194/bg-11-5057-2014.  

Pendleton, L., Donato, D.C., Murray, B.C., Crooks, S., Jenkins, W.A., Sifleet, S., …, and Baldera, A. 2012. 

Estimating global “blue carbon” emissions from conversion and degradataion of vegetated coastal 

ecosystems. PLOS ONE 7(9): e43542. 

https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0043542&type=printable. 

Richmond, E., C. Morse, and K. Bryan. 2015. “Using InVEST to Model Coastal Blue Carbon in Port Susan 

Bay, Washington.” 

https://depts.washington.edu/mgis/capstone/files/2015_5_Bryan_Morse_Richmond.pdf. 

Rohr, M.E., M. Holmer, J.K. Baum, M. Bjork, K. Boyer, D. Chin, …, and C. Bostrom. 2018. Blue carbon 

storage capacity of temperate eelgrass (Zostera marina) meadows. Global Biogeochemical Cycles 32(10): 

1457-1475. https://doi.org/10.1029/2018GB005941.  

Schuerch, M., T. Spencer, S.Temmerman, M.L. Kirwan, C. Wolff, D. Lincke, …, and S. Brown. 2018. Future 

response of global coastal wetlands to sea-level rise. Nature 561: 231-234. 

https://doi.org/10.1038/s41586-018-0476-5.  

Schwimmer, R. A. (2001). Rates and Processes of Marsh Shoreline Erosion in Rehoboth Bay, Delaware, 

U.S.A. Journal of Coastal Research, 17(3), 672–683. https://www.jstor.org/stable/4300218.  

http://www.coast.noaa.gov/htdata/raster1/landcover/bulkdownload/30m_lc/
https://vdatum.noaa.gov/
https://gisdata-njdep.opendata.arcgis.com/datasets/6f76b90deda34cc98aec255e2defdb45
https://gisdata-njdep.opendata.arcgis.com/datasets/6f76b90deda34cc98aec255e2defdb45
https://www.dec.ny.gov/regulations/103889.html
https://www.arcgis.com/home/item.html?id=6b3cad836fb841d0847642fbbb814658
https://www.arcgis.com/home/item.html?id=12ba9d56b75d497a84a36f94180bb5ef
https://coast.noaa.gov/arcgis/rest/services/MarineCadastre/Seagrasses/MapServer
https://www.nconemap.gov/datasets/ncdenr::sav-2012-2014-mapping?geometry=-79.744%2C34.484%2C-72.806%2C36.054
https://www.nconemap.gov/datasets/ncdenr::sav-2012-2014-mapping?geometry=-79.744%2C34.484%2C-72.806%2C36.054
https://doi.org/10.5194/bg-11-5057-2014
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0043542&type=printable
https://depts.washington.edu/mgis/capstone/files/2015_5_Bryan_Morse_Richmond.pdf
https://doi.org/10.1029/2018GB005941
https://doi.org/10.1038/s41586-018-0476-5
https://www.jstor.org/stable/4300218


14 
 

Sharp, R., H.T. Tallis, T. Ricketts, A.D. Guerry, S.A. Wood, R. Chaplin-Kramer, …, and J. Douglass. 2018, 

InVEST 3.6 User’s Guide. The Natural Capital Project, Stanford University, University of Minnesota, The 

Nature Conservancy, and World Wildlife Fund. 

Short, F.T. and Neckles, H.A. 1999. The effects of global climate change on seagrasses. Aquatic Botany 

63(3-4): 169-196. https://doi.org/10.1016/S0304-3770(98)00117-X.  

Siikamaki, J., J.N. Sanchirico, S. Jardine, D. McLaughlin, and D.F. Morris. 2012. Blue carbon: Global 

options for reducing emissions from the degradation and development of coastal ecosystems. Resources 

for the Future. https://media.rff.org/documents/RFF-Rpt-2012-BlueCarbon_final_web.pdf. 

Sweet, W.V., R.E. Kopp, C.P. Weaver, J. Obeysekera, R.M. Horton, E.R. Thieler, and C. Zervas. 2017. 

Global and regional sea level rise scenarios for the United States. NOAA Technical Report NOS CO-OPS 

083.   

https://tidesandcurrents.noaa.gov/publications/techrpt83_Global_and_Regional_SLR_Scenarios_for_th

e_US_final.pdf.  

U.S. Environmental Protection Agency. 2016. Updates to the Demographic and Spatial Allocation Models 

to Produce Integrated Climate and Land Use Scenarios (ICLUS) (Version 2). 

https://cfpub.epa.gov/ncea/global/recordisplay.cfm?deid=306651.  

U. S. Fish and Wildlife Service. 2019. National Wetlands Inventory website. U.S. Department of the 

Interior, Fish and Wildlife Service, Washington, D.C. http://www.fws.gov/wetlands/  

U.S. Geological Survey. 2019. NLCD 2016 Land Cover Conterminous United States. 

https://www.mrlc.gov/downloads/sciweb1/shared/mrlc/metadata/NLCD_2016_Land_Cover_L48.xml.  

VIMS. 2017. Chesapeake Bay Salinity 2001 to 2011. 

https://www.arcgis.com/home/item.html?id=439b139b020544d29564f9de0e2497be.  

VIMS Shoreline Studies Program. 2019. EPR Points 1937/38 and 2017. 

https://mobjack.vims.edu/arcgis/rest/services/VIMS_SSP/ShoreChange/MapServer/1.  

Welk, R.J., 2019, Rate of shoreline change statistics for New York State coastal wetlands: U.S. Geological 

Survey data release, https://doi.org/10.5066/P9JVMLFT.  

Appendix I: Salt marsh carbon field measurement sources from Coastal Carbon Atlas 
Boyd, B. (2012). “Comparison of sediment accumulation and accretion in impounded and unimpounded 

marshes of the Delaware Estuary”. <URL: http://udspace.udel.edu/handle/19716/12831>. 

Boyd, B. M. and C. K. Sommerfield (2016). “Marsh accretion and sediment accumulation in a managed 

tidal wetland complex of Delaware Bay”. In: _Ecological Engineering_ 92, pp. 37-46. DOI: 

10.1016/j.ecoleng.2016.03.045. <URL: https://doi.org/10.1016/j.ecoleng.2016.03.045>. 

Boyd, B. M, C. K. Sommerfield, and T. Elsey-Quirk (2017). “Hydrogeomorphic influences on salt marsh 

sediment accumulation and accretion in two estuaries of the U.S. Mid-Atlantic coast”. In: _Marine 

Geology_ 383, pp. 132-145. DOI: 10.1016/j.margeo.2016.11.008. <URL: 

https://doi.org/10.1016/j.margeo.2016.11.008>. 

https://doi.org/10.1016/S0304-3770(98)00117-X
https://media.rff.org/documents/RFF-Rpt-2012-BlueCarbon_final_web.pdf
https://tidesandcurrents.noaa.gov/publications/techrpt83_Global_and_Regional_SLR_Scenarios_for_the_US_final.pdf
https://tidesandcurrents.noaa.gov/publications/techrpt83_Global_and_Regional_SLR_Scenarios_for_the_US_final.pdf
https://cfpub.epa.gov/ncea/global/recordisplay.cfm?deid=306651
http://www.fws.gov/wetlands/
https://www.mrlc.gov/downloads/sciweb1/shared/mrlc/metadata/NLCD_2016_Land_Cover_L48.xml
https://www.arcgis.com/home/item.html?id=439b139b020544d29564f9de0e2497be
https://mobjack.vims.edu/arcgis/rest/services/VIMS_SSP/ShoreChange/MapServer/1
https://doi.org/10.5066/P9JVMLFT


15 
 

Boyd, B., C. K. Sommerfield, T. Quirk, et al. (2019). _Dataset: Accretion and sediment accumulation in 

impounded and unimpounded marshes in the Delaware Estuary and Barnegat Bay_. DOI: 

10.25573/data.9747065. <URL: 

https://smithsonian.figshare.com/articles/Dataset_Accretion_and_sediment_accumulation_in_impoun

ded_and_unimpounded_marshes_in_the_Delaware_Estuary_and_Barnegat_Bay/9747065>. 

Cochran, J, D. Hirschberg, J. Wang, et al. (1998). “Atmospheric Deposition of Metals to Coastal Waters 

(Long Island Sound, New York U.S.A.): Evidence from Saltmarsh Deposits”. In: _Estuarine, Coastal and 

Shelf Science_ 46.4, pp. 503-522. DOI: 10.1006/ecss.1997.0299. <URL: 

https://doi.org/10.1006/ecss.1997.0299>. 

Drake, K, H. Halifax, S. C. Adamowicz, et al. (2015). “Carbon Sequestration in Tidal Salt Marshes of the 

Northeast United States”. In: _Environmental Management_ 56.4, pp. 998-1008. DOI: 10.1007/s00267-

015-0568-z. <URL: https://doi.org/10.1007/s00267-015-0568-z>. 

Elsey-Quirk, T, D. M. Seliskar, C. K. Sommerfield, et al. (2011). “Salt Marsh Carbon Pool Distribution in a 

Mid-Atlantic Lagoon, USA: Sea Level Rise Implications”. In: _Wetlands_ 31.1, pp. 87-99. DOI: 

10.1007/s13157-010-0139-2. <URL: https://doi.org/10.1007/s13157-010-0139-2>. 

Hill, T. D. and S. C. Anisfeld (2015). “Coastal wetland response to sea level rise in Connecticut and New 

York”. In: _Estuarine, Coastal and Shelf Science_ 163, pp. 185-193. DOI: 10.1016/j.ecss.2015.06.004. 

<URL: https://doi.org/10.1016/j.ecss.2015.06.004>. 

Holmquist, J. R., L. Windham-Myers, N. Bliss, et al. (2018). _Accuracy and Precision of Tidal Wetland Soil 

Carbon Mapping in the Conterminous United States: Public Soil Carbon Data Release_. DOI: 

10.25572/ccrcn/10088/35684. <URL: https://repository.si.edu/handle/10088/35684>. 

Kemp, A. C, C. K. Sommerfield, C. H. Vane, et al. (2012). “Use of lead isotopes for developing 

chronologies in recent salt-marsh sediments”. In: _Quaternary Geochronology_ 12, pp. 40-49. DOI: 

10.1016/j.quageo.2012.05.004. <URL: https://doi.org/10.1016/j.quageo.2012.05.004>. 

Kemp, A. C., C. K. Sommerfield, C. H. Vane, et al. (2020). _Dataset: Use of lead isotopes for developing 

chronologies in recent salt-marsh sediments_. DOI: 10.25573/serc.11569419. 

McTigue, N., J. Davis, A. Rodriguez, et al. (2020). _Dataset: Carbon accumulation rates in a salt marsh 

over the past two millennia_. DOI: 10.25573/serc.11421063. 

McTigue, N, J. Davis, T. Rodriguez, et al. (2019). “Sea-level rise explains changing carbon accumulation 

rates in a salt marsh over the past two millennia”. In: _Journal of Geophysical Research: 

Biogeosciences_.  

Merrill, J. Z. (1999). “Tidal Freshwater Marshes as Nutrient Sinks: Particulate Nutrient Burial and 

Denitrification”. <URL: https://elibrary.ru/item.asp?id=5305392>. 

Neubauer, S, I. Anderson, J. Constantine, et al. (2002). “Sediment Deposition and Accretion in a Mid-

Atlantic (U.S.A.) Tidal Freshwater Marsh”. In: _Estuarine, Coastal and Shelf Science_ 54.4, pp. 713-727. 

DOI: 10.1006/ecss.2001.0854. <URL: https://doi.org/10.1006/ecss.2001.0854>. 



16 
 

Pastore, M. A, J. P. Megonigal, and J. A. Langley (2017). “Elevated CO2 and nitrogen addition accelerate 

net carbon gain in a brackish marsh”. In: _Biogeochemistry_ 133.1, pp. 73-87. DOI: 10.1007/s10533-017-

0312-2. <URL: https://doi.org/10.1007/s10533-017-0312-2>. 

Unger, V, T. Elsey-Quirk, C. Sommerfield, et al. (2016). “Stability of organic carbon accumulating in 

Spartina alterniflora-dominated salt marshes of the Mid-Atlantic U.S.” In: _Estuarine, Coastal and Shelf 

Science_ 182, pp. 179-189. DOI: 10.1016/j.ecss.2016.10.001. <URL: 

https://doi.org/10.1016/j.ecss.2016.10.001>. 

 

https://doi.org/10.1016/j.ecss.2016.10.001

