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Summary
This dataset contains best estimates and uncertainties for mean annual fluxes of inorganic, organic, and total (organic + inorganic) carbon in tidal
wetlands, estuaries and shelf waters of eastern North America, which is defined by the coastline running between the tip of the Scotian Peninsula
(Canada) and the southern tip of Florida (USA). The data are provided on a per-unit-area basis and as spatially integrated values for each of the three
ecosystem types (tidal wetlands, estuaries, and shelf waters) and the entire coastal ecosystem (tidal wetlands + estuaries + shelf waters) as well as for
three geographic subregions (the Gulf of Maine, the Mid-Atlantic Bight, and the South Atlantic Bight) and the entire Eastern North America domain (Gulf
of Maine + Mid-Atlantic Bight + South Atlantic Bight). The data include the net uptake from the atmosphere by the three ecosystems; burial in tidal
wetland soils, estuarine sediments, and continental shelf sediments; riverine input from land to estuaries; and the net lateral advective transports from
ecosystem to ecosystem. In addition, heterotrophic respiration (HR), net primary production (NPP), and net ecosystem production (NEP) estimates were
computed for each ecosystem. The fluxes were derived using a variety of sources and are estimates for average conditions over the past decades from
data covering roughly the period 1976-01-01 to 2017-12-31.

Multiple approaches were used to estimate the carbon fluxes. Statistical models were used for riverine input of total organic carbon (TOC), estuarine
NEP, estuarine burial, and the exchange of CO2 between shelf waters and the atmosphere. Mechanistic models were employed to quantify shelf water

NEP and the riverine input of dissolved inorganic carbon (DIC). Simple averaging of the available data in the study domain was used to estimate NPP in
all ecosystems, tidal wetland burial and lateral export, and the exchange of CO2 between estuarine waters and the atmosphere. The remaining fluxes

were computed by difference assuming steady-state balances of inorganic carbon, organic carbon, or total carbon. 

There is one data file with this dataset in comma-separated format (.csv).
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Figure 1. Study domain indicating locations of estuaries (darker colors) and shelf waters (lighter shading) in the three subregions: the Gulf of Maine
(GOM), the Mid-Atlantic Bight (MAB), and the South Atlantic Bight (SAB). The 100-m isobath is shown as a solid black line. The outline of the St.
John estuary in Canada was not available, so it is indicated by a star.
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1.  Data Set Overview
This dataset contains best estimates and uncertainties for mean annual fluxes of inorganic, organic, and total (organic + inorganic) carbon in tidal
wetlands, estuaries and shelf waters of eastern North America, which is defined by the coastline running between the tip of the Scotian Peninsula
(Canada) and the southern tip of Florida (USA). The data are provided on a per-unit-area basis and as spatially integrated values for each of the three
ecosystems types (tidal wetlands, estuaries, and shelf waters) and the entire coastal ecosystem (tidal wetlands + estuaries + shelf waters) as well as for
three geographic subregions (the Gulf of Maine, the Mid-Atlantic Bight, and the South Atlantic Bight) and the entire Eastern North America domain (Gulf
of Maine + Mid-Atlantic Bight + South Atlantic Bight). The data include the net uptake from the atmosphere by the three ecosystems; burial in tidal
wetland soils, estuarine sediments, and continental shelf sediments; riverine input from land to estuaries; and the net lateral advective transports from
ecosystem to ecosystem. In addition, heterotrophic respiration (HR), net primary production (NPP), and net ecosystem production (NEP) estimates were
computed for each ecosystem. The fluxes were derived using a variety of sources and are estimates for average conditions over the past decades from
data covering roughly the period 1976-01-01 to 2017-12-31.

Multiple approaches were used to estimate the carbon fluxes. Statistical models were used for riverine input of TOC, estuarine NEP, estuarine burial,
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and the exchange of CO2 between shelf waters and the atmosphere. Mechanistic models were employed to quantify shelf water NEP and the riverine

input of dissolved inorganic carbon (DIC). Simple averaging of the available data in the study domain was used to estimate NPP in all ecosystems, tidal
wetland burial and lateral export, and the exchange of CO2 between estuarine waters and the atmosphere. The remaining fluxes were computed by

difference assuming steady-state balances of inorganic carbon, organic carbon, or total carbon.
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2.  Data Characteristics
Spatial Coverage:  Eastern North America, which is defined as the eastern coastal areas of the US and Canada, from the tip of the Scotian Peninsula
(Canada) to the southern tip of Florida (USA)

Spatial Resolution: Flux per square meter within an ecosystem and as spatially integrated values for each of the three ecosystems

Temporal Coverage: The estimates were derived from data covering the approximate period from 1976-01-01 to 2017-12-31

Temporal Resolution: The data are annual estimates for average conditions over the past decades
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Data File Information

This dataset contains one data file in comma-separated format (east_coast_carbon_fluxes.csv). The file provides the mean carbon fluxes with
uncertainties (reprted as two standard errors of the mean) on a per-unit-area basis and as spatially integrated values for each of the three ecosystems as
well as for three geographic subregions. 

Important User Note: For consistency across ecosystem domains, the convention of a flux from the atmosphere as a positive number was adopted,
even though atmospheric scientists and oceanographers often use the opposite sign convention.

Table 1. Variables in the data file, east_coast_carbon_fluxes.csv

Variable name Units/format Description

 ecotype  

 Ecosystem type:
 1W: tidal wetlands
 2E: estuaries (including seagrasses)
 3S:  shelf waters
 4C: entire coastal domain (sum of all ecotypes)

 fluxtype   Flux types: refer to Table 2 below for codes and definitions

 region  

 Geographic region:
 GOM: Gulf of Maine
 MAB : Mid-Atlantic Bight
 SAB: South Atlantic Bight
 ENA: Eastern North America (sum of GOM, MAB, and SAB)

 flux_unit_area  g C m-2 yr-1
 Mean carbon flux per unit area of regional ecotype (exept for NPPSG, which is per unit area of seagrass).
See   User Note above.

 flux_unit_area_uncertainty  g C m-2 yr-1  Uncertainty in carbon flux per unit area reported as two standard errors of the mean

 flux_integral  Tg C yr-1  Mean carbon flux spatially integrated over regional ecotype. See User Note above.

 flux_integral_uncertainty  Tg C yr-1  Uncertainty in spatially integrated carbon flux reported as two standard errors of the mean

 

Table 2. Flux-type descriptions

Fluxtype Description

 B  Burial (loss of organic carbon)
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 LES_I  Lateral transport from estuaries to shelf of inorganic carbon

 LES_O  Lateral transport from estuaries to shelf of organic carbon

 LES_T  Lateral transport from estuaries to shelf of total carbon

 LSO_I  Lateral transport from shelf to open ocean of inorganic carbon (negative values indicates net transport in the opposite direction, from ocean
to  shelf)

 LSO_O  Lateral transport from shelf to open ocean of organic carbon (negative values indicate net transport in the opposite direction, from ocean to
shelf)

 LSO_T  Lateral transport from shelf to open ocean of total carbon (negative values indicate net transport in the opposite direction, from ocean to
shelf)

 LW_I  Total lateral transport out of wetlands of inorganic carbon

 LW_O  Total lateral transport out of wetlands of organic carbon

 LW_T  Total lateral transport out of wetlands of total carbon

 LWE_I  Lateral transport from wetlands to estuaries of inorganic carbon

 LWE_O  Lateral transport from wetlands to estuaries of organic carbon

 LWE_T  Lateral transport from wetlands to estuaries of total carbon

 LWS_I  Lateral transport from wetlands to shelf of inorganic carbon

 LWS_O  Lateral transport from wetlands to shelf of organic carbon

 LWS_T  Lateral transport from wetlands to shelf of total carbon

 NEP  Net ecosystem production (source of organic carbon, loss of inorganic carbon; NEP=NPP-HR; negative values indicate net heterotropy)

 R_I  Inputs from rivers to estuaries of inorganic carbon

 R_O  Inputs from rivers to estuaries of organic carbon

 R_T  Inputs from rivers to estuaries of total carbon (organic+inorganic)

 U  Net uptake from the atmosphere (source of inorganic carbon; negative values indicate net outgassing to the atmosphere)

 D  Degassing by tidal wetlands (NPPW - UW)

 HR  Heterotrophic respiration (loss of organic carbon, source of inorganic carbon)

 NPP  Net primary production (source of organic carbon, loss of inorganic carbon)

 NPPSG  Seagrass NPP (included in estuarine NPP; per unit area of seagrass)

Fluxtype Description

3.  Application and Derivation
An understanding of carbon cycling in the coastal zone has benefits that extend beyond the global carbon cycle. Defining and balancing the carbon
budget takes on some urgency due to rapid coastal development, accelerating climate change, and the need to better quantify the role of coastal
ecosystems as sources and sinks of carbon. This study shows that coastal carbon budgets should explicitly consider tidal wetlands, estuaries, shelf
waters, and the linkages between them; ignoring any of these components may produce a biased picture of coastal carbon cycling.

4.  Quality Assessment
Data uncertainties are provided in the data file. Errors in flux per unit area were estimated using a variety of approaches. When possible, formal error
estimates were used from data-constrained models. Fluxes based on data syntheses were assigned standard errors by taking the standard deviation of
the mean. Inter-annual variability was used as a proxy for error for some model-based fluxes. Finally, when error estimates were not possible using
quantitative approaches, expert judgment was used.

5.  Data Acquisition, Materials, and Methods
Study Domain

The study domain (Figure 1) extends from the southern tip of the Scotian Peninsula (Canada) to the southern tip of Florida (USA). The domain was
divided into three subregions, which are, from north to south, the Gulf of Maine (GOM), the Mid-Atlantic Bight (MAB), and the South Atlantic Bight (SAB).

The subregions differ considerably in their physical characteristics. About a quarter of the watershed of Eastern North America drains to the GOM, and
the remainder drains approximately evenly to the MAB and SAB. Nevertheless, runoff to each subregion is about the same, reflecting regional
differences in precipitation and evapotranspiration.

Table 3. Geographic area of each ecotype (in units of 103km2)

Region Tidal wetlands (uncertainty as two standard errors) Estuaries Shelf waters Entire coastal domain

Gulf of Maine (GOM) 0.51
(0.27)

5.69 186.00 192.20



Mid-Atlantic Bight (MAB) 3.61
(0.72)

20.30 93.00 116.91

South Atlantic Bight (SAB) 6.01
(0.92)

12.18 102.00 120.19

Eastern North America (ENA) 10.13
(1.20)

38.18 381.00 429.30

Region Tidal wetlands (uncertainty as two standard errors) Estuaries Shelf waters Entire coastal domain

 

Methods and Data Sources

The carbon flux data were obtained from a variety of sources including historical data, empirical models, remote sensing algorithms, and process-based
models to determine the carbon fluxes for the three coastal ecosystems (tidal wetlands, estuaries, and shelf waters). A table summarizing the data
sources is provided at the end of this section (Table 4). U.S. estuarine surface area was taken from Herrmann et al. (2015), whose primary sources were
the National Oceanic and Atmospheric Administration’s National Estuarine Eutrophication Assessment survey (Bricker et al., 2007) and a digital spatial
framework based on a U.S. Geological Survey watershed hierarchy known as the Coastal Assessment Framework (NOAA, 1985).

Constructing individual carbon budgets for all Canadian GOM estuaries was not possible as there was no readily available estuarine inventory for the
Canadian portion of the GOM. However, there was information concerning carbon fluxes (Clair et al., 2013) and characteristics of the St. John River,
which accounts for most of the streamflow entering the GOM at the Canadian coastline; thus, the only Canadian estuary explicitly included in our
analysis is the St. John River estuary.

U.S. tidal wetland areas were taken from Hinson et al. (2017), who distributed tidal wetland areas from the U.S. National Wetlands Inventory (Dahl &
Stedman, 2013) among estuarine and coastal drainage areas. ENA tidal wetlands are mostly emergent vegetation (73%) and freshwater tidal (21%), with
the remainder (6%) being shrub-scrub and forested. Wetlands that drain to estuaries were distinguished from wetlands that drain directly to shelf waters.
In the U.S. portion of the study area, 14.5% of the tidal wetland area drains directly to shelf waters. Canadian GOM tidal wetland area was taken from
Hanson and Calkins (1996). Lacking knowledge of the location of Canadian tidal wetlands, it was assumed that they all drain directly to the ocean.

 

Flux Estimations

A variety of approaches were used to estimate the carbon fluxes given the heterogeneity of the coastal zone and the scarcity of observations. Statistical
models were used that were strongly constrained by observations in the study domain. Such was the case for riverine input of TOC (Shih et al., 2010),
estuarine NEP and burial (Herrmann et al., 2015), and the exchange of CO2 between shelf waters and the atmosphere (Signorini et al., 2013).

Mechanistic models were employed to quantify shelf water NEP (St-Laurent et al., 2017) and the riverine input of dissolved inorganic carbon (DIC) (Tian
et al., 2015). Where regional, data constrained models did not exist, simple averaging of the available data in the study domain was used. This approach
was applied for NPP in all ecosystems, tidal wetland burial and lateral export, and the exchange of CO2 between estuarine waters and the atmosphere.

When regional models and data were not available, generic models were used, as in the case of burial in shelf sediments (Burdige, 2007). Finally,
numerous fluxes were computed by difference. Total carbon fluxes were computed as sums of organic and inorganic carbon fluxes, except for exchange
between shelf and open ocean waters, in which case the total carbon balance was used. In addition, heterotrophic respiration (HR), net primary
production (NPP), and net ecosystem production (NEP) estimates were computed for each ecosystem. The net lateral transports of TOC, DIC, and total
carbon from shelf waters to the open ocean were computed as residuals.

Errors in flux per unit area were estimated using a variety of approaches. When possible, formal error estimates were used from data-constrained
models. Fluxes based on data syntheses were assigned standard errors by taking the standard deviation of the mean. Inter-annual variability was used
as a proxy for error for some model-based fluxes. Finally, when error estimates were not possible using quantitative approaches, expert judgment was
used.

The flux estimates are briefly described below.

 

Tidal Wetland Fluxes

Net Primary Production of Tidal Wetlands (NPPW)

The computed subregional averages and standard errors were used from wetland aboveground (or aerial) NPP and belowground NPP measurements in
the United States (Continental Shelf Associates Inc. (1991, p. 91), and Mendelssohn and Morris (2000)). The standard errors are based on 132
aboveground NPP estimates (18, 76, and 38 respectively from the GOM, MAB, and SAB) and 45 belowground NPP estimates (5, 29, and 11
respectively from the GOM, MAB, and SAB).

Burial in Tidal Wetlands (BW)

Estimates of tidal wetland burial in the study region are based on the global synthesis of carbon accumulation rate by Ouyang and Lee (2014), which
contains 59 estimates in the study region (28, 23, and 8, respectively, from the GOM, MAB, and SAB). Carbon accumulation rate is the product of
carbon density and sediment accumulation rate.

Net Lateral Flux from Tidal Wetlands (LWE and LWS)

The net lateral flux of total organic carbon (TOC = particulate organic carbon + dissolved organic carbon = POC + DOC) and DIC was estimated from
tidal wetlands to estuaries and shelf waters. The net lateral DIC flux was computed from tidal wetlands in ENA (Morris & Whiting, 1986; Neubauer &
Anderson, 2003; Wang et al., 2016; Wang & Cai, 2004). The computed means and standard errors of the net lateral TOC and DIC fluxes were applied to
all ENA tidal wetlands, independent of subregion.

Tidal Wetland Fluxes Computed as Residuals (NEPW and UW)

NEPW and UW were computed as residuals in the carbon budget assuming steady state.

 

Estuarine Fluxes

Estuarine Net Primary Production (NPPE)

Estuarine NPP is assumed to be the sum of NPP from plankton and seagrass. Estimates of estuarine planktonic primary production were taken from the



global synthesis of Cloern et al. (2014), which lists median annual production for 24 ENA estuaries (3, 15, and 6 from the GOM, MAB, and SAB,
respectively), based on a total of 159 individual annual production estimates for specific sites and years.

Seagrass

The approach of Hill et al. (2014) was used to estimate seagrass production in situ, in which NPP is the product of standing carbon biomass (standing =
aboveground + belowground) and an assumed specific growth rate.

Estuarine Net Ecosystem Production (NEPE)

Estuarine net ecosystem production (NEPE) for U.S. East Coast estuaries estimates by Herrmann et al. (2015), were used and modified by (1)
incorporating the new TOC fluxes from tidal wetlands and (2) include the Canadian portion of the GOM.

Riverine Input (R)

The Spatially Referenced Regression on Watersheds attributes (SPARROW) model was used to provide estimates of riverine TOC fluxes to tidal
estuarine waters. SPARROW is a spatially explicit statistical model that exploits data on land use, flow, and constituent concentration.

Exchange of CO2 Between Estuaries and the Atmosphere (UE)

For the exchange of CO2 Between Estuaries and the Atmosphere (UE), 16 literature estimates of UE were compiled (Cai & Wang, 1998; Crosswell et al.,
2014, 2012; Hunt et al., 2014, 2011; Jiang et al., 2008; Joesoef et al., 2015; Raymond & Hopkinson, 2003; Raymond et al., 2000; Wang & Cai, 2004),
and means and standard errors were computed for each subregion.

Estuarine Burial (BE)

Estimates of carbon burial in estuarine sediments of U.S. East Coast estuaries were taken from the model of Herrmann et al. (2015), which requires
riverine total nitrogen loading and estuarine residence time as inputs. The model was applied to the St. John River estuary using the residence time of
Metcalfe et al. (1976) and the riverine total nitrogen loading of Clair et al. (2013). To estimate burial in all Canadian GOM estuaries, the St. John estimate
was multiplied by the freshwater scaling factor of 1.69.

Estuarine Fluxes Computed as Residuals (LOES and LIES)

As in Herrmann et al. (2015), LOES was determined from the estuarine organic balance. Similarly, the estuarine inorganic carbon balance was used to
calculate LIES.

 

Shelf Water Fluxes

Shelf Water Net Primary Production (NPPS)

Syntheses of in situ shelf water net primary production measurements were derived from two major programs. The first is a set of National Marine
Fisheries Service surveys from October 1977 to June 1982 in the MAB and GOM. More than 4,000 measurements were made with good spatial and
seasonal coverage (O’Reilly & Busch, 1984; O’Reilly et al., 1987). The second major source is the Department of Energy’s interdisciplinary study of the
oceanography of the SAB. Menzel (1993) summarized the NPP measurements from this program.

Shelf Water Net Ecosystem Production (NEPS)

Estimates of shelf water net ecosystem production (NEPS) were taken from the latest version (St-Laurent et al., 2017) of the process-based numerical
model developed by the U.S. Eastern Continental Shelf (USECoS) project.

Exchange of CO2 Between Shelf Waters and the Atmosphere (US)

Estimates of the exchange of CO2 between ENA shelf waters and the atmosphere were taken from  Signorini et al. (2013), who used the Ho et al. (2011)

gas transfer velocity and a satellite-based pCO2 algorithm for the period 2003–2010 in all three subregions. Signorini et al. (2013) treated Georges Bank

and Nantucket Shoals as a separate region; for this study, however, these were combined with the GOM.

Burial in Shelf Sediments

Shelf organic carbon burial fluxes were estimated by starting with a model of sedimentary organic carbon oxidation.

Shelf Water Fluxes Computed as Residuals (LSO)

The net lateral transports of TOC, DIC, and total carbon from shelf waters to the open ocean were computed as residuals. Refer to Najjar et al. (2018) for
additional details.

Table 4. Summary of data sources, computed or otherwise, cited in this documentation from the Najjar et al. (2018) study.

Source Data Reference

 US estuarine surface area  Herrmann et al. (2015); Bricker et al. (2007); NOAA (1985)

 Canadian GOM estuaries-carbon fluxes and
characteristics of the St. John River

 Clair et al. 2013

 U.S. tidal wetland areas  Hinson et al. (2017); Dahl & Stedman (2013)

 Canadian GOM tidal wetland area  Hanson and Calkins (1996)

 Riverine input of TOC  Shih et al. (2010)

 Estuarine NEP and burial  Herrmann et al. (2015)

 Exchange of CO2 between shelf waters and the
atmosphere

 Signorini et al. (2013)

 Shelf water NEP  St-Laurent et al. (2017)

 Riverine input of dissolved inorganic carbon (DIC)  Tian et al. (2015)



 Burial in shelf sediments (modeled data)  Burdige, 2007

 Net lateral transports of TOC, DIC, and total carbon from
shelf waters to the open ocean

 Najjar et al. (2018)

 Subregional averages and standard errors were used from
wetland aboveground (or aerial) NPP and belowground
NPP measurements in the United States

 Continental Shelf Associates Inc. (1991, p. 91), and Mendelssohn and Morris (2000)

 Estimates of tidal wetland burial in the study region  Ouyang and Lee (2014)

 Tidal Wetland Fluxes Computed as Residuals (NEPW and
UW)

 Computed data (Najarra et al. (2018))

 Estuarine planktonic primary production  Cloern et al. (2014)

 Seagrass production in situ  Hill et al. (2014)

 Estuarine net ecosystem production (NEPE) for U.S.
East  Coast estuaries. These estimates were modified.

 Herrmann et al. (2015)

 Riverine TOC fluxes to tidal estuarine waters  SPAtially Referenced Regression on Watersheds attributes (SPARROW)

 Exchange of CO2 Between Estuaries and the
Atmosphere

 Cai & Wang (1998); Crosswell et al. (2014, 2012); Hunt et al. (2014, 2011); Jiang et al.
(2008); Joesoef et al. (2015); Raymond & Hopkinson (2003); Raymond et al. (2000); Wang
& Cai (2004)

 Carbon burial in estuarine sediments of U.S. East Coast
estuaries (modeled data) and the St. John River estuary

 Herrmann et al. (2015), Metcalfe et al. (1976), Clair et al. (2013)

 Estuarine fluxes computed as residuals   Computed from the estuarine organic balance

 In situ shelf water net primary production measurements
 National Marine Fisheries Service surveys from October 1977 to June 1982, (O’Reilly &
Busch (1984); O’Reilly et al. (1987)); the Department of Energy’s interdisciplinary study of
the oceanography of the SAB summarized by Menzel (1993)

 Shelf water net ecosystem production  St-Laurent et al. (2017)  

 The exchange of CO2 between ENA shelf waters and the
atmosphere

 Signorini et al. (2013); Ho et al. (2011) used for the gas transfer velocity

 Shelf organic carbon burial fluxes  Modeled data ((Najjar et al. (2018))

 Net lateral transports of TOC, DIC, and total carbon from
shelf waters to the open ocean

 Computed as residuals ((Najjar et al. (2018))

 Net Lateral Flux from Tidal Wetlands (LWE and LWS)  Morris & Whiting (1986); Neubauer & Anderson (2003); Wang et al. (2016); Wang & Cai
(2004)

Source Data Reference

6.  Data Access
These data are available through the Oak Ridge National Laboratory (ORNL) Distributed Active Archive Center (DAAC).

Mean Annual Fluxes of Carbon in Coastal Ecosystems of Eastern North America

Contact for Data Center Access Information:

E-mail: uso@daac.ornl.gov
Telephone: +1 (865) 241-3952
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