
City and Environment Interactions 12 (2021) 100073

Available online 22 September 2021
2590-2520/Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Importance of quantifying the full-depth carbon reservoir of Jamaica Bay 
salt Marshes, New York 

Grant Pace a,b, Dorothy Peteet a,b, Molly Dunton a, Carol Wang-Mondaca a, Syed Ismail a, 
John Supino a, Jonathan Nichols b 

a NASA Goddard Institute for Space Studies, New York, NY 10025, United States 
b Division of Biology and Paleoenvironment, Lamont-Doherty Earth Observatory, Palisades, NY 10964, United States   

A R T I C L E  I N F O   

Keywords: 
Tidal wetlands 
Carbon storage 
Climate change 
Marsh loss 
Jamaica Bay 
Marsh depth 

A B S T R A C T   

Constraining uncertainty in the global carbon cycle requires valid assessment of both surface and stored carbon 
in marine and coastal ecosystems (Blue Carbon) as well as terrestrial carbon (forests, peatlands, and soils) 
[Pendleton et al., 2012]. Quantifying the global carbon stock of coastal salt marshes, potentially the most effi-
cient carbon-burying ecosystems in the world per area, is a key area of further research in both of these fields 
Pendleton et al., 2012. One of the largest challenges is that despite the fact that salt marshes often sequester 
carbon several meters deep, nearly all estimates of salt marsh carbon stocks consider only the upper 1 m of 
sediment (Windham-Myers et al., 2015) [54]. This is particularly concerning because coastal wetlands are 
increasingly at risk due to climate change, sea level rise, and anthropogenic disturbance and destruction (Deegan 
et al., 2012) [15]. Using full-depth measurements from marsh cores, we estimate the carbon stock of five salt 
marshes in the highly urbanized estuary of Jamaica Bay, New York and argue that partial-depth measurements 
can underestimate carbon stocks. These estimates use calculated carbon content and probe depth data of these 
marshes collected between 2000 and 2019, applying this data across the full area of the marsh obtained from 
satellite imagery. Carbon density measurements are then multiplied by the full-depth volume of the marshes to 
create an estimate of total carbon stock. In addition to calculating present-day estimates, we compare our carbon 
stock estimates to historical Jamaica Bay imagery to calculate historical carbon stocks and carbon loss. The 
carbon stock estimates presented here show a 95% carbon stock loss between 1885 and 2019 in Jamaica Bay and 
highlight the severe underestimation of carbon stocks without full-depth calculations. These findings have 
important implications for disappearing salt marshes with regard to the global carbon cycle and the incorpo-
ration of belowground carbon into global climate models. The findings are increasingly relevant for advocacy 
efforts aiming to conserve these marshes with sea level rise.   

Introduction 

Carbon storage in coastal ecosystems 

The discussion on anthropogenic climate change is often focused on 
fossil fuel emissions. Yet often ignored, approximately 30% of global 
emissions come from the destruction of natural ecosystems [24,29]. 
Even within the realm of ecosystem destruction, research primarily fo-
cuses on terrestrial deforestation. Coastal wetlands, however, contain 
much more carbon per unit area than forests, but receive relatively little 
attention [30]. In recent years, interest in the carbon stored in coastal 
and marine ecosystems has brought greater attention to carbon-dense 
stocks like salt marshes. The degradation of these coastal ecosystems 
is currently estimated to release up to 1.02 Pg of carbon dioxide annually 
[34]. Quantifying human impact on coastal wetlands, as well as the 

extent of their carbon sequestration, is critical to filling knowledge gaps 
in our understanding of the global carbon cycle, the foundation of 
climate change mitigation and adaptation efforts. Key uncertainties in 
this quantification include the spatial extent, depth, and carbon content 
of coastal wetlands. Using a full-depth carbon stock estimation of Ja-
maica Bay salt marshes as a case study, we demonstrate the way con-
ventional approaches can significantly underestimate carbon stocks. 

Coastal wetlands (salt marshes, mangroves, and seagrasses) cover 
between 0.3 and 1.2 million km2 globally [8,30]. Salt marshes sequester 
between 43 and 55 times more carbon per unit area than terrestrial 
forested ecosystems despite making up a smaller portion of the earth’s 
surface, burying carbon-rich layers of peat over thousands of years [30]. 
Economic valuation recently has assessed that tidal wetlands are 15 
times more valuable than lakes and rivers, almost 47 times more valu-
able than grass and rangelands, and 51 times more valuable than forests 
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per unit area [9]. Due to their immensely important ecosystem services, 
tidal wetlands rank as the second more valuable ecosystem per unit area 
after coral reefs. Despite the important roles that they serve, wetlands 
have historically been and are still being lost to rising sea levels, 
anthropogenic disturbance, damming, eutrophication, and drainage. In 
the contiguous 48 states of the United States, 60 acres of wetland were 
lost every hour between 1780 and 1980, resulting in a 53% loss of 
wetland area in this time period alone [13]. Due to accelerating sea level 
rise and continued anthropogenic disturbance, the area of intertidal 
marshes specifically declined 1.4% from 2004 to 2009[12]. Holmquist 
et al. [23] estimate that between 43% and 48% of the existing contig-
uous US wetland area, almost entirely located in watersheds along the 
Gulf of Mexico and Mid- Atlantic coasts, is subject to both vertical and 
lateral limitation [23]. While many of the valued “services” of coastal 
wetlands are acknowledged, the magnitude of the associated impacts on 
the carbon cycle remain unclear. 

Anthropogenically induced climate change, beginning with indus-
trialization, is well-documented [38,28,56]. However, large un-
certainties still exist in the global carbon cycle and the implications 
these shifts may have on a changing climate. Salt marsh loss from rising 
sea levels can rapidly remobilize carbon that took thousands of years to 
sequester. Associated positive feedback loops can accelerate marsh loss, 
contributing further to the climate emergency [41]. The ability of car-
bon loss to overpower rates of carbon sequestration is illustrated by 
radiocarbon dating showing that up to 250 years’ worth of accumulated 
peat has been lost in as little as 30 years of salt marsh die-off [10]. 
Coastal wetlands are distinctly affected by climate change-induced sea 
level rise and hotter air temperatures, which increase carbon and 
methane emissions, render them uninhabitable to certain species, and 
cause the loss of environmental benefits, such as water filtration 
[51,31]. When sea level rise causes declines in carbon stocks, carbon- 
dense coastal ecological communities, such as mangroves or salt 
marshes, shift to less carbon-dense communities, like sea grasses [27]. 
As the effects of climate change and anthropogenic disturbance 
continue, wetlands may transition from net carbon sinks to net carbon 
sources [10]. 

Peat depth is a key variable that determines the total volume of 
carbon stored in salt marshes. Satellite imaging may be used to deter-
mine bathymetry of water in coastal areas. However, neither this 
method nor sonar can detect the depth of peat below the surface in salt 
marshes. Thus, salt marsh depth must be probed manually, a difficulty 
which has contributed to limited understanding of the full depths of salt 
marshes and the implications these depths have on the global carbon 
cycle. In many marshes, carbon is stored several meters deep, but most 
studies of carbon in wetlands include only analysis of the top 50 cm [8] 
or at most 1 m [22]. This is further affirmed by the van Ardenne et al. [2] 
assessment that their study was the first full-depth carbon stock estimate 
of salt marshes and that using the full depth dramatically changes car-
bon stock estimates [2]. Submergence of wetlands caused by sea level 
rise endangers the large stocks of C that are stored within coastal soil. 
Deeper (>50 cm) organic matter stocks can be vulnerable to minerali-
zation, especially following submergence and wetland erosion, and it 
has been suggested that total carbon and organic matter is highest be-
tween 50 and 100 cm [42]. Without precise data for wetlands, these 
critical carbon reservoirs remain excluded from earth system models, 
such as NASA GISS ModelE-2.1, NCAR CCM3 and others. Policies that 
could value and protect wetland carbon sequestration further require 
accurate measurements of these carbon stocks. Furthermore, the IPCC’s 
chapter on emissions management in coastal wetlands uses estimates 
from a study that acknowledges that their quantification of only the top 
1 m of carbon globally is conservative [34]. Deeper sampling and un-
derstanding of site history are crucial to fully determine the implications 
of sea level rise and submergence on the C cycle because many coastal 
wetlands have undergone shifts in vegetation and depositional history. 

The goal of this research is to estimate the full-depth carbon storage 
in Jamaica Bay salt marshes, critical carbon-rich ecosystems that have 

been and continue to be threatened by intense anthropogenic distur-
bance and sea level rise. We demonstrate the way conventional ap-
proaches can significantly underestimate carbon stocks by not 
considering their full depth. To further illustrate the role these ecosys-
tems can play in climate change via positive feedback loops, we estimate 
full-depth historical carbon stocks and losses for the marshes as well. By 
recognizing the importance of depth in determining carbon storage and 
loss in salt marshes, we can better understand the urgency of protecting 
coastal salt marshes (especially older, deeper marshes) and better 
anticipate a future in which sea level rise and human activity degrade 
them. 

Site selection 

Jamaica Bay is an estuary with salt marshes, part of Gateway Na-
tional Recreation Area, which is managed by the National Park Service 
and located in New York City. John F. Kennedy airport was built on top 
of eastern Jamaica Bay marshes, providing a large-scale example of 
anthropogenic draining and disturbance of salt marshes. However, the 
area remains a vibrant valuable ecological community of birds, fish, 
mussels, horseshoe crabs, and diamondback terrapins for the region. The 
remnant tidal marshes are dominated by low marsh grass (Spartina 
alterniflora) which is invading previous high marsh environments 
(Spartina patens and Distichlis spicata) in three of the marshes—Joco, East 
High Meadow, and Yellow Bar. These marshes are largely intertidal, 
with emergent, persistent vegetation, and regularly flooded, based on 
the U.S. Fish and Wildlife Service’s National Wetlands Inventory (Code 
E2EM1N). 

As the home of an airport, five Combined Sewage Outfall (CSO) sites, 
three landfills, and surrounded by the urbanized New York city sprawl, 
Jamaica Bay has been highly impacted by human impact for over four 
centuries, including pollution by metals, oils, greases, hazardous mate-
rials, solids, hydrocarbons, pesticides, and herbicides [44]. Sediment 
cores reveal the extent to which eutrophication and heavy metal 
pollution continue to impact the local marshes [35]. 

The area is projected to face greater than average sea level rise as the 
Atlantic Ocean’s meridional overturning circulation weakens with 
climate change [55,39]. As sea level rise accelerates, it threatens to 
overtake coastal marshes [20,30,34]. This is especially a concern in 
Jamaica Bay, where marsh preservation has declined due to anthropo-
genic disturbance that depletes the marsh of inorganic sediment; [35]; 
see Fig. 1). Sea level rise, coastal storms, storm surges and coastal 
flooding make Jamaica Bay particularly vulnerable [20]. 

Additionally, high loads of nutrients in Jamaica Bay have contrib-
uted to marsh loss; a rise in the soil percent nitrogen and increasing 
nitrate with the rise in human population contributed to decreased soil 
strength and increased decomposition rates [53,5]. While nutrient 
loading may increase aboveground biomass, it can lead to declining root 
biomass and increased decomposition, which can compromise soil 
strength [48,53,5]. The ability of coastal marshes to retain their carbon 
stocks depends on their accretion rates outpacing sea level rise. Thus, 
understanding changes in the area of Jamaica Bay in recent decades due 
to the combined effects of sea level rise and inorganic sedimentation 
starvation is of particular interest [35]. Fig. 1 displays an ArcGIS-based 
map detailing the data collection at the site’s recognized marsh island 
area (U.S. Fish and Wildlife Services). 

Methods and approach 

Data collection methods 

The depth of accumulated peat in Jamaica Bay marshes was 
measured using hand-held 0.6 cm diameter probes at 20 sites from 2000 
to 2019 (see Fig. 1). All but one of these probes was greater than 2 m, 
and the 11 probes taken in 2019 were used for calculations. These 
probes are fiberglass rods, each measuring 1.24 m in length, which are 
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screwed together and inserted directly into the peat of the marsh until 
refusal to determine its depth at a given point. In Jamaica Bay, where 
there are many small fragmented marsh islands, probe data was mostly 
collected via opportunistic sampling points due to roughness of the 
terrain and limited access points via boat. 

A side-opening Dachnowski Russian corer, which ensures no 
compaction of the sediment, was used to collect sediment cores from 
three of the marshes (Yellow Bar, JoCo, and East High Meadow) in a 
previous study [35]. The three most recently collected cores (2014) were 
used for the carbon stock calculations after comparison with the three 
other cores collected since 2000 to confirm that they are representative 
of the data collected at the site during the past two decades. These cores 
were taken from the surface of the marsh downward, and represent the 
entire peat stratigraphy. Cores were stored in a layer of polyethylene 
food wrap and aluminum foil and stored at 4 ◦C in the Lamont-Doherty 
Earth Observatory Core Repository. The top 50 cm of the cores were 
subsampled at 4 cm increments. The loss-on-ignition (LOI) analyses 
were conducted to obtain carbon content data using a standard mass 
subtraction method [14]. LOI samples were heated for two hours at 
550 ◦C using a Fisher Scientific Isotemp Muffle Furnace. LOI is then 
calculated at each sub-sample to document the change in organic ma-
terial with depth in the core. 

LOI analysis for JoCo, Yellow Bar, and East High Meadow marshes 
that were used for this study’s calculations can be seen in Fig. 2 [35]. 
The resulting organic content is then converted to carbon content (g/ 
cm3) for each depth increment (see below) (see Fig. 3). 

Computational methods 

Google Earth Pro and ArcGIS were used to map data and apply 
measured carbon and depth data onto the areal extent of Jamaica Bay 
marshes obtained from Landsat and Copernicus satellite imaging and 
USGS GIS maps. Present-day carbon estimates were based on the area 
obtained from November 2019 satellite images of the Jamaica Bay 
marshes, the most recent available images unobscured by cloud cover, 
and U.S. Geological Survey data [52]. 

We calculated the full-depth estimate of carbon stock, the top meter 
estimate of carbon stock, and the top 50 cm estimate of carbon stock 
using the average values for carbon content and depth in JoCo, East 
High, and Yellow Bar (see Eq. (1)). 

CS = CC*A*D (1) 

CS is the total carbon stock (kgC) and CC is the carbon content 
(kgCm− 3) calculated from LOI and soil bulk density data from the 
sediment cores and a regression Eq. [11] (see Eq. (2)). A is the area of the 
marsh (m2) and D is the depth (m). 

CC = CF*LOI*BD (2) 

CC is the carbon content (kg m− 3), CF is the average of the conver-
sion factor range found in Craft et al. [11] for determining carbon 
content from LOI in North American estuarine salt marsh soils, LOI is the 
loss on ignition value obtained from core data (organic mass loss/total 
dry mass), and BD is the bulk density of sediment (kg m− 3) at each 
subsample from the core data [11]. The full conversation factor range in 
Craft et al. [11] is used to create the uncertainty range for the carbon 
stock estimates. The full-depth and partial-depth measurements were 
compared using a two-sample z-test to determine statistical differences 
between the depth methodologies. Additionally, the interspatial vari-
ability of the data was compared to the variability between depth 
methodologies to determine the relative scale of impact that estimations 
using full depths can have compared to partial depth estimates. 

Older satellite images from Google Earth Pro in 1984 were used to 
estimate the net area loss of Jamaica Bay, which can be used to calculate 
the associated amount of carbon lost during this timeframe. A further 
historical estimate was created for Jamaica Bay by using a USGS map for 
1885 and an areal estimate (see 1897 map in [35,6]. For the sake of this 
study, we assume that between 58 and 75% of the carbon stored in the 
lost marsh area becomes labile upon marsh destruction [42,41]. It is 
likely that some portion of the carbon stock remains sequestered in the 
basal bay sediments, and further investigation is needed to constrain 
uncertainty in the amount of carbon that becomes labile. This range of 
uncertainty is included in our data. Previous estimates of carbon export 
due to sea level rise have also assumed that carbon loss is a function of 
the volume of carbon lost and the carbon content of that volume [46]. 

Results 

Partial-depth estimates of carbon stock severely underestimate full- 
depth estimates at this site, which was on average 2.87 m deep (see 
Fig. 4). The top meter estimate was 55% of the full-depth estimate, and 

Fig. 1. Locations of cores (red diamonds) and probes (orange circles) collected in Jamaica Bay salt marshes (teal) by Peteet and students from 2000 to 2019 [49]. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

G. Pace et al.                                                                                                                                                                                                                                    



City and Environment Interactions 12 (2021) 100073

4

the top 0.5 m estimate was 36% of the full-depth estimate. Via a two- 
sample z-test, the full-depth value was found to be significantly 
greater than both partial depth estimates (p < 0.05). The differences 
between the full depth value and the partial depth values (2.5 × 102 

Fig. 2. Loss-on-ignition (LOI) analyses (pink curve) show the percentage of 
organic material based on the density of inorganic (light blue) and organic 
content (dark blue) by depth. a) Upper three meters of JoCo Marsh, b) upper 
two meters of Yellow Bar Marsh, and c) upper two meters of East High Meadow 
Marsh. Adapted from data published in [35]. (For interpretation of the refer-
ences to colour in this figure legend, the reader is referred to the web version of 
this article.) 

Fig. 3. Satellite images of Jamaica Bay marshes in 1984 (a) and 2019 (b) used 
for area calculations, demonstrating marsh loss. Source: Google Earth Pro, 
Landsat and Copernicus. 

Fig. 4. Carbon stock estimates (E5 MgC) for Jamaica Bay marshes based 
on depth. 
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MgC greater than the 1 m estimate, 3.6x102 MgC greater than the 0.5 m 
estimate) are an order of magnitude greater than the interspatial vari-
ability in the data from calculating carbon stocks using the different 
sediment cores (which have a maximum variability of 8.6x101 MgC 
between cores). This demonstrates the extent to which full-depth esti-
mates provide substantial variability compared to partial-depth 
estimates. 

A decline in carbon stock estimate was found for both 1984 and 2019 
(see Fig. 5). Between 1885 and 1984, the carbon stock estimates 
declined 91% from 9.4x106 MgC to 8.6x105 MgC, with 5.7x106 MgC 
estimated to have become labile in the process. From 1984 to 2019, 
carbon stock estimates declined another 35% to 5.5x105 MgC, with 
2.0x105 MgC estimated to have become labile. During the full timeframe 
from 1885 to 2019, carbon stocks declined 94% with 5.9x106 MgC 
estimated to have become labile during marsh loss. Error bars in Figs. 4 
and 5 include the uncertainty from the LOI conversion factor range in 
[11] and the rate of disturbed carbon that becomes labile upon marsh 
loss based on values in the literature [42,41]. Even with margins of 
error, carbon stock estimates between each historical estimate were 
distinct. 

The majority of the loss of thousands of years of sequestered carbon 
in Jamaica Bay between 1885 and 1974 are directly and indirectly 
caused by anthropogenic disturbance—namely, dredging, the con-
struction of John F. Kennedy Airport, and construction in Queens and 
Brooklyn [17,4], as well as sea level rise. In the decades since, research 
has suggested that salt marsh accretion along the Hudson River will 
outpace sea level rise, preventing marsh area loss [45]. However, 
because most of these methodologies rely on short-term accumulation 
rates and do not account for the long-term decomposition and 
compression of peat over time, they overestimate long-term marsh ac-
cretion rates and underestimate projected marsh loss [47]. Determining 
previous marsh loss as well as the original and present carbon stocks of 
the marshes are necessary to determine how they have and will continue 
to impact the carbon cycle. Sea level rise and climate change have also 
exacerbated extreme weather events, such as Hurricane Sandy, which 
alone may have caused up to 3 cm of marsh loss in Jamaica Bay [25]. 
Due in part to accelerating climate change, Jamaica Bay is estimated to 
have lost almost double as much area in the 1990 s as it did in the 
previous four decades. By 2006, one study estimated 90% of Jamaica 
Bay’s original area had been lost, with an average loss of 18 ha/yr [19]. 
However, other estimates show much lower rates, such as an average 

loss of 2.1 ha/yr from 2003 to 2013[7]. Marsh loss has been offset by 
some restoration efforts (Messaros et al., 2012), but the wide range in 
estimates of loss warrant further investigation to constrain a wide range 
of uncertainty in carbon loss. 

Discussion 

The carbon stocks found using these methods are relevant to local 
and global considerations of carbon cycling. The carbon loss seen at 
Jamaica Bay between 1885 and 2019 (96%) outpaces the average rate of 
wetland loss in the state of New York as well as the United States from 
1780 to 1980[13]. A model-based approach to estimating Jamaica Bay’s 
present and mid-1870 s marsh areas found a comparable historical value 
(61 km2 compared to this study’s 65 km2), but substantially higher 
present value (15 km2 compared to this study’s 4 km2)[33]. Compared 
to a .6m-deep carbon stock estimate of a New Jersey salt marsh with 
high anthropogenic disturbance, our results had a carbon density almost 
a full order of magnitude larger (159 MgC/ha compared to our 1560 
MgC/ha), illustrating the potential for deep salt marshes to contain 
much more carbon than existing partial-depth estimates may predict 
[3]. The amount of carbon estimated to have become labile during this 
timeframe (5.9x106 MgC) is equivalent to the annual carbon emissions 
of roughly 4.5 million average US cars, demonstrating the extent to 
which considering Blue Carbon storage and loss is relevant to the global 
carbon system and accounting for emissions sources [18]. 

Important limitations of this study include possible horizontal in-
homogeneity of the peat, which would make our cores unrepresentative 
of the marsh islands that may have differing carbon content at depth. To 
account for this, we utilized data from three recent cores that presented 
similar trends, and the similar elevation argues for similar growth pat-
terns throughout. However, more extensive probing would have to be 
completed to further validate carbon stock estimates here. Further full- 
depth carbon stock assessments of salt marshes are needed in order to 
determine the extent to which partial-depth measurements could be 
skewing our understanding of global salt marsh carbon stocks. Addi-
tional studies may also assess above ground carbon stocks to see a more 
complete picture of full ecosystem carbon storage; however, 95% of salt 
marsh carbon is stored in soils [1]. 

We find that full-depth carbon stocks were severely underestimated 
using the top .5m and 1 m methodology. The potential for full-depth 
estimates to increase global carbon stock estimates as well as the role 

Fig. 5. Carbon stock and carbon stock loss estimates (E5 MgC) for Jamaica Bay marshes based on areal extent in 1885 (as estimated by [6], 1984, and 2019.  
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that we ascribe to them as potential positive feedback loops is also 
supported by various studies looking at the upper 1–2 m of marsh 
sediment. These studies found that carbon content is highest below 1 m 
and the CO2 production increase upon aeration was 4x higher at 0.9–1 m 
than at the surface [43,40]. Both of these studies explicitly emphasize 
the importance of performing deeper analyses on coastal wetland carbon 
and its loss. The average depths of the marshes in this study are greater 
than 1 m, which is much deeper than previously studied salt marshes in 
New Brunswick and Maine by van Ardenne et al. [2]. Other studies 
corroborate that carbon is often stored in marshes at depths greater than 
1 m [37,36,16,26]. Only a full depth study can reliably quantify an in-
dividual marsh’s carbon stock because salt marshes are so variable in 
depth. Because global average estimates of salt marsh carbon stocks are 
based on partial depth estimates, we recommend future work exploring 
the impact full-depth methodologies have on global salt marsh carbon 
stock estimates. In some cases, these riverine marshes may be tran-
sitioning from freshwater or brackish to saltwater as time progresses, 
potentially shifting the carbon content. 

In addition to resolving carbon content with depth, the rate of carbon 
that becomes labile upon disturbance and sea level rise is important to 
define. Limited and varying data leave wide ranges of uncertainty for 
our CO2 emissions due to marsh loss. Furthermore, a new study 
analyzing the top 2 m of marsh sediment has demonstrated that the rate 
of carbon that becomes labile with marsh loss varies with depth [40]. 
Thus, it is important for future studies to focus not only on full depth 
carbon stocks and rates of carbon loss, but also on the varying rates of 
carbon loss with depth through the peat profile as marshes degrade and 
erode. Analysis of the eroded organic matter into water suggests that 
disturbed carbon is largely not resettling as buried sediment [32,50,21]. 
It is logistically challenging to identify the source of organic matter in 
estuary waters, and similarly, the fate of carbon from eroded marshes 
[21]and, wide ranges exist in the limited literature quantifying this rate 
of carbon loss. New analyses will be needed to reliably constrain the 
uncertainty of the fate of lost marsh carbon. 

Conclusions 

Full-depth carbon stock studies of salt marshes are virtually nonex-
istent despite the fact they often sequester carbon several meters deep 
and are among the most efficient ecosystems at doing so per unit area. 
This study conducts full-depth carbon stock estimates of salt marshes in 
the estuary of Jamaica Bay, NY. Our results show the importance of full- 
depth methodologies, as the full-depth methodology estimates were 
between 1.8 and 2.8 times that of the partial-depth methodology esti-
mates. We estimate full-depth carbon stock average value calculation for 
Jamaica Bay marshes using area cover from 1885 (9.4x106 MgC), 1984 
(8.6x105 MgC), and 2019 (5.5x105 MgC), showing a 95% loss of carbon 
stock during this 134-year period. With this information, earth system 
models may incorporate salt marsh carbon reservoirs into their pro-
jections for the global carbon cycle. These carbon stocks represent a 
critical part of the dynamic global carbon cycle that will play a role in 
and be affected by climate change, and thus highlight the need for 
revised methodologies and policies that reflect this role. 
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Delta marshes due to accelerated sea-level rise. Sci Adv 2020;6(21):eaaz5512. 
https://doi.org/10.1126/sciadv.aaz5512. 

[48] Turner RE. Beneath the Salt Marsh Canopy: Loss of Soil Strength with Increasing 
Nutrient Loads. Estuaries Coasts 2011;34(5):1084–93. https://doi.org/10.1007/ 
s12237-010-9341-y. 

[49] U.S. Fish and Wildlife Services National Wetlands Inventory: National Wetlands 
Inventory Wetlands Mapper, https://www.fws.gov/wetlands/Data/Mapper.html. 

[50] Vaccare J, Meselhe E, White JR. The denitrification potential of eroding wetlands 
in Barataria Bay, LA, USA: Implications for river reconnection. Sci Total Environ 
2019;686:529–37. https://doi.org/10.1016/j.scitotenv.2019.05.475. 

[51] Verhoeven J, Arheimer B, Yin C, Hefting M. Regional and global concerns over 
wetlands and water quality. Trends Ecol Evol 2006;21(2):96–103. https://doi.org/ 
10.1016/j.tree.2005.11.015. 

[52] Welk, R.J., Defne, Z., and Ganju, N.K., 2019, Coastal wetlands from Jamaica Bay to 
western Great South Bay, New York: U.S. Geological Survey, https://doi.org/ 
10.5066/P9GAGLXB. 

[53] Wigand C, Roman CT, Davey E, Stolt M, Johnson R, Hanson A, et al. Below the 
disappearing marshes of an urban estuary: historic nitrogen trends and soil 
structure. Ecol Appl 2014;24(4):633–49. https://doi.org/10.1890/13-0594.1. 

[54] Windham-Myers L, Anderson FE, Bergamaschi BA, Ferner MC, Schile LM, 
Spinelli G. Annual net ecosystem exchanges of carbon dioxide and methane from a 
temperate brackish marsh: should the focus of marsh restoration be on brackish 
environments? AGU Fall Meeting Abstracts 2015;21:B21H–569. 

[55] Yin J, Schlesinger ME, Stouffer RJ. Model projections of rapid sea-level rise on the 
northeast coast of the United States. Nat Geosci 2009;2(4):262–6. https://doi.org/ 
10.1038/ngeo462. 

[56] Zeebe RE, Ridgwell A, Zachos JC. Anthropogenic carbon release rate 
unprecedented during the past 66 million years. Nat Geosci 2016;9(4):325–9. 
https://doi.org/10.1038/ngeo2681. 

G. Pace et al.                                                                                                                                                                                                                                    

https://doi.org/10.1016/S0921-8181(01)00150-3
https://doi.org/10.1016/S0921-8181(01)00150-3
https://doi.org/10.1016/j.scitotenv.2019.135185
https://doi.org/10.1038/s41598-018-26948-7
https://doi.org/10.1029/2020EF001804
https://doi.org/10.1029/2020EF001804
https://doi.org/10.3402/tellusb:v55i2.16764
https://doi.org/10.1111/gcb.v26.1010.1111/gcb.15248
https://doi.org/10.1007/s13157-011-0148-9
https://doi.org/10.1007/s13157-011-0148-9
https://doi.org/10.1029/2005JD005916
https://doi.org/10.1029/2005JD005916
https://doi.org/10.1002/fee.2017.15.issue-510.1002/fee.1491
https://doi.org/10.1002/fee.2017.15.issue-510.1002/fee.1491
https://doi.org/10.1890/110004
https://doi.org/10.1890/110004
https://doi.org/10.1007/s00027-012-0262-7
https://doi.org/10.1007/s00027-012-0262-7
https://doi.org/10.1002/gbc.v32.310.1002/2017GB005790
https://doi.org/10.1002/gbc.v32.310.1002/2017GB005790
https://doi.org/10.5194/nhess-20-2415-2020
https://doi.org/10.5194/nhess-20-2415-2020
https://doi.org/10.1073/pnas.1715392115
https://doi.org/10.1088/1748-9326/ab7a56
https://doi.org/10.1088/1748-9326/ab7a56
http://refhub.elsevier.com/S2590-2520(21)00018-0/h0190
http://refhub.elsevier.com/S2590-2520(21)00018-0/h0190
http://refhub.elsevier.com/S2590-2520(21)00018-0/h0190
https://doi.org/10.1029/2001GL013954
https://doi.org/10.1038/nclimate1597
https://doi.org/10.1038/nclimate1597
https://doi.org/10.1016/j.scitotenv.2020.141913
https://doi.org/10.1016/j.scitotenv.2020.141913
https://doi.org/10.1016/j.ecss.2019.106289
https://doi.org/10.1016/j.ecss.2019.106289
https://doi.org/10.1016/j.scitotenv.2019.04.405
https://doi.org/10.1016/j.geoderma.2018.08.020
https://doi.org/10.1080/10643389.2011.569873
https://doi.org/10.1080/10643389.2011.569873
https://doi.org/10.1016/j.ecss.2015.08.001
https://doi.org/10.1016/j.ecss.2015.08.001
https://doi.org/10.1126/sciadv.aaz5512
https://doi.org/10.1007/s12237-010-9341-y
https://doi.org/10.1007/s12237-010-9341-y
https://www.fws.gov/wetlands/Data/Mapper.html
https://doi.org/10.1016/j.scitotenv.2019.05.475
https://doi.org/10.1016/j.tree.2005.11.015
https://doi.org/10.1016/j.tree.2005.11.015
https://doi.org/10.1890/13-0594.1
http://refhub.elsevier.com/S2590-2520(21)00018-0/h0275
http://refhub.elsevier.com/S2590-2520(21)00018-0/h0275
http://refhub.elsevier.com/S2590-2520(21)00018-0/h0275
http://refhub.elsevier.com/S2590-2520(21)00018-0/h0275
https://doi.org/10.1038/ngeo462
https://doi.org/10.1038/ngeo462
https://doi.org/10.1038/ngeo2681

	Importance of quantifying the full-depth carbon reservoir of Jamaica Bay salt Marshes, New York
	Introduction
	Carbon storage in coastal ecosystems
	Site selection

	Methods and approach
	Data collection methods
	Computational methods

	Results
	Discussion
	Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	References


