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EXECUTIVE SUMMARY 
 

 

 

 This report1 presents the results of an assessment of the terrestrial carbon 
sequestration potential in New Jersey conducted for the Midwest Regional Carbon 
Sequestration Partnership (MRCSP).  Terrestrial carbon sequestration is defined as ―the 
uptake of carbon gases by vegetation and soil.‖ The assessment involved two tasks.  The 
first task was to identify and delineate the dominant land use types in New Jersey which 
offer feasible opportunities for terrestrial sequestration.  The second was to provide 
empirical data on the wetland land use category from a pilot study area.  Forested 
wetlands were a focus of Task 2. 
 
 Forests, wetlands, grasslands, and agricultural lands across the state play an 
integral role in the carbon balance. Trees and plants take up carbon dioxide –the major 
greenhouse gas –and store the carbon in leaves, branches, trunks, stems, and roots. The 
results of this MRCSP project confirm this important role while identifying a range of 
opportunities to enhance terrestrial carbon sequestration opportunities in the state. 
Protecting terrestrial ecosystems or improving the way they are managed can reduce 
carbon dioxide emissions and increase carbon storage in plants and soils while providing 
other environmental benefits such as water quality protection and habitat conservation. 
Other NJDEP policies and programs addressing these concerns can be informed by the 
research-based results of the two tasks (Task 1 and Task 2) carried out under the MRCSP 
Terrestrial Sequestration project for New Jersey.  
 
 
Task 1: Terrestrial Sequestration Opportunities in New Jersey 

 

 Task 1 was conducted by the New Jersey Department of Environmental 
Protection (NJDEP) Office of Climate and Energy (OCE) building upon the work carried 
out by the following projects and data sources:  

1. Rutgers University and the New Jersey Forest Service (NJFS) project on 
―Assessing the Potential for New Jersey Forests to Sequester Carbon and 
Contribute to Greenhouse Gas (GHG) Emissions Avoidance‖ completed in July 
2010; 

2. The Nature Conservancy (TNC), Winrock International, and the Sampson Group 
regional project on ―Terrestrial Carbon Sequestration in the Northeast: Quantities 
and Costs‖ completed in October 2007; 

3. Rutgers University project on ―Demonstration Project Piloting Enhancement of 
Forested Wetland Sequestration‖ completed in February 2011 as Task 2 of this 
MRCSP terrestrial sequestration project; 

4. NJDEP Land Use Land Cover (LULC) data; and 
5. Other research literature, primarily the ―First State of the Carbon Cycle Report 

                                                 
1 This research was supported through funding provided by the U.S. Department of Energy (USDOE) 
through the Midwest Regional Carbon Sequestration Partnership (MRCSP) [Sub-Contract No. 226017 with 
Battelle, USDOE Contractor]. 
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(SOCCR): The North American Carbon Budget and Implications for the Global 
Carbon Cycle‖ published by the U.S. Climate Change Science Program (USCCSP) 
in November 2007. 

 
 Methods used included (a) analysis of the NJDEP Land Use Land Cover data 
which served as the base data for identifying and delineating major land uses and 
acreages of land use types; (b) compilation and review of biomass and soil carbon data 
available from the projects and research literature sources cited above to derive, in 
conjunction with NJDEP land use data2, the carbon sequestration metrics for each major 
land-use type with significant carbon accumulation potential (forest, agricultural and 
wetlands); and (c) overall synthesis of carbon metrics and land availability to determine 
the terrestrial carbon sequestration opportunities for New Jersey. The methodology used 
is summarized in Figure E-1. 
 
 The dominant land use types in New Jersey that are of most relevance to 
terrestrial sequestration are: agricultural land (particularly non-eroded cropland), forest 
land, and wetland (especially forested wetlands and tidal marshes) which respectively are 
16%, 28%, and 20% of the state’s total land area of 5.5 million acres. 
 

 A total of 713,697 acres provide opportunities for enhancing sequestration 
capacities of these land uses potentially sequestering at least 5.5 million metric 
tons (MMT) of carbon dioxide (CO2) over a 20-year period.  This would involve 
shifting non-eroded prime croplands to carbon conserving practices (263,076 
acres) or conversion to non-cultivated crops (283,217 acres); converting or 
reconverting marginal farm lands to forests (221,500 acres); and improving 
stocking of forest lands (229,121 acres). 

 
 Protection of land uses with carbon storage capacities such as forested wetlands 

and tidal marshes not only provides for continued sequestration of carbon but also 
prevent emissions of methane (another potent greenhouse gas with a global 
warming potential [GWP] 23 times that of CO2). Forested wetlands potentially 
sequester 12.5 metric tons MTCO2 per acre per year while saline marshes 
sequester approximately 3.6 MTCO2 per acre per year.  

 
 Table E-1 summarizes the overall terrestrial carbon sequestration opportunities for 
the state by selected major land uses. The results are presented in both carbon (C) metric 
tons/acre/year and carbon dioxide (CO2) metric tons/acre/year. 
 
 
 

                                                 
2 NJ-specific data were extracted as follows: Forest land data from Rutgers University/NJ Forest Service 
project on forest carbon (#1 above), agricultural land data from the TNC/Winrock/Sampson regional 
terrestrial carbon sequestration project (#2 above), and wetland forest data from the Task 2 project (#3 
above). For other wetlands, i.e., freshwater (other than wetland forests) and tidal marshland, for which no 
NJ-specific carbon study has been conducted yet, values from the research literature were used for 
estimation purposes. 
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Task 2: Pilot Study Regarding Forested Wetland Sequestration Potential in New 

Jersey 
 

 Task 2 was conducted by the Department of Ecology, Evolution, and Natural 
Resources Rutgers University. 
 
 The study quantified the carbon sequestration both in biomass and soil of five (5) 
restored forested wetland sites and one (1) adjacent agricultural land site in Southern 
New Jersey. The focus on forested wetlands provided an opportunity to evaluate the net 
carbon sequestration potential of forested wetland restoration activities. These sites which 
had been exclusively restored from drained agricultural lands were compared with an 
active agricultural field adjacent to the 5 restored forested wetland sites in order to 
quantitatively determine net carbon sequestration due to wetland restoration. The forested 
wetland sites investigated represent different restoration ages (20, 30, 35, 40, and 40+ 
years), and thus their potential for enhanced sequestration.  
 

 The study applied biomass survey methods to determine the amount of biomass, 
both aboveground and belowground, in all the sites. In addition, soils in the study 
sites were sampled for water content and carbon (C) and nitrogen (N) 
concentrations at the topsoil layers at 3 depths: 0-10 cm, 10-20 cm, and 20-30 cm. 
The carbon to nitrogen (C: N) ratio were obtained for all samples. Results of the 
study showed that forested wetlands store approximately 124 to 382 metric tons 
of carbon per hectare (50 to 155 metric tons/acre), depending on age, compared to 
approximately 40 metric tons of carbon per hectare (16 metric tons carbon/acre) 
for the agricultural land.  The annual carbon sequestration in the restored wetland 
soil, litter and tree biomass amount to an estimated 8.35 metric tons of carbon per 
hectare per year (3.4 metric tons carbon/acre/year) for the forested wetland 
ecosystem.  In conclusion, forested wetlands in Southern New Jersey store from 3 
to almost 10 times more carbon than adjacent agricultural land, and have more 
than 30 times the annual sequestration capacity. 
 
The significance of this result is that it confirms suggestions in the research 
literature that forested wetlands are an important carbon sequestration pathway 
with a disproportional influence on terrestrial carbon budget. It also provides 
empirical justification for favoring forested wetland restoration as mechanism for 
ecological restoration of disturbed lands, specifically marginal agricultural lands, 
which are mostly drained wetland areas. Thus, there is a clear opportunity and 
large potential to use marginal agricultural lands to sequester more carbon. This 
also strongly supports the case for conserving forested wetlands, which currently 
constitute the majority of the state’s freshwater wetland resource (about 50% of 
the total wetland area or about 10% of New Jersey’s total land area). It should also 
be noted that these wetlands are associated with methane (CH4), a potent 
greenhouse gas, in their soil components and their disturbance or modification 
would release significant amounts of methane. 

 

 The study suggests the superior potential of forested wetlands over farmland and 
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even upland forests3 in sequestering carbon. While the restored forested wetlands 
investigated in this study already show high sequestration (3.4 metric tons 
carbon/acre/year), the research literature indicates an even higher rate for 
undisturbed forested wetlands in North America of at least 9 metric tons 
carbon/acre/year for bottomland hardwoods (Trettin and Jorgensen, 2003)4. This 
may partially be attributed to their abundant water supply, balanced organic 
matter mineralization and nutrient immobilization processes and anoxic (oxygen 
depleted) wetland soil condition.  

 
 By illustrating the ability of forested wetland to accumulate carbon at a relatively 
high rate, results of this study (Task 2) could provide useful information in the 
implementation of wetland mitigation and restoration efforts, particularly the restoration 
of forested wetlands from agricultural lands, by providing estimated targets of carbon 
sequestration. The study has generated, for the first time, state-specific empirical data 
focused on forest wetland carbon sequestration.  
 
Implications for the New Jersey Greenhouse Gas Inventory 

 

 Task 1: Part of the data used in the assessment (Task 1) have been factored in the 
recent updating of the New Jersey Greenhouse Gas (GHG) inventory5, specifically on the 
contribution of forests and other land-uses as carbon sinks that partially offset GHG 
emissions in the state. The new data improved the estimate of terrestrial carbon 
sequestration from 6.7 to 7.6 MMTCO2 equivalent per year (offsetting about 5% of the 
state’s GHG emissions in 2008). 
 
 Task 2: Although the recent updating of the New Jersey GHG Inventory has not 
included the results of the Task 2 study (since the GHG Inventory work had been 
completed earlier), forest wetland data will be factored in the subsequent updating work. 
 
 

 
 
 
 
 
 
 
 
 
 
 

                                                 
3 discussed in the Rutgers-NJ Forest Service forest carbon project 
4 Trettin, C.C. and M. Jurgensen. 2003. ―Carbon Cycling in Wetland Forest Soils.‖ In: The Potential of U.S. 
Forest Soils to Sequester Carbon and Mitigate the Greenhouse Effect. J.M. Kimble et al, ed., CRC Press, 
Boca Raton, FL. Pp. 311-331. 
5 The inventory report for 2008 can be viewed at: http://www.nj.gov/dep/oce/ghg-inventory2008.pdf . 

http://www.nj.gov/dep/oce/ghg-inventory2008.pdf
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Figure E-1.  Midwest Regional Carbon Sequestration Partnership (MRCSP) ---Terrestrial 

Sequestration in New Jersey: Methodological Summary 
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Table E-1.  Overall Summary of Terrestrial Carbon Sequestration Opportunities in New 

Jersey for Selected Major Land Uses 
Land Use Carbon 

Sequestration* 
(Biomass  and Soil)- 
Metric tons 
(MT)/acre/year 

Additional Areas 
for enhanced C-
sequestration – 
Acres 

Carbon 
accumulation 
(20 years) – 
Metric tons 
(MT) 

CO2 
equivalent 
(20 years) – 
Metric tons 
(MT)6 

Forest [*a] 1.2  229,121 730,000 
(minimum)  

2,700,000 
(minimum) 

 (range of 0.5 to 2.5 
for forest stocking7) 

   

Wetland     
 Forested 

[*b] 
3.4 Not estimated   

 Tidal Marsh 
[*c] 

0.97 Not estimated   

     
Agriculture (soil 
only) 

0.1    

-conservation tillage 
(CT) [*d], or 

0.1 263,076 570,000 2,100,000 

-permanent cover 
(PC) e.g., grass [*d] 

0.1 283,217 590,000 2,200,000 

-post agricultural 
conversion to forest 
[*a] 

0.1 – 0.3 221,500 200,000 600,000 

Total (with CT)  713,697 1,500,000 
(minimum) 

5,400,000 
(minimum) 

Total (with PC)  733,838 1,520,000 
(minimum) 

5,500,000 
(minimum) 

*Carbon sequestration metrics derived from the following data sources: 
(a) Forest: Rutgers University and the New Jersey Forest Service (NJFS) project ―Assessing the Potential for New 
Jersey Forests to Sequester Carbon and Contribute to Greenhouse Gas (GHG) Emissions Avoidance.‖ (July 2010) 
(b) Forested Wetland: Rutgers University project on ―Piloting Enhancement of Forested Wetland Sequestration‖ 
MRCSP Task 2 (February 2011) 
(c) Tidal Marsh: ―First State of the Carbon Cycle Report (SOCCR): The North American Carbon Budget and 
Implications for the Global Carbon Cycle‖ published by the U.S. Climate Change Science Program (USCCSP) in 
November 2007. 
(d) Agriculture: The Nature Conservancy (TNC), Winrock International, and the Sampson Group regional project 
―Terrestrial Carbon Sequestration in the Northeast: Quantities and Costs‖ (October 2007) 
 
 
 
 
 
 

 
 

                                                 
6 CO2 equivalent is derived by multiplying the carbon values in previous column by the factor 3.87 or 44/12 
since there are 12 atoms in the carbon molecule and 44 atoms in the carbon dioxide molecule. 
7 Forest stocking is increasing the density or number of trees per unit area in forest lands. 
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PART 1.  TERRESTRIAL CARBON SEQUESTRATION OPPORTUNITIES IN NEW JERSEY  

 
Office of Climate and Energy/Economic Growth and Green Energy,  

New Jersey Department of Environmental Protection  
 

Introduction 
 
 The purpose of the project was to conduct a statewide assessment of terrestrial 
carbon sequestration potential in New Jersey. This assessment was based on the New 
Jersey Department of Environmental Protection (NJDEP) Land Use Land Cover (LULC) 
data, analytical results of two completed projects (for forest and agricultural land), the 
results of Task 2 of this project (discussed in detail in Part 2 of this report), review of the 
research literature and additional analytical work by the NJDEP Office of Climate and 
Energy (for forested and tidal wetlands): 
 
(1) NJDEP Land Use Land Cover (LULC) Data forms the base data for the assessment. 
The data were used to identify the major land use types and their respective acreages. 

 
(2) Assessing the Potential for New Jersey Forests to Sequester Carbon and Contribute to 
Greenhouse Gas Emissions Avoidance also referred to as the New Jersey Forest Carbon 
(NJFC) study (completed in July 2010). The study was funded by DEP and carried out by 
Rutgers University. The primary objective of the project was to assess the quantity of 
carbon stored by New Jersey forests (i.e, carbon stock) and estimate the amount of carbon 
being sequestered annually. This was accomplished through a combination of literature 
review, analysis of existing forest inventory and soil carbon data, and modeling of forest 
ecosystem dynamics. The study also aimed to estimate soil organic carbon stocks and 
calculate rates of soil carbon accumulation for recently-abandoned agricultural land 
reconverted to forest in New Jersey. This aspect used soil and forest litter sampling, 
historical aerial photo analysis for forest stand age determination, and statistical 
evaluation. The soil and forest floor samples were obtained from ten (10) pairs of 
agricultural and forested sites in New Jersey (total of 20 sites).  

 
(3) Terrestrial Carbon Sequestration in the Northeast: Quantities and Costs also referred 
to as the TCSNE study (completed in October 2007), a study funded by the USDOE and 
conducted by The Nature Conservancy (TNC), Winrock International, and The Sampson 
Group. This study analyzed and summarized the potential for increased carbon 
sequestration through implementation of various land-use activities such as improved 
agricultural management strategies across the Northeast region including New Jersey. 
Results from this study were used to assess the potential for carbon sequestration in 
agricultural lands of the state. 

 
(4) Task 2 (Demonstration Project Piloting Enhanced Forested Wetland Sequestration) 
estimated carbon sequestration in the biomass and in the upper 30 centimeters (cm) of 
forested wetland soils.  This study was necessitated by the lack of New Jersey specific 
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empirical data on biomass and soil carbon data for this important wetland sub-type8.   
Also the fact that much of the agricultural land in the state is drained wetland area 
indicates a significant carbon sequestration potential which needs to be investigated 
further.  
 
 In the absence of state-specific research for the other wetland types (specifically 
tidal marsh and mineral freshwater wetlands), average values were calculated from 
national data made available in the First State of the Carbon Cycle Report: The North 
American Carbon Budget and Implications for the Global Carbon Cycle by the U.S. 
Climate Change Science Program (U.S. Climate Change Science Program [USCCSP], 
2007). 
 
 Together these data sets, studies and analyses provided a comprehensive basis for 
statewide assessment of terrestrial sequestration of the dominant land-use types.  
 
 The detailed discussion that follows is by major land use types examined by the 
project: 1) Agricultural Land, 2) Forest Land, and 3) Wetlands. The Agricultural Land 
section is sub-divided into (a) non-eroded prime cropland and (b) agricultural lands 
converted or reconverted to forests. Each section consists of a brief introductory 
background, description of method used, and presentation/discussion of results. An 
overall analysis, the last section, rounds out Part 1 of the report.  
 
 Agricultural Land 

 
 Currently, agricultural land occupies approximately 733,000 acres in New Jersey, 
which translates to approximately 16% of the state’s total land area.  This area includes 
131,312 acres of woodland.  Farmland provides important and economically valuable 
ecosystem services including storm water retention, preservation of soil and water 
resources, wildlife habitat, and carbon sequestration (Bennet and Balvanera, 2007).  The 
agricultural land types examined for their carbon sequestration potential were (a) non-
eroded prime cropland and (b) post-agricultural lands converted/reconverted to forests.  
The former was assessed by the TCSNE project while the latter was covered by the NJFC 
project. 
 
a. Non-eroded Prime Cropland (Based on TCSNE) 

 
Background/Introduction 
 
 The study assessed the potential for increasing carbon sequestration on non-
eroded prime cropland by shifting practices away from those that release carbon to those 
that sequester carbon while remaining in agricultural production.  These practices involve: 
(a) conversion from conventional tillage or intermittent no-till (where the land is 
cultivated every few years) to continuous conservation tillage (CCT), where the land is 
never cultivated, also referred to as no-till, and (b) conversion from cultivated crops to 
                                                 
8 The NJDEP Land Use Land Cover data system classifies forested wetlands under the wetland category 
rather than forest. 
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non-cultivated crops, such as hay and pasture, or wildlife cover. 
 
 The land available for converting to conservation tillage or permanent vegetation 
was assumed to be the cropland growing grain crops (e.g., corn, soybeans) in the state 
(the study used 1997 data).  This omits specialty crops such as truck crops (e.g., 
vegetables, flowers and other horticultural crops) that were assumed to be too difficult or 
valuable to convert to other management types. 
 
 Soil carbon stocks change in response to tillage and vegetation changes, but there 
is a point at which sequestration and emission rates come into rough balance again under 
the new management regime.  This is referred to as ―carbon saturation,‖ where the soil is 
maintaining a roughly uniform carbon stock, given the management, crop input, and 
climatic regime.  In most agricultural soils, it is assumed that these saturation points will 
be achieved in about 20 to 40 years, so the study’s analysis was limited to a 20-year 
consideration of carbon supply opportunities (taking the minimum end of the time range 
for a more conservative estimation). 
 
Methods 
 
 Based on TCSNE analysis, the area of non-eroded prime cropland in the state is 
estimated at 283,217 acres.  This land class is defined as including small grains, row 
crops, and fallow lands.  The cropland category was created by aggregating and renaming 
the categories of small grains, row crops or fallow lands. 
 
(i) Estimating potential for conversion to non-cultivated crops 
The reference soil carbon levels for each county in the state and the methodology 
described in (i) were used to estimate county-level soil carbon sequestration opportunities 
in the region and convert them to statewide total potential.  The factors for conversion to 
non-cultivated crops were based on an estimate of a 20% increase over base carbon levels 
after 20 years.  The analysis was limited to 20 years, on the assumption that the soils 
would saturate and carbon sequestration rates would slow significantly after 20 years. 
 
(ii) Estimating potential for conversion to continuous conservation tillage (CCT) or no-
till 
The study used reference carbon stocks to a depth of 12 inches (30 centimeters) for each 
county to calculate the potential for increasing soil carbon through conversion to no-till. 
In the Northeast, reference carbon stocks for the general soil groups and climate regimes 
range from 12.1 tC/acre (30 tC/hectare) to 36 tC/ac (89 tC/ha), for an area-weighted 
average of 23.52 tC/ac (58.1 tC/ha).  The average national sequestration rate of 0.1525 
tC/ac-yr (0.377 tC/ha-yr) for conservation tillage was then assigned to that average soil 
condition.  Each county's reference carbon stock was calculated as a proportion of the 
average.  This method resulted in an average sequestration value of 0.08 tC/acre per year 
for the very sandy soils to a high of 0.23 tC/ac-yr for the spodic soils in the state. 
Multiplying these reference stocks by available area produces an estimate of total 
opportunity by county.  This method results in annual sequestration rates that are very 
closely aligned with the U.S. Department of Agriculture (USDA) estimate of a 13% gain 
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over reference carbon levels after 20 years of continuous no-till. 
 
Results 
 
(i) Potential for conversion to non-cultivated crops 
The study developed estimates of carbon flux due to agricultural land-use change 
between 1987 and 1997 by county, and then combined the county data to produce 
statewide and regional estimates.  Table 1-1 shows the results for New Jersey. 
 
Table 1-1. Carbon sources and sinks due to land-use change on agricultural lands, 1987-

1997, New Jersey 
 Land-use 
 Cultivated cropland converted to Conservation Tillage 
 Hayland Pasture or 

CRP 
Forest Reduced Till No-Till 

Area change from 1987 
to 1997 
(acres) 

38,500 8,100 11,800 * * 

Carbon Sequestration 
(MT C) 

53,106.3 11,498.6 10,517.7 3,487.7 13,651.2 

Average Carbon 
Sequestration (MT 
C/acre/year) 

0.14 0.14 0.09  
no estimate 

 
no estimate 

Equivalent Average CO2 
Removal (MT 
CO2/acre/year): 0.4 

0.50 0.52 0.33  
no estimate 

 
no estimate 

*The study (TCSNE) did not indicate the area involved for the given time period but the 
Conservation Technology Information Center (CITC) 2000 estimates show that 131,215 
acres were under no-till and 66,470 acres were under reduced till in New Jersey. 
 
 The potential acreage for conversion from cultivated cropland to permanent 
vegetative cover (non-cultivated crops) and estimated carbon sequestration per acre over 
10 and 20 years in New Jersey are shown in Table 2.  Assuming the entire area planted to 
grains (283,217 acres) could be converted to permanent vegetation, this alternative could 
potentially sequester 1.1 and 2.2 million metric tons CO2 (MMTCO2) over 10 and 20 
years, respectively.   
 
Table 1-2.  Per Acre Carbon Sequestration Estimate 
Potential Acres CO2  Sequestration (metric tons/acre) 
 10 years 20 years 
283,217 3.9 7.8 
 
(ii) Potential for conversion to CCT 
To estimate the opportunity for increasing carbon sequestration through expansion of 
continuous no-till, the TCSNE study used the county-level data provided by the 
Conservation Technology Information Center (CTIC) for 2004 as the baseline.  From the 
results which covered the northeastern U.S., Table 3 shows potential carbon sequestration 
amounts.  Based on the results shown in Table 3, the combined sequestration potential for 
conversion to CCT is 1 MMTCO2 over a10-year period and 2.1 MMTCO2 over a 20-year 
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period. 
 
 
Table 1-3.  Estimated amount of soil carbon sequestration associated with conversion to 

continuous conservation tillage, New Jersey 
Intermittent to Continuous Tillage New Conservation Tillage 
Area (acres) CO2  

Sequestered in 
10 years 
(metric tons) 

CO2 
Sequestered in 
20 years 
(metric tons) 

Area (acres) CO2  
Sequestered in 
10 years 
(metric tons) 

CO2   
Sequestered in 
20 years 
(metric tons) 

114,156 451,156 903,944 148,920 596,897 1,193,795 
 
 Figure 1-1 shows the potential area for continuous conservation tillage in the 
northeastern U.S. including New Jersey. 
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Figure 1-1.  Estimated potential area for continuous conservation tillage (CCT) in the 

Northeast, by county (acres) 

 
Discussion and Conclusions for Non-Eroded Prime Croplands 
 
 Significant carbon sequestration potential exists for non-eroded prime croplands 
whether these lands convert to non-cultivated crops (permanent vegetation) or shift to 
continuous conservation tillage. 
 
 The entire area planted to grains (estimated to be 283,217 acres in 2004) can be 
converted to permanent vegetation.  The soils involved are biologically capable of 
growing either trees or permanent vegetation that can be used for hay, pasture, or wildlife 
habitat.  The choice has significant implications, both for carbon and for local 
development.  Land converted to permanent vegetation but left to grow untended can be a 
significant soil carbon sink, but will likely contribute little to local economies.  The 
study’s estimates are soil-only estimates which may be conservative, particularly where 
woody shrub species are involved for wildlife habitat.   Figure 1-2 indicates the potential 
carbon sequestration due to conversion to permanent vegetation over 10 and 20 years (in 
MTCO2e or metric tons carbon dioxide equivalent). Areas in red color (not in the legend) 
represent carbon sequestration potential greater than 400,000 MTCO2e. 

 
Figure 1-2.  Estimated carbon sequestration potential from conversion to non-cultivated 

crops in the Northeast, metric tons of carbon dioxide equivalent (MTCO2e) 

 
 The TCSNE study estimated that 15% of the reported no-till area was in 
continuous no-till for five years or more, with 85% cultivated at least once or more every 
five years. Thus, the study suggests an opportunity exists to shift from intermittent no-till 
to continuous no-till, as well as an opportunity to expand no-till into the grain growing 
lands that were under conventional or reduced tillage.  Soil carbon is assumed to increase 
linearly for 20 years.  Soil carbon is sequestered due to the reduction of cultivation and 
cooler soil temperatures which leads to reduced oxidation rates of soil organic 
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compounds.  To have long-term soil carbon impact, conservation tillage must be 

practiced continuously.  If a farmer plows the land or uses cultivation every few years, 
the carbon sequestered during the conservation tillage years will be quickly released to 
the atmosphere.  Thus, a switch from intermittent no-till to continuous conservation 
tillage provides the same carbon sequestration benefit as a switch from conventional 
tillage to no-till.  For New Jersey, this is estimated to be 0.4 metric tons CO2 per acre per 
year (0.1 metric tons C per acre per year). Figure 1-3 shows the estimated range of carbon 
sequestered from conservation tillage across the Northeast. 

 
 
Figure 1-3.  Estimated tons of carbon per acre per year from conservation tillage in the 

Northeast, by county 

 
 Although the carbon sequestration rate under continuous conservation tillage will 
vary with soil type and surface texture, climatic conditions, and the crop rotation 
involved, there are no spatial data (except for soil texture and climatic region) that are 
available to provide estimates of differing sequestration potential across the region (and 
across the state as well).  
 
b. Agricultural Lands Converted or Reconverted to Forests 

 
Background/Introduction 
 
 NJFC included investigation of soil organic carbon (SOC) accumulation in young, 
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post-agricultural forests in New Jersey.  Lands previously devoted to agriculture are 
commonly depleted in soil carbon.  Conversion of land to agriculture can result in 
depletion of SOC stock by up to 40 to 50%.  The restoration of forests on these lands 
provides an opportunity to accumulate carbon in these soils at rates that can be estimated 
and used as a basis for carbon credit programs.  Large areas of former agricultural land in 
New Jersey have reverted to forest over the past 50 years.  Estimating the rate of soil 
organic accretion in these ecosystems is highly relevant to the assessment of terrestrial 
sequestration potential of the state. 
 
 The NJFC project estimated SOC stocks and calculated rates of soil carbon 
accumulation for 10 pairs of agricultural and forested sites in New Jersey.  The objectives 
were two-fold: (a) to provide a reasonable estimate of SOC accretion rates for young 
forests of the state, and (b) to characterize general regional differences in SOC stocks and 
accretion rates among the state’s physiographic provinces. 
 
Methods 
 

(i) Site selection 
Ten site pairs distributed throughout the state were selected (total of 20 sites).  Each 
pair consisted of a young forest and productive agricultural land, located on the same 
soil type (Table 1-4).  These sites were located within all of New Jersey’s 
physiographic provinces and effort was made to target major agricultural soils as 
listed in the Natural Resource Conservation Service (NRCS) New Jersey Important 
Farmlands Inventory (http://www.nj.nrcs.usda.gov/soils/primefarm.html).  Site 
selection was conducted by comparing land cover between historical (1935) and 
recent (2007) aerial photographs.  A forested site was selected only if the area was 
under agricultural production in the historical aerial photos.  Soil maps were used to 
ensure that site pairs were of the same soil type. 

 
Table 1-4.  Location and soil type of agricultural and forested site pairs 
County Physiographic region Soil Type 
Cape May/Cumberland Outer Coastal Plain Ingleside* 
Hunterdon Highlands  Klinesville channery loam 
Mercer Piedmont  Bucks silt loam* 
Monmouth Inner Coastal Plain  Tinton sandy loam 
Morris Highlands Gladstone gravelly loam 
Ocean Outer Coastal Plain  Downer loam* 
Salem/Cape May Outer Coastal Plain  Hammonton loamy sand* 
Somerset Piedmont  Penn silt loam* 
Sussex Ridge and Valley  Hazen-Hoosic complex 
Warren Ridge and Valley  Netcong loam* 
*denotes prime agricultural soils 
 
(ii) Data collection and sample processing 
At each site, soil samples were taken at five points along a 20 meter transect.  Soil was 
sampled at three depths: 0-10 cm, 10-20 cm, and 20-30 cm.  These depths comprise the 
portion of the soil strata in which significant carbon accumulation may be expected over 
a period of 50 years.  Soil samples were extracted using bulk density cores, small metal 

http://www.nj.nrcs.usda.gov/soils/primefarm.html
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cylinders of a consistent volume.  Cores were carefully inserted into the soil using a knife 
to minimize compaction. 
 
 In forested sites, litter samples were also taken using a 400 cm2 plot frame.  Twigs 
and leaves that were partially out of the plot were carefully clipped along the frame edges 
with scissors. 
 
 In the laboratory, soil samples were oven dried for 24 hours at 105°C to obtain a 
dry mass.  They were then passed through a 2 mm sieve to separate the fine soil fraction 
from the coarse (>2 mm) material.  The fine soil material was ground and homogenized 
using an electric grinder.  Sub-samples were taken and sent to a commercial laboratory 
for analysis of percent carbon by dry combustion (CHN analysis).  Litter samples were 
oven dried at 70°C for 24 hours and weighed. 
 
(iii) Estimation of soil and forest floor carbon stocks 
Estimation of mineral soil carbon stocks is completed based on three parameters: soil 
bulk density, the depth of the layer (in this case, 10 cm for each depth increment), and 
SOC concentration (Pearson et al., 2007).  Bulk density was calculated using the 
following equation: 
 
   (iii.a) soil bulk density = ODW / CV – (RF / PD) 
   where: 
 Soil bulk density = bulk density of the <2 mm soil fraction (g/cm2). 
 ODW = oven-dried weight of the <2 mm soil fraction (g) 
 CV = volume of the soil sampling core (cm3) 
 RF = density of soil fragments >2 mm in size (g/cm3) 
 
This supplies a bulk density estimate for the fine soil fraction only which is the portion of 
the soil where SOC is expected to accumulate. 
 
 Soil carbon stocks in metric tons per hectare were estimated for all depth 
increments according to the following equation: 
 
  (iii.b) Clayer (t/ ha) = (soil bulk density [g/ cm3] x soil depth [cm] x %C) 
 
Forest floor litter carbon stocks were calculated as: 
 
  (iii.c) Clitter (t/ ha) = [(litter oven-dry weight [g]/sampling frame area [cm2])] x 100 x %C 
 
Total soil carbon stocks (t/ha) were calculated to a depth of 30 cm for all sites as: 
 
  (iii.d) Ctotal = C0-10cm + C10-20cm + C20-30cm + Clitter 
 
Clitter estimations were included when calculating carbon stocks of forested sites only. 
Litter samples were not collected at agricultural sites. 
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(iv) Estimation of forest soil carbon accretion rates 
   This study is based on the assumption that currently producing agricultural lands 
provide reasonable estimates of initial soil carbon concentrations at forested sites prior to 
abandonment.  Therefore, carbon accretion rates are estimated as: 
 
  (iv.a) (Cforest – Cagricultural) / estimated stand age 
 
 Stand ages were estimated using historical aerial photo analysis.  All forested sites 
were active agricultural land in 1935 aerial photographs, but had been abandoned and 
appeared as young (20 to 30 year) mixed deciduous/cedar forests in photography from 
1975.  The project, therefore, assumed a stand age of 60 years for all sites.  While there is 
doubtlessly some variation in stand age, efforts to refine age estimates were deemed 
unreliable.  Sixty years represents a reasonable approximation of mean stand age among 
all of the forests sampled. 
 
(v) Statistical analysis 
Differences in mean total carbon stocks and carbon accretion rates for forested and 
agricultural sites were tested for significance using one-way analyses of variance 
(ANOVAs).  Two-way ANOVAs were used to analyze the interaction of land cover type 
(forested or agricultural) and profile depth (0-10 cm, 10-20 cm, and 20-30 cm). 

 
Results 
 
(i) Carbon stocks 
The project results suggest an overall increase in total soil carbon stocks of post-
agricultural forests when compared to active agricultural land.  Mean carbon density was 
at least 2 metric tons/hectare (0.81 metric ton/acre) greater when all forested and all 
agricultural sites were taken together. 
 
 A mean increase in soil carbon stocks in forested sites occurred predominantly in 
the upper 10 cm of the soil profile.  The smallest increase was observed in Mercer county 
(∆C = 6.6 metric tons/ha).  Large changes were seen on the coastal plain (Ocean: ∆C = 
24.0 metric tons/ha, Cape May: ∆C = 22.4 metric tons/ha, Assunpink: ∆C = 15.75 metric 
tons/ha).  Considerable variation in carbon concentration was observed in the 10-20 cm 
and 20-30 cm zones, though mean contribution to carbon stocks at these depths were not 
significantly different for agricultural and forested sites.  This pattern was consistent 
across all site pairs. Contributions of forest litter to total carbon stocks also varied widely 
among sites (Table 5). 
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Table 1-5.  Mean litter carbon stock for all 10 forested sites 
 Litter C stock (metric ton/ha) 
Cumberland/Cape May 9.29 ± 3.04 
Hunterdon 1.86 ± 0.79 
Mercer 1.68 ± 1.39 
Monmouth 7.07 ± 2.66 
Morris 4.34 ± 1.81 
Ocean 3.67 ± 1.71 
Salem/Cape May 1.89 ± 0.69 
Somerset 3.13 ± 1.17 
Sussex 3.31 ± 1.11 
Warren 3.23 ± 0.92 
 
(ii) Carbon accretion rates  
Mean soil carbon accretion rates for all sites were calculated as 0.25 ± 0.12 metric 
ton/ha/yr.  This value includes the mineral soil to a depth of 30 cm as well as the forest 
litter layer.  The accretion rate for the mineral soil only was also calculated (0.19 ± 0.11 
metric ton/ha/yr).  Forest litter represents a highly labile pool of carbon, and thus is not 
expected to contribute to long-term carbon storage.  Carbon storage in the mineral soil 
layer is important when assessing sequestration capacity.  However, the difference 
between the above two mean accretion rates was not found to be significant in a Fisher’s 
exact t-test.  Table 1-6 lists carbon accretion rates calculated for each site pair. 
 
Table 1-6.  Soil carbon accretion rates for all 10 counties 
 Mineral soil only (metric 

ton/ha/yr) 
Mineral soil + litter (metric 
ton/ha/yr) 

Cumberland/Cape May 0.09 0.24 
Hunterdon 0.07 0.11 
Mercer -0.11 -0.09 
Monmouth 0.38 0.38 
Morris 0.17 0.25 
Ocean 0.35 0.41 
Salem/Cape May 0.54 0.58 
Somerset 0.23 0.28 
Sussex 0.11 0.17 
Warren 0.13 0.18 
 
 The highest carbon accretion rates, both with forest litter and without, were found 
at site pairs in the Coastal Plain (Cape May, Cumberland, Monmouth, Ocean, and Salem 
counties).  Carbon accretion rates for Piedmont and Highlands were variable, ranging 
from moderately high (Somerset: 0.28 metric ton/ha/yr) to negative (Mercer: -0.09 metric 
ton/ha/yr).  Sites in the Ridge and Valley province, in Sussex and Warren counties, were 
slightly below the statewide average carbon accretion rate. 
 
Discussion and Conclusions 
 
 The results suggest that annual soil carbon accretion rates range between 
approximately 0.1 and 0.3 metric ton/ha/yr for young, post-agricultural forests of New 
Jersey.  This translates to an average annual sequestration capacity of 10 to 30 metric tons 
for a 100 hectare field undergoing forest succession when taken over a 60 year timeframe.  
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These results demonstrate that soil carbon accumulation in young forests can make 
significant contributions to carbon sequestration projects. 
 
 The findings also suggest that most soil accretion following agricultural 
abandonment occurs in the litter layer and the upper 10 cm of the soil profile.  This 
agrees with patterns seen in other, long-term field studies tracking SOC accumulation in 
young post-agricultural forests.  It is important to note that a considerable portion of the 
SOC present in these pools will be in highly labile forms, and thus lack the permanence 
necessary to contribute to long-term soil carbon sequestration.  A better understanding of 
the long-term soil carbon storage could be obtained with separate estimates for the labile, 
passive, and recalcitrant soil carbon fractions.  Such estimates were beyond the scope of 
this study. 
 
 Although the study has demonstrated that young forests on New Jersey soils are 
accumulating soil carbon and shown some basic regional differences in carbon accretion 
rates, the considerable variation among the site pairs should be noted.  SOC accumulation 
is determined by the rates of soil carbon fluxes such as decomposition and soil respiration.  
These processes are affected by a variety of abiotic and biotic factors including soil 
structure, climate, and vegetative community composition.  Differences in agricultural 
practices can also drive variability in SOC stocks among sites.  Future studies should 
include multiple replicates on fewer soil types to reduce sources of error and refine 
estimated soil organic accretion rates.  Efforts should also be made to locate forested sites 
of a similar community, and agricultural sites that have been subjected to comparable 
management regimes. 
 
 Forest Lands 

 
Background/Introduction 
 
 This part of the assessment is based on the New Jersey Forest Carbon (NJFC) 
project, the core task of which was to investigate organic carbon storage in the forest 
lands of the state.  This project was carried out by Rutgers University in collaboration 
with the New Jersey Forest Service/Division of Parks and Forestry, New Jersey 
Department of Environmental Protection.  The overall objective was to assess the 
quantity of carbon stored by New Jersey forests (i.e., carbon stock) and estimate the 
amount of carbon being sequestered annually.  
 
 The results of the project are analyzed and presented by physiographic regions9.  
New Jersey is situated over parts of three distinct geologic areas: uplands to the northwest, 
coastal plain to the southeast, and plateau in between.  The uplands are characterized by a 
series of ridges and valleys; the plateau by rolling hills sloping gently toward the coast; 
and the coastal plain by a series of flat terraces that get progressively lower toward the 
coast.  The upland area consists of the Ridge and Valley and Highland regions; the 
plateau is mainly the Piedmont region; while the Coastal Plain is divided into the Inner 
                                                 
9 More information on the state’s physiographic regions can be found at 
http://www.state.nj.us/dep/njgs/enviroed/infocirc/provinces.pdf . 

http://www.state.nj.us/dep/njgs/enviroed/infocirc/provinces.pdf
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Coastal Plain and the Outer Coastal Plain regions.  Three quarters of all timber land in the 
state is found in four counties in northwestern New Jersey (Hunterdon, Morris, Sussex, 
and Warren counties), mostly uplands, and five counties in southeastern New Jersey 
(Atlantic, Burlington, Cape May, Cumberland, and Ocean counties), mostly Coastal Plain.  
 
 Figure 1-4 delineates the five physiographic regions of the state.  The Coastal 
Plain regions (Inner and Outer) constitute 60% of the state’s land area; the Piedmont, 
20%; the Highlands, 12%; and the Ridge and Valley, 7%. 
 

 
Figure 1-4.  Delineation of the physiographic regions of New Jersey 

 
 In addition to physiographic region, estimates were also undertaken (where 
feasible and appropriate) by other categorizations: forest type, rural versus urban land use, 
private versus public ownership.  The study represents a "first cut" at compiling existing 
forest inventory and modeling information to estimate the carbon stock and annual flux in 
New Jersey's forest lands.  
 
Methods 
 
 The assessment was accomplished through a combination of literature review, 
analysis of existing forest inventory and soil carbon data, and modeling of forest 
ecosystem dynamics.  The USDA Forest Service Forest Inventory and Analysis (FIA) 
program served as a primary data source particularly for the biomass component to 
develop the non-soil forest carbon estimates.  The FIA data were supplemented with other 
forest inventory data sets where available.  For the below-ground and soil components of 
New Jersey forests, the project relied primarily on the USDA Natural Resources 
Conservation Service (NRCS) Soil Survey Geographic (SSURGO) database. 
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 Annual carbon flux was simulated using a forest ecosystem carbon flux model, 
IntCarb (Song and Woodcock, 2003).  IntCarb combines components from a forest 
population dynamics model, ZELIG, and a terrestrial ecosystem biogeochemical process 
model, CENTURY, to simulate forest development and heterotrophic respiration, 
respectively. 
 
 The carbon pools in a forest ecosystem covered by the project are: (1) standing 
live and dead trees, (2) down dead woods, (3) shrub, and (4) SOC.  The data and 
analytical framework used by the study are shown in Figure 1-5 (methods flowchart).   
 

  
 
Figure 1-5.  Methods flowchart 

 
Results 
 
 The project’s major findings concerning the carbon stock are:  
 
 The total carbon stock (biomass and soil) stored in New Jersey's forest is 
estimated to be approximately 172,846,595 metric tons (with a range between 
128,615,661 and 225,832,875 metric tons).  Of the total carbon stock, standing trees 
accounted for 44%, soil accounted for 42%, down dead wood contributed 9%, roots 
contributed 4%, and shrubs contributed 0.1%. 
 
(i) Forest biomass carbon 
The standing forest biomass carbon stock for the year 2005 was estimated to be 
75,840,966 metric tons (with a range between 74,392,404 and 77,289,528 metric tons). 
Increased standing forest carbon density caused by a maturing forest, as well as increased 
forest coverage, led to a more than 85% increase in forest biomass carbon stock between 
1987 to 2005 (Table 1-7). 
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Table 1-7.  Area (hectares) for each range of standing forest biomass carbon density 
Carbon 
density 
(MT/ha) 
 

Area 1987 
(ha) 

Percent Area 1999 
(ha) 

Percent Area 2005 
(ha) 

Percent 

<20 81,384 11 153,030 15 48,433 5 
20 – 30 131,185 17 96,972 9 72,540 7 
30 – 60 287,567 37 369,206 36 349,328 35 
60 – 90 213,233 28 211,531 20 195,402 20 
90 – 125 47,039 6 127,710 12 194,677 20 
>125 13,752 2 74,259 7 136,441 14 
Total 774,160 100 1,032,709 100 996,820 100 
 
Standing forest biomass carbon density (metric tons/ha) varied by physiographic regions. 
Piedmont and Highlands regions showed a higher standing forest biomass carbon density 
than other physiographic regions.  The Outer Coastal Plain region had the lowest forest 
biomass carbon density.  By forest composition, oak/hickory (OakHic) is the main forest 
type in New Jersey and its standing biomass carbon stock comprises 54% of the entire 
state.  The next largest forest group is the maple/beech/birch group which makes up 16% 
of the state total.  The third largest group is loblolly/shortleaf pine group which forms 
13.7%.  These three primary forest groups make up 85% of the standing forest carbon 
stock in New Jersey. 
 
(ii) Forest soil carbon 
The forest SOC for a 100 cm depth of soil is estimated to be approximately 72,971,138 
metric tons in the entire state.  The error range of the estimate is between 13,589,385 and 
123,108,236 metric tons.  The large range between the low and high estimate reflects the 
variability between minimum and maximum attributes for individual soil types in the 
SSURGO database.  SOC had a high variation among physiographic regions and the 
rural/urban categorization.  The highest soil carbon densities are found in the organic peat 
soils of coastal tidal wetland areas of the Outer and Inner Coastal Plains regions, as well 
as freshwater wetlands of the Piedmont and Highlands regions, and are not included in 
the project’s estimates of forest soil carbon stocks.  Figure 1-6 shows the soil carbon 
density distribution throughout the state. 
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Figure 1-6. Soil carbon density distribution in New Jersey 

 
 The rural zone of the Inner Coastal Plain region had the highest SOC followed by 
the rural zone of the Outer Coastal Plain.  Overall, the rural zones had higher soil carbon 
density than the urbanized zones.  However, the urbanized zone of the Outer Coastal 
Plain and Piedmont regions contributed the third and fourth largest soil carbon pools, 
respectively, in the state.  This indicates that the urban zone is a significant component in 
carbon storage. 
 
(iii) Carbon flux 
The IntCarb modeling of carbon flux versus sequestration was also undertaken by 
physiographic region as the underlying physical environment (i.e., soil and climate) are 
major driving factors for the model simulations.  Each physiographic region also has a 
distinctive tree species composition.  For example, pitch pine dominates the forests in the 
outer Coastal Plain, while mixed oak species dominate in the Highlands and Ridge Valley 
regions.  Though the overall carbon density (metric tons C/hectare) for the Outer Coastal 
Plain is generally lower, due to its large area of forest land, the region plays an outsized 
role in the state's overall forest carbon dynamics. 
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 The IntCarb ecosystem model suggests that the Outer and Inner Coastal Plain 
forest reach a peak forest carbon density at 116 metric tons C/ha  and then decrease. The 
Ridge and Valley, Highlands and Piedmont forests are estimated to reach their maximum 
carbon density at over 140 metric tons C/ha. The simulation results suggest that, based on 
the average age of forest stands (as determined by the Forest Inventory Analysis data), 
the Inner and Outer coastal plain forests are close to the peak forest carbon density. The 
Ridge and Valley, Highlands and Piedmont forests are still upwards of 50 to 75 years 
away from maximum carbon storage and based on the model simulations, it can be 
expected that these forests will continue to increase the rate at which they accumulate 
carbon for the next several decades. Once forests reach maturity, the model indicates that 
the amount of carbon stored (i.e., the carbon stock) in above-ground standing biomass 
tends to decline. However the above-, below-ground biomass and soil organic matter in 
these forests continue to sequester carbon for an additional 25 to 50 years before reaching 
a steady state.  Soil carbon flux during the years when forest soils act as carbon sink 
averages about 1% annually. 
 
Discussion and Conclusions for Forest Land 
 
 The total carbon storage in New Jersey’s forests was summed across the forest 
ecosystem components to derive a total estimate of approximately 172,846,595 metric 
tons, among which standing trees accounted for 44%, soil accounted for 42%, the 
understory vegetation or shrubs contributed 0.1%, down dead wood contributed 9%, and 
roots contributed another 4%.  The upper and lower limits of the estimates of total forest 
carbon storage were 128,615,661 and 225,832,875 metric tons, respectively.  Table 1-8 
provides a breakdown of the overall results by forest ecosystem component. 
 
Table 1-8.  Overall results: organic carbon storage for each forest system component 
Forest component Data sources Carbon contents (metric tons) 
Standing forest biomass Forest Inventory Analysis (FIA) 75,840,966 
Shrub/understory vegetation Lookup table 1,575,043 
Down deadwood (DDW) and 
forest floor 

FIA DDW inventory data and 
model calculations  

15,116,795 

Soil organic carbon SSURGO 72,971,138 
Root biomass carbon  7,342,653 
Total  172,846,595 
 
 New Jersey increased carbon storage in aboveground biomass/woody tissues from 
a rate of approximately 1,711,440 metric tons per year between 1987 and 1999 to 
approximately 2,416,560 metric tons per year between 1999 and 2005.  Thus, 
aboveground biomass carbon sequestration is about 0.9 metric tons per acre per year 
while forest soil carbon sequestration is about 0.3 metric tons per acre per year.  Forest 
carbon sequestration for New Jersey is therefore approximately 1.2 metric tons per acre 
per year. 
 
 There is substantial opportunity for this existing forest sequestration capacity to 
be enhanced or expanded, since less than half of the state’s forest area is fully stocked (in 
the 1999 forest inventory 36.6% of the forest area was medium-stocked, 10.3% was 
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poorly-stocked, and 1.3% non-stocked10).  The increment of growth available as a result 
of full stocking varies with the site, but the range should be from 0.5 metric tons per acre 
per year to 2.7 metric tons per acre per year (Sampson, 2004). 
 
Wetlands 

 
Background/Introduction 
 

 While the above-ground biomass is an important pool of stored organic carbon, 
soil represents the second largest stock of organic carbon.  Globally, below-ground 
carbon is estimated to be twice that of the aboveground carbon pool.  As a way of 
comparison, less than 30% of New Jersey land is covered by upland forest.  Other land 
uses such as emergent wetland, including both freshwater and estuarine, represent a large 
below-ground carbon pool due to the significant proportion of land cover in the state.  
The unconsolidated shore (mud and mud flats) and wetlands covered about 22% of New 
Jersey, based on 2007 NJDEP land use land cover map.  The aboveground biomass for 
emergent wetlands was not estimated as part of the two studies used in this assessment 
(NJFC and TCSNE).  The average soil carbon density of unconsolidated shore (i.e., 
mudflats) and wetlands can reach 366 metric tons/ha and 353 metric tons/ha, respectively.  
The organic rich soils of forested wetland and scrub/shrub wetlands, as well as emergent 
wetlands, are especially important as storehouse of carbon. 
 
Methods 
 
 The aboveground biomass for emergent wetlands was not estimated as part of the 
two studies used in this assessment (NJFC and TCSNE).  However, Task 2 of this 
terrestrial carbon sequestration assessment obtained empirical data on above-ground 
biomass and soil carbon components of forested wetlands (sampled from selected study 
sites in Southern New Jersey).  The Task 2 study report describes methodology for 
sampling and estimation (Yan and Ehrenfeld, 2011). 
 
 The 2007 NJDEP Land Use Land Cover (LULC) data show a total of 999,984 
acres of wetlands.  The method for calculating area of wetlands is described in 
http://www.state.nj.us/dep/gis/lulc07shp.html .  
  
 The method for estimating carbon sequestration in the upper 30 cm of forested 
wetland soils is described in the Task 2 study report (Yan and Ehrenfeld, 2011).  In the 
absence of state-specific research for the other wetland types (specifically tidal marsh and 
mineral freshwater wetlands), average values were calculated from national data made 
available in the First State of the Carbon Cycle Report for North America by the U.S. 
Climate Change Science Program (U.S. Climate Change Science Program [USCCSP], 
2007). 
 
 

                                                 
10 USDA Forest Service, FIA Data. Available at www.fs.fed.us . 

http://www.state.nj.us/dep/gis/lulc07shp.html
http://www.fs.fed.us/
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Results 
 
 Table 1-9 shows the breakdown of the wetland types in New Jersey indicating 
forested wetlands constitute almost 60% of the total wetland area.  
 
Table 1-9.  Types and acreage of wetlands in New Jersey, 2007 
Wetland Type Area (acres) 
Forested wetland 594,831 
Tidal marshes (saline and freshwater) 169,813 
Other wetland types 235,340 
 
 Table 1-10 summarizes the estimated/calculated carbon sequestration of major 
wetland types in New Jersey suggesting large potentials for these land uses. 
 
Table 1-10.  Wetland sequestration in New Jersey. 
Wetland type Wetland carbon 

sequestration (metric ton 
C/acre/year) 

Wetland biomass carbon 
sequestration (metric ton 
C/acre/year) 

Wetland soil carbon 
sequestration (metric ton 
C/acre/year) 

Forested wetland 3.4 2.59 0.78* 
Tidal marsh 0.97 0.07 0.9 
Mineral soil 
freshwater wetland 

0.2 0.13 0.07 

*includes litter 
 
 The carbon sequestration potential through conversion of cropland on non-prime 
farmland with poorly to very poorly drained soils to forested wetland was estimated in 
the Task 2 study by comparison of forested wetland carbon densities with agricultural 
land carbon densities in adjacent sites.  Table 1-11 shows the comparative results for 
forested wetland sites of various ages versus the agricultural land (control) site. 
 
Table 1-11.  Comparative carbon densities: forested wetland and agricultural land 
Land use Carbon density (metric tons/acre) 
Agricultural land 16.22 ±4.63 
Forested wetland – 20 years 50.22 ±9.17 
Forested wetland – 30 years 82.25 ±26.05 
Forested wetland – 35 years 130.95 ±38.96 
Forested wetland – 40 years 154.56 ±57.93 
Forested wetland – 40+ years 122.85 ±69.02 
 
 
Conclusions for Wetlands 
 
 The carbon sequestration potential of wetlands is quite substantial, more 
specifically in the case of forested wetlands and tidal marshes.  The forested wetland type 
has superior sequestration potential over farmland and even upland forests.  The 
indicative data for tidal marshes imply that these are productive habitats capturing 
significant amounts of carbon from the atmosphere, large amounts of which are stored in 
marsh soils.  This suggests that their protection and restoration could be among the more 
effective measures to take carbon from the atmosphere.  There is significant opportunity 
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for enhancing carbon sequestration through marsh restoration given that more than 2,000 
acres of marshland were lost between 2002 and 2007. 
 
Mine lands 

 
 The latest (2007) NJDEP LULC data indicate that there are only 16,000 acres of 
active mine lands.  Given the relatively small area involved, this land use is not included 
in this assessment at this time. 
 
  
Analysis of Terrestrial Sequestration Potential 

  
 There are 263,076 acres of non-eroded prime cropland that could be shifted to 
carbon-conserving practices/technologies (intermittent to continuous conservation tillage).  
The combined application of these technologies has the potential to sequester 1 
MMTCO2 over a 10-year period and 2.1 MMTCO2 over a 20-year period. Alternatively, 
the entire area planted to grain crops (283,217 acres) could be converted to permanent 
vegetation/non-cultivated crops (e.g., hay, pasture, or forest).  This alternative could 
potentially sequester 1.1 and 2.2 MMTCO2 over 10 and 20 years, respectively.   
    
 There are 221,500 acres identified as marginal farmland in terms of land 
capability class/subclass 2E, 3E, and 3S (susceptible to erosion hazard and soil 
limitations).  These marginal farm lands could be converted or reconverted to forests with 
potential sequestration of 0.6 and 1.2 MMTCO2 over 20 and 40 years, respectively. 
   
 Forest lands that are under-stocked and non-stocked total about 229,121 acres and 
their stocking levels could be raised to enhance carbon sequestration capacity.  The 
potential sequestration from improving these forest lands could be 2.7 and 4.5 MMTCO2 
over 20 and 40 years, respectively. 
  
 For their high carbon storage capacity, forested wetlands and tidal marshes need 
to be protected and maintained.  Forested wetlands and saline marshes have a potential 
annual sequestration of 12.5 MTCO2 per acre per year and 3.6 MTCO2 per acre per year, 
respectively.  In addition, keeping these wetlands intact also helps control emissions of 
methane (CH4), another potent greenhouse gas.   
 
References 

 
Bennet, E.M. and P. Balvanera. 2007. ―The Future of Production Systems in a Globalized 
World.‖ Frontiers in Ecology and Environment Vol. 5, No. 4, pp. 191-198. 
 
Pearson, T.R.H., S.L. Brown and R.A. Birdsey. 2007. ―Measurement Guidelines for the  
Sequestration of Forest Carbon.‖ Gen. Tech. Rep. NRS-18. Newtown Square, PA:  U.S. 
Department of Agriculture, Forest Service, Northern. 
 
Sampson, R.N. 2004. ―Potential for Agricultural and Forestry Carbon Sequestration in the 



21 
 

Regional Greenhouse Gas Initiative (RGGI) Region.‖ Paper prepared for the Pew Center 
on Global Climate Change as contribution to the RGGI Stakeholder Working Group. 
 
Song, C. and E.C. Woodcock. 2003. ―A Regional Forest Ecosystem Carbon Budget 
Model: Impacts of Forest Age Structure and Land Use History.‖  Ecological Modeling 
Vol. 164, pp. 33-47. 
 
U.S. Climate Change Science Program (USCCSP). 2007. First State of the Carbon Cycle 
Report for North America. 
 
Yan, C. and J. Ehrenfeld. 2011. ―Final Report Wetland Carbon Sequestration Project. 
Unpublished Report for the MRCSP Terrestrial Sequestration Assessment (Task 2)‖. 
 
Appendix: List of Abbreviations and Acronyms 

ac Acre 
ANOVA Analysis of Variance 
CCT Continuous Conservation Tillage 
CTIC Conservation Technology Information Center 
FIA Forest Inventory and Analysis 
ha Hectare 
LULC Land Use Land Cover 
MMT Million metric ton 
MT Metric ton 
NJDEP New Jersey Department of Environmental 

Protection 
NJFC New Jersey Forest Carbon 
NRCS Natural Resources Conservation Service 
SOC Soil organic carbon 
SSURGO Soil Survey Geographic database 
tC Metric ton of carbon 
TCSNE Terrestrial Carbon Sequestration in the Northeast 
Yr 
 

Year 
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PART 2. DEMONSTRATION PROJECT PILOTING ENHANCED FORESTED WETLAND   
 SEQUESTRATION  
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 Introduction 

     

  Global surface temperatures have increased by 0.8°C since the late 19th century 
(Intergovernment Panel on Climate Change [IPCC], 2007) and earth’s mean temperature 
is projected to increase by 1.5 to 5.8°C during the 21st century (IPCC, 2001).  These 
global climate changes are reportedly caused by the emission of greenhouse gases (GHGs) 
through anthropogenic activities including land-use change, deforestation, draining of 
wetlands and fossil fuel combustion, especially since the onset of industrial revolution 
around 1850.  The concentration of carbon dioxide (CO2), a major atmospheric GHG, has 
increased by 31% from 280 ppmv in 1850 to 380 ppmv in 2005, and is presently 
increasing at 1.7 ppmv yr-1 or 0.46% yr-1 (World Meteorological Organization [WMO], 
2006; IPCC, 2007).  There is a strong interest in stabilizing or reducing the atmospheric 
abundance of CO2 and other GHGs to mitigate global warming (Kerr, 2007; Kluger, 2007; 
Walsh, 2007).  As one of the best mechanisms for carbon offset systems, afforestation in 
which forests are planted on land that has not previously supported forests for at least a 
generation, is often recognized as a ―win-win‖ or ―no-regrets‖ strategy (Lal et al., 2003) 
owing not only to forest’s considerable potential to photosynthesize CO2 into wood, other 
long-lived biomass and in the soil as organic carbon, in comparison with the prior 
ecosystem (usually agricultural or pasture land), but also its numerous ancillary benefits 
such as improved soil and water quality, restoration of degraded ecosystems, maintenance 
of biodiversity, etc. Pacala (2001) reported that the rate of carbon sequestration in U.S. 
forests, considering all components, is 0.3 to 0.7 Pg C yr -1. However, forests are 
experiencing rapid loss regionally and globally; for example, forest land is being lost at a 
rate of 2,319 hectares year-1 in New Jersey from 2002 to 2007 (Hasse and Lathrop, 2010), 
thus reducing the stock of forest carbon present in the state.  
 
        Notably, the role of forested wetlands is typically not distinguished from that of 
upland forests. Forested wetlands have inherently high plant diversity and productivity, 
and the unique saturation condition, in addition to the above-ground accretion in tree 
biomass (Bridgham et al., 2006).  Under the anaerobic conditions present in saturated or 
flooded soils, carbon mineralization is greatly decreased over rates found in upland 
aerobic soils (Updegraff et al., 1995), leading to the formation of carbon-dense mineral 
soils and histosols.  Those characteristics make forested wetlands an important carbon 
sequestration pathway with a disproportional influence on terrestrial carbon dynamics.  
Warner et al. (1993) estimated that, globally, wetlands and the associated soils or 
histosols store approximately 450 Pg C.  Bridgham et al. (2006) estimated that mineral-
soil freshwater wetlands in the U.S. account for about 5.1 Pg of soil carbon, and a 
sequestration rate of 9.8 Tg yr-1. In other studies, Craft et al. (2003) showed that the 
restored coastal marshes that were built on bare sediment could sequester on average 
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about 0.4 t C ha-1 yr−1, which was similar to the soil carbon accretion rate of natural 
marshes.  
 
        In a study of forested wetlands in Georgia, Craft and Casey (2000) documented a 
carbon accretion rate in the soil of 0.21 to 0.70 t C ha-1 yr−1 in depression wetlands, and 
0.18 to 0.37 t C ha-1 yr−1 in floodplains. Most recently, Noormets et al. (2010) reported 
that a coastal plain loblolly pine plantation in North Carolina sequestered 3.61, 8.35 and 
7.24 t C ha-1 yr−1 in 2005, 2006 and 2007, respectively.   
 
        Forested wetlands constitute the majority of New Jersey’s freshwater wetland 
resource. These wetlands currently occupy 240,195 hectares, or about 10% of New 
Jersey’s land area. They currently store a significant, although not well characterized or 
quantified, amount of carbon, in both the mature tree community and in their soils. 
However, large areas of wetlands have been drained worldwide for agriculture 
(Armentano and Menges, 1986) and forestry (Paavilainen and Paivanen, 1995). In New 
Jersey, wetlands are losing about 700 hectares yr-1 from 2002 to 2007 (Hasse and Lathrop, 
2010). Much of the agricultural land in New Jersey is drained wetland area.  These are 
lands in which farmers installed tile drains and dug ditches to permit farming to occur on 
land that would otherwise be too wet for crop growth. Drained wetland soils decompose 
and subside at the rate of approximately 1 to 2 cm yr-1 primarily due to oxidation 
(Rojstaczer and Deverel, 1995; Wosten et al., 1997). The New Jersey Land-Use 
Regulation Program favors wetland restoration as a mechanism for restoration, as the re-
creation of wetlands on land that naturally has the hydrologic characteristics essential for 
wetland existence provides a more reliable form of mitigation than de-novo creation of 
wetlands on upland areas. 
  
        This present study quantified the carbon sequestration both in biomass and soil of a 
series of forested wetlands with different restoration ages that were exclusively restored 
from the drained agricultural lands, which could provide the greatest potential to 
sequestrate carbon. By illustrating the ability of forested wetland to sequestrate carbon, 
this study could provide useful information in the development of carbon management 
and wetland mitigation policy.  
 

Material and Methods 

 

1. Sites Selection 
         
        This study investigated the potential for carbon sequestration through the restoration 
of agricultural land into forested wetlands.  Successful site selection met the following 
criteria: 1) historical record of agricultural land use; 2) currently hardwood forested 
wetlands; 3) presence of drained hydric soil; 4) documentation of mitigation or 
restoration actions (time of planting or restoring, planted densities and species 
composition, and actions taken to re-establish wetland hydrology, etc.); 5) availability of 
existing nearby agricultural fields on similar soil type that have not been restored; and 6) 
the tree community is established enough to be considered as forest (>10 years old).  
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        Using these site selection criteria, candidate sites were found by checking the 
wetland restoration project files at the Division of Land Use Regulation (DLUR) of the 
New Jersey Department of Environmental Protection (NJDEP).  Then, personnel from 
many organizations who were working on or were somehow related to the wetland 
restoration were contacted (including Natural Resource Conservation Service [NRCS], 
United States Department of Agriculture [USDA], Ducks Unlimited, Soil Conservation 
District in every county of New Jersey, New Jersey Department of Transportation 
[NJDOT], Amy S. Greene Environmental Consultants, Inc. [ASGECI], Evergreen 
Environmental, Inc. [EEI], Rancocas Investments LLC [RIL], wetland banks, county 
officials and any other individuals having knowledge of wetland restoration projects). 
They provided a number of potential sites (30+) covering almost every part of the state. 
For each site, as much information as possible was gathered from the provider, 
specifically the following information: the documentation of mitigation or restoration 
actions completed at the site, historical use of the site, and its age and ownership. 
  
        Once site locations were identified, they were screened by checking whether they 
currently belong to wetlands or not. In addition to the field inspection according to the 
wetlands indictors (soil, vegetation and hydrology), NJDEP's environmental mapping 
tools ―i-MapNJ DEP‖ (http://www.state.nj.us/dep/gis/depsplash.htm#) were used by 
selecting the target site as the area of interest (AOI) to make sure it was successfully 
restored as wetlands now.  
 
        The providers’ claim of historical cultural land use was verified via 1930s aerial 
photo maps in ―i-MapNJ DEP‖, or the land-use change geographic information systems 
(GIS) maps located in the Grant F. Walton Center for Remote Sensing and Spatial 
Analysis (CRSSA) at Rutgers.  After making sure that the sites were previously used as 
agricultural fields and have been restored as wetlands now, the ―Web Soil Survey‖ 
provided by NRCS (http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx) was 
used to determine the soil type(s) of the site and its adjacent active farmland.  Usually, 
Bing maps were used to search the adjacent lands that look like farmland and would be 
confirmed by the subsequent site visits (it was not definitively clear if the sites were 
active farmland or not by simply looking at their aerial images; a site visit was necessary 
to confirm).  Since the NRCS ―Web Soil Survey‖ is only based on the map units and not 
soil type, a soil report was downloaded from Soil Data Mart 
(http://soildatamart.nrcs.usda.gov/County.aspx?State=NJ) to check the presence of the 
hydric soil in the candidate sites.  
 
        Almost all sites were rated as ―partially hydric,‖ indicating that many map units 
would contain some components that were hydric and some components that were not 
hydric.  The table associated with each map obtained from Soil Data Mart lists any 
component of the map unit that is hydric, the location of that component within the map 
unit (i.e., in drainage ways, in depressions, etc.), and the percent of time that component 
is found within that map unit. Some partially hydric map units may be almost all hydric 
with a small component that is not hydric; others may be close to 50-50%, and others 
may be not hydric with small components that are hydric.  The percentage of each hydric 
soil component found in a map unit gives the likelihood that hydric soil will be 

http://www.state.nj.us/dep/gis/depsplash.htm
http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx
http://soildatamart.nrcs.usda.gov/County.aspx?State=NJ
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encountered onsite.  Therefore, the only way to create a site-specific map is to actually go 
to the site and map those soils that meet the definition of a hydric soil, according to the 
―Field Indicators of Hydric Soils in the United States‖ 
(http://www.itc.nl/~rossiter/Docs/NRCS/FieldIndicators_v5_01.pdf). 
 
        After collecting all of the necessary information, each site that passed the 
abovementioned screenings was visited.  In the field, site specifications, such as soil 
condition, mature forest or not, hydrology, adjacent farmland that has the same soil type 
as the site, etc., were checked.  Next, the Tax Assessor’s offices in the township in which 
each site was located were visited to find the ownership of the site and its adjacent 
farmland.  Then, all site owners were contacted to receive sampling permissions on their 
lands.  Owners residing in New Jersey were usually visited in person so that the proposed 
work could be explained to them so as to reduce their hesitance.  Owners outside of New 
Jersey were contacted via by e-mail or telephone.  
 
        Generally, the sites that have been visited can be divided into two types: mitigation 
site and restoration site.  Mitigation sites are sites that are mitigated by artificial planting, 
which is usually adopted in a compensatory wetland mitigation project, while the 
restoration sites are sites where only the wetland hydrology was restored to hydric soils 
and depend upon volunteer wetland plants spreading at these sites.  Usually, trees grow 
better in mitigation sites than in restoration sites in the short term, although there is not 
too much difference in the long run.  However, the mitigation actions are much more 
expensive than the restoration.  Basically, the sites referred by NRCS are restoration sites, 
while the sites provided by other sources such as NJDOT, mitigation banks and ASGECI 
belong to mitigation sites.  Site information has been summarized in Appendices 1 and 2.  
 
        If only the selection criteria and permission availability are considered, then three 
mitigation sites (Neshanic Station site, Meadow Road site and Mt. Laurel site) could be 
selected as the study sites.  However, Neshanic Station site and Meadow Road site are 
relatively young (<10 years) and barely regarded as forest, while the Mt. Laurel site is 
mature (30 years old).  Apparently, no middle age sites (15 or 20 years old) are available. 
Statistically, it is inappropriate to draw any conclusion by simply comparing them.  Also 
one 15 or 20 year old restoration site cannot be selected to compare with the mitigation 
sites because the mitigation sites usually grow better than the restoration sites in the short 
term.  Therefore, it is ecologically invalid to compare mitigation sites with the restoration 
sites, especially for sites as young as Neshanic Station and Meadow Road, even though 
there is not much difference in the long run (actually, volunteer trees usually grow better 
than the planting species after 10 years or so). Therefore, all mitigation sites had to be 
dropped.  
 
        Taking all of the site specifications and statistical validity into account, the Dix 
Wildlife Manage Area (DIX) was chosen as the main study site.  Mr. Lee Widjeskog, the 
Southern Region Bureau of Land Management Superintendent, provided the site and 
some other very good WMA sites (Table 1). DIX is located in Bridgeton, Cumberland 
County, and is owned by the state.  It is surrounded by vast marshlands and bounded by 
the Delaware Bay to the west. The fields, small woodlots, and forested wetlands create a 

http://www.itc.nl/~rossiter/Docs/NRCS/FieldIndicators_v5_01.pdf
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mosaic of critical resting, feeding and nesting habitat attractive to a variety of wildlife. 
Several spots identified by Mr. Widjeskog in DIX perfectly fit the abovementioned site 
selection criteria. Additionally, it has many spots from a wide range of ages (from 20 to 
40+ years old). Given that the main goal in this research is to determine the carbon 
sequestration potential in forested wetlands compared with active farmland, we can get 
not only the ultimate carbon sequestration via restoration, but also the trend of carbon 
storage along the age gradient. Furthermore, all of the locations are relatively close to 
each other so that it will reduce the effect of the site variability on the result, and save 
travel time as well.  It should be noted that the only reason the other WMA sites (Gum 
Tree, Nantuxent, Tuckahoe and McCloskey Farm) were dropped is because they are no 
better than DIX. 
         

As shown in Table 2-1 and Figure 2-1 (modified from i-MapNJ DEP map) five 
forested wetland sites that were 20, 30, 35, 40, 40+ years old, respectively, were selected. 
Since all of these sites are very close to each other, only one active agricultural land was 
chosen as the control site, in spite of a lot of farmland nearby. 
 
Table 2-1.  DIX study site specifics* 
 
 
 
 
 
 
 
 
 
*All sites above have the same soil type (sandy loam).  
*All sites above are rated as ―partially hydric‖. According to the ―Hydric Soil‖ report in Web Soil Survey, the specific 
hydric soil percentage is as follows: within ―FamA‖ map unit, 95% is hydric; within ―HboA‖ map unit, 15% is hydric. 
During the actual sampling, the area containing 100% hydric soil was focused on. 
 

Site ages (yrs.) Soil Survey Map Units within Site Coordinates 
ag. land HboA 39.377634,-75.322738 

20 FamA+HboA 39.37309,-75.321279 
30 FamA+HboA 39.357496,-75.316129 
35 FamA+HboA 39.374317,-75.323424 
40 FamA+HboA 39.353414,-75.306687 

40+ FamA+HboA 39.356003,-75.315528 
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Figure 2-1.  Aerial photo of the study sites at DIX (2002) 

 
2. Plot Design 
 
        At each study site, five plots were designed: a, b c, d, and e (Figure 2-2) (10 m×10 m 
or 20 m×20 m depending on the actual site size and tree density) within the largest soil 
map unit according to the NRCS/USDA ―Web Soil Survey‖ (Table 2-1), since all of the 
wetland sites and comparative agricultural farmland have the same soil type (sandy loam). 
Cohen et al. (2008) suggested that soil samples collected within 30 to 60 m from 
similarly sized wetlands had similar biogeochemical characteristics.  In order to ensure 
that the replicate samples were independent of each other and covered the site as 
extensively as possible, soils along and between transects greater than 60 m apart were 
sampled.  Generally, the plot design followed the pattern as indicated in Figure 2-2.  The 
distance from the center (60 m, 80 m, 100 m and 120 m) to the plots was subjected to 
change depending on the actual site size.  Sampling plots were only established in the 
forested wetlands and hydric soil presence area.  The samples were taken between 
September and November 2010. 

30 
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Figure 2-2.  Plot design pattern within a given site 

 3. Forest Floor Biomass Sampling  
         

        In forested sites, litter samples were also taken using a 400 cm2 plot frame.  Within 
each frame-covered sample area, all living vegetation was removed carefully with a pair 
of clippers.  Living mosses were clipped at the base of the green, photosynthetic material.  
The forest floor along the inner surface of the frame was cut through to separate it from 
the frame and surrounding soil.  The entire volume of the forest floor from within the 
confines of the sampling frame down to the top of the mineral soil layer were removed 
carefully and placed into a pre-labeled paper bag, which was then stapled shut.  It yielded 
5 × 3 = 15 forest floor samples per site which were used to determine oven-dry to wet 
mass ratios to convert the total wet mass to oven-dry mass. Their oven-dry portion was 
ground for carbon and nitrogen concentration (CN) analysis.  
 

4. Soil Sampling 
         

        MacDonald (1999) found there was no significant increase of carbon content below 
40 to 50 cm of soil in hardwood forest and even shallower in other types of forests. 
Therefore, samples were only collected from the top 30 cm of soil at three depths: 0 to 10 
cm, 10 to 20 cm and 20 to 30 cm, respectively, based on the soil horizon structure and 
Munsell colors, which yielded 5 × 3 × 3 = 45 soil samples for both bulk density (BD) and 
CN measurements.  For the samplers, a rigid stainless steel ring with 3.75 cm of diameter 
and 10 cm of length, or 110cm3 in volume, was used along with a series of smaller wear-
resistant copper rings with a range of diameters (1.5 to 3 cm) and lengths (2 to 5 cm), 
which were used in case the soil was extremely hard to dig in (i.e., rocky, deep soil). 
These samplers have a very thin wall and sharp edge so as to minimize the effects of soil 
compactness on BD.   
 
        In the field, a big pit was first dug to check the soil structure and colors.  For 
sampling at each depth, the ring was carefully driven through the soil profile in a top-
down direction or along the horizontal direction depending on the actual texture of the 
soil.  In order to minimize disturbance to the sample, digging was conducted around and 
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underneath the ring with the knife, carefully lifting it out to prevent any loss of soil and 
removing any excess soil from the sampler with a flat bladed knife.  For the 10 cm length 
sampler, only one sample was collected at each depth because it is enough for analysis; 
when using small samplers, at least three small subsamples were collected from each 
depth to compose one sample.  All soil samples were wrapped with foil and placed into 
pre-labeled zip-lock bags. 
 

For sampling in the comparative agricultural land, 10 locations were randomly 
chosen and sampled at three depths: 0 to 10 cm, 10 to 20 cm and 20 to 30 cm, 
respectively, which yielded 10 × 3 = 30 total samples.  The same procedures as those 
used for sampling in forested wetlands were used.  
 
        For BD measurements in the lab, each sample was weighed and then one weighed 
subsample was oven dried at 105°C for 24 hours, then weighed again to determine its 
water content.  The oven-dried subsample was ground, sieved with a 2 mm sieve and the 
coarse fraction was weighed.  For CN analysis, another subsample that was air dried was 
separated and then ground, sieved with a 2 mm sieve and packed into a small vial to be 
sent out to Ecosystem Analysis Laboratory at the University of Nebraska-Lincoln for CN 
analysis using dry combustion GC.          
 

5. Tree Biomass Survey 
         
        A standard census of tree density and diameter at breast height (DBH) were 
completed at the five forested wetland sites, according to the procedure recommend by 
Pearson et al. (2007).  For the aboveground biomass estimation, the living biomass, the 
standing dead wood biomass and the down dead wood biomass were surveyed.  The 
present work focuses only on the big hardwood (DBH ≥5 cm), while ignoring the small 
trees (DBH<5 cm) and the understory herbaceous vegetation since their contribution to 
carbon sequestration is trivial (Pearson et al., 2007). 
 

Results 

 

1. Soil 
 

        The mineral soil BD was calculated according to the following equation 
 

)/( CDCMCV
ODFM



 

 
 Where, 
  is the BD of the < 2 mm fraction in g/cm3 
 ODFM is the oven-dry mass of fine fraction (<2 mm) in g 
 CV is the core volume (cm3) 
 CM is the mass of coarse fragments (>2 mm) in g 
 CD is the density of coarse fragments or 2.65g/cm3, which is commonly adopted in 

the literature (Pearson et al. 2007). 
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        Based on BD (  ), C% and N%, the areal carbon content was computed according 
to the following equations (Pearson et al., 2007). 
  

t C ha-1 = (  × soil depth × %C) × 100          
t N ha-1 = (  × soil depth × %N) × 100   

        
        Water content (water %) of the soil was estimated as the ratio of the oven-dried 
mass to the wet mass of the same subsample. 
 
        The soil data including BD, areal C concentration (t C ha-1), areal N concentration (t 
C ha-1), C:N ratios by mass and water percent are summarized in Table 2-2 and  Figure 
2-3. 
 
Table 2-2.  Soil data summary 

 

 
Dept

h 
(cm) 

Site Ages (yrs.) 

Ag.  Land 20 30 35 40 40+ 

BD  
g cm-3 

0-10 1.34± 0.07 1.24±0.07 1.10±0.15 0.69±0.13 0.81±0.23 1.10±0.36 
10-20 1.45±0.11 1.34±0.14 1.24±0.19 0.97±0.13 1.04±0.25 1.44±0.37 
20-30 1.52±0.07 1.44±0.10 1.33±0.15 1.09±0.09 1.26±0.12 1.60±0.37 

t C ha-1 
0-10 14.91±3.16 24.34±4.58 38.36±16.56 49.74±13.59 49.19±17.27 46.62±16.78 
10-20 13.91±4.48 12.27±2.61 19.94±7.89 33.32±7.86 29.85±19.26 32.01±15.82 
20-30 11.24±3.79 11.79±2.70 17.73±6.21 35.51±7.29 21.93±9.47 18.45±8.81 

t N ha-1 
0-10 1.33±0.25 1.80±0.29 2.44±0.98 2.90±0.78 2.34±0.87 2.31±0.71 
10-20 1.20±0.32 0.98±0.19 1.37±0.49 1.95±0.41 1.41±0.85 1.82±0.77 
20-30 1.00±0.36 0.95±0.21 1.23±0.34 2.19±0.57 1.08±0.38 1.16±0.54 

C:N by 
Mass 

0-10 11.15±0.48 13.48±0.65 15.56±1.33 17.17±1.50 21.31±2.84 19.95±1.98 
10-20 11.48±1.51 12.49±0.65 14.35±1.49 17.04±1.22 20.78±2.77 17.19±1.77 
20-30 11.38±1.54 12.38±1.10 14.25±1.93 17.36±1.06 19.93±3.01 15.93±1.60 

Water
% 

0-10 13.30±2.08 19.04±1.69 21.43±4.72 31.20±7.61 27.41±8.38 17.99±9.31 
10-20 12.64±1.80 15.60±1.93 16.41±3.53 24.70±4.91 20.94±6.22 13.33±5.39 
20-30 12.77±1.93 15.09±1.17 15.04±3.27 22.10±2.53 16.41±2.83 11.11±3.02 
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Figure 2-3.  Summary of soil physical characteristics 

 

2. Forest Floor Biomass 
 

 For the forest floor sample, the litter was separated from the woody material and the 
areal content of both carbon and nitrogen were computed according to the following 
equations; the results are summarized in Table 2-3 and Figure 2-4. 

 
 
 
 625

100%/

625
100%/







ODFNhatN

ODFChatC
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        Where, 
        ODF is the oven-dried floor sample mass (litter or woody material) in g 
 100 is the conversion index between g/cm2 and t/ha 
 625 (cm2) is the sampling area (25 cm×25 cm). 
 
Table 2-3.  Carbon and Nitrogen accumulation rate in floor biomass 

 
Wetland 

(yrs.) 
Litter 

 t C ha-1 
Litter 

t N ha-1 
Woody 

 t C ha-1 
Woody  
t N ha-1 

Total 
t C ha-1 

Total 
t N ha-1 

20 1.26±0.59 0.04±0.02 0.72±0.50 0.01±0.01 1.98±0.72 0.05±0.02 
30 1.34±0.56 0.04±0.02 1.84±1.16 0.04±0.02 3.18±1.27 0.08±0.03 
35 2.32±0.69 0.10±0.04 0.85±0.68 0.02±0.01 3.17±1.09 0.11±0.05 
40 4.27±2.36 0.18±0.12 0.79±0.73 0.01±0.01 5.06±2.72 0.20±0.12 

40+ 3.47±1.24 0.12±0.05 1.16±0.91 0.02±0.02 4.63±1.74 0.14±0.06 
 

 
Figure 2-4.  Areal C and N content in floor biomass 

 

3. Tree Biomass 
 
3.1. Aboveground Biomass (AGB) 
 

        For living AGB estimation, the following allometric equation was used for mixed 
hardwood species to calculate the biomass of trees with DBH between 2.5 cm and 75 cm 
(Jenkins et al., 2004).  In this survey area, no extremely large trees (DBH>75 cm) were 
found and only a few small trees (n < 5) were found at the youngest site (20 years old).  

 
( 2.4800 2.4835 )AGB Exp LnDBH     
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        The standing dead trees were measured by the same criteria used for live trees. 
However, they were recorded slightly differently than the live trees.  The branches were 
classified in proportion to the whole standing dead tree, so that the total remaining 
biomass could be reduced to a certain percentage of the same size living tree biomass.  In 
the present study, Pearson et al. (2007) was followed in classifying the standing dead 
wood; for example, the standing dead tree having everything except for leaves was 
classified as 97% of the same size living tree biomass retained; the dead tree containing 
only small and large branches, only large branches, or no branches was considered as 
85% of the same size living tree biomass retained.  When a tree has no branches and is 
only the bole, it was estimated by its volume using the following equation: 

  
Bole volume (cm3) = 1/3π × H × (r1

2 + r2
2 + r1r2) 

 
        Where, 
        H is the height of the bole (cm) 
        r1 is the basal radius of the bole (cm) 
        r2 is the top radius of the bole (cm).  
 
        In the present study, a wood density of 0.49 g/cm3 was used for bole (Pearson et al., 
2007). 

 
For the down dead wood AGB estimation, the 100 m line intersect method was used 

(Harmon and Sexton, 1996).  Two 50 m sections of line were placed at a right angle 
across the plot center.  The diameters of all pieces of wood intersecting the line were 
measured and each piece of dead wood was assigned one of three density classes: sound, 
intermediate, and rotten.  At least 10 logs of each density class were collected for density 
estimation.  The volume and mass of each oven-dried log were measured to estimate the 
density, which yielded that the density of classes sound, intermediate, and rotten, 
correspond to 0.43 t/m3, 0.34 t/m3 and 0.19 t/m3, respectively.  The volume per unit area 
calculated for each density class is:  

 
Volume (m3/ha) = ð2× (d1

2 + d2
2+…+ dn

2) /8L 
 

Where,  
d1, d2, dn is the diameter (cm) of each wood piece that intersects the line 
L is the length of the line (100 m) (Harmon and Sexton, 1996).  
 
By combining the log density and volume, the down dead wood biomass for the 

individual site was obtained.  AGB data are shown in Table 4.  
 

3.2. Belowground Biomass (BGB) 
 

Rather than directly measuring BGB, the regression model was used (Cairns et al., 
1997) to estimate it.   

 
BGB = Exp (-1.0587 + 0.8836 × Ln AGB + 0.2840) 
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Where,  
BGB is belowground biomass density (t ha-1) 
AGB is aboveground biomass density (t ha-1). 
 
In the present work, the carbon density (t C ha-1) was converted by multiplying 

biomass (t/ha) by 0.5 (the 1605b and Intergovernmental Panel on Climate Change 
default).  Those results are summarized in Table 2-4.  

 
Table 2-4.  Summary of carbon sequestrated in plant biomass based on the allometric   

equation for mixed hardwood species in the United States (Jenkins et al., 2004) 

 

Site 
ages 
(yrs.) 

Plot 
# 

AGB(1) density (t/ha) Total 
AGB(2) 
density 
(t ha-1) 

Total 
BGB 

density 
(t ha-1) 

Total 
biomass 
density 
(t ha-1) 

Carbon 
density 

(tC ha-1) 

(3)  

Mean 
carbon 
density 

(tC ha-1) 
(S.D.) 

Living Standing 
dead 

Down 
dead 

20 

1 101.81 - 0.53 102.34 27.52 129.86 64.93 73.66 
(12.04) 

 

2 103.74 - 0.83 104.57 28.05 132.62 66.31 
3 144.11 - 0.65 144.76 37.39 182.15 91.07 
4 113.57 - 0.71 114.28 30.34 144.62 72.31 

30 

1 148.33 - 4.21 152.54 39.16 191.70 95.85 

123.95 
(32.41) 

2 274.92 2.55 1.31 278.78 66.71 345.49 172.74 
3 213.11 10.08 3.55 226.74 55.58 282.32 141.16 
4 164.35 4.90 3.12 172.37 43.62 215.99 108.00 
5 159.69 - 2.92 162.61 41.43 204.04 102.02 

35 

1 261.89 - 8.88 270.77 65.01 335.78 167.89 

201.70 
(66.39) 

2 401.36 - 7.44 408.80 93.56 502.36 251.18 
3 231.47 84.97 5.99 322.43 75.86 398.29 199.14 
4 119.52 51.26 7.54 178.32 44.95 223.27 111.63 
5 330.54 116.65 7.34 454.53 102.75 557.28 278.64 

40 

1 334.77 1.21 8.58 344.56 80.44 425.00 212.50 

275.74 
(94.38) 

2 594.99 - 8.86 603.85 132.06 735.91 367.96 
3 274.52 1.40 8.20 284.12 67.84 351.96 175.98 
4 621.22 1.17 8.65 631.04 137.30 768.34 384.17 
5 378.59 - 8.45 387.04 89.14 476.18 238.09 

40+ 

1 170.24 - 5.09 175.33 44.28 219.61 109.81 

201.72 
(127.33) 

2 161.16 58.46 2.32 221.94 54.54 276.48 138.24 
3 567.95 100.37 3.96 672.28 145.20 817.48 408.74 
4 384.95 - 5.05 390.00 89.75 479.75 239.87 
5 161.31 13.41 4.13 178.85 45.07 223.92 111.96 

(1) For living biomass, ( 2.4800 2.4835 )AGB Exp LnDBH    (Jenkins et al., 2004). 
(2) BGB = Exp (-1.0587 + 0.8836 × lnAGB + 0.2840) (Cairns et al., 1997). 
(3) Carbon content (t C ha-1) = Total biomass (t ha-1) × 0.5 (the 1605b and Intergovernmental Panel on Climate Change 
default). 
 

 

3.3. Tree Biomass Calculated by Different Allometric Model   
 
In addition to the allometric model suggested by Jenkins et al. (2004), there is 

another allometric model recommended by Brown and Schroeder (1999) to estimate the 
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biomass for southern and eastern hardwood species in the United States.  For comparison, 
the results derived from this model are summarized in Table 2-5. 
 

2.5

2.5

250000.5
246872

DBHAGB
DBH


 


 

 
Table 2-5.  Summary of carbon sequestrated in plant biomass based on the allometric 

equation for southern and eastern hardwood species in the United States (Brown and 

Schroeder, 1999) 

Site 
ages 
(yrs.) 

Plot 
# 

AGB(1) density (t/ha) Total 
AGB(2) 
density 
(t ha-1) 

Total 
BGB 

density 
(t ha-1) 

Total 
biomass 
density 
(t ha-1) 

Carbon 
density 

(tC ha-1) 

(3)  

Mean 
carbon 
density 

(tC ha-1) 
(S.D.) 

Living Standing 
dead 

Down 
dead 

20 

1 130.76 - 0.53 131.29 34.29 165.58 82.79 
93.65 

(15.05) 
 

2 133.02 - 0.83 133.85 34.88 168.73 84.37 
3 183.82 - 0.65 184.47 46.32 230.79 115.39 
4 145.66 - 0.71 146.37 37.75 184.12 92.06 

30 

1 187.52 - 4.21 191.73 47.92 239.65 119.83 

154.44 
(40.07) 

2 343.83 3.28 1.31 348.42 81.24 429.66 214.83 
3 268.54 11.53 3.55 283.62 67.73 351.35 175.68 
4 206.18 6.08 3.12 215.38 53.11 268.49 134.24 
5 201.58 - 2.92 204.50 50.73 255.23 127.62 

35 

1 320.00 - 8.88 328.88 77.20 406.08 203.04 

239.33 
(74.89) 

2 484.23 - 7.44 491.67 110.13 601.80 300.90 
3 288.00 84.97 5.99 378.96 87.50 466.46 233.23 
4 148.00 64.77 7.54 220.31 54.18 274.49 137.25 
5 393.64 126.31 7.34 527.29 117.15 644.44 322.22 

40 

1 401.71 1.21 8.58 411.50 94.10 505.60 252.80 

324.55 
(103.80) 

2 727.90 - 8.86 736.76 157.44 894.20 447.10 
3 334.74 1.40 8.20 344.34 80.40 424.74 212.37 
4 681.48 1.51 8.65 691.64 148.89 840.53 420.27 
5 465.34 - 8.45 473.79 106.59 580.38 290.19 

40+ 

1 214.25 - 5.09 219.34 53.97 273.31 136.66 

240.23 
(136.25) 

2 203.87 73.57 2.32 279.76 66.92 346.68 173.34 
3 639.45 105.56 3.96 748.97 159.75 908.72 454.36 
4 479.51 - 5.05 484.56 108.72 593.28 296.64 
5 204.04 16.874 4.13 225.04 55.21 280.25 140.13 

(1) For living biomass, 
2.5

2.5

250000.5
246872

DBHAGB
DBH


 


(Brown and Schroeder, 1999).  

(2) ( 1.0587 0.8836 0.2840)BGB Exp LnAGB      (Cairns et al., 1997); 
(3) Carbon content (t C ha-1) = Total biomass (t ha-1) × 0.5 (the 1605b and Intergovernmental Panel on Climate Change 
default). 
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Discussion 

 

1. C Sequestration Potential for Soil (0-30cm) 
 

        As shown in Table 2-2 and Figure 2-3a, soil BD increases with depth, which is 
probably due to higher soil compaction exerted by the above layer soil and lower organic 
matter content in the deep soil layer (Table 2-2). Agricultural land has the highest top soil 
BD among all of the sites because the wetland soil usually has higher organic matter 
content which could be reflected as t C ha-1 and t N ha-1 as indicated in Figures 2-3c and 
2-3d, and confirmed by the negative relationship between t C ha-1 and BD (Figure 2-5).  
Water content is much higher in wetland soil than in the agricultural land, especially the 
top layers (Figure 2-3b).  As shown in Figure 2-5, t C ha-1 is positively related to the 
water% because the wetter soil will be more likely to develop the anoxic soil condition, 
which could reduce the redox potential of the soil and favor the accumulation of carbon. 
Notably, 40+ sites are driest among all restoration sites, having less soil carbon than the 
35 and 40 sites; this implies that not only age but also hydrology determines soil carbon 
sequestration (Figure 2-5). 

 
Figure 2-5. Relationships between t C ha

-1
, BD and water% 

 

        Generally, both the carbon and nitrogen concentration increases with age, especially 
for top soils (0 to 10 cm) (Figures 2-3c and 2-3d), while not many changes occur in t C 
ha-1 and t N ha-1 in the deep soil (20 to 30 cm) (Figures 2-3c and 2-3d); this indicates that 
the top soil of forested wetlands actively sequestrate carbon and could retain large 
amounts of carbon.  Carbon concentration increases with age but at a faster rate than 
nitrogen concentration.  This is reflected in the C:N ratio (Figure 2-6), which is an 
indication of organic matter decomposition and stabilization.  Typical C:N ratios for 
stabilized soil organic matter are in the range of 15 to 25 (Nair et al., 2001).  With the 
exception of the youngest site (20 years old), the C:N ratios of all of the wetland sites fall 
into this range indicating a well-balanced system with respect to mineralization and 
immobilization processes (Williams et al., 1968).  Thus, long-term carbon sequestration 
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is anticipated in these forested wetlands with minimum ―carbon leaking11
‖.  Notably, the 

20 year old site soil is relatively dry, which is probably due to its less wet hydrology to 
begin with. Actually, the 20 year site does not belong to a wetland category according to 
the National Wetland Inventory Map (http://137.227.242.85/wetland/wetland.html ), even 
though the presence of hydric soil was found in some areas according to ―Field Indicators 
of Hydric Soils in the United States‖ 
(http://www.itc.nl/~rossiter/Docs/NRCS/FieldIndicators_v5_01.pdf).  The dry and oxic 
conditions may favor the destabilization of the organic matter and nutrient mobilization, 
and therefore reduce the C:N ratio.  This is also the case in active agricultural land.  The 
low C:N ratio of the agricultural land promotes decomposition and loss of soil C (and N) 
since the C:N increases would more likely promote long-term storage. 

  
Figure 2-6. Mean C:N ratios for top 30 cm soil at different forested wetland sites 

         
        

Based on our estimation, the forested wetland sequestered carbon at a rate of 1.84 
t C ha-1 yr-1 in its top 30 cm soil in the first 40 years of restoration from active 
agricultural land (Figure 2-7).  The top 10 cm soil alone can sequester 0.93 t C ha-1 yr-1, 
which represents more than half of the total carbon sequestration.  The carbon 
sequestration rates at 10 to 20 cm and 20 to 30 cm are similar, 0.47 t C ha-1 yr-1 and 0.43 t 
C ha-1 yr-1, respectively.  In contrast, Post and Kwon (2000) reported a mean carbon 
accumulation rate of 0.34 t C ha-1 yr-1 for forest soil, which implies that forested wetland 
soils in this study area have higher carbon sequestration potential than the common forest 
soil.  In the above-mentioned computation, the wetland site of 40+ was not included since 
its exact age cannot be confirmed.  
 

                                                 
11 ―Carbon leakage‖ refers to the concept that a GHG emissions reduction project activity (e.g., wetland 
restoration) could sometimes indirectly lead to increased GHG emissions outside the project boundary and 
thereby eliminates some of the achieved emissions reduction. 

http://137.227.242.85/wetland/wetland.html
http://www.itc.nl/~rossiter/Docs/NRCS/FieldIndicators_v5_01.pdf
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Figure 2-7.  Soil carbon sequestration rate determined by regression analysis at each depth  
 
2. C Sequestration Potential for Tree Biomass 
 

 As shown in Tables 2-4 and 2-5, the carbon sequestration in tree biomass increases 
with the age of forested wetland except for the oldest site (40+ years old), where its 
carbon content is similar to the 35- and 30-year old site.  Mr. Lee Widjeskog, the provider 
of all the study sites, cannot be sure of the exact age of the site 40+ because there are not 
enough historical records to verify it (Lee Widjeskog, personal communication, 
September 2010). He recommended considering it as 40+ years old according to his first 
field impression.  Actually, the 40+ and 30-years old sites are located on two sides of the 
same road.  These two sites share similarities such as hydrology, soil condition, and forest 
maturity.  Based on these data and careful field inspection, it is possible that the 40+ site 
maybe younger than 40 years.  
 
 As indicated in Figure 2-8, both models predict similar trends of carbon 
sequestration rate in tree biomass among different aged wetlands, while the actual carbon 
density derived from Brown and Schroeder (1999) is slightly higher than that from 
Jenkins et al. (2004). 
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Figure 2-8.  Carbon sequestration rates in tree biomass derived from different models 

 

 
In contrast to the exponential form of Jenkins et al. (2004), the Brown and 

Schroeder (1999) model shows a sigmoidal form.  The estimated biomass per tree for a 
given DBH based on both models is compared in Figure 2-9.  Up to about 90 cm in DBH, 
the Brown and Schroeder (1999) model predicts the higher estimated biomass per tree 
than Jenkins et al. (2004) model. Beyond 90 cm, the exponential model gives an 
increasingly larger estimated biomass while the sigmoidal model is more conservative. 
As the DBHs of all surveyed trees are less than 90 cm, it is no surprise that Jenkins et al. 
(2004) always generates a smaller estimation than the Brown and Schroeder (1999) 
model. 
 

         
 

 
Figure 2-9. Comparison of exponential model and sigmoidal model in predicting t C/tree 
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Based on the conservative estimation from Jenkins et al. (2004) model (Table 2-4), 
we suggest that the forested wetlands in this study area sequestered approximately 275.74 
t C ha-1 yr-1 in its tree biomass (including AGB and BGB) after 40 years since restoration, 
or an average of 6.89 t C ha-1 yr-1 in the first 40 years after restoration, compared with its 
agricultural land counterpart (Figure 2-10).  
 
 
 

 

Figure 2-10. Annual carbon sequestration rate in tree biomass (Jenkins et al. [2004] model) 

3. C Sequestration Potential for Floor Biomass 
 
The contribution of the floor biomass in carbon sequestration is relatively trivial, 

compared with tree biomass and soil.  In general, the floor biomass only represents about 
1.4% of the total carbon sequestration in the studied forested wetlands.  It is estimated 
that the annual carbon sequestration rate for floor biomass is about 0.11 t C ha-1 yr-1 
(Figure 2-11).  In contrast, Berg et al. (2009) reported that a mean carbon sequestration 
rate in litter biomass of Swedish forests was 0.25 t C ha-1 yr-1, which is higher than our 
estimation.  It may because the litter decomposition rate is lower in the colder weather 
than in warmer conditions like this present study site.  Also, Swedish forests are mostly 
coniferous forests, which tend to develop much thicker forest floors than the deciduous 
forests of southern New Jersey. 
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Figure 2-11. Annual carbon sequestration rate in forest floor biomass 

 
4. C Sequestration Potential for Total Forested Wetlands Ecosystem  
 

        Globally, the annual carbon sequestration rates of afforestation vary in different 
climatic zones, for example, the total rate (above and below ground) in t C ha-1 yr-1 
increases from boreal (0.4-1.2) and temperate (1.5-4.5), to tropical regions (4-8) (Dixon, 
1995).  In the present study, it was estimated that the annual carbon sequestration rate in 
the forested wetlands is about 8.35 t C ha-1 yr-1(Figure 2-12), or 6.40 t C ha-1 yr-1 for tree 
biomass (Figure 2-10), 1.83 t C ha-1 yr-1 for top 30 cm soil (Figure 2-7) and 0.11 t C ha-1 
yr-1 for floor litter biomass (Figure 2-11), respectively.  These results are consistent with 
Noormets et al. (2010) which reported that a coastal plain loblolly pine plantation in 
North Carolina sequestered 8.35 and 7.24 t C ha-1 yr−1 in 2006 and 2007, respectively. 
 
 

 
Figure 2-12. Carbon sequestration potential for total forested wetlands ecosystem  
 
 
As indicated in Figure 2-13, tree biomass contributes the most (64%) in 

sequestrating carbon, in contrast to top 30 cm soil (34%) and floor biomass (2%).  
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Forested wetlands are dominant over active agricultural land in carbon sequestration.  For 
example, in contrast to 40 t C ha-1 sequestrated in active agricultural land, the 40-year-old 
forested wetland can sequestrate almost 10 times more carbon or about 382 t C ha-1 

(Table 2-6). 
 
 

       Table 2-6.  Summary of the annual areal carbon sequestration rates in t C ha
-1

* 

 
 Soil* Litter* Tree* Total* 

Ag. Land 40.07±11.43 - - 40.07±11.43 
20 48.40±9.89 1.98±0.72 73.66±12.04 124.04±22.65 
30 76.02±30.65 3.18±1.27 123.95±32.41 203.15±64.34 
35 118.57±28.74 3.17±1.09 201.70±66.39 323.44±96.23 
40 100.96±46.01 5.06±2.72 275.74±94.38 381.77±143.10 

40+ 97.08±41.41 4.63±1.74 201.72±127.33 303.43±170.48 
 

 
 

Figure 2-13. Comparison of carbon sequestration rates in soil, litter and tree biomass 

 

        In addition, this study demonstrates that the forested wetlands at DIX are superior to 
most upland forests in carbon sequestration, implying the wetland’s great potential in 
carbon production and retention; this is potentially due to abundant water supply (Figure 
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3b), and anoxic wetland soil condition. Therefore, the restoration of forested wetlands 
from agricultural lands could have a great potential in sequestrating the atmospheric 
carbon into the biomass and soil, which should be considered while developing carbon 
management policy as well as wetland mitigation policy. 
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Appendix 1. Sites summary 

 

 
Location, County Providers, Organization 

Age 
 (yrs.) 

Sampling Permission 
Suggestion 

Site owner Perm. Ag. Land owner Perm. 

M
it

ig
at

io
n

 S
it

e
s 

Mt. Holly, Burlington Doug Freese, ASGECI 4 RIL Yes RIL Yes Too young 

Neshanic Station, Somerset Carl Andreassen, Somerset Co. 6 Somerset Conty. Yes Somerset Co. Yes Fair 

Borinski Farm, Morris Bruce Hawkinson, NJDOT 6 NJDOT Yes John Borinski No No ag. Perm. 

Evesboto-Medford, Burlington Tina Shutz, NJDOT 8 NJDOT Yes NJDOT Yes Not wetland 

Meadow Road, Mercer Tina Shutz, NJDOT 9 NJDOT Yes Drew Staffenberg Yes Fair 

Hightstown Bypass, Mercer Joe Sweger, NJDOT 13 NJDOT Yes NJDOT Yes Too young 

Beekman Lane, Somerset Rebecca French-Mesch, NJDEP 20 Altantic Realty No Altantic Realty No No perm. 

Mt. Laurel, Burlington Joe Arsenault, Envtl.  Conslt. 30 Com. Bank Yes John Hughes Yes Good 

R
e

st
o

ra
ti

o
n

 s
it

e
s Dix WMA, Cumberland Lee Widjeskog, NRCS 20-40+ State Yes State Yes Excellent 

Gum Tree WMA, Cumberland Lee Widjeskog, NRCS 12-20 State Yes State Yes Very Good 

Nantuxent WMA, Cumberland Lee Widjeskog, NRCS 40 State Yes State Yes Very Good 

Tuckahoe WMA, Cape May Lee Widjeskog, NRCS 30 State Yes State Yes Very Good 

Mccloskey Farm, Warren Evan Madlinger, NRCS 10 Anne Mccloskey Yes Anne Mccloskey Yes Very Good 

Timothy Land, Warren Lee Widjeskog, NRCS 5 Timothy Dunne Yes Timothy Dunne Yes Too young 

 
*All sites above were used as agricultural fields before the restoration or mitigation.  
*All sites above are wetlands now in the exception of Evesboto-Medford site. 
*At sites above are rated as “partially hydric” which means that at least one spot of the above sites is hydric.  
*All sites above have the same soil type (sandy loam). 
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Appendix 2.  Brief introduction of other sites visited. 

 
Sites Lat.   Long. Brief introduction 

Mt. Holly 
40.022619, 
-74.760418 

This site is located on Oxmead Road between Mt Holly-Jacksonville Road and Smithville Road in Eastampton and 
Springfield Townships, Burlington County. It fits all other criteria except the age (5 years old). The site is owned by 
Rancocas Investments LLC but Amy S. Greene Environmental Consultants manages the site for RI. This site is 
fenced. Very young. 

Neshanic 
Station 

40.502868, 
-74.739411 

This site (~10 acres) was replanted in 2004. This site fits all our sites selection criteria well. It started out as a corn 
farm and was designed and constructed to be a forested floodplain wetland that would completely flood 4 times 
a year. Creating suitable hydrologic conditions for sustaining a wetland classification necessitated the removal of 
about 70,000 cubic yards of material, and the re-grading of most of the site. The trees grow well. Soil is very soft 
probably due to undecomposed corn stalks.  This site has a brook and also right next to the Raritan river, so the 
soil is very wet. There is an active corn land that has the same soil type as this mitigation site across the road. 
Both are owned by Somerset County Park Property. 

Borinski 
Farm 

40.920696, 
-74.29271 

This 10 acres wetland was reconstructed from an active farmland on fall 2004. It looks younger than Neshanic 
Station site so that it is barely regarded as forest. There is a pound on its south part. And wells appear in the site. 
Very wet soil. Generally, this site fits all our sites selection criteria well. NJDOT owns it and the project manager is 
Bruce Hawkinson. They have all the documented information about the planting time and density, plants species, 
annual monitor report, etc. NJDOT already gave us the sampling permission in this site; however, no farmer 
allows me sampling in their land in spite of a lot of nearby active farmland. 

Evesboto-
Medford 

39.897391, 
-74.856302 

This site was restored in 2002. It looks too young to be regarded as forest. Owner is NJDOT and contact person is 
Ms. Tina Shutz. Also, it is not wetland depending on i-Map NJDEP data (2002). 

Meadow 
Road 

40.299146, 
-74.650748 

This site was reconstructed in 2001. This site fits all our sites selection criteria well. It is a compensatory wetland 
mitigation site for Route 1 and Meadow Road. NJDEP file#: 1113-98-0013.2. There is a pond in this site. Soil is very 
wet. It is right next to a lot of abandoned and active farmland. 
Owner is NJDOT and the contact person is Ms. Tina Shutz. She already gave us the sampling permission in this 
site. The Jewish Community Campus Council in the Princeton Mercer Bucks area owns a piece of active farmland 
that is right next to the site. The soil type of this farmland is the same as the mitigation site. Mr. Drew 
Staffenberg, the director of the Jewish Community Campus Council, already gave me the sampling permission in 
their farmland. 

Hightstown 
Bypass 

40.27319, 
-74.504771 

This site was reconstructed in 1997. Owner is NJDOT and the contact person is Mr. Joe Sweger. He already gave 
us the sampling permission but we have to drop this site because it looks too young to be selected, although it is 
already 13 years old and fits all the other criteria (hydric soil, wetland, historical agricultural use, etc.). 

Beekman 
Lane 

40.527142, 
-74.675059 

This site was reconstructed in 1991. This site fits all our sites selection criteria very well. Its information was 
provided by NJDEP (Ms. Rebecca French-Mesch) but they are not sure whether this site is restored successfully or 
not because of no follow-up. In my opinion, this site is already developed to a success forested wetland according 
to the filed indicator (hydric soil, existence of wetland vegetation, and low water table, etc.)  There is a lot of 
active farmland next to it. The owner of this large piece of land (including both mitigation site and farmland) is 
Atlantic Realty in Woodbridge, NJ. But Atlantic Realty refused us to collect samples in their land due to insurance 
problem. 

Mt. Laurel 
39.921306, 
-74.958515 

This site was reconstructed in 1980. This site fits all our sites selection criteria very well. Mr. Joe Arsenault 
provided the background information of this site. A large land use violation in the late 1980s stock piled Mt 
Laurel, Navesink/Hornerstown and Woodbury formation clay in high piles. They leached for years. A mitigation 
team tried to remove and replant. It eventually healed over passing through many weedy species and now 
becoming occupied by goldenrods, some reed grass and old field grasses. Now, the water spikes from saturated 
to rock hard. Its owner already gave us the sampling permission. But, there is no nearby farmland. We have to 
choose the Springridge Farm that is relatively far from the mitigation site. Fortunately, the owner is very nice and 
allows us to collect samples in his farmland. 

Gum Tree 
Corner 
WMA 

39.440013, 
-75.394932 

This site has two spots that meet our selection criteria. One is 12 years old; another is about 15-20 years old. 
There is also an active legume farmland. Both the restoration spots and the farmland have the same soil type, 
sandy loam. This site fits all our sites selection criteria very well. 

Nantuxent 
WMA 

39.300897, 
-75.20442 

This site has two spots (40 years old) and both already develop to mature forests. Both spots are classified as 
“Partially Hydric”: within “FamA” map unit, 95% is hydric soil. Within “HbmB” map unit, 15% is hydric soil. This 
site fits all our sites selection criteria very well. 

Tuckahoe 
WMA 

39.272697, 
-74.729819 

This site is about 30 years old. Note that there are two soil survey map units, “HbmB” and “BEXAS” within this 
site. According to the “Soil Report”, within “BEXAS”, 100% is hydric. Within “HbmB”, 15% is hydric. This site fits all 
our sites selection criteria very well. 
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Sites Lat.   Long. Brief introduction 

Mccloskey 
Farm Bill 

Site 

40.892672, 
-74.880302 

This site is about 10 years old. NRCS biologist, Mr. Evan Madlinger provided the background information for this 
site. Basically, it fits all the sites criteria and is good to be selected, even though it looks not very mature. The 
landowner, Mrs. Anne Mccloskey also allowed me to collect samples in her land. 

 
 

Appendix 3.  List of Abbreviations and Acronyms 

 
AGB Aboveground Biomass 
AOI Area of Interest 
ASGECI Amy S. Greene Environmental Consultants, Inc. 
BD Bulk Density 
BGB Belowground Biomass 
C Carbon 
C:N Carbon to Nitrogen Ratio 
CRSSA Grant F. Walton Center for Remote Sensing and Spatial Analysis 
DBH Diameter at Breast Height 
DIX Dix Fish and Wildlife Management Area, Bridgeton, New Jersey 
DLUR Division of Land Use Regulation 
EEI Evergreen Environmental, Inc. 
GC Gas chromatography 
GHG Greenhouse Gases 
ha Hectare 
IPCC Intergovernment Panel on Climate Change 
N Nitrogen 
NJDEP New Jersey Department of Environmental Protection 
NJDOT New Jersey Department of Transportation 
NRCS Natural Resource Conservation Service 
Pg Petagram, 1 Pg = 109 tonnes 
ppmv Parts Per Million by Volume 
RIL Rancocas Investments LLC 
S.D. Standard Deviation 
t Tonne, metric ton 
Tg Teragram, 1 Tg = 106 tonnes 
WMA Wildlife Management Area 
USDA United States Department of Agriculture 
WMO World Meteorological Organization 
yr year 
1605b Guidelines for Voluntary Reporting of Greenhouse Gases, US Department of Energy 

 


