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Summary
This dataset provides 90 m estimates of forest aboveground biomass (Mg/ha) for nominal 2011 and projections of carbon sequestration potential for 11
states in the Regional Greenhouse Gas Initiative (RGGI) domain. The RGGI is a cooperative, market-based effort among States in the eastern United
States. Estimated biomass and sequestration potential were computed using the Ecosystem Demography (ED) model. The ED Model integrates several
key data including climate variables from Daymet and MERRA2 products; physical soil and hydraulic properties from Probabilistic Remapping of
SSURGO (POLARIS) and CONUS-SOIL; land cover characteristics from airborne lidar, the National Agriculture Imagery Program (NAIP), and the
National Land Cover Database (NLCD); and vegetation parameters from the Forest Inventory and Analysis (FIA) Program.

The RGGI domain includes the U.S. states of Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York,
Pennsylvania, Rhode Island, and Vermont.

There are four data files in GeoTIFF (*.tif) format included in this dataset.
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Figure 1. Spatial patterns of forest carbon stores and carbon sequestration potential for the Regional Greenhouse Gas Initiative domain. Maps show
aboveground biomass initialized from Ecosystem Demography model (ABG, top left), carbon sequestration potential (CSP, top right), carbon
sequestration potential difference (CSP, bottom left), and carbon sequestration potential time gap (time to reach CSP from initialized AGB, bottom
right). Source: Ma et al. (2021)
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1.  Dataset Overview
This dataset provides 90 m estimates of forest aboveground biomass (Mg/ha) for nominal 2011 and projections of carbon sequestration potential for 11
states in the Regional Greenhouse Gas Initiative (RGGI) domain. The RGGI is a cooperative, market-based effort among States in the eastern United
States. Estimated biomass and sequestration potential were computed using the Ecosystem Demography (ED) model. The ED Model integrates several
key data including climate variables from Daymet and MERRA2 products; physical soil and hydraulic properties from Probabilistic Remapping of
SSURGO (POLARIS) and CONUS-SOIL; land cover characteristics from airborne lidar, the National Agriculture Imagery Program (NAIP), and the
National Land Cover Database (NLCD); and vegetation parameters from the Forest Inventory and Analysis (FIA) Program.

The RGGI domain includes the U.S. states of Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York,
Pennsylvania, Rhode Island, and Vermont.

Project: Carbon Monitoring System

The NASA Carbon Monitoring System (CMS) program is designed to make significant contributions in characterizing, quantifying, understanding, and
predicting the evolution of global carbon sources and sinks through improved monitoring of carbon stocks and fluxes. The System uses NASA satellite
observations and modeling/analysis capabilities to establish the accuracy, quantitative uncertainties, and utility of products for supporting national and



international policy, regulatory, and management activities. CMS data products are designed to inform near-term policy development and planning.
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2.  Data Characteristics
Spatial Coverage: Northeastern U.S., from Maryland to Maine

Spatial Resolution: 90 m

Temporal Resolution: One-time estimate for year 2011

Temporal Coverage: 2011-01-01 to 2011-12-31

Study Area: All latitude and longitude are given in decimal degrees.

Site Westernmost Longitude Easternmost Longitude Northernmost Latitude Southernmost Latitude

Northeastern U.S. -81.2257 -66.0583 49.0223 36.8037

Data File Information

There are four data files in GeoTIFF (*.tif) format included in this dataset. These raster files hold estimates of aboveground biomass in forest and
biomass for carbon sequestration potential for the Regional Greenhouse Gas Initiative (RGGI) domain, including portions of Connecticut, Delaware,
Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, and Vermont.

Table 1. File information and descriptions.

File Name Units Description

above_ground_biomass.tif
Mg

ha-1 Estimated aboveground biomass in forests

carbon_sequestration_potential.tif
Mg

ha-1
Estimated potential for carbon sequestration in forest biomass. 95% of
maximum forest aboveground biomass after 500 years of succession

carbon_sequestration_potential_difference.tif
Mg

ha-1
Difference between aboveground biomass in 2011 and potential for carbon
sequestration

carbon_sequestration_potential_years.tif y Estimated time, in years from 2011, to reach carbon sequestration potential

Data File Details

For all files, the spatial resolution is 90 m, and the no data value is represented as -9999. The coordinate reference system is "Albers Conic Equal Area-
North America," datum NAD83 (EPSG:42303). Each file has 10,980 columns and 12,982 rows.

The units for biomass estimates are megagrams biomass per hectare (Mg ha-1). To convert biomass to carbon units (Mg C ha-1), multiply map values
by 0.5.

3.  Application and Derivation
Planning for climate change mitigation requires models able to project potential future carbon stocks, and forests play a critical role in carbon
sequestration. This dataset results from an updated and expanded high-resolution forest carbon modelling approach previously developed for the state of
Maryland (Hurtt et al., 2019). The model was expanded to 11 states in the Regional Greenhouse Gas Initiative (RGGI) domain, which includes
Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, and Vermont. For the

eight states with complete data, an area of 228,552 km2, the contemporary forest aboveground carbon stock was estimated to be 1,134 Tg C, and the
difference between 2011 C stocks and the forest aboveground carbon sequestration potential was estimated to be >1,770 Tg C (Ma et al., 2021).

4.  Quality Assessment
Uncertainties associated with aboveground biomass estimates were quantified by 4,540 plots from US Forest Service Forest Inventory and Analysis
(FIA). Uncertainties associated with projections of carbon sequestration potential and carbon sequestration potential difference were quantified by a



sensitivity analysis which assessed how changes in net primary productivity (NPP) and disturbance rate alter estimates of future carbon dynamics.

Aboveground biomass estimates show moderate agreement with fine-scale biomass variation in FIA plots and stronger agreement with empirical
estimates from lidar. Estimates were similar to other existing biomass products at the broader state-level scale.

See Ma et al. (2021) for details.

5.  Data Acquisition, Materials, and Methods
This project used a high-resolution forest carbon modelling approach to estimate aboveground biomass forest and assess the potential for carbon
sequestration in forest ecosystems. The approach was applied to portions of 11 U.S. states in the Regional Greenhouse Gas Initiative (RGGI) domain,
which includes Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, and
Vermont.

The study employed an updated version of the Ecosystem Demography (ED) model version 3.0 (Ma et al., 2022), an improved lidar initialization strategy,
and an expanded calibration/validation approach. The ED model integrates submodules of plant demography, hydrology, carbon cycle, and soil
biogeochemistry. ED can track plant dynamics including growth, mortality, and reproduction; carbon dynamics within the simulated plants; and dynamics
of carbon pools in forest ecosystems. The effects of disturbance, such fire and timber harvest, can be included. ED explicitly tracks vegetation structure
and scales fine-scale physiological processes to large-scale ecosystem dynamics (Hurtt et al., 1998; Fisher et al., 2018; Ma et al., 2022).

In this study, model inputs included meteorological data from NASA Daymet and Modern-Era Retrospective analysis for Research and Applications,
Version 2 (MERRA2); soil properties from Probabilistic Remapping of SSURGO (POLARIS) (Chaney et al., 2016) and CONUS-SOIL (Miller and White
1998); forest structure from lidar-derived canopy height (O'Neil-Dunne et al., 2014) and canopy fractional coverage from imagery from
National Agricultural Imagery Program (NAIP); and 2011 landcover from the National Landcover Dataset. These datasets were harmonized to the
resolution of 90 m.

Model initialization linked forest canopy height and canopy fraction with ED simulations to estimate contemporary forest AGB and future carbon
sequestration potential. Canopy height was linked to the ED model through a lookup table, whereby canopy height metrics were used to index associated
state variables in the model. To establish the look-up table, ED was run for each grid cell from initial seedlings for 500 years of succession, which
produced a time series of AGB and canopy height metrics. 

The ED model was initialized with aboveground biomass (ABG) estimated from lidar data for the year 2011, and the resulting aboveground biomass
estimates set a baseline for future carbon sequestration. These initial estimates were validated by comparison to Forest Inventory and Analysis (FIA)
plot data from the USDA Forest Service. They were also compared to aboveground biomass maps from lidar-informed empirical models (Huang et al.,
2019; Tang et al., 2021), and other existing biomass products (Blackard et al., 2008; Saatchi et al., 2012; Kellndorfer et al., 2013; Wilson et al., 2013;
Santoro 2018).

Future carbon sequestration was calculated from both the continued growth of existing trees and newly reforested lands. Following Hurtt et al. (2019),
projection-related metrics were derived: carbon sequestration potential (CSP) was defined as 95% of the future maximum ABG supported by the land
after 500 years of succession, the carbon sequestration potential gap (CSPG) was defined as the difference between CSP and 2011 AGB, and the
carbon sequestration potential time gap was defined as the time in years required to reach CSP from 2011 AGB (Ma et al., 2011).

Future projections were computed using the ED model under contemporary climate conditions. Land cover of wetland, inland water, and the impervious
surface was excluded from future carbon sequestration potential estimates. To assess the model sensitivity to future changes in climate, CSP and
CSPG for Maryland, Delaware, and Pennsylvania were analyzed for all combinations of alternative plant growth and disturbance rates. Specifically, net
primary productivity and disturbance rates were altered by the factors of 50%, 70%, 90%, 100%, 130%, and 150%, respectively.

See Ma et al. (2021) for details of this project.

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

Forest Aboveground Biomass and Carbon Sequestration Potential, Northeastern USA

Contact for Data Center Access Information:

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