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PREFACE

This report was developed by The Water Institute (the Institute) for the U.S. Army Corps of Engineers
(USACE) Engineer Research and Development Center’s (ERDC) Engineering With Nature® (EWN)
Initiative.

The EWN Initiative works toward better integration and alignment of traditional infrastructure approaches
with nature-based solutions (NBS). This document is produced as part of a collaborative effort between
the Institute and ERDC to develop an analytical framework to quantify the climate change mitigation
potential of nature-based carbon capture and storage of U.S. Department of Defense lands.

Questions about this research should be directed to the project lead and Director of Coastal Ecology
Research at the Institute, Tim Carruthers (tcarruthers@thewaterinstitute.org).
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INTRODUCTION

The U.S. Department of Defense (DoD) is the largest institutional producer of greenhouse gases (GHG)
in the world (Crawford, 2019). In response to Executive Order 14008 (Administration of Joseph R. Biden,
Jr., 2021), DoD is tackling the climate change crisis with climate change adaptation and climate change
mitigation by reducing GHG emissions. The DoD operates on more than 25 million acres of land and
water and nearly 5,000 sites in different regions, climates, and landscapes in the U.S., U.S. territories,
affiliated states, and around the world. Encompassing large areas of diverse landscapes across the globe,
DoD installations represent not just strategic assets but also significant ecological resources. Optimizing
land management on these installations presents an opportunity to achieve multiple objectives: enhancing
natural carbon sequestration, bolstering installation resilience and readiness, and supporting biodiversity
conservation.

The U.S. Army Corps of Engineers, Engineer Research and Development Center (USACE ERDC; Larson
et al., 2017) has highlighted the potential for DoD lands to sequester carbon that could contribute to
achieving “carbon neutral” status for DoD facilities and installations. They also state that “while a
significant body of literature and products (including predictive models) exist for carbon accounting, due
to the highly variable and unique nature of DoD lands and land uses, the applicability of these models for
DoD lands is currently unknown.”

The National Oceanic and Atmospheric Administration (NOAA) and Restore America’s Estuaries
(Restore America’s Estuaries, 2016) also identified DoD land as ideal for quantifying climate benefits of
carbon sequestration and storage, and have recommended the development of “a database of blue carbon
storage, sequestration and emission factors that can support landscape-level carbon accounting on coastal
lands.” There is presently no estimate of the climate mitigation potential across DoD lands and
installations.

An efficient and accurate approach is thus needed to quantify the natural carbon capture and storage
potential of DoD lands. This information will guide DoD efforts towards installation climate change
mitigation, resilience, and mission readiness. Meeting these objectives will enable DoD lands to be used
as a model for quantifying natural carbon capture and storage potential more broadly in federal lands.
Once quantified, the potential for transfer into monetary and/or non-monetary benefits, including credit in
governmental agency projects as potential mitigation banks can be investigated. These objectives will also
enable natural carbon capture and storage potential to support holistic, sustainable, and resilient
management (including conservation and restoration) of DoD lands to inform adaptation actions of water
resources and environmental challenges including flood-risk management.

The analytical framework described in this report (Figure 1) was designed to quantify landscape-scale
carbon fluxes within DoD installations and help inform evidence-based strategies to maximize carbon
storage across a variety of ecosystems. To develop the approach and assess transferability across diverse
landscapes, the installations were used as case studies; Fort Moore, Scott Air Force Base, and Tyndall Air
Force Base (Figure 1). This included the development of a database of carbon fluxes of various habitats
(Appendix A and Appendix B) and evaluation of GIS datasets to assess the total area of various habitats

Quantifying Climate Change Mitigation Potential of Nature-based Carbon Sequestration and Storage in U.S. Department of Defense Lands 1



(Appendix C). Together, the information provided by this framework and associated databases can help
empower DoD land managers to make informed decisions that balance environmental and operational
objectives.

Figure 1. Overview of analysis framework

Quantifying Climate Change Mitigation Potential of Nature-based Carbon Sequestration and Storage in U.S. Department of Defense Lands 2



METHODS

SITE DESCRIPTIONS

Three DoD bases were selected to pilot the analytical framework: Fort Moore (Figure 2A), Scott Air
Force Base (AFB; Figure 2B), and Tyndall AFB (Figure 2C). Scott AFB is in St. Clair County, Illinois
approximately 17 miles east-southeast of downtown St. Louis. Tyndall AFB is located on the Gulf of
Mexico coast in Bay County, Florida, 12 miles east of Panama City. Fort Moore is located near
Columbus, Georgia, adjacent to the Alabama-Georgia border.

Figure 2. DoD sites used for this study. (A) Fort Moore, Georgia; (B) Scott AFB, lllinois; (C) Tyndall AFB, Florida.

LAND COVER ANALYSIS

For each DoD site, base boundaries were defined using geospatial polygons compiled by the Defense
Installation Spatial Data Infrastructure Program. Land cover classifications across each base were
imported from the U.S. Geological Survey (USGS) National Land Cover Database (NLCD), which
provides nationwide data on land cover and land cover change at a resolution of 30 m (Table 1). The
NLCD classifies land into 21 cover types, including forests, shrublands, grasslands, wetlands, and
developed areas (Figure 3; Table 2).

Table 1. Datasets for finding area of land cover classes for DoD sites.

Dataset Name Dataset Description Location

DoD Sites Boundaries Feature Layer (polygons) Real Property (osd.mil)

NLCD La_nd Cover (CONUS . . https://www.mrlc.gov/data/nlcd-
[Conterminous U.S.]) Single band raster images

All Years land-cover-conus-all-years

Rasterized land cover data from the NLCD was clipped to DoD site boundaries and subsequently
transformed to simplified polygon vector data layers in ArcGIS Pro (Environmental Systems Research
Institute). The coordinate system was set to USA_Contiguous_Albers_Equal_Area_Conic_USGS_version,
and the desired sites were extracted using the Export Features function. The area (ha) of each land cover
class was then aggregated across each DoD site and summed.

Quantifying Climate Change Mitigation Potential of Nature-based Carbon Sequestration and Storage in U.S. Department of Defense Lands 3
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Figure 3. Example of NLCD classifications from 2019. (A) Fort Moore; (B) Scott AFB; (C) Tyndall AFB. Land cover
classifications are described in Table 2.

Table 2. NLCD land cover class definitions (from: https://www.mrlc.gov/data/legends/national-land-cover-database-

class-legend-and-description).

Habitat Classification Description

Open Water

Areas of open water, generally with less than 25% cover of vegetation or soil.

Perennial Ice/Snow

Areas characterized by a perennial cover of ice and/or snow, generally greater
than 25% of total cover.

Developed, Open Space

Areas with a mixture of some constructed materials, but mostly vegetation in the
form of lawn grasses. Impervious surfaces account for less than 20% of total
cover. These areas most commonly include large-lot single-family housing units,
parks, golf courses, and vegetation planted in developed settings for recreation,
erosion control, or aesthetic purposes.

Developed, Low Intensity

Areas with a mixture of constructed materials and vegetation. Impervious surfaces
account for 20% to 49% percent of total cover. These areas most commonly
include single-family housing units.

Developed, Medium
Intensity

Areas with a mixture of constructed materials and vegetation. Impervious surfaces
account for 50% to 79% of the total cover. These areas most commonly include
single-family housing units.

Developed, High Intensity

Highly developed areas where people reside or work in high numbers. Examples
include apartment complexes, row houses and commercial/industrial. Impervious
surfaces account for 80% to 100% of the total cover.

Quantifying Climate Change Mitigation Potential of Nature-based Carbon Sequestration and Storage in U.S. Department of Defense Lands
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Habitat Classification Description

Barren Land

Avreas of bedrock, desert pavement, scarps, talus, slides, volcanic material, glacial
debris, sand dunes, strip mines, gravel pits and other accumulations of earthen
material. Generally, vegetation accounts for less than 15% of total cover.

Deciduous Forest

Areas dominated by trees generally greater than 5 meters tall, and greater than
20% of total vegetation cover. More than 75% of the tree species shed foliage
simultaneously in response to seasonal change.

Evergreen Forest

Areas dominated by trees generally greater than 5 meters tall, and greater than
20% of total vegetation cover. More than 75% of the tree species maintain their
leaves all year. Canopy is never without green foliage.

Mixed Forest

Areas dominated by trees generally greater than 5 meters tall, and greater than
20% of total vegetation cover. Neither deciduous nor evergreen species are greater
than 75% of total tree cover.

Shrub/Scrub

Areas dominated by shrubs; less than 5 meters tall with shrub canopy typically
greater than 20% of total vegetation. This class includes true shrubs, young trees
in an early successional stage or trees stunted from environmental conditions.

Herbaceous/Grassland

Areas dominated by graminoid or herbaceous vegetation, generally greater than
80% of total vegetation. These areas are not subject to intensive management such
as tilling but can be utilized for grazing.

Hay/Pasture

Avreas of grasses, legumes, or grass-legume mixtures planted for livestock grazing
or the production of seed or hay crops, typically on a perennial cycle. Pasture/hay
vegetation accounts for greater than 20% of total vegetation.

Cultivated Crops

Areas used to produce annual crops, such as corn, soybeans, vegetables, tobacco,
cotton, and perennial woody crops such as orchards and vineyards. Crop
vegetation accounts for greater than 20% of total vegetation. This class also
includes all land being actively tilled.

Woody Wetlands

Areas where forest or shrubland vegetation accounts for greater than 20% of
vegetative cover and the soil or substrate is periodically saturated with or covered
with water.

Emergent Herbaceous
Wetlands

Areas where perennial herbaceous vegetation accounts for greater than 80% of
vegetative cover and the soil or substrate is periodically saturated with or covered
with water

NET ECOSYSTEM CARBON BALANCE (NECB)

Calculations

NECB represents the overall ecosystem carbon flux balance from all sources and sinks, including
physical, biological, geological, and anthropogenic processes (Chapin et al., 2006). By definition, a
positive NECB represents a net carbon flux to the atmosphere (i.e., a carbon source) while a negative
NECB represents a net carbon flux into the soil and flora (i.e., a carbon sink). The NECB of each base (in
t CO.e yrt) was calculated using a modified method (Eq. 1 and Eq. 2) described by Baustian et al. (2023):

Quantifying Climate Change Mitigation Potential of Nature-based Carbon Sequestration and Storage in U.S. Department of Defense Lands
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Where i represents the 16 possible NLCD habitat classification types (Table 2) and ANPP, SA, GHG, and
area are as follows:

e Aboveground Net Primary Productivity (ANPP;): The average live aboveground plant
biomass produced within one year (t CO.e ha* yr?) in habitat i. Equivalent to the total amount of
carbon fixed through photosynthesis after accounting for carbon released by plants via
autotrophic respiration.

e Soil Carbon Accumulation Rate (SAi): The average net amount of carbon (t CO,e ha yr?)
which accumulates in soils and sediments each year in habitat i. Equivalent to the amount of
carbon that is fixed by plant roots and stored in soils each year while also accounting for the
accumulation of dead belowground biomass, aboveground litter, and captured allochthonous
carbon (Troxler et al., 2013).

e Greenhouse Gas Fluxes (GHG;): The average annual flux of the non-CO, greenhouse gases
CHs and N2O (t COze hat yr?) in habitat i. CO; is excluded because CO; balance is already
accounted for in ANPP and soil accumulation rates.

e area;: The total area (ha) of habitat i on the base

NECB uncertainty was calculated using Eq. 3 and Eq. 4 by combining the uncertainties of ANPP, SA,
and GHG following the Intergovernmental Panel on Climate Change (IPCC) good practice guidance for
uncertainty management in greenhouse gas inventories (Penman et al., 2000).

(O'ANPPL-Z +0s4,24 O'GHGL-Z) x area;?

U; = (3)

(|HANPPi|+|HSAi|+|HGHGL-|) X area;

Uncertainty Base NECB (%) = f 16, U2 %100 4)

Where Ui is the relative NECB uncertainty for each habitat i, and o and p are the sample standard
deviation and mean, respectively, of the literature-derived values for ANPP, SA, and GHG.

Estimation of ANPP, SA, and GHG

ANPP rates, SA rates, and GHG fluxes were assumed to be spatially uniform within each habitat type and
were estimated for each habitat type (Table 3) using a comprehensive literature review (Appendix A).

Quantifying Climate Change Mitigation Potential of Nature-based Carbon Sequestration and Storage in U.S. Department of Defense Lands 6



Table 3. ANPP rates, SA rates, non-CO2 GHG fluxes (mean * sd) for each of the 16 NLCD habitat types. All values
are t COze halyr?,

Habitat ANPP SA (e1[€]
Open Water -3.67 £ 3.30 -7.28 +4.88 0.19+£0.21
Perennial Ice/Snow 0.00 £ 0.00 0.00 £ 0.00 0.24£0.11
Developed, Open Space -10.3+£9.29 -1.42+£1.28 0.00 +0.00
Developed, Low Intensity -6.58 + 5.92 -0.91+0.82 0.00 +0.00
Developed, Medium Intensity 2711244 -0.37+£0.34 0.00+0.00
Developed, High Intensity 0.00+0.00 0.00+0.00 0.00 +0.00
Barren Land 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00
Deciduous Forest -2.90 £ 1.46 -1.06 £1.91 0.12 + 0.27
Evergreen Forest -4.81 +3.73 -0.79+£2.35 0.12 £0.27
Mixed Forest -3.86 + 2.83 -0.97 £2.17 0.12 £ 0.27
Shrub/Scrub -3.26 £ 0.70 -0.45+0.36 -0.03+0.05
Herbaceous/Grassland -12.9 + 4.36 -1.78 £1.13 -0.01 £ 0.01
Hay/Pasture -18.56 + 6.89 -2.84 +1.27 0.03+0.00
Cultivated Crops 0.00 £ 0.00 -1.44 +1.04 0.07 £ 0.00
Woody Wetlands 161+728 | -885+394 |200%
24.07
Emergent Herbaceous Wetlands -33.84+£19.34 | -7.19+4.22 25.4 + 34.04

Reliable data for SA rates in developed areas (e.qg., single-family housing units, parks, golf courses,
commercial properties, etc.) were not available and were thus estimated by assuming developed areas
consisted of various mixes of lawn grass and impervious surfaces. As such, developed areas were
modeled as various proportions of undeveloped grasslands. SA rates in open, low, and medium developed
habitats were estimated at 80%, 51%, and 21% of the corresponding grassland habitat rate, respectively
while rates in highly developed habitats were assumed to be zero.

As described in the 2019 refinement to the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories (Eggleston et al., 2006), accurate estimates emissions of non-CO, GHG fluxes (N-O and CH.)
in developed areas are a known knowledge gap. Hence, GHG fluxes in developed areas were set to zero
for this study.

ANPP Estimation for Forest Habitats

Among the three bases, forests were a predominant habitat: forests and woody habitats constituted over
74% and 48% of the total land area at Fort Moore and Tyndall AFB, respectively, while at Scott AFB,
forested habitats rank as the most extensive habitat (15.1%) after developed areas. Hence, in addition to
the literature review, carbon stock/flux data from the Global Forest Watch (Global Forest Watch, 2002)
and National Forest Carbon Monitoring System (NFCMS) databases (Williams et al., 2021; Table 4) were
used to supplement estimates of forest ANPP rates at the three study sites (Appendix B).

Quantifying Climate Change Mitigation Potential of Nature-based Carbon Sequestration and Storage in U.S. Department of Defense Lands 7



Table 4. List of carbon stocks and fluxes for forest habitat

Spatial

. Carbon flux or stock
Resolution

Source Organization

Forest carbon removal (Mg COy/ha),
30m Fluxes Forest carbon emissions (Mg CO/ha),
Forest carbon net flux (Mg CO./ha)

World Forest Global Forest
Map Watch

Forest Carbon Aboveground biomass (AGB),

Stocks and S
Fluxes from the total live biomass, total ecosystem
NASA 30m Stock/Fluxes | carbon, aboveground coarse woody
NFCMS, .
. debris (CWD), and net ecosystem
Conterminous L
USA productivity (NEP)

NET ECOSYSTEM EXCHANGE (NEE)

Calculations

NEE is a measure of the net exchange of carbon between the atmosphere and ecosystem carbon pools,
including above- and below-ground biomass, soil organic matter, and dead organic matter. NEE is
calculated as the difference between the carbon uptake by photosynthesis and the carbon loss by
respiration and other processes. A positive NEE represents a net carbon flux to the atmosphere (i.e., a
carbon source) while a negative NEE represents a net carbon flux into the physical environment (i.e., a
carbon sink).

NEE rates across each base (t COe yr™) were calculated using Eq. 5 and Eq. 6,

NEE; = pungg; X area; (5)
_ yi6
NEEpase = i=1 NEE; (6)

Where i represents the 16 possible NLCD habitat classification types (Table 2) and p is the mean NEE
rates (t COze ha? yr?) derived from FLUXNET (Pastorello et al., 2020). Following the IPCC method
described above for NECB uncertainty (Penman et al. 2000), NEE uncertainty was calculated similarly
using Eqg. 7 and Eq. 8 by combining NEE uncertainties of all habitats across each base.

GNEEi X area;

Ui (7

||J-NEEi | X area;

Uncertainty Base NEE (%) = f 16, U2 %100 (8)

Where Ui is the relative uncertainty of NEE for each habitat i, and o is the sample standard deviation of
measured NEE rates.

Eddy-Covariance Measurements of NEE

Directly measured NEE rates were downloaded and collated from the AmeriFlux network’s FLUXNET
and BASE databases, a comprehensive repository of carbon, water, and energy flux measurements from
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various ecosystems across the Americas. The databases provide continuous measurements of Net
Ecosystem Exchange (NEE), among other variables, which were used to calculate NEE rates for different
land cover types. FLUXNET-based NEE rates for each NLCD land cover type were aggregated by
averaging the yearly NEE measurements from all sites falling within that land cover type (Table 5).

Developed areas were assumed to primarily be various mixtures of lawn grasses and impervious surfaces

and thus NEE rates for developed areas were estimated using proportions of the FLUXNET data products

for undeveloped grasslands.

Table 5. NEE rates (average + sd) for each NLCD habitat classification based on AmeriFlux network data. Units for

values are t CO2ze hat yr?.

Habitat N== AmeriFlux FLUXNET datasets used

Open water 6.13+0.46 Water Bodies sites

Perennial ice/snow -3.07+£2.4 Snow and Ice sites

Developed, open space -2.19+£8.1 Grassland sites @ 80%

Developed, low intensity -1.39+£6.54 Grassland sites @ 51%

af;’:;i'[y’ed medium 057382 | Grassland sites @ 21%

Developed, high intensity | 0.00 + 0.00 Assumed to be negligible

Barren land -0.01 +0.09 BASE sites: US-A03 and US-A10

Deciduous forest -6.15 + 15.36 | Deciduous Needleleaf and Deciduous Broadleaf sites

Evergreen forest -7.03+£11.09 | Evergreen Needleleaf Forest sites

Mixed forest -3.4 £15.19 Mixed Forest sites

Shrub/scrub -1.59+£3.75 Open Shrubland sites

Grassland/herbaceous -2.73+10.12 | Grassland sites

Hay/Pasture 0.16 + 12.81 Pasture sites: US-Snf, US-XAE, US-xSR, US-xCL, US-xNQ, and

US-Jol

Cultivated crops -6.48 + 18.18 | Cropland sites

Woody wetlands -9.34 £ 12.46 | Forested wetland sites: US-Orv and US-NC4.

Herbaceous wetlands -11.15+ Herbaceous wetland sites: US-EDN, US-HB1, US-KS3, US-Myb,
12.58 US-OWC, US-Sne, US-Tw1, US-Tw5, and US-xDS
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RESULTS

Two different approaches were used to quantify carbon fluxes by habitat across Fort Moore, Scott AFB,
and Tyndall AFB. The first method calculated carbon flux as a NECB and used a comprehensive
literature review to estimate the habitat-scale net carbon flux from aboveground net primary production,
soil carbon accumulation, and non-CO, GHG emissions. The second method calculated carbon flux as a
NEE rate, and instead relied on direct measurements of CO, exchange from each habitat type using the
eddy covariance method. Both approaches utilized habitat land cover classifications from the NLCD.

NLCD land cover classifications for 2001 to 2021 are detailed in Appendix C. There were site-specific
differences in the similarity of calculated NECB and NEE at each of the three DoD installations (Figure
4). For Tyndall AFB, both approaches estimated similar overall carbon sequestration rates between -0.06
and -0.07 MMT COgelyear, although uncertainty with the NEE approach was approximately three-fold
lower on average. In contrast, the NECB and NEE approaches for Fort Moore differed by ~13%,
representing a moderate difference of 0.06 MMT COze/year, and average uncertainty with the NECB
approach (£ 0.28 MMT COxe/year) was lower than the NEE approach (+ 0.38 MMT CO.e/year). The
largest differences were observed at Scott AFB, where the NECB approach estimated natural carbon
sequestration rates and uncertainties approximately two-fold larger than those predicted via NEE.
However, this represented a difference of less than 0.01 MMT COze/year in absolute terms due to the
relatively small land area at Scott AFB.
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Figure 4. Net ecosystem carbon balance by habitat for Fort Moore, Scott AFB, and Tyndall AFB. Error bars denote
the percent uncertainty of NECB summed across all habitats at each base. MMT = million metric tonnes. Negative
values indicate net carbon storage while positive values indicate net release to the atmosphere.

All installations were quantified as being a net annual sink for GHG over the twenty-year period of
analysis using both the NECB and NEE approach. It is important to note that some habitats within each
installation may reach an equilibrium point where annual carbon sequestration becomes saturated and is
balanced by decomposition, resulting in no additional storage (Gulde et al., 2008). This equilibrium is
ultimately dictated by the decay rate of the most stable carbon pool, which is in turn influenced by various
factors including soil texture, mineralogy, nutrient availability, and past and current management
practices. Climate also plays a role, with factors like soil temperature and moisture affecting
decomposition rates. Equilibrium state is also strongly affected by the extensity, magnitude, and
frequency of disturbances like fire (Wardle et al., 2003), drought, nitrogen deposition (Luo & Weng,
2011) or erosion (Polyakov & Lal, 2004), which can partially reset the current equilibrium state for
decades or centuries. Furthermore, the total carbon storage potential of a habitat at equilibrium can also
change over time as long-term changes in weathering patterns alter the stability of humic compounds. As
such, it is challenging to definitively determine whether a site is currently at carbon equilibrium. Indeed,
although equilibrium state can be estimated using direct field measurements of soil carbon stocks and
decay rates, these field measurements need to be conducted for several decades to infer if a site is near
equilibrium because any changes in current carbon stocks or decay rates may only reflect inter-annual
variance (Wutzler & Reichstein, 2007) Therefore, while these results show net negative carbon fluxes for
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each over the study period, further investigation would be needed to determine the multi-decadal stability
and total potential of this storage at each site.

FORT MOORE

Fort Moore, the largest DoD site piloted under this framework (~73,500 ha) had a mean installation-wide
carbon sequestration rate between -0.43 (NECB) and -0.37 (NEE) MMT COze/year. Using the NECB
approach, the highest ANPP and SA rates within Fort Moore were observed in mesic hardwood forests
located in lowland areas alongside clearwater creeks, drains, and ponds (Figure 5). However, because
these lowland areas are classified as woody wetlands in the NLCD, the NECB approach assumes them to
also have elevated GHG rates. These floodplain and seepage forests thus contribute minimally to the
overall natural carbon sequestration capacity of Fort Moore under an NECB framework, despite their
elevated ANPP and SA rates. In contrast, most of the annual net carbon sequestration across Fort Moore
is driven by extensive areas of well-drained pine, pine-hardwood, or grassland dominated uplands.

SCOTT AFB

Scott AFB, due to its small size (~1,200 ha), has the lowest average carbon sequestration rate overall
(NECB: -0.006 MMT CO-e/year, NEE: -0.003 MMT CO2e/year). Most natural carbon sequestration at
Scott AFB is driven by tree growth (i.e., ANPP) and soil carbon accumulation within a riparian forest
(woody wetland NLCD classification) located on the eastern boundary of the base (Figure 6). However,
this forest is located in a lowland area within the Silver Creek floodplain and is identified as a woody
wetland in the NLCD. Thus, the ANPP and SA carbon sinks within this forest were potentially offset by
large non-CO, GHG emissions during periods of inundation which promote methane production.
However, this is based on broad assumptions, and methane production in freshwater, woody wetlands is
highly variable and difficult to predict accurately (Rosentreter et al., 2021). These periods of elevated
emissions likely fluctuate in magnitude, contributing significantly to uncertainty in carbon flux
calculations. For example, in Scott AFB's overall NECB, 52% of the uncertainty stems from carbon flux
within this forest, with 89% of that uncertainty specifically linked to methane emissions (Table 7). Given
the small spatial extent of Scott AFB and the fact that this ~168 ha forest alone represents over 14% of
total base’s land cover, the overall carbon flux from this base may intermittently shift from net negative to
net positive during periods of high GHG emissions from this forest.

TYNDALL AFB

Tyndall AFB (~11,800 ha) natural habitats consist primarily of tidal wetlands and coastal longleaf pine
forests and had an average base-wide carbon sequestration rate of -0.06 MMT CO.e/year (NECB)

and -0.07 MMT CO.e/year (NEE). Unlike Scott AFB and Fort Moore, natural carbon sequestration at
Tyndall was driven by very high ANPP and SA rates present in emergent herbaceous wetlands (-33.8 and
-7.2t COze hat y!, respectively). While some of the sequestration capacity of these wetlands was offset
by non-CO, GHG emissions, these wetlands remain overall carbon sinks for Tyndall AFB (Figure 7). In
addition, non-CO,; GHG emissions from these wetlands are likely overestimated as NLCD does not
differentiate between fresh, intermediate, brackish, and saline wetlands. Sulfate from seawater inhibits
methane production, therefore GHG rates from Tyndall’s herbaceous wetland habitats are expected to be
low, given their proximity to the Gulf of Mexico. As a result, NECB rates for Tyndall AFB are likely
more negative (stronger sinks) than estimated under this framework.

Quantifying Climate Change Mitigation Potential of Nature-based Carbon Sequestration and Storage in U.S. Department of Defense Lands 12



Figure 5. ANPP, SA, GHG, and NECB rates for Fort Moore in 2021.
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Figure 6. ANPP, SA, GHG, and NECB rates for Scott AFB in 2021.
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Figure 7. ANPP, SA, GHG, and NECB rates for Tyndall AFB in 2021
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Habitat

Evergreen Forest

% of base
area

Table 6. The proportion of base-wide carbon flux uncertainty from each habitat at Fort Moore.

Relative NECB
uncertainty (%)

Relative NEE
uncertainty (%)

Woody Wetlands

Shrub/Scrub

Mixed Forest 19.0 125 24.5
Deciduous Forest 16.3 7.4 21.3
Herbaceous/Grassland 10.2 7.0 8.8

Developed, Open Space

Developed, Low Intensity

Developed, Medium Intensity

Hay/Pasture

Open Water

Barren Land

Cultivated Crops

Developed, High Intensity

Emergent Herbaceous Wetlands

Table 7. The proportion of base-wide carbon flux uncertainty from each habitat at Scott AFB.
Habitat % of base  Relative NECB Relative NEE
area uncertainty (%) uncertainty (%)

Shrub/Scrub

Developed, Medium Intensity 27.6 7.9 16.6
Developed, Low Intensity 25.8 17.9 26.5
Developed, Open Space 16.3 17.7 20.7
Woody Wetlands 14.3 28.1
Developed, High Intensity 114
Hay/Pasture 1.6 14 3.3
Herbaceous/Grassland 0.8 1.2
Open Water 0.6
Deciduous Forest 0.5
Emergent Herbaceous Wetlands 0.3
Cultivated Crops
Mixed Forest

Table 8. The proportion of base-wide carbon flux uncertainty from each habitat at Tyndall AFB.

- % of base  Relative NECB Relative NEE ‘
area uncertainty (%) uncertainty (%)
Woody Wetlands 313 \
Evergreen Forest 171 52 21.0
Emergent Herbaceous Wetlands 11.9 32.8 16.7
Barren Land 11.8
Developed, Open Space 8.1 4.1 7.3
Developed, Low Intensity 6.2 2.0 4.5
Developed, Medium Intensity 41 17
Shrub/Scrub 3.3 14
Herbaceous/Grassland 3.1 3.6
Open Water 2.6
Developed, High Intensity 1.8
Hay/Pasture

Deciduous Forest

Mixed Forest
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DISCUSSION

Quantification of the carbon sequestration potential of DoD lands is required for informed climate
mitigation strategies. This report explores two approaches to quantify carbon fluxes across the diverse
range of habitats found on DoD lands: a literature-based method using NECB and a measurement-based
approach using NEE via eddy covariance towers. Outputs from both approaches demonstrate that lands
within Fort Moore, Scott AFB, and Tyndall AFB all acted as net carbon sinks over a 20-year period.

Large differences in net carbon flux between the three studied installations were observed. Over the 20-
year study period, the mean total flux at Fort Moore was approximately -0.4 MMT CO.e per year, about
100-fold higher than Scott AFB (-0.004 MMT COze per year) and about 6-fold higher than Tyndall AFB
(-0.06 MMT CO2e per year). These differences largely reflect the difference in land area extent of each
base. On a per hectare difference, the calculated carbon fluxes using both approaches were comparable
(Figure 8).

Figure 8. NECB and NEE rates for Fort Moore, Scott AFB, and Tyndall AFB were comparable on a per hectare basis.
Error bars denote 95% confidence intervals.

Both the NECB and NEE approaches piloted in this framework offer insights into carbon flux dynamics
at each base, though each approach has different strengths and weaknesses (Table 9). The NECB
approach leverages existing data, providing a cost-effective means for initial evaluations and installation-
wide assessments of carbon dynamics. However, it includes uncertainties and assumptions that arise from
aggregating point measurements from these source studies into an average annual rate or flux. For
example, measurements in the source studies likely do not reflect conditions for the entire habitat over the
course of a year. In contrast, the NEE approach relies on highly accurate, localized carbon flux
measurements from the AmeriFlux network of eddy covariance towers. While the precision of eddy
covariance measurements is unmatched for the areas surrounding the deployed towers, carbon flux is
known to be highly spatially variable and so, at larger spatial scales, these remain proxy estimates that
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likely differ from specific habitats on each base. Additionally, only a small minority of eddy covariance
towers in the AmeriFlux network are equipped to measure methane and thus AmeriFlux NEE
measurements are based on CO- flux alone. This creates a discrepancy between the two approaches
within wetland habitats where CH, and N2O emissions may be high and partially offset CO- sinks. For
example, this discrepancy in non-CO2 GHG accounting is responsible for a substantial amount of the
difference between the NECB and NEE estimates for Scott AFB: the estimated carbon flux for the woody
wetland habitats located in the Silver Creek floodplain are much more negative under the NEE approach
(Figure 4).

Table 9. Strengths and weaknesses of the two carbon flux quantification approaches detailed in this framework.

Approach Strengths WWEEUGESSES

NECB (Net Ecosystem Leverages existing data, making it cost-  Inherits uncertainties and potential biases

Carbon Balance) effective. Suitable for regional from underlying datasets. Inherent
assessments and initial evaluations. accuracies from scaling up from localized
Decomposes carbon flux into ANPP, studies. Significant uncertainty in some
SA, and GHG, providing further insight habitats, especially wetlands. NLCD
into specific sources and/or sinks on classifications do not differentiate
each base. between wetland types, which differ

significantly in overall carbon flux.

NEE (Net Ecosystem Utilizes highly accurate, localized Based only on CO; flux; estimates likely

Exchange) measurements for each habitat type. underestimated in habitats with high non-
Data available at multiple timescales CO; GHG emissions (e.g., CH4 emissions
(hourly, daily, weekly, etc.), enabling in wetlands). High uncertainty around
increased temporal resolution (e.g., habitat types that are poorly represented
seasonal). (e.g., developed areas) in the AmeriFlux

network. Requires extrapolating tower
measurements from habitat proxies that
are similar but not identical to the target
study area. Does not identify source of
carbon flux (e.g., plant growth vs soil
carbon accumulation). NLCD
classifications do not differentiate
between wetland types, which differ
significantly in overall carbon flux.

Both the NECB and NEE frameworks described here have several limitations. Both approaches
intrinsically aim to decompose carbon fluxes into distinct habitat categories identified through the NLCD.
Intra-habitat variability is thus difficult to capture with either approach. This is especially the case for
wetland habitats for which the various subtypes (i.e., fresh, intermediate, brackish, and saline) are known
to have high variation in carbon flux potential (Luo et al., 2019). Likewise, data on carbon flux is largely
lacking for developed areas, both in the literature and in the AmeriFlux network—which currently
possesses only eight stations reporting data in developed areas (although all are provided only through the
BASE pipeline, and do not report NEE). This limitation is less important for estimates at Fort Moore,
where developed areas all together represent only 7.7% of the bases total area. However, the lack of data
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on urban and suburban carbon fluxes is more pressing for Tyndall AFB and Scott AFB, where all
developed areas represent 20.2% and 81.1% of each bases total area, respectively.

ALTERNATIVE HABITAT CLASSIFICATIONS

The recent emergence of the Land Cover Monitoring Assessment and Projection (LCMAP) database
(Brown et al., 2020) alongside the well-established NLCD presents both opportunities and challenges for
land use/land cover analyses. NLCD boasts a long history and standardized methodology, offering
consistent high-resolution data from 2001 to 2021 for long-term trend analysis (Homer et al., 2020).
However, its 2-to-3-year update cycle limits its ability to capture rapid land surface changes. LCMAP,
meanwhile, represents a new generation of land cover mapping that offers annual updates from 1985 to
2021 with the same nominal 30-m spatial resolution as the NLCD, but uses a land cover scheme with only
eight land cover classes (Table 10)—as opposed to the 16 land cover classes provided by the NLCD.
Thus, NLCD has better thematic detail (i.e., habitat classifications) and is ideal for studying spatial
patterns (such as the framework detailed in this report). On the other hand, LCMAP excels at capturing
land use changes in the year they occur and its larger historical period (37 years), which may be more
useful to modeling the impacts of disturbances at each base or building predictive machine learning based
carbon flux models that require a more extensive training set than can be offered by the NLCD.
Ultimately, leveraging both databases, along with careful consideration of their strengths and limitations,
can offer a more comprehensive understanding of land-use dynamics at each base.

Table 10. LCMAP land cover class definitions.

Habitat Classification description

Avreas of intensive use with much of the land covered with structures (e.g., high density residential,
commercial, industrial, or transportation), or less intensive uses where the land cover matrix
Developed | includes vegetation, bare ground, and structures (e.g., low density residential, recreational
facilities, cemeteries, transportation/utility corridors, etc.), including any land functionally related
to the developed or built-up activity.

Land in either a vegetated or unvegetated state used in production of food, fiber, and fuels. This
includes cultivated and uncultivated croplands, hay lands, orchards, vineyards, and confined
livestock operations. Forest plantations are considered as Tree Cover class regardless of the use of
the wood products.

Land predominantly covered with shrubs and perennial or annual natural and domesticated grasses
Grass/Shrub | (e.g., pasture), forbs, or other forms of herbaceous vegetation. The grass and shrub cover must
comprise at least 10% of the area and tree cover is less than 10% of the area.

Tree-covered land where the tree cover density is greater than 10%. Cleared or harvested trees

Cropland

Tree Cover (i.e., clearcuts) will be mapped according to current cover (e.g., Barren, Grass/Shrub).

Water Areas covered with water, such as streams, canals, lakes, reservoirs, bays, or oceans.
Lands where water saturation is the determining factor in soil characteristics, vegetation types, and

Wetland animal communities. Wetlands are comprised of mosaics of water, bare soil, and herbaceous or
wooded vegetated cover.

lce/Snow Land V\{he_re accumulated snow and ice does not completely melt during the summer period (i.e.,
perennial ice/snow).

Barren Land comprised of natural occurrences of soils, sand, or rocks where less than 10% of the area is

vegetated.
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CONCLUSIONS

The framework presented in this report allows one to rapidly estimate landscape-scale net carbon flux
across a wide range of habitat types on DoD installations. Two quantification approaches—a literature-
based NECB and eddy-covariance based NEE approach—were detailed and applied to three DoD
installations of varying sizes and with different ecosystem representations. The estimated relative
uncertainty of these two approaches varied between £ 62% and + 265%. All three installations were
guantified as being a net annual sink for GHG over two decades, although determining both if and when
these annual sink rates saturate the total carbon storage potential of each base will require long-term on-
site monitoring.

Both quantification approaches used solely publicly available data and could therefore be applied to all
facilities in the U.S. (the current extent of the NLCD). However, applying this framework at DoD bases
located outside the U.S. would require the use of an alternative land classification approach, such as the
WorldCover database (Zanaga et al., 2022), which uses Sentinel-1 and Sentinel-2 data to supply a global
map of land cover. Compared to the NLCD, WorldCover provides higher spatial resolution (10 m), but is
only available for 2020 and 2021, has a lower overall landcover accuracy of ~75% (versus ~90.3% for
NLCD in 2019), and has only 11 habitat classifications. Due to its higher accuracy and better thematic
resolution in developed areas (i.e., open, low-, medium-, and high-intensity), the use of the NLCD
approach is recommended for DoD facilities located within the contiguous U.S., Alaska, or Hawaii. For
facilities located in other countries or overseas U.S. insular areas (e.g., Guam), the WorldCover database
provides an acceptable drop-in substitute.

Beyond quantifying net carbon fluxes across an entire DoD installation, the methodologies detailed in this
framework will be useful for future planning and decision-making efforts by the DoD and/or USACE
regarding landscape-scale GHG fluxes. Although the uncertainties around estimated net carbon fluxes
remain large in many cases, this framework nonetheless represents a desktop approach that can rapidly
identify locations within DoD installations where natural carbon sequestration rates are high without the
need for expensive and laborious field surveys. Furthermore, this framework can also help identify
locations where carbon flux uncertainties are large, and thus help land managers easily identify specific
sites where investment in on-site monitoring would provide the most impact in reducing carbon flux
uncertainties (Table 11). For installations where the uncertainty of non-CO, GHG fluxes is dominant
(e.g., due to the presence of large expanses of wetlands), this might involve deploying mobile or fixed-
point flux towers within habitats where the uncertainty for these emissions is high. For example, at Scott
AFB, almost a third of the entire installation’s net carbon flux uncertainty is due to potential methane
emissions from the forest located within the Silver Creek floodplain (Table 11). Targeted field campaigns
in these locations would provide more localized data on methane and nitrous oxide exchange, reducing
uncertainty for more accurate carbon flux accounting. Alternatively, at DoD sites that contain large areas
of development relative to installation size (e.g., Scott AFB), or extensive expanses of forested lands (e.g.,
Fort Moore), then ANPP may also represent a significant level of uncertainty. At these sites, high-
resolution remote sensing with advanced spectral analysis of satellite or drone imagery could reveal
variations in vegetation health and productivity and improve ANPP estimates.
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Table 11. The five largest sources of uncertainty in net carbon flux estimates at Ft. Moore, Scott AFB, and Tyndall
AFB.

Installation Habitat Parameter Relative uncertainty (%)
Woody Wetlands GHG 25.8%
Evergreen Forest ANPP 14.1%
Ft Moore Evergreen Forest SA 8.9%
Woody Wetlands ANPP 7.8%
Mixed Forest ANPP 6.7%
Woody Wetlands GHG 35.4%
Developed, Low Intensity ANPP 15.7%
Scott AFB Developed, Open Space ANPP 15.5%
Woody Wetlands ANPP 10.7%
Developed, Medium Intensity ANPP 6.9%
Woody Wetlands GHG 36.2%
Emergent Herbaceous Wetlands GHG 19.4%
Tyndall AFB Emergent Herbaceous Wetlands ANPP 11.0%
Woody Wetlands ANPP 11.0%
Woody Wetlands SA 5.9%

Lastly, following draft guidance from the White House Office of Management and Budget that
recommends the inclusion of GHG effects in assessing changes in ecosystem services in cost-benefit
analyses (Office of Information and Regulatory Affairs & Office of Management and Budget, 2023), this
framework could also serve as a valuable tool to quantify additional carbon benefits of USACE civil
works, military construction, and environmental projects. This may also support USACE study teams in
meeting new Agency Specific Procedures to meet the requirements in the draft Principles, Requirements,
and Guidelines (USACE, 2024) for including and evaluating the public benefits of nature-based
alternatives in that it provides a tool for evaluating and quantifying carbon benefits of such features.
Furthermore, this framework could aid efforts to include GHG flux quantification as a criterion for project
prioritization or facility planning, ensuring that environmental considerations are included in strategic
planning efforts by the DoD. This framework, therefore, not only serves as a baseline for current and
future environmental impact assessments but also paves the way for a more sustainable and informed
approach to managing DoD lands and projects in the future.
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APPENDIX A. LOOKUP TABLE FOR ANNUAL NET
PRIMARY PRODUCTIVITY, SEDIMENT ACCRETION,

AND NON-CO2 GREENHOUSE GAS FLUX

Through comprehensive literature reviews, aboveground net primary productivity (ANPP), sediment/soil
accumulation rate, and non-CQO; greenhouse gas (GHG) flux across a total of 16 habitats represented in
the three DoD sites were collected and compiled for this study.

A.1 ABOVEGROUND NET PRIMARY PRODUCTIVITY (ANPP)

Table A-1. Aboveground net primary productivity values obtained from published literature.

Habitat

Open Water (All types

AG primary
productivity rates

(tonne CO2e ha't
yr)

References

Shrub/Scrub

(control/draught/warming temperature
treatment)

(-0.77-/-0.67/-0.76)

of water) Phytoplankton growth (Louisiana) -3.67 (Day, 1973)
Snow: Digitaria eriantharyo,
Perennial Ice/Snow D!g!tar!a er!anthaonlte algae_; I_ce:_ -0.004 (Anesio et al., 2009)
Digitaria erianthayanoba, Digitaria
erianthateria algae
Developed, Open Uses ANPP values from _
Space Herbaceous/Grassland habitats, -10.321 -
reduced by 20%
Developed, Low Uses ANPP values from _
Intensity Herbaceous/Grassland habitats, -6.580 -
reduced by 49%
. Uses ANPP values from
IIDnin?:I;(i)ts/ed' Medium Herbaceous/Grassland habitats, -2.709 -
reduced by 79%
Develgped, High ANPP assumed to be zero. 0.000 -
Intensity
Barren Land ANPP assumed to be zero. 0.000 -
National Forest Carbon
Deciduous Forest Elm/Ash/Cottonwood -2.905 Monitoring System. See
Table B-1.
National Forest Carbon
Evergreen Forest Loblolly/Shortlear Pine -4.814 Monitoring System. See
Table B-1.
National Forest Carbon
Mixed Forest Average of Deciduous and Evergreen | -3.860 Monitoring System. See
Table B-1.
United Kingdom — mean 073

(Reinsch et al., 2017)
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Habitat

The Netherlands — mean
(control/draught/warming temperature
treatment)

AG primary
productivity rates

(tonne CO2e ha't
yr)

-1.15
(-1.36/-0.83/-1.27)

Denmark-Mols- mean
(control/draught/warming temperature
treatment)

-1.00
(-1.13/-0.77/-1.11)

Denmark-Brandbjerg — mean
(control/draught/warming temperature
treatment)

-1.86
(-1.83/-1.84/-1.90)

Hungary — mean
(control/draught/warming temperature
treatment)

-0.32
(-0.31/-0.26/-0.39)

Spain — mean
(control/draught/warming temperature
treatment)

-0.71
(-0.74/-0.61/-0.77)

Italy — mean
(control/draught/warming temperature
treatment)

-0.45
(-0.53/-0.29/-0.54)

References

Herbaceous/Grassland

Alpine meadow -10.129
Annual grassland -13.405
Arid grassland -20.304
Basin grassland -5.358
Burned prairie -11.561
Chihuahuan Desert grassland -13.710
Cool season meadow -19.818
Desert grassland -4.032
Desert steppe -3.077
Dry grassland -2.386
Dry meadow -5.505
Grassland -11.177
Invaded prairie -34.388
Meadow -8.242
Mediterranean grassland -17.704
Mesic grassland, historic tallgrass

prairieg ’ 13151
Mesic tallgrass prairie -15.598
Mixed-grass prairie -11.081
Mountain grassland -10.143
Native savanna -11.377
Piedmont grassland -12.698
Prairie -13.638
Remnant prairie -21.139

(Sun et al., 2023)
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AG primary
productivity rates

Habitat (tonne GOz hat References
yr)

Restored prairie -26.130
Semiarid shortgrass steppe -4.386
Shortgrass prairie -7.783
Shortgrass steppe -3.895
Subalpine meadow -7.982
Subhumid mixed-grass prairie -12.998
Subtropical savanna -14.680
Switchgrass field -28.964
Tallgrass prairie -16.636
Temperate grassland -8.950
Temperate sand prairie -13.065
Wet meadow -16.454
Pancium maximum -31.20
Pancium maximum -24.59
Cenchrus ciliaris, Pancium maximum,
Panicum coloratum 2129
Cenchrus ciliaris -30.09
Chloris Gayana, Barachiaris
brizantha ’ -31.56
Pancium maximum -28.26
Pancium maximum, Chloris Gayana, 1358

Setaria anceps
Pancium maximum -16.15
Cenchrus ciliaris, Pancium maximum,
Chloris Gayana, Panicum coloratum, | -19.45
Barachiaris brizantha
Hay/Pasture Cenchrus ciliaris -6.97 (Murray et al., 2016)
Cenchrus ciliaris, Pancium maximum,

Chloris Gayana, Panicum coloratum 1138
Cenchrus ciliaris -16.15
Cenchrus ciliaris -10.28
Cenchrus ciliaris, Pancium maximum, 1652
Chloris Gayana, Panicum coloratum '
Cenchrus ciliaris, Pancium maximum,
. . -24.59

Chloris Gayana, Panicum coloratum
Chloris Gayana, Panicum coloratum,

S -17.25
Digitaria eriantha
Schizachyrium scoparium, 18.72
Pappophorum caespitosum '
Digitaria eriantha -9.54
Botriocloa sp. -20.55
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Habitat

AG primary

roductivity rates
P y References

(tonne CO2e ha't
yr)

Pancicum coloratum, Eragrostis
. ; -13.58
curvula, Tetrachine dregei
Pancicum coloratum -19.08
Eragrostis curvula, Botriocloa sp. -25.69
Digitaria eriantha, Panicum
coloratum, Eragrostis curvula, -13.58
Sorgum almun
Eragrostis curvula -16.88
Digitaria eriantha -12.85
Digitaria eriantha, Eragrostis curvula | -12.85
For annual crops, increase in biomass
stocks in a single year were assumed
Cultivated Crops equal to bi(.)m(flSS losses from harvest 0.000
and mortality in that same year — thus
there was no net accumulation of
biomass carbon stocks
Forest wetlands, Taxodium distichum,
Nyssa aquatica, Nyssa sylvatica, Acer | -16.680 (Brantley et al., 2008)
rubrum, Fraxinus caroliniana
Forest wetlands -29.826 (Cardoch et al., 2002)
Swamp, T. distichum—Nyssa aquatica | -3.551 (Hoeppner et al., 2008)
Swamp Forest, bald cypress 15.689 (Middleton & McKee,
(Taxodium distichum) 2004)
Swamp Forest, bald cypress-water
mpelop yp -25.995
Bottomland hardwood, Acer rubrum (Gomiiares PEy; 16,
. -18.827
var. drummon Nyssa aquatica
Woody Wetlands Forest wetlands -22.295 (Elder & Cairns, 1982)
Forest wetlands -14.285 (Conner et al., 1993)
Bottomland hardwood -26.160
Cypress Tupelo -18.827 {EY EOEL, ST
Swamp Forest -16.688 (Conner & Day, 1987)
Maurepas Swamp, bald cypress
(Taxodium distichun_1) and water (G. Shaffer et al.,
tupelo (Nyssa aquatica) or the -13.129 2016)
complex branching structure of shrubs
such as wax myrtle (Morella cerifera)
Swamp forest, bald cypress-water
tupelo (Taxodium distichum-Nyssa -12.172 (Shaffer et al. 2009)
aquatica) swamps
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Habitat

AG primary

roductivity rates
P y References

(tonne CO2e ha't
yr)

Swamp forest, water tupelo (Nyssa
aquatica), swamp black gum (Nyssa i
biflora and d baldcypress (Taxodium 16.639 (Brantley et al., 2008)
distichum)
Cypress-tupelo swamp -9.909
full-canopy, Taxodium distichum/
. -6.973
Nyssa aquatica L.
intermediate, Taxodium distichum/ (Edwards et al. 2019)
. -5.138
Nyssa aquatica L.
open-canopy, Taxodium distichum/
. -2.936
Nyssa aquatica L.
VB1-2, Taxodium
distichum/Diospyros virginiana ~12.485
VB3-4, Taxodium distichum/Fraxinus -16.854
spp.
VBS_—6, Qu_ercus spp./Fraxinus spp. -18.456
Celtis laevigata
BB-N_atl and 2,_Nysszf1 _ -13.840
aquatica/Taxodium distichum M igal et al
BB-Imp1, Fraxinus spp./Celtis 13336 gg;;;onlga etal.,
laevigata ‘ )
BB—ImpZ, Lmoc?endron 14.764
styraciflua/Fraxinus spp.
PR1-2, Liquidambar styraciflua -18.596
PR3-4, Carya aquatica -22.650
PR5-6, Liquidambar styraciflua -16.837
Bottomland hardwood, Bald cypress- -28.620
water tupelo
Baldcypress-water tupelo -25.037 (Conner & Day, 1976)
Natural flooding, Bald cypress-water 19956 (Cramer et al., 1981)
tupelo
Permanently flooded, Bald cypress- 14.632 (Conner et al., 1993)
water tupelo
controlled flooding, Bald cypress- 29,380 (Conner, 1994)
water tupelo
Roma Swamp, cypress (Taxodium
distichum), water tupelo (Nyssa -18.020 (Day et al., 2006)
aquatica),
Baldcypress -10.107 (Hillmann et al., 2019)
Water tupelo -13.592 (Hillmann et al., 2020)
Water -5.929 (Shaffer et al. 2009)

Quantifying Climate Change Mitigation Potential of Nature-based Carbon Sequestration and Storage in U.S. Department of Defense Lands A-5




AG primary

productivity rates

Habitat References

(tonne CO2e ha't

)
Pezeshki & Delaune,
Fresh Herbaceous Marsh -25.595 g 991)
Fresh Herbaceous Marsh -16.331 (Stagg et al., 2016)
Fresh Herbaceous Marsh -13.601 (Day et al., 2013)
Fresh Herbaceous Marsh -9.359 (DeLaune et al. 2016)
Fresh Herbaceous Marsh -15.598 '
Fresh Herbaceous Marsh -31.429 (Cardoch et al., 2002)
Fresh Herbaceous Marsh -46.793 (Cardoch et al., 2002)
Fresh Herbaceous Marsh -22.616 (Feijtel et al., 1985)
White & Simmons,
Fresh Herbaceous Marsh -18.556 g 988)
raham
Intermediate Herbaceous Marsh -27.218 I(\SI;er?dZIssiLhn 2010)
Intermediate Herbaceous Marsh -35.874 (;a;:)e rand Gosselink
Hopkinson et al.
Intermediate Herbaceous Marsh -23.412 5_9(7)5) onetal,
. Hopkinson et al.,
Intermediate Herbaceous Marsh -36.030 g 9 88
Emergent Herbaceous )
Wetlands Intermediate Herbaceous Marsh -16.471 (Stagg et al., 2016)
. Graham &
Intermediate Herbaceous Marsh -19.388 l(\/len delssohn, 2010)
Whit immon
Intermediate Herbaceous Marsh -15.034 5.988)e &S ons,
Intermediate Herbaceous Marsh -19.871
Intermediate Herbaceous Marsh -25.284 (Sasser et al. 2018)
Intermediate Herbaceous Marsh -22.913
Brackish Herbaceous Marsh -65.829 (Feijtel et al., 1985)
Brackish Herbaceous Marsh -66.060 (Sasser and Gosselink
1984)
Brackish Herbaceous Marsh -55.573
Brackish Herbaceous Marsh -21.106 (Flynneetal., 1999)
Brackish Herbaceous Marsh -99.800 (Hopkinson et al.,
Brackish Herbaceous Marsh -22.378 1978)
Brackish Herbaceous Marsh -19.124 (Day et al., 2013)
. Hopkinson et al.,
Brackish Herbaceous Marsh -68.686 g 9 8(F)))
Brackish Herbaceous Marsh -57.183
Brackish Herbaceous Marsh -70.676 (Cramer etal., 1981)
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AG primary

productivity rates

Habitat (tonne GOz hat References
)
Brackish Herbaceous Marsh -24.558 (Stagg et al., 2016)
Brackish Herbaceous Marsh -60.726 (CEFEBINT 2 DIEL AT
1991)
Brackish Herbaceous Marsh -10.338 (Nyman et al., 1995)
Brackish Herbaceous Marsh -16.061 (B el Sl
1984)
Brackish Herbaceous Marsh -55.672 (Sasser et al, 2018)
Brackish Herbaceous Marsh -69.512 '
Brackish Herbaceous Marsh -36.234 .
Brackish Herbaceous Marsh -36.234 (White etal., 1978)
Brackish Herbaceous Marsh -18.497 (White & Simmons,
1988)
Brackish Herbaceous Marsh -55.738 (Cardoch et al., 2002)
Saline Wetland -29.558
Saline Wetland -19.426 (Kaswadji et al., 1990)
Saline Wetland -13.114
Saline Wetland -66.028
Saline Wetland 31.846 (Pham, 2014)
Saline Wetland -17.075
Saline Wetland -59.218 (Snedden et al. 2015)
Saline Wetland -39.453 (Sasser and Gosselink
Saline Wetland -21.304 1984)
. (Darby & Turner,
Saline Wetland -28.737
2008)
Saline Wetland -53.908 (Hopkinson et al.,
Saline Wetland -51.083 1978)
. (Hopkinson et al.,
Saline Wetland -21.794
1980)
Saline Wetland -17.722 (Day et al., 2013)
Saline Wetland -31.688 (Pezeshki & DeLaune,
Saline Wetland -58.121 1991)
Saline Wetland -16.318 (Stagg et al., 2016)
Kir link
Saline Wetland -19.063 (e SERE il
1976)
Saline Wetland -13.343 (Stagg & Mendelssohn,
2011)
. (Edwards and Mills
Saline Wetland 41.110 2005)
Saline Wetland -18.369 .
Saline Wetland -30.915 (White etal., 1978)
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AG primary

productivity rates

Habitat References

(tonne CO2e ha't
yr)

Saline Wetland -23.245

Saline Wetland -39.673

Saline Wetland -28.295 (Sasser et al. 2018)
Saline Wetland -38.805 (Cardoch et al., 2002)
Saline Wetland -32.746 (Feijtel et al., 1985)

A.2 SEDIMENT/SOIL CARBON ACCUMULATION RATE
Table A-2. Sediment/Soil carbon accumulation rates obtained through literature reviews.

Sediment/Soil
Carbon
Accumulation
rates (tonne
CO2e hatyr?)

Habitat

References

Fresh and Intermediate 2.2 (Stow et al., 1985)
Fresh and Intermediate 29 (Smith, DeLaune, and
‘ Patrick 1983)
Fresh and Intermediate -3.3 (Scaroni, 2011)
Fresh and Intermediate -6.9 (Hillmann et al.
Open Water Fresh and Intermediate -11.3 '
Brackish -16.3 A2,
Saline 87 (Smith, DeLaune, and
' Patrick 1983)
Saline e (Hillmann et al.,
' 2020)
Perennial 1ce/Snow Soil _ca}rbon accumulation assumed to be 0.0 i
negligible.
Developed, Open Assumed 80% of Herbaceous/Grassland
. -1.399 -
Space habitats
Developed, Low Assumed 51% of Herbaceous/Grassland -0.892 i
Intensity habitats
Developed, Medium Assumed 21%of Herbaceous/Grassland
Intensity habitats -0.367 i
Developed, High Soil carbon accumulation assumed to be 0.00 i
Intensity negligible.
Barren Land Soil _ce}rbon accumulation assumed to be 0.00 i
negligible.
Heshui, Gansu, China -0.039
. Heshui, Gansu, China -0.138
Deciduous Forest Heshui, Gansu. China 20,482 (Hou et al., 2020)
Nanxiaohe watershed, China -0.093
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Habitat

Sediment/Soil

Carbon
Accumulation References
rates (tonne
CO2e hatyr?)
Nanxiaohe watershed, China -0.108
Nanxiaohe watershed, China -0.637
Ansai county, Shaanxi, China -0.830
Yongshou County, Shaanxi, China -0.284
Ansai county, Shaanxi, China -0.307
Yongshou County, Shaanxi, China -0.734
Yongshou County, Shaanxi, China -2.444
Ansai County, China -2.680
Ansai, Shaanxi, China -1.489
Ansai county, China -1.536
Ansai county, China -1.744
Ansai, Shaanxi, China -1.929
Ansai County, northern Shaanxi, China -0.555
Ansai County, northern Shaanxi, China -0.565
Ansai County, northern Shaanxi, China -0.685
Ansai County, northern Shaanxi, China -0.747
Ansai County, northern Shaanxi, China -1.455
Ansai County, northern Shaanxi, China -2.337
Saskatchewan, Canada +0.142
Ansai County, northern Shaanxi, China -0.575
Ansai County, northern Shaanxi, China -0.585
Ansai County, northern Shaanxi, China -0.709
Ansai County, northern Shaanxi, China -0.752
Ansai County, northern Shaanxi, China -1.477
Saskatchewan, Canada -1.728
Ansai County, northern Shaanxi, China -2.219
Saskatchewan, Canada -2.607
Ningxia, China +1.563
Ningxia, China +1.559
Krasnoyarsk, Siberia +0.980
Ansai, Shaanxi, China -0.051
Ansai, Shaanxi, China -0.062
Ansai, Shaanxi, China -0.128
Ansai, Shaanxi, China -0.141
Fuxian County, Shaanxi, China -0.221
Ansai county, China -0.283
Fuxian County, Shaanxi, China -0.322
Ansai county, China -0.378
Ansai, Shaanxi, China -0.380
Ansai county, China -0.405
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Habitat

Ansai county, China

Sediment/Soil
Carbon

Accumulation References
rates (tonne
CO2e hatyr?)
-0.413

Fuxian County, Shaanxi, China

-0.563

Ansai county, China

-0.614

Ansai county, Shaanxi, China

-0.654

Ansai county, Shaanxi, China

-0.661

Ansai, Shaanxi, China

-0.844

Ansai county, China

-0.892

Tianshui city, Gansu, China

-1.393

Shaanxi, China

-1.406

Shaanxi, China

-1.459

Ansai county, Shaanxi, China

-1.503

Ansai county, Shaanxi, China

-1.973

Krasnoyarsk, Siberia

-5.383

Ansai County, northern Shaanxi, China

-0.588

Ansai County, northern Shaanxi, China

-0.623

Ansai County, northern Shaanxi, China

-0.730

Ansai County, northern Shaanxi, China

-0.812

Ansai County, northern Shaanxi, China

-1.379

Ansai County, northern Shaanxi, China

-2.049

Shenmu County, China

+0.229

Ansai, Shaanxi, China

+0.123

Shenmu County, China

+0.105

Shenmu County, China

+0.060

Ansai, Shaanxi, China

-0.170

Ansai, Shaanxi, China

-0.178

Ansai, Shaanxi, China

-0.225

Shaanxi, China

-0.528

Ansai, Shaanxi, China

-0.676

Shaanxi, China

-0.864

Shaanxi, China

-0.883

Ansai, Shaanxi, China

-0.925

Shaanxi, China

-1.353

Ansai county, China

-1.104

Guyuan, Ningxia autonomous region,
China

-1.412

Guyuan, Ningxia autonomous region,
China

-2.258

Ansai county, Shaanxi, China

-0.851

Ningxia, China

-1.265

Dingxi, Gansu, China

-1.345
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Sediment/Soil

Carbon
Habitat Accumulation References

rates (tonne

CO2e hatyr?)
Ansai county, China -1.362
Ningxia, China -1.688
Dingxi, Gansu, China -1.977
Ansai County, China -2.085
Shaanxi, China -0.348
Ansai county, China -0.751
Wangdonggou watershed, China -0.030
Wangdonggou watershed, China -0.183
Wangdonggou watershed, China -0.437
Ansai County, China +0.339
Ansai County, China -0.506
Jianping County, Liaoning, China -0.693
Jianping County, Liaoning, China -0.760
Jianping County, Liaoning, China -0.912
Tianshui city, Gansu, China -1.218
Ansai county, Shaanxi, China -1.298
Ansai county, China -1.681
Ansai County, China -1.753
Ansai County, China -1.918
Datong, Qinghai, China -4.454
Datong, Qinghai, China -17.578
Shaanxi, China -0.094
Shaanxi, China -0.095
Shaanxi, China -0.564
Shaanxi, China -0.079
Shaanxi, China -0.107
Shaanxi, China -0.893
Atlanta, USA -0.086
Atlanta, USA -0.125
Atlanta, USA -0.954

Evergreen Forest Yongshou County, Shaanxi, China -0.148 (rElGBEL, 20D

Yongshou County, Shaanxi, China -0.334
Shaanxi, China -0.755
Yongshou County, Shaanxi, China -1.646
Araguas catchment, Central Pyrenees -2.738
Araguas catchment, Central Pyrenees -3.406
Shaanxi, China -0.269
Shaanxi, China -0.334
Shaanxi, China -1.555
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Habitat

Perloja experiment site, southern

Sediment/Soil
Carbon

Accumulation
rates (tonne
CO2e hatyr?)

Lithuania 0.000
P?rIOJa (_experlment site, southern 0,008
Lithuania
P?rIOJa t.experlment site, southern 0432
Lithuania
Perloja Experimental Station of -0.506
Lithuanian Institute of Agriculture
Perloja Experimental Station of

. . . . -0.526
Lithuanian Institute of Agriculture
Qinling Mountains, China -0.969
Cordoba, Argentina -3.024
Marondera, Zimbabwe, Africa +1.301
Marondera, Zimbabwe, Africa -0.001
Marondera, Zimbabwe, Africa -0.112
Sichuan, China -0.496
Sichuan, China -2.582
Lvliang, Shanxi, China +0.041
Lvliang, Shanxi, China -0.522
Ea;:ACounty Conservation District, lowa, 10,021
Negev Desert, Israel -0.579
Negev Desert, Israel -0.911
Sac County Conservation District, lowa,
USA -0.986
La Pampa, Argentina -1.343
Lublin, Poland -0.066
Manica Province, Central Mozambique -0.507
Manica Province, Central Mozambique -1.187
Manica Province, Central Mozambique -1.274
Manica Province, Central Mozambique -1.392
Manica Province, Central Mozambique -3.554
Manica Province, Central Mozambique -3.724
Vallgorguina valley, Barcelona -0.352
Vallgorguina valley, Barcelona -0.915
Vallgorguina valley, Barcelona -0.086
Vallgorguina valley, Barcelona -0.543
Ituzaingo, Corrientes, Argentina +1.373
Turkey -0.319
Rio Grande do Sul, southern Brazil +8.398
Rio Grande do Sul, southern Brazil +3.551
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Habitat

Krasnoyarsk, Siberia

Sediment/Soil
Carbon
Accumulation References
rates (tonne
CO2e hatyr?)
+1.994

Kanto Plain, central Japan

+0.576

Kanto Plain, central Japan

+0.437

Krasnoyarsk, Siberia

-0.127

Qinling Mountains, China

-0.436

Kanto Plain, central Japan

-0.483

Chandanpokpi, NE India

-0.508

Ansai, Shaanxi, China

-0.544

Ansai, Shaanxi, China

-0.664

Ansai, Shaanxi, China

-0.696

Chandanpokpi, NE India

-0.710

Chandanpokpi, NE India

-0.862

Gelawdios, Amhara National Regional
State, North-central Ethiopia

-1.049

Uruguay

-1.162

La Plata, Argentina

-1.428

Gelawdios, Amhara National Regional
State, North-central Ethiopia

-1.651

Gelawdios, Amhara National Regional
State, North-central Ethiopia

-2.000

Krasnoyarsk, Siberia

-2.401

Buenos Aires, Argentina

-2.717

Krasnoyarsk, Siberia

-5.383

Vallgorguina valley, Barcelona

+0.027

Vallgorguina valley, Barcelona

-0.364

Shenmu County, China

+0.256

Sao Paulo, Brazil

-0.218

Sao Paulo, Brazil

+0.148

Shenmu County, China

+0.064

Shenmu County, China

+0.025

Sao Paulo, Brazil

-0.013

Chilimo-Gaji dry Afromontane forest,
Ethiopia

-0.193

Chilimo-Gaji dry Afromontane forest,
Ethiopia

-0.579

Chilimo-Gaji dry Afromontane forest,
Ethiopia

-0.627

Chilimo-Gaji dry Afromontane forest,
Ethiopia

-1.098

Chilimo-Gaji dry Afromontane forest,
Ethiopia

-1.950
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Habitat

Chilimo-Gaji dry Afromontane forest,
Ethiopia

Sediment/Soil
Carbon

Accumulation References
rates (tonne
CO2e hatyr?)

-1.954

Chilimo-Gaji dry Afromontane forest,
Ethiopia

-2.328

Chilimo-Gaji dry Afromontane forest,
Ethiopia

-2.336

Chilimo-Gaji dry Afromontane forest,
Ethiopia

-2.391

Chilimo-Gaji dry Afromontane forest,
Ethiopia

-2.918

Chilimo-Gaji dry Afromontane forest,
Ethiopia

-3.389

Chilimo-Gaji dry Afromontane forest,
Ethiopia

-3.519

Chilimo-Gaji dry Afromontane forest,
Ethiopia

-4.085

Chilimo-Gaji dry Afromontane forest,
Ethiopia

-4.264

Chilimo-Gaji dry Afromontane forest,
Ethiopia

-4.601

Chilimo-Gaji dry Afromontane forest,
Ethiopia

-4.700

Chilimo-Gaji dry Afromontane forest,
Ethiopia

-5.810

Chilimo-Gaji dry Afromontane forest,
Ethiopia

-6.911

Sao Paulo, Brazil

+0.190

Sao Paulo, Brazil

+0.021

Sao Paulo, Brazil

-0.171

Datong, Qinghai, China

+7.069

Candelaria, Misiones, Argentina

+1.218

Kanto Plain, central Japan

+0.424

Kanto Plain, central Japan

+0.171

Kanto Plain, central Japan

-0.035

Dingxi, Gansu, China

-0.549

Dingxi, Gansu, China

-0.910

Uruguay

-1.314

Datong, Qinghai, China

-9.804

Shaanxi, China

-0.872

Shaanxi, China

-1.300

Shaanxi, China

-2.090
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Sediment/Soil

Carbon
Habitat Accumulation References
rates (tonne
CO2e hatyr?)
Puruki, New Zealand +4.468
Tikitere, New Zealand +2.553
Tikitere, New Zealand +0.638
Vallgorguina valley, Barcelona +0.110
Tikitere, New Zealand -0.798
Vallgorguina valley, Barcelona -0.987
Ecuador +2.602
Vallgorguina valley, Barcelona -0.596
Vallgorguina valley, Barcelona -0.710
Belete Forest, Ethiopia -1.277
Belete Forest, Ethiopia -1.835
Belete Forest, Ethiopia -2.626
Belete Forest, Ethiopia -2.626
Belete Forest, Ethiopia -3.527
Belete Forest, Ethiopia -4.031
Belete Forest, Ethiopia -4.520
Belete Forest, Ethiopia -6.292
Belete Forest, Ethiopia -7.122
Marondera, Zimbabwe, Africa +6.014
Rotorua, New Zealand +5.505
Palmerston North, New Zealand +3.633
Marondera, Zimbabwe, Africa +1.733
tropical Andes, southern Ecuador +1.248
Okuku, New Zealand +1.021
Okuku, New Zealand +0.716
Uberlandia, Brazil +0.679
Uberlandia, Brazil +0.630
Marondera, Zimbabwe, Africa +0.591
Chandanpokpi, NE India +0.352
Uberlandia, Brazil +0.217
Chandanpokpi, NE India -0.576
Chandanpokpi, NE India -0.935
Uruguay -2.237
Calculated by averaging a random subset
Mixed Forest of 1.03 evergreen forest and 103 -0.973 (Hou et al., 2020)
deciduous forest values from the above
Huo et al. 2020 database.
Desert Shrubland -0.10
Shrub/Scrub Desert Shrubland -0.13 (Zhou et al., 2011)
Desert Shrubland -2.00
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Sediment/Soil
Carbon

Habitat Accumulation References
rates (tonne
CO2e hatyr?)

Desert Shrubland -2.50

Desert Shrubland -0.44

Desert Shrubland -0.23

Grassland -4.04 (Gebhart et al., 1994)

Pasture/range land -0.73 (Bruce et al., 1999)

Grassland -1.84 (Conant et al., 2001)
Herbaceous/Grassland Cropland to ra_mge land -1.17 (Liebig et al., 2005)

Eastern Washington state -1.95 (Stockle et al., 2012)

Grassland -1.98 (Conant et al., 2001)

Grassland 073 (Yellajosula et al.,

' 2020)

Improved — Sub-Saharan Africa -6.7

Improved — Central & South America -5.8

Improved — Western Europe -3.2

Improved — Oceania -2.8

Improved — East Asia -2.5

Improved — North America -2.5

Improved — South Asia -2.5

Improved — Eastern Europe -2.5

Improved — West Asia & Northern

Africa 21

Improved — Russian Federation -2.0 . .
Hay/Pasture Unimproved — Central & South America | -3.5 (BB i G e, 202

Unimproved — South Asia -2.9

Unimproved — Eastern Europe -2.85

Unimproved — Sub-Saharan Africa -2.7

Unimproved — Western Europe -2.7

Unimproved — East Asia -2.3

Unimproved — Oceania -2.1

Unimproved — Russian Federation -1.9

Unimproved — North America -1.8

Unimproved — West Asia & Northern

Africa 15

Corn-soybean -3.30

All crop. systems . -0.55 (West & Post, 2002)

. mean with crop rotation -0.73

Cultivated Crops Wheat 187

All crop systems -1.47 (Lal et al., 1999)

Corn-soybean -0.73 (West & Post, 2002)
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Habitat

Sediment/Soil
Carbon

Accumulation
rates (tonne
CO2e hatyr?)

References

Fresh Forested Wetland -6.0 .
Fresh Forested Wetland -12.0 (S, 200
Woody Wetlands Fresh Forested Wetland (Rybczyk et al.,
-4.9
2002)
Fresh Forested Wetland -125 (Hupp et al., 2019)
Fresh Marsh 82 (Smith, DeLaune, and
‘ Patrick 1983)
Fresh Marsh 55 (Hatton et al., 1983)
Fresh Marsh -9.7 (Nyman et al. 2006)
Fresh Marsh -3.8 (DeLaune et al. 2013)
Fresh Marsh -2.2 (Piazza et al., 2011)
Fresh Marsh -7.6 (DeLaune et al. 2018)
Fresh Marsh A5 (Baustian et al.,
' 2021)
Fresh Marsh -10.8 (Snedden 2021)
Fresh Marsh -8.3
N tal. 1990
Fresh Marsh -3.0 (Nyman eta )
Intermediate Marsh -7.3 (Snedden 2021)
Intermediate Marsh -4.1 (Hatton et al., 1983)
Intermediate Marsh G (Baustian et al.,
' 2021)
Emergent Herbaceous | Intermediate Marsh -4.8 (Nyman et al. 1990)
Wetlands Intermediate Marsh -10.9 (Foret 1997)
Intermediate Marsh -1.8 (Graham 2021)
Intermediate Marsh -8.6 (Foret 2001)
Brackish Marsh -2.8 (Engle, 2011)
Brackish Marsh -5.2 (Piazza et al., 2011)
Brackish Marsh 109 (Smith, DeLaune, and
' Patrick 1983)
Brackish Marsh -4.4 (Hatton et al., 1983)
Brackish Marsh -10.4 (Nyman et al. 2006)
Brackish Marsh -2.8 (DeLaune et al. 2013)
Brackish Marsh 151 (Baustian et al.,
' 2021)
Brackish Marsh -6.7
Brackish Marsh -12.6 (Engle, 2011)
Brackish Marsh -19.8
Brackish Marsh -6.6 (Snedden 2021)
Brackish Marsh -3.9 (Graham 2021)
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Habitat

Sediment/Soil
Carbon
Accumulation

rates (tonne
CO2e hatyr?)

References

Brackish Marsh -7.0 (Nyman et al. 1990)
Brackish Marsh -12.4 (Cahoon, 1994;
Brackish Marsh -16.4 Ouyang & Lee, 2014)
Brackish Marsh (Markewich et al.,

-5.1 1998; Ouyang & Lee,

2014)
Brackish Marsh -11.4 (Foret 1997)
Brackish Marsh -10.8 (Foret 2001)
Brackish marsh -10.0 (Wang et al. 2019)
Saline Wetlands 67 (Smith, DeLaune, and
‘ Patrick 1983)

Saline Wetlands -6.1 (Hatton et al., 1983)
Saline Wetlands -5.6 (Piazza et al., 2011)
Saline Wetlands -7.3 (Nyman et al. 2006)
Saline Wetlands (Baustian et al.,

> 2021)
Saline Wetlands -2.8
Saline Wetlands -6.7
Saline Wetlands -12.6 (Engle, 2011)
Saline Wetlands -19.8
Saline Wetlands -5.8 (Snedden 2021)
Saline Wetlands -2.6 .
Saline Wetlands o1 (Smith 2012; Abbott et

= al. 2019)

Saline Wetlands -3.9
Saline Wetlands -2.6 (Chmura et al., 2003;
Saline Wetlands -3.4 Ouyang & Lee, 2014)
Saline Wetlands -10.0 (Wang et al. 2019)
Saline Wetlands -5.4
Saline Wetlands -5.4
Saline Wetlands -5.6 (Smith 2012; Abbott et
Saline Wetlands -4.2 al. 2019)
Saline Wetlands -3.6
Saline Wetlands -2.9
Saline Wetlands -7.8 (Nyman et al. 1990)
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A.3NON-CO2 GREENHOUSE GAS (GHG) FLUX
Table A-3. Non-CO:2 greenhouse gas flux values obtained through literature reviews.

GHG flux
(tonne CO2¢e

Habitat

References

halyr?)
Fresh CH4 +0.0035 (DeLaune et al. 1983)
Fresh N20 +0.1013 (Smith et al. 1983)
Open Water Fresh CH4 +0.3559 (Wang et al. 2021)
Saline CH4 +0.0003 (DeLaune et al. 1983)
Saline N2O +0.0298 (Smith et al. 1983)
N.O + CHs | +0.398
N2O + CH4 +0.245
N>O + CHs | +0.384
Perennial Ice/Snow CH4 an_d N>O flux through a N20 + CHs | +0.279 (Sommerfeld et al.,
Wyoming snowpack N20 + CHs | +0.237 1993)
N,O + CH4 +0.160
N2O + CHs | +0.094
N,O + CHs | +0.144
Developed, Open GHG assumed to be zero. N-O + CH: | 0.00 -
Space
Devel(_)ped, Low GHG assumed to be zero. N.O + CHs | 0.00 -
Intensity
Develc_Jped, Medium GHG assumed to be zero. N-O + CH, | 0.00 -
Intensity
Develc_)ped, High GHG assumed to be zero. N.O + CH, | 0.00 -
Intensity
Barren Land GHG assumed to be zero. N>O + CHs | 0.00 -
over-mature forest N.O + CHs | +1.510
Korean pine plantation N20 + CHs | +0.390
hardwood forest N.O + CHs | +0.220
Betula platyphylla forest N20O + CHs | +0.080 (Wu & Mu, 2019)
Populous davidiana forest N2O + CHs | +0.310
mixed deciduous forest N,O + CHs | +0.370
Mongolian oak forest N.O + CHs | +0.140
Deciduous/Evergreen/ Old growth forest, Upland N2O + CHs | -0.062
. Old growth forest, Slope N20 + CHs | +0.033
Mixed Forests —
Old growth forest, Riparian N2O + CHs | +0.328 (Ullah & Moore,
Old growth forest, Hemlock N2O + CHs | +0.493 2011)
Semi-managed Forest, Upland | N.O + CHs | +0.063
Semi-managed Forest, Slope N20 + CHs | +0.043
mixed hardwood N,O + CH4 | -0.123
mixed hardwood N2O + CHs | -0.105 (Kim & Tanaka,
mixed hardwood N2O + CH; | -0.098 2003)
mixed hardwood N.O + CHs | -0.019
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Habitat

GHG flux
(tonne CO2¢e

ha?yr?)

References

mixed hardwood N2O + CH; | -0.093
mixed hardwood N.O + CHs | -0.061
mixed hardwood N2O + CH4 | -0.012
Black spruce N20 + CHs4 | -0.065
Black spruce N2O + CHs | -0.041
Black spruce N.O + CH4 | -0.052
Black spruce N20 + CHs | -0.001
Black spruce N2O + CHs | +0.218
Black spruce N2O + CHs | -0.022
Black spruce N.O + CH4 | -0.082
Black spruce N20 + CHs | -0.019
Black spruce N2O + CH4 | -0.028
Black spruce N>O + CHs | +0.026
Black spruce N,O + CHs | -0.114
Black spruce N20 + CHs | +0.032
Black spruce CH4 -0.050
Black spruce CHy -0.035
Black spruce CH4 -0.026
Black spruce N20 + CHs | -0.045
Black spruce N.O + CH4 | +0.006
Black spruce N2O + CHs | -0.062
5;:;ned spruce site with young N,O + CHa | +0.302
tl?;:lsned spruce site with young N,O + CHs | +0.217
5(::|Sned spruce site with young N,O + CHa | +0.248
5£:|Sned spruce site with old N,O + CH. | +0.155
5(::|Sned spruce site with old N,O + CH | +0.278 (Arnold et al., 2005)
zzlsned spruce site with old N,O + CH. | +0.239
5;:;ned spruce site with old N,O + CHa | +0.224
Drained pine site N2O + CH; [ +0.208
Drained pine site N2O + CHs | +0.492
Drained pine site N20 + CHs | +0.377
Clocaenog Shrubland N20 + CHs | +0.035
Clocaenog Shrubland N2O + CH,; | +0.017
Shrub/Scrub Clocaenog Shrubland N,O + CH, | +0.032 (Carter et al., 2012)
Mols Shrubland N2O + CH4 | -0.072
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GHG flux

Habitat (tonne CO2¢  References
ha?yr?)
Mols Shrubland N2O + CHs | -0.075
Mols Shrubland N20 + CHs | -0.083
Brandbjerg Shrubland N20 + CH4 | -0.009
Brandbjerg Shrubland N20 + CHs | -0.026
Brandbjerg Shrubland N.O + CHs | -0.026
Oldebroek Shrubland N2O + CH,; | +0.012
Oldebroek Shrubland N2O + CHs | -0.074
Oldebroek Shrubland N20 + CHs | +0.001
Garraf Shrubland N2O + CHs | -0.066
Garraf Shrubland N2O + CHs | -0.078
Garraf Shrubland N2O + CHs | -0.081
Tallgrass prairie, KN CH4 -0.045
Tallgrass prairie, KN CH4 -0.043
Tallgrass prairie, KN CH4 -0.103 (Gebhart et al., 1994)
Tallgrass prairie, KN CH4 -0.064
Herbaceous/Grassland Tallgrass pra?r?e, KN CH4 -0.205
Tallgrass prairie, TX N2O +0.084 (Dowhower et al.,
Tallgrass prairie, TX CH4 +0.099 2020)
grasslands, Netherlands CH4 -0.020 (van den Pol-van
Dasselaar et al., 1997)
Natural grasslands N2O + CHs | -0.026 (Kaye et al., 2004)
Hay/Pasture Grazed Pasture N.O + CH,; | +0.034 (van Delden et al.,
Grazed Pasture N2O + CH; | +0.030 2018)
Winter wheat-summer maize CH4 -0.004
Winter wheat-summer maize CH4 -0.005
Winter wheat-summer maize CH4 -0.006
Cultivated Crops W!nter wheat summer ma!ze Sl -0.003 (Wang et al. 2014)
Winter wheat-summer maize N2O +0.028
Winter wheat-summer maize N.O +0.067
Winter wheat-summer maize N20 +0.078
Winter wheat-summer maize N20 +0.133
Fresh Forested Wetland CH4 +13.33 (Alford et al., 1997)
Fresh Forested Wetland CHy +19.71 (Lane et al., 2017)
Fresh Forested Wetland CH4 -0.01
Fresh Forested Wetland CH4 +0.46
Fresh Forested Wetland CH4 +45.6
Woody Wetlands Fresh Forested Wetland N2O +0.13 (Yuetal., 2008)
Fresh Forested Wetland N20 +3.39
Fresh Forested Wetland N20 +29.6
Fresh Forested Wetland N2O +0.13
Fresh Forested Wetland N20 +0.22 (Scaroni, 2011)
Fresh Forested Wetland N20 +0.78
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Habitat

GHG flux
(tonne CO2¢e
ha?yr?)

References

Fresh Forested Wetland CH4 +52.2
Fresh Forested Wetland CH, +3.94 (Wang etal. 2021)
Fresh Forested Wetland N20 +2.58 (Lane et al., 2017)
Brackish Marsh CH4 +18.25 (DelLaune et al. 1983)
Brackish Marsh CH4 +2.78
Brackish Marsh CHa +12.40 (Krauss etal., 2016)
Brackish Marsh CH4 +3.450 (Holm et al., 2016)
Brackish Marsh N20 +0.358 (Krauss et al., 2016)
Brackish Marsh (Smith, DeLaune, and
+0. .
N:O 0.143 Patrick Jr 1983)
Brackish Marsh CH4 +2.850
L tal., 2016
Brackish Marsh N20 +0.033 (Lane eta )
Fresh Marsh CH4 +40.000 (DeLaune et al. 1983)
Fresh Marsh CH4 +11.775
Krauss et al., 2016
Fresh Marsh CH4 +22.975 ( )
Emergent Herbaceous | Fresh Marsh CH4 +15.400 (Holm et al., 2016)
Wetlands Fresh Marsh CH4 +22.900 (Alford et al., 1997)
Fresh Marsh (Smith, DeLaune, and
+0. .
e 0.164 Patrick Jr 1983)
Fresh Marsh CH +78.500
. (Lane et al., 2016)
Fresh Marsh N20 +0.176
Fresh Marsh CH4 +119.56
Lane etal., 2017
Fresh Marsh N20 +0.151 ( )
Fresh Marsh N20 -0.060 (Krauss et al., 2016)
Saline Wetlands CH4 +1.075 (DeLaune et al. 1983)
Saline Wetlands (Smith, DeLaune, and
+
N:O 0.092 Patrick Jr 1983)
Saline Wetlands CH4 +1.970
- Lane et al., 2016
Saline Wetlands N20 +0.066 ( )
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APPENDIX B. SUPPLEMENTAL ANNUAL NET
PRIMARY PRODUCTIVITY (ANPP) ESTIMATION FOR
FOREST HABITATS

Land use/land cover (LULC) maps with a 10 m resolution for years 2017 to 2022, derived from European
Space Agency (ESA) Sentinel-2 imagery data, were used to identify forest habitats areas within each DoD
facility. For Scott Air Force Base (AFB) and Fort Moore, the forest habitat area remained relatively stable
from 2017 to 2022. Conversely, at Tyndall AFB (Figure B-1), there was a notable decrease in forest cover
in 2019, and the forest area had not recovered by 2022. The forest loss at Tyndall AFB was a
consequence of Hurricane Michael in 2018. These data are displayed in Figure B-1, Figure B-2, and
Figure B-3.

The National Forest Carbon Monitoring System (NFCMS) (https://doi.org/10.3334/ORNLDAAC/1829)
provides data on aboveground woody biomass (AGB) and coarse woody debris (CWD). Using this data,
an estimate of forest ANPP was derived by measuring the increase in AGB and CWD between the years
2000 and 2010, and then dividing the total increase by the number of years (10), therefore assuming a
constant linear rate of change per year. Negative net AGB values were excluded since they indicate the
removal or reduction of forest trees due to various disturbances, such as fire, harvest, or deforestation.
The same criterion was applied to the calculation of CWD. Derived ANPP rates were plotted across forest
habitat maps on each DoD facility spanning from 2017 to 2022 (Figure B-4, Figure B-5, and Figure B-6)
and used to estimate forest ANPP specifically within each site’s forested habitats during the specified
time frame (Table B-1).
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Figure B-1. Forest habitat change at the Tyndall AFB from 2017 to 2022. Green represents forest. Black polygon line indicates Tyndall AFB area. Note the large reduction in forest habitat seen between 2018 and 2019 due to Hurricane
Michael, a Category 5 hurricane which made landfall near Tyndall AFB on October 10, 2018.
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Figure B-2. Forest habitat change at the Scott AFB from 2017 to 2022. Green represents forest. Black polygon line indicates Tyndall AFB area.
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Figure B-3. Forest habitat change at Fort Moore from 2017 to 2022. Green represents forest. Black polygon line indicates Tyndall AFB area.
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Figure B-4. Estimated ANPP (gC m= yr?) values in forest habitats surrounding Tyndall AFB from 2017 to 2022
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Figure B-5. Estimated ANPP (gC m2 yr?) values in forest habitats surrounding Fort Moore from 2017 to 2022.
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Figure B-6. Estimated ANPP (gC m yr?) values in forest habitats surrounding Scott AFB from 2017 to 2022
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Table B-1. Estimated aboveground net primary productivity (ANPP) of forests in three sites.
ANPP (tonne CO2e ha* yr?)

Sites Dominant Tree Area (ha) Mean STD SE % _
Uncertainty
2017 5,317 -4.84 0.91 0.00 0.1%
2018 5,018 -4.82 0.91 0.00 0.1%
Tyndall Loblolly/Shortleaf 2019 3,108 -4.87 0.89 0.00 0.1%
AFB Pine 2020 3,156 -4.80 0.90 0.00 0.1%
2021 3,162 -4.81 0.90 0.00 0.1%
2022 3,038 -4.78 0.91 0.00 0.1%
2017 1,294 -2.90 0.65 0.01 0.2%
2018 1,331 -2.91 0.64 0.01 0.2%
2019 1,314 -2.91 0.64 0.01 0.2%
Scott AFB | EIm/Ash/Cottonwood 2020 1314 290 0.64 0.0 0.2%
2021 1,326 -2.91 0.64 0.01 0.2%
2022 1,315 -2.90 0.64 0.01 0.2%
2017 39,063 -4.80 1.27 0.00 0.0%
2018 39,391 -4.80 1.27 0.00 0.0%
Fort Moore LF)bIoIIy/ShortIear 2019 39,430 -4.80 1.27 0.00 0.0%
Pine 2020 39,426 -4.80 1.27 0.00 0.0%
2021 39,561 -4.82 1.28 0.00 0.0%
2022 39,259 -4.82 1.29 0.00 0.0%
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APPENDIX C. NATIONAL LAND COVER DATABASE
CLASSIFICATIONS

The National Land Cover Database (NLCD) is a comprehensive land cover dataset that provides
information on land use and land cover across the U.S. The NLCD is updated every 2-to-3 years and is
considered the definitive land cover database for the country. The NLCD habitat classifications for Scott
AFB, Fort Moore, and Tyndall AFB from 2001 to 2021 are contained in this appendix. The NLCD habitat
classifications provide information on the types of habitats present in these areas, including grasslands,
forests, wetlands, and developed areas.

Figure C-1. NLCD class legend
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