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Abstract
Forestlands in the Southern United States provide important ecological and socioeconomic services
that are under increasing pressure from development and other stressors. We used a coproduction
approach with 50+ stakeholders to create a qualitative, spatially explicit Forest Retention Index to
provide a gradient of future forest retention likelihood on presently forested lands. An estimated
17.7 million acres are at high risk of forest loss by 2060. These losses are largely driven by urbanization, but sea-level rise plays a key role in some coastal areas. Approximately 59 percent of
southern forest is projected to be retained with High or Very High likelihood but is unevenly distributed among southern states. Approximately 8 percent of highly biodiverse forest is at high risk
of land-use conversion. This tool provides a collaborative, transparent, and defensible mapping
product that can aid in identification of key areas where retaining forest is critical to maintaining
ecological and socioeconomic integrity.
Keywords: biodiversity, conservation planning, forest, restoration, retention, United States

The Southern United States contains diverse forest ecosystems that support myriad endemic flora and fauna
across an equally diverse set of geophysical, economic,
and ecological conditions. Forestlands in the Southern
States provide important ecological, economic, and
cultural services for its residents, including clean water,
wildlife habitat, wood products, and recreational opportunities. As the South’s human population grows,
development and related socioeconomic pressures
will continue to threaten forest resources, with effects
ranging from conversion of forest to nonforest use to
increasing forest fragmentation and degradation of
Copyright © 2019 Society of American Foresters

forests. Cumulative effects of forest loss may lead to
loss of ecological function and connectivity or permeability essential for dispersal of organisms across
the landscape. The high degree (≈90 percent of land
area) of private ownership and increasing numbers
of urban and absentee landowners make forestlands
in the Southern States particularly susceptible to fragmentation and land-use conversion. In order to focus
conservation efforts in places with the greatest conservation need and opportunity for success, conservation
practitioners need increased access to comprehensive, spatially explicit products that identify threats
28
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Management and Policy Implications

to forests, coalesce existing forest priorities, and identify opportunities to strategically target conservation
actions. The Southern Forest Futures Project was a
regionwide effort led by USDA Forest Service and the
Southern Group of State Foresters to study and understand the ecological, social, and economic processes reshaping Southern forests (Wear and Greis 2013). The
Southern Forest Futures Project forecasts a potential
net loss of 11–23 million acres of forestland to other
land use by 2060 using a range of projected urbanization, economic, and timber markets data (Wear and
Greis 2013). Although the Southern Forest Futures
Project provides an in-depth treatment of forest markets, ownership dynamics, and threats to forest health,
it does not include the potential effect of federal, state,
and nongovernment programmatic efforts for land acquisition and conservation into forecasts of forest loss.
The current effort, Mapping the South’s Forests of the
Future, builds on previous work and serves as a spatially explicit update to the Southern Forest Futures
Project with the inclusion of conservation priority
areas identified by agencies, nongovernment organizations, partnerships, and initiatives.
To mitigate large-scale conversion to nonforest use,
many conservation planning researchers and organizations have focused their efforts on forest protection and reforestation, prioritizing forest connectivity,
rare and sensitive ecosystems, working forests, and resilient landscapes (Gilges 2000, Neugarten et al. 2012,
Theobald et al. 2012, Anderson et al. 2014, Dickson
et al. 2014). State wildlife and forestry agencies have
developed a series of action plans (i.e., State Wildlife
Action Plans, Forest Action Plans, and Forest Resource
Assessments and Strategies) to prioritize proactive,

nonregulatory, and incentives-based conservation actions and to identify priority ecological systems, species of greatest conservation need, and areas of greatest
conservation opportunity. Federal Farm Bill-mandated
Forest Resource Assessment and Strategy reports
and subsequent Forest Action Plans improve understanding and strategic targeting of forest conservation
and retention, identify state-specific threats to forest
retention, and establish Forest Legacy Areas to receive
funding from the USDA Forest Service-administered
Forest Legacy Program. Similarly, State Wildlife Action
Plans are updated every 10 years to meet requirements for federal funding under the congressionally
designated State Wildlife Grants Program and serve
to focus strategic conservation efforts and maximize
state conservation successes. Nongovernment conservation partners and public–private partnerships have
also developed plans to establish priorities at national,
regional, and local scales (e.g., Lower Mississippi
Valley Joint Venture 2014, The Nature Conservancy in
Florida 2015, Lord et al. 2014).
In the USDA Forest Service’s “Summary of the 2010
Statewide Forest Resource Assessments and Strategies,”
the states identified partnerships as being essential
to the development and implementation of Forest
Resource Assessments and Strategies. Furthermore,
states have identified common themes (e.g., climate
change, economics and changing markets, longleaf pine
restoration, forest pests, urbanization, water quantity
and quality, wildfire risk and fire management) that
may be better addressed at a regional scale across multiple jurisdictions (USDA Forest Service 2010). With a
plethora of organizations developing large-scale conservation plans relevant to their own missions and
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These mapping products are intended for use in concert with existing data and planning tools for large-scale
conservation planning (e.g., refining priority targets in state agency action plans, identifying shared geographical interest among stakeholder groups). Application to watershed-based planning efforts may also be relevant.
For instance, timber investment organizations or watershed-based land conservancies may use this data to
identify key watersheds for forest retention efforts and implementation of working forest programs. Limiting
biodiversity-related conservation efforts to rural forests will capture only a fraction of the highest biodiversity
priorities, highlighting the need for action in metropolitan areas despite the higher cost of doing business. There
is opportunity to capitalize on the growing concern for clean drinking-water and recreation space to capture
funds to conserve biodiversity in urban areas if multiple benefits can be attained. Biodiversity offset programs
are an increasingly popular conservation approach in the face of expanding development (ten Kate et al. 2004),
and this approach has seen recent success in conservation of rare species while reducing uncertainty in regional
species persistence (Underwood 2011). On public lands where multiuse designation may negatively impact
at-risk species, forest carbon sequestration projects have mitigation potential if implemented with multiple
benefits in mind.
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incorporates priorities into a single map to visualize
multiple potential futures for Southern forests while
considering the gradient of uncertainty surrounding
successful implementation of conservation plans, urbanization and other development pressures, and
coastal forest response to sea-level rise. The resulting
data products assigned a forest retention likelihood
class for all Southern forests on a six-point, qualitative
Forest Retention Index based on factors that enable
forests to be retained (e.g., conservation priority areas,
forest industry) and land-use conversion risks (e.g., urbanization, sea-level rise, energy development). Maps
were generated for 2030, 2040, 2050, and 2060 to
accommodate multiple planning horizons and enable
natural-resource entities to gage where risk of forest
loss poses an immediate threat to high-priority forests
and wildlife. Additionally, we produced a gap analysis
to determine how forests with high biodiversity were
captured on the Forest Retention Index.

Methods
Mapping the South’s Forests of the Future project used
a coproduction approach, referring to a collaborative system with multiple contributors of knowledge
sources and capacities with an emphasis on bridging
science and natural-resource decisionmaking (e.g.,
Lemos and Morehouse 2005, Meadow et al. 2015).
The coproduction approach was vital to determining
the use of decision trees, choosing datasets that map
risks to forest retention, segmenting urbanization
data into three risk classes, comparing timber product
and mill data to expert knowledge of forest industry
trends, and evaluating inclusion of forest importance
to clean water. A nine-member steering committee
(see Acknowledgments) representing a range of forestrelated interests offered guidance and served as our
first critical audience. Following the second draft of
data products, we conducted an open forum for review of methodology and data products with nearly 40
individuals of the conservation community including
federal and state agencies, nonprofit organizations,
and forestry consultants. We used comments from this
group and additional stakeholders to make adjustments prior to release of final data products.
Our study area extends from Virginia to eastern
Texas, including, at least in part, all states in USDA
Forest Service Region 8 in addition to southern
Missouri and southern Illinois (Figure 1). This land
base covers 429 million acres across the majority of the
Southeast Conservation Adaptation Strategy (SECAS)
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constraints, there is value to integrating conservation
priorities to improve efficiency, effectiveness, and connectivity among the myriad entities and plans involved
in natural resource conservation (Open Space Institute
2013). Integration is needed across multiple spatial
scales within and among states. Within states, Forest
Action Plans, State Wildlife Action Plans, and other
conservation planning efforts may be developed in isolation. This can result in disjointed priorities for forest
conservation across geopolitical and ecological boundaries in the Southern United States that lack a consistent message and regional conservation perspective.
Conservation and forest retention efforts may be more
successful if priorities reflect multiple overlapping targets, providing greater opportunities for leveraging
of funds and partnerships to support ecological and
socioeconomic objectives. An integrated approach will
also help ensure that national and regional forest retention needs are more comprehensively met.
The majority of existing plans offer some measure
of spatial prioritization of focal areas for conservation and/or forest retention (e.g., Missouri Department
of Conservation and USDA Forest Service Northern
Research Station 2010, Tennessee State Wildlife Action
Plan Team 2015). However, methods used to spatially
identify priority areas as well as spatial resolution
differ widely among plans, reflecting a spectrum of approaches from expert elicitation to empirically driven
spatial analyses. As a result, the proportion of land in
a priority area differs by plan and may be further prioritized by issues and actionability (e.g., wildfire risk,
water quality, and working forests). Hence, any effort to integrate priority areas in the Southern United
States must recognize the challenges associated with
combining dozens of datasets across diverse methodologies. The call to integrate priorities (Open Space
Institute 2013) underscores the importance of landscape planning to capitalize on existing and emerging
partnerships, leverage funds, and visualize the future of
Southern forests.
Mapping the South’s Forests of the Future project leveraged the existing regional and partnershipdriven conservation plans to produce a comprehensive
geospatial inventory of prioritized areas of forest
retention and restoration. To avoid redundancy
with other efforts, we extended the work of the
Southeast Conservation Adaptation Strategy (http://
secassoutheast.org/), which compiled geospatial priorities to identify a network of sustainable lands and
waters to prioritize for conservation, to other forest
and conservation entities. This project integrates and
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geography. This area, henceforth, the Mapping the
South’s Forests of the Future (MFF) area, contains a
wide variety of forest, natural nonforest, and developed lands across a diversity of ecosystems and land
cover types.

3. Threats to forest retention, including future urbanization, sealevel rise and associated coastal changes, and potential energy
development sites; and
4. Lands of high socioeconomic value, defined as forestlands important to the South’s timber industry and forests important to
maintaining surface drinking-water quality.

Geospatial Data Inputs

Conservation Interests: Protected Lands
and Priority Areas

We collected geospatial data from August 2017 to
March 2018 which were subsequently compiled to
create future forest retention mapping products that
reflect a gradient of uncertainty associated with conservation plans, development and other socioeconomic
pressures, and climate change. Dataset categories include the following:
1. Protected lands, obtained from Protected Areas Database-US,
version 1.4 (US Geological Survey, GAP 2016), National
Conservation Easement Database (conservationeasement.us),
state databases, and nongovernment organizations;
2. Prioritized lands, obtained from federal and state agencies (e.g.,
State Wildlife Action Plans and Forest Legacy Program areas)
and numerous nongovernment organizations and public–private
partnerships (e.g., joint ventures and land trust partnerships);

We engaged more than 50 conservation partners
(Supplemental Material A) that assisted in data acquisition, developing a methodology for map creation,
and reviewing mapping products. Protected lands
data were sourced from Protected Areas Database-US
(PAD-US) and National Conservation Easement
Database supplemented with parcel information of
recent acquisitions and easement transactions from
our conservation partners. In total, documented protected areas currently occupy 48.6 million acres (≈16
percent of MFF area; Figure 2). Protected areas consist of 36.3 million acres of forest, 3 million acres of
open water (not including Marine Protected Areas),
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Figure 1. Mapping the South’s Forests of the Future study area in the Southern United States with National Land Cover
Database classifications (Homer et al. 2015).
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1.9 million acres of development (e.g., roads), and 7.2
million acres in other land cover (e.g., herbaceous wetlands and agriculture). PAD-US assigns each protected
area in its database a GAP status based on stringency
of protection mandates. Protected areas may be managed for biodiversity with disturbance events allowed
to proceed or to be mimicked (GAP Status 1) or with
disturbance events suppressed (GAP Status 2). There
are 134,000 acres and 1.55 million acres in GAP
Status 1 and 2, respectively. More than 1 million acres
of protected areas are in GAP Status 3 (e.g., National
Forests), which are managed for multiple uses and
allow extraction (e.g., mining) and off-highway vehicle
(OHV) access. Nearly 2 million acres in PAD-US are
under no known protection mandate (GAP Status 4).
Because conservation partners were at various
stages in their prioritization and acquisition processes, we divided priority data into two groups:
Tier 1 and Tier 2 Priority Areas. Tier 1 Priority Areas
were defined as lands that are forested, and are strategically planned for protection, usually associated
with a formal acquisition program and designated
at the parcel spatial scale. Examples include: the
Land and Water Conservation Fund, through which

government agencies can acquire properties; The
Nature Conservancy’s Longleaf Protection Priorities,
which are strategically placed near protected lands;
and Department of Defense installations. Tier 1
Priority Areas also included parcels currently in the
acquisition process. Tier 1 Priority Areas tended to
cluster around existing protected lands (Figure 2). In
contrast, Tier 2 Priority Areas were regional conservation priorities, typically designated at broad spatial scales and whose acquisition had varying degrees
of certainty and were more opportunistic in nature.
Examples include conservation opportunity areas
identified in State Wildlife Action Plans, high-priority
areas identified in SECAS, and Forest Legacy Program
areas identified in state Forest Resource Assessments
and Strategies. Tier 2 Priority Areas exhibited substantial overlap among input datasets, which was unsurprising given the regional focus and collaboration
involved in many prioritization efforts (e.g., SECAS,
The Nature Conservancy’s Resilient and Connected
Prioritized Network, Lower Mississippi Valley Joint
Venture’s Conservation Delivery Networks).
Protected and priority area datasets were set to the
same geographic coordinate system (North American
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Figure 2. Protected forestland and Tier 1 Priority Area forestland in the southeastern United States (i.e., MFF study area).
Protected lands include fee simple and easement properties. Tier 1 Priority Areas are defined as forested or potentially
forested lands that are strategically planned for protection, usually associated with a formal acquisition program and
designated at the parcel spatial scale.
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Datum 1983) and clipped to the MFF area prior to further geoprocessing. Feature class datasets were merged
to create a single feature layer each for Protected, Tier
1 Priority Areas, and Tier 2 Priority Areas to reduce
computational effort at later stages of processing.

We focused on three threats to retention of forestland
to the extent that data were available: projected urbanization, sea-level rise and associated wetland
migration, and energy development. To capture the potential extent of future urbanization, we used SLEUTH
models, so named for the input models (Slope, Land
use, Excluded, Urban, Transportation, and Hillshade;
Jantz et al. 2009, Belyea and Terando 2017) for the
years 2030, 2040, 2050, and 2060. SLEUTH models
the rate and pattern of urbanization using four growth
rules (spontaneous growth, new spreading centers,
edge growth, and road-influenced growth) to project future urbanization (Belyea and Terando 2017).
For each decade of interest, we classified SLEUTH’s
probability of urbanization (PU) into three tiers: high
(PU ≥ 90 percent), moderate (PU ≥ 50 percent and <90
percent), and low (PU < 50 percent).
Climate change has affected and will continue to affect forests in many ways (McNab et al. 2014, USDA
Forest Service 2016). Because our project did not discriminate among forest types or condition classes, we
limited our evaluation of the effects of climate change
to coastal forests, where inundation from sea-level
rise and the associated inward migration of wetlands
can result in forest loss along the Southeast’s extensive coast line (Williams et al. 1999, DeSantis et al.
2007, Doyle et al. 2010). We used datasets of inundation extent from National Oceanic and Atmospheric
Administration’s (NOAA) Coastal Services Center,
which projects potential inundation of coastal areas
above current mean higher high water conditions. For
the decades 2030 through 2060, we implemented an
inundation model of a 1-foot (0.3-meter) rise in sea
level by 2100, which is the National Oceanic and
Atmospheric Administration’s current lower-bound
scenario of global mean sea-level rise (Sweet et al. 2017).
Because inundation data alone do not capture coastal
forest migration, we used Sea-level rise Transition
Areas, which reflects transition of ecosystems as well
as complete loss of land projected to occur by 2050 for
the Atlantic coast and Florida’s Gulf coast line (South
Atlantic Landscape Conservation Cooperative [LCC]
2015). Sea-level rise Transition Areas did not depict
coastal forest migration prior to 2050; therefore, this

dataset was used only for 2050 and 2060 maps of future forest retention. For the Gulf Coast, we used Tidal
Saline Wetland Migration, which projects migration of
mangrove forests, salt marshes, and salt flats based on
alternative sea-level-rise scenarios for the years 2030,
2040, 2050, and 2060 (Enwright et al. 2015). Tidal
Saline Wetland Migration contains 20 scenarios for
each year based on the presence of barriers (e.g., current and future urbanization, levees) and extent of sealevel rise. We chose datasets with 0.5-meter sea-level
rise by 2100 (closest to the 0.3-meter rise we used in
the NOAA inundation dataset) with landward migration of tidal saline wetlands prevented by barriers
(Enwright et al. 2015).
The Appalachian LCC and The Nature Conservancy
partnered to develop a risk assessment for future energy development to quantify potential impacts on
forest and aquatic resources across 146 million acres
in 15 states (Dunscomb et al. 2015). The analysis determined that nearly 7.6 million acres, 71 percent of
which is forested, within the Appalachian LCC geography have a high (>90 percent) probability of energy
development. Areas at high risk were concentrated on
the Allegheny and Cumberland plateaus, and 10 percent of areas at high risk were intact patches of interior
forest habitat (Dunscomb et al. 2015), albeit much of
these areas of high risk were outside the MFF area. We
used this energy development risk dataset to identify
forests at high (>90 percent) risk of development for
coal, shale, or wind energy production.

Socioeconomic Value of Forests
We examined the socioeconomic value of forests as
they relate to timber markets and surface drinkingwater using data from USDA Forest Service. The
Timber Products Output (2012) dataset from the
Forest Inventory and Analysis program detailed the
amount of timber processed at mills for all categories of
timber products (e.g., saw logs, veneer logs, pulpwood,
composite, post) for every county in the Southeast.
Timber Products Output (2012) was based on surveys
of mills and reflected how much timber was processed
at mills within a single county. Mills typically have a
sourcing radius that includes multiple counties, and
thus, Timber Products Output was not a true measurement of how much timber a county produced. A review of the Timber Products Output by our product
reviewers within forest industry indicated that the top
timber-processing counties were also the top timberproducing counties. We used total timber processed in
each county and adjusted for differences in county size
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Creating a Forest Retention Index
Using protected status, conservation priority, threats,
and socioeconomic value datasets, we developed a
qualitative Forest Retention Index to provide a gradient of future forest retention likelihood on presently
forested lands. We implemented the index for the years
2030, 2040, 2050, and 2060. Currently forested land,
determined by using the 2011 National Land Cover
Database (US Geological Survey, GAP 2011, Homer
et al. 2015), was divided into six Forest Retention
Index classes ranging from Very High (i.e., almost certain to remain forested) to Very Low (i.e., forest almost
certain to be lost) using the Forest Retention Index decision tree (Figure 3).
All data were geo-processed using ArcMap 10.5
(ESRI). Final data layers are raster datasets with a spatial resolution of 30-meter by 30-meter, which is the
same spatial resolution of the National Land Cover
Database. To obtain final raster data products, we
converted all feature class data to rasters, assigned a
unique value to each raster input (using “reclassify”),

merged rasters (using “mosaic to new raster” with
spatial reference set to North American Datum 1983,
snapped to National Land Cover Database 2011),
and then reassigned each pixel according to the Forest
Retention Index decision tree for the years 2030, 2040,
2050, and 2060. The resulting rasters were extracted
through National Land Cover Database 2011 so that
only currently forested pixels were included in the
final datasets. Final raster pixels were assigned a value
between 1 (Very High likelihood of retention) and 6
(Very Low likelihood of retention).
Forestlands classified as Very High were limited
to currently protected forest, which includes public
lands (e.g., national forest, wildlife refuge, state parks)
and permanent easements on private land, regardless
of management objective or forest health status. Tier
1 Priority Areas were classified as High unless they
were at risk of loss to sea-level rise or projected urbanization at the highest (at least 90 percent risk) tier.
Tier 2 Priority Areas not at risk of being converted to
nonforest because of sea-level rise, high risk of urbanization, or high risk of energy development, were classified as High, Moderate-High, or Moderate-Low in
the Forest Retention Index decision tree based on the
presence of moderate (50–90 percent) risk of future
urbanization and socioeconomic value (Figure 3). For
example, a Tier 2 Priority Area at moderate risk of urbanization and in a high timber-processing county was
classified as Moderate-High. Forest that is not prioritized for conservation actions was treated similarly to
Tier 2 Priority Areas and was classified as ModerateHigh, Moderate-Low, or Low if it was not subject to
sea-level rise, high risk of future urbanization, or energy
development. For example, a nonprioritized forest area
at moderate risk of urbanization and in a high timberprocessing county was classified as Moderate-Low.

Gap Analysis: Biodiversity
The southeastern US is recognized as a global biodiversity hotspot for amphibians, tortoises, and freshwater turtles (Buhlmann et al. 2009, Walls 2014).
A recent study of biodiversity protection in the US
found that current protected areas are not effective in
conserving the country’s most biodiverse areas, with
most federally and state protected land occurring in
low-biodiversity areas of the western and northeastern
US (Jenkins et al. 2015), and highly biodiverse areas
are often in close proximity to areas with rapid development. Jenkins et al. (2015) mapped biodiversity
(i.e., total richness, number of endemic species, and
priority score) for mammals (359 spp.), birds (591
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to yield a county-based dataset of million cubic feet of
timber per acre per year.
Forests to Faucets assessed subwatersheds to identify those most important to surface drinking-water,
identified forested areas that protect drinking-water,
and identified forested areas at risk from housing
density, wildfire, insect, and disease that may affect
future quantity and quality of surface drinking-water
(Weidner and Todd 2011). Forests to Faucets calculated
forest importance to surface drinking-water based on
water-supply data, water-intake locations, flow patterns, populations, and land-cover data. Forests to
Faucets’ output of Forest Importance to Surface
Drinking Water is an index that assigns subwatersheds
a value from 0 to 100, with higher scores denoting
forests that contribute heavily to downstream surface
drinking-water. Subwatersheds, or 12-digit hydrologic
unit codes (HUC12), are nested within the HUC classification system and capture tributary systems (as
opposed to sub-basins captured in HUC8). There are
approximately 90,000 HUC12 in the US
We used a quantile analysis to identify the top 40
percent of timber-processing counties and HUC12
subwatersheds with the highest forest importance to
surface drinking-water values. We kept the Timber
Products Output and Forests to Faucets datasets separate during data processing, as these two datasets
use different measurement scales (counties and watersheds) that could not be reconciled.
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spp.), amphibians (270 spp.), reptiles (295 spp.), freshwater fish (863 spp.), and trees (641 spp.) in the conterminous US. The authors recommended nine priority
areas for expansion of conservation efforts based on
their biodiversity priority index. Five of these nine priority areas occur in the southeastern US: (1) middle
to southern Blue Ridge Mountains, (2) Tennessee,
Alabama, and northern Georgia watersheds (particularly around the Conasauga and Tennessee Rivers), (3)
Florida panhandle, (4) Florida Keys, and (5) southcentral Texas around Austin and San Antonio.
We used Jenkins et al.’s (2015) biodiversity priority
index to analyze how well biodiversity conservation
aligned with areas of future forest retention. To determine how well highly biodiverse areas were currently
captured on protected lands and in conservation plans,
we calculated the area in protected lands and priority
areas that had a biodiversity index score of at least
12, which captured all biodiversity priority areas recommended by Jenkins et al. (2015). For protected
lands, we analyzed how areas of high biodiversity
(score ≥ 12) are stratified across GAP status categories
in PAD-US and easements on privately owned lands.
GAP status categories in PAD-US exhibit a range of
accepted activities, with GAP statuses 1 and 2 having
the most restrictive measures on how areas can be
used and highest degree of management for conservation. GAP status 3 supports multiple land uses and
allows resource extraction (e.g., logging, mining), and
GAP status 4 lands are of unknown or unspecified

management intent. Finally, we analyzed how biodiversity was captured in each Forest Retention Index
class to determine biodiverse areas at high risk of being
converted to other land use or land cover.
Supplemental documentation, input datasets, and
data and maps of the Forest Retention Index are hosted
within a public gallery on DataBasin at https://gcpolcc.
databasin.org/galleries/7f6658ab017846b2b9bdc4e3
c7be4b35. An additional mapping exercise exploring
reforestation potential based on marginal agriculture
lands and potentially restorable wetlands is also available. All data are publicly available for download except in cases of proprietary information.

Results
Our work suggested that an estimated 17 million acres
of forested land are at high risk of being converted
to nonforest cover by 2060 (Forest Retention Index
classes Low and Very Low). Expected forest loss rates
were temporally nonlinear, showing a larger increase
between 2040 and 2050 than other time periods. These
losses were largely driven by projected urbanization,
but sea-level rise and inland migration of wetlands
and coastal forests played a key role in some coastal
areas (e.g., Louisiana). Approximately 59 percent
(138.9 million acres) of southern forest was projected
to be retained with High or Very High likelihood at
2060 based on shared forest retention priorities and/
or high socioeconomic value. An additional 25 percent
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Figure 3. Decision tree for Forest Retention Index, a qualitative, 6-point index of future forest likelihood for land currently
forested.
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Table 1. Forest Retention Index classes as forested area (in millions of acres and hectares) and percent of
total forestland* for years 2030 and 2060.
2030
Acres

Hectares

Percentage

Acres

Hectares

Percentage

36.07
117.93
52.85
22.39
0.26
6.83

14.60
47.73
21.34
9.06
0.11
2.76

15.2
49.9
22.4
9.5
0.1
2.9

35.74
103.13
58.74
20.95
0.32
17.38

14.46
41.74
23.77
8.48
0.13
7.03

15.1
43.7
24.9
8.9
0.1
7.4

*MFF study area only includes parts of Texas and Oklahoma, which may create discrepancies in cross-project comparisons
within US Forest Service Southern Region (R8).

(58.7 million acres) was projected to be retained with
Moderate-High likelihood. Thus, 197.6 million acres
(84 percent) of the current 236 million acres of forests in the MFF area were projected to be retained
with Moderate-High or better likelihood by 2060.
Currently, 15 percent of forests are protected; this is 73
percent of all protected lands in the MFF area (36.3 of
48.6 million acres). Forests that currently have a high
economic value (e.g., southeastern Georgia, southern
Alabama, Mississippi, and southern Arkansas) were
generally classified as having a High or Moderate-High
likelihood of retention through 2060. Conversely, areas
without strong timber markets (e.g., central Texas, dry
oak savanna in Missouri, and southern Florida) generally had a lower likelihood of forest retention.
Forest Retention Index classes followed similar
distributions for all years of analysis with nearly half
of current forestland classified as High likelihood of
forest retention followed by Moderate-High, Very
High, Moderate-Low, Very Low, and Low in order of
most to least retained acres of forest (Table 1, Figure 4).
Forestland in each Forest Retention Index class
changed as a function of future urbanization and sealevel rise. Class Very High was projected to decrease by
approximately 33,000 acres between 2030 and 2060
as coastal forests retreated inland in response to sealevel rise (e.g., saltwater intrusion, migration of salt
marshes). Classes High and Moderate-High were projected to decrease in acreage primarily because of loss
of forest to projected urbanization. Most of the area
projected to be lost in the Moderate-High class was
reclassified as Very Low, but a very small percentage
transitioned from Moderate-High to Moderate-Low
as some points transitioned from low risk to moderate risk of urbanization. Class Very Low increased
by 10.55 million acres. Of the total 17.38 million acres
classified as Very Low, approximately 99 percent of the

class received its designation because of high urbanization risk. Class Low showed a slight increase in area
across all years of study.
Tier 1 Priority Areas not at high risk of urbanization were classified as High on the Forest Retention
Index at year 2030. By 2060, 2.3 million acres in Tier
1 Priority Areas were reclassified as Very Low on the
Forest Retention Index, a loss of 11.3 percent of Tier 1
acreage from 2030, indicating that these priority forest
lands are likely to be converted to nonforest land uses
if mitigative conservation actions are not implemented.
This loss was primarily driven by projected urbanization, with a notable exception on North Carolina’s
coast where sea-level rise resulted in forest loss. The
loss of Tier 1 Priority Areas to urbanization occurred
throughout the Southern United States, but was most
concentrated in the southern Appalachians and central
Florida.
Although forestland in class High decreased
throughout our study period, the greatest losses generally occurred between 2030 and 2040, and again between 2040 and 2050. For example, in Georgia more
than 2 million acres were lost from class High between
2030 and 2040 (Appendix A). In Florida, more than
1.6 million acres were lost from the class High between 2030 and 2060, equivalent to nearly 9 percent
of forestland in Florida. Of this 9 percent, approximately 5 percent was reclassified as Very Low with
the remaining forestland moved to the Moderate-High
class. Florida forestland classified as High in 2030 and
Moderate-High in 2060 presents an opportunity for
forest conservation efforts, whereas forestland reclassified as Very Low may be more suited to wetland restoration and coastal resilience projects. North Carolina
showed the greatest increase in Very Low from 710,000
acres in 2030 to 2.7 million acres in 2060, a difference
of nearly 2 million acres. This potential for forest loss
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Figure 5. Areas of high biodiversity priority (Jenkins et al. 2015) stratified by Forest Retention Index classes for year 2060.

was equivalent to 14.4 percent of North Carolina’s
current forestland. Georgia and South Carolina also
had large gains in the Very Low class. Nearly 2 million

acres of forestland in Georgia were projected to transition to the Very Low class between 2030 and 2060,
with potential forest loss for the state at 12.4 percent of
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Figure 4. Forestlands of the Southern United States stratified by Forest Retention Index class at 2060.
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Discussion and Conclusions
Our mapping project built upon the work of the USFS
Southern Forest Futures Project to identify areas of existing, planned and prioritized forest retention in the

Southern United States. Much like any other planning
effort, it is important to use tools like this to identify
areas to target forest-retention efforts, particularly as
landscapes are subject to rapid conversion to development, and volatility in timber markets increases risk
in private forestland timber production. This tool provides a collaborative, transparent, and defensible mapping product that can aid in identifying key watershed
areas where retaining forests is critical to ecological
and socioeconomic integrity in the South.
Through this data compilation effort and development of the Forest Retention Index, we suggest 140
million acres of existing forest are projected to be retained with high likelihood by 2060. Our estimates of
future forest loss (Forest Retention Index Low and Very
Low) fall within the range forecast by the Southern
Forest Futures Project (Wear and Greis 2013), with
the added value of providing a geospatial context for
potential forest retention and loss that includes stakeholder conservation priority areas. Our analysis indicates that about 17 million acres of current forest are
very likely to be lost by 2060. Most of this loss will
be attributable to continued urbanization associated
with human population growth in the South, although
other factors such as energy development and sea-level
rise will impact parts of the region as well. Further,
lands currently identified as protected or planned for
protection remain at risk to alternative land use and
ownership changes depending on protection status.
Of particular concern are public protected lands with
multiuse designations that may be at risk for forest loss
to energy development in limited areas of the southern
Appalachians.
The biodiversity gap analysis estimated that 87
percent of high biodiversity priorities (Jenkins et al.
2015) are likely to be retained as forest in 2060.
However, about 770,000 acres (8 percent) of high
biodiversity priorities are vulnerable to development
pressures. These vulnerable areas of high biodiversity
are scattered across the southeastern United States,
and their conservation will likely require participation from multiple sectors and organizations to
successfully mitigate their loss and sustain their biodiversity value. National efforts (Ricketts and Imhoff
2003, Robles et al. 2008) to assess the risk that development pressures pose to high biodiversity priorities
support conclusions found in this effort. More than
100 watersheds in the conterminous United States
have relatively high densities of at-risk species where
there are also high expected increases in housing
density over the next 25 years, with the majority of
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current forestland. More than 974,000 acres in South
Carolina transitioned to the Very Low class, with
acreage in Very Low at 2060 equivalent to 10.5 percent
of current forestland in the state. Arkansas, southern
Illinois, southern Missouri, and eastern Oklahoma had
the least amount of forestland transfer to the Very Low
class between 2030 and 2060, and their total potential
forest loss appeared to be low. Louisiana also had little
forestland reclassified as Very Low by 2060; however,
the state had nearly 1.3 million acres classified as Very
Low in 2030, primarily because of sea-level rise, and
therefore, total potential forest loss could still be high.
The highest biodiversity priorities identified by
Jenkins et al. (2015) encompassed 14 million acres in
the MFF study area, of which 9.4 million acres were
forested. All Forest Retention Index classes captured
at least a portion of highly biodiverse areas, with the
majority of high biodiversity priorities in Very High
and High classes (Figure 5). Approximately 3 million
acres having a high biodiversity were already protected
(Very High) on public land, but may be vulnerable to
multiuse designations because of lower protections
offered by GAP statuses 3 and 4. Less than half of high
biodiversity priorities were in GAP statuses 1 and 2, in
which management for biodiversity is a primary objective. Nearly 1.9 million acres were in GAP status
3, which is subject to extractive (e.g., mining, timber)
and OHV use, and the remaining half-million acres
were not under any known biodiversity mandate (GAP
status 4 and private land easements). In the southern
Appalachians, Florida panhandle, central Florida peninsula, and Arkansas, biodiverse areas in High tended
to be located near biodiverse areas currently protected
(Very High), creating an opportunity for landscape
conservation planners to identify biodiverse corridors
among protected and Tier 1 Priority patches. Forest
Retention Index class Very Low captured roughly
770,000 acres, or 8 percent, of highly biodiverse areas,
suggesting that these acres are especially vulnerable to
lost capacity to provide habitat for rare and endangered species. Areas of conservation concern that were
most vulnerable to conversion to nonforest include the
Upper Mobile Bay watershed because of sea-level rise,
and the northeastern quadrant of Alabama and Blue
Ridge Mountains because of urbanization.
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Final data outputs have a 30-meter by 30-meter spatial resolution, consistent with National Land Cover
Database products. We recommend that the data be
used to inform decisionmaking at no finer scale than
the HUC12 watershed. We intend our map outputs
to be useful to large-scale (e.g., regional or state-level)
forest retention and conservation planning efforts.
However, application to existing watershed-based
planning efforts may also be relevant. For instance,
timber investment organizations or watershed-based
land conservancies may be able to use these data to
identify key watersheds for forest retention efforts.
Because we used a minimal, 1-foot (0.3-meter) sealevel-rise scenario in our mapping efforts, coastal conservation organizations may need to evaluate further
the impact of higher sea-level rise scenarios to capture
the range of future possibilities. Our inclusion of energy development as a threat to forest retention was restricted to the Appalachian Mountains, and additional
information is needed on geospatial projections of energy development in other areas of the South. Future
reduced precipitation and higher temperatures, which
can impact the extent, type, and condition of forests,
is also a concern, especially in western portions of our
study area. Although we were unable to incorporate
a climate change model about reduced precipitation
impacts on future forest likelihood, we did limit our
study to the eastern, heavily forested parts of Texas
and Oklahoma. We excluded areas near the transition
between forests and grassland or rangeland to avoid
zones of potential forest retreat associated with possible future reductions in precipitation. Finally, our
analyses and data products do not evaluate forest
condition classes. However, other groups have produced forest condition frameworks (e.g., Gulf Coastal
Plains and Ozarks LCC, https://www.sciencebase.gov/
catalog/item/508826c4e4b0a0cec3e5a586), and these
additional data products may be used in concert with
our data products and models for local evaluation of
protection and management opportunities.

Supplementary Materials
Supplementary data are available at Journal of Forestry
online.
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these watersheds occurring in the southeastern United
States (Robles et al. 2008). In addition, an analysis
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urban areas, despite the higher cost of doing business
there. Reserving conservation efforts for biodiversity only in sparsely populated areas with relatively
intact forest, although important and often more
cost-effective, will capture only a fraction of the
highest biodiversity priorities.
Although Jenkins et al. (2015) found that protected areas across the conterminous United States
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inefficiency in protecting biodiversity is not equally distributed across all conservation efforts and organizations. For example, an analysis of land trust activities
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The Nature Conservancy’s lands occur within sciencebased conservation priorities, with fee simple acquisitions having a higher (86 percent) rate of alignment
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we contacted were engaged in dialogue about future
forestland conservation, but did not have spatially
defined priorities yet developed. Thus, local projects
referencing Forest Retention Index data layers need
to evaluate whether all conservation efforts in their
area have been included and adjust accordingly. The
collaborative approach to creating decision trees, data
inputs, and final products of this project enables flexibility in terms of applications with multiple additional
data products that increases the utility and range of information beyond what any single data product might
provide.
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Appendix A: Forest Retention Index in
Southeastern States

Table A1. Forest Retention Index classes in each state and region as forested area (in millions of acres) for
all years.
Forest Retention Index
State

Year

Very High

High

Moderate-High

Moderate-Low

Low

Very Low

Alabama

2030
2040
2050
2060
2030
2040
2050
2060
2030
2040
2050
2060
2030
2040
2050
2060
2030
2040
2050
2060
2030
2040
2050
2060
2030
2040
2050
2060
2030
2040
2050
2060
2030
2040
2050
2060

1.537
1.533
1.532
1.531
3.843
3.843
3.843
3.843
5.546
5.528
5.507
5.502
3.262
3.262
3.243
3.243
0.708
0.708
0.708
0.708
1.601
1.601
1.601
1.601
1.725
1.716
1.714
1.711
2.286
2.284
2.284
2.284
2.403
2.403
2.403
2.403

14.492
14.082
13.888
13.741
10.021
8.274
8.247
8.232
7.450
6.307
6.034
5.839
14.690
12.620
12.148
11.865
0.272
0.062
0.062
0.062
6.648
5.626
5.549
5.483
9.068
8.701
8.662
8.640
10.031
8.710
8.552
8.435
1.947
1.789
1.782
1.775

5.779
5.951
5.837
5.709
3.416
5.104
5.065
5.028
2.564
3.507
3.236
3.239
4.110
5.565
5.314
5.014
0.031
0.241
0.239
0.240
4.065
4.959
4.822
4.726
2.225
2.612
2.592
2.570
4.658
5.805
5.689
5.607
4.667
4.793
4.764
4.732

0.550
0.530
0.539
0.492
1.571
1.566
1.560
1.533
1.128
1.061
1.202
1.011
0.380
0.368
0.369
0.324
0.465
0.462
0.462
0.458
1.180
1.138
1.136
1.063
0.545
0.545
0.542
0.536
1.770
1.719
1.730
1.651
4.021
3.996
3.969
3.940

0.004
0.005
0.006
0.007
0.005
0.006
0.007
0.008
0.002
0.006
0.017
0.031
0.006
0.006
0.006
0.006
0.001
0.001
0.001
0.002
0.10
0.012
0.014
0.015
0.001
0.002
0.002
0.002
0.008
0.010
0.013
0.016
0.010
0.012
0.014
0.016

0.453
0.712
1.011
1.333
0.074
0.137
0.208
0.286
1.639
1.920
2.334
2.708
0.893
1.521
2.263
2.888
0.003
0.005
0.008
0.011
0.205
0.373
0.587
0.821
1.266
1.254
1.319
1.371
0.329
0.553
0.813
1.088
0.071
0.126
0.186
0.253

Arkansas

Florida

Georgia

Illinois*

Kentucky

Louisiana

Mississippi

Missouri*
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Table A1. Continued
Forest Retention Index
Year

Very High

High

Moderate-High

Moderate-Low

Low

Very Low

North Carolina

2030
2040
2050
2060
2030
2040
2050
2060
2030
2040
2050
2060
2030
2040
2050
2060
2030
2040
2050
2060
2030
2040
2050
2060
2030
2040
2050
2060
2030
2040
2050
2060

2.889
2.889
2.766
2.769
0.998
0.998
0.998
0.998
2.232
2.232
2.176
2.179
2.042
2.042
2.042
2.042
1.396
1.394
1.394
1.394
3.540
3.540
3.527
3.528
32.896
32.864
32.628
32.627
36.007
36.261
35.739
35.738

9.306
8.796
8.284
8.092
2.548
1.700
1.696
1.692
7.473
7.124
6.872
6.770
7.207
7.035
6.957
6.899
6.478
6.451
6.420
6.390
10.297
9.379
9.270
9.215
115.710
104.806
102.578
101.292
117.929
107.168
104.423
103.129

4.540
4.685
4.292
4.115
1.370
2.213
2.210
2.210
1.946
2.101
1.926
1.796
3.614
3.679
3.507
3.444
8.189
8.127
8.061
7.995
1.673
2.461
2.394
2.314
48.149
56.767
54.945
53.767
52.847
62.163
59.948
58.739

1.242
1.143
1.122
1.016
0.412
0.411
0.410
0.407
0.332
0.308
0.305
0.263
1.736
1.614
1.617
1.496
6.623
6.539
6.455
6.371
0.432
0.423
0.423
0.388
17.901
17.363
17.412
16.552
22.388
21.929
21.843
20.950

0.037
0.036
0.035
0.034
0.001
0.001
0.001
0.001
0.009
0.010
0.010
0.009
0.034
0.035
0.036
0.037
0.024
0.029
0.033
0.037
0.109
0.101
0.100
0.100
0.251
0.259
0.280
0.306
0.261
0.273
0.296
0.324

0.710
1.175
2.224
2.697
0.005
0.011
0.018
0.025
0.312
0.529
1.017
1.286
0.334
0.564
0.809
1.051
0.318
0.487
0.664
0.840
0.213
0.362
0.551
0.720
6.752
9.598
13.816
17.114
6.826
9.743
14.010
17.377

Oklahoma*

South Carolina

Tennessee

Texas*

Virginia

USFS R8†

Total†

*State is partially included in the study area.
†
Excluding central and western Texas and Oklahoma, Puerto Rico, and US Virgin Islands.
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