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Abstract: The conservation and sustainable management of forests across ownership groups of the
conterminous USA was assessed using the Montréal Process Criteria and Indicators (C&I) framework
using national forest inventory and other data. Sixty-one percent of the forest area in the USA is
Privately owned (20% Corporate, 39% Family, and 2% Other Private), 37% is Public (28% Federal,
2% Local, and 7% State), and 2% is within Native American Tribal Reservation boundaries. There
are many commonalities across ownership categories, but there are also important differences. A
1.1 million ha yr−1 decrease in Family forestland and a 1.0 million ha yr−1 increase in Corporate
forestland (C&I 1.1.a) between 2012 and 2019 are among the main trends with implications for sustainability and influence all other aspects considered through the C&I. The majority of annual timber
harvests (C&I 2.d) comes from Corporate (46%) and Family (42%) forestlands. Of the most common
species, net growth to removal ratios (C&I 2.d) are less than 1.0 for three species on Tribal forestland,
two species on Federal forestlands, and two species on Corporate forestlands. Disturbances (C&I 3.a
and 3.b) are relatively common (ranging from 4 to 15% of forestland within an ownership category)
across ownership categories with the highest proportion of disturbances being caused by diseases
and pests on Federal forestland. Differences in the legal and institutional frameworks across ownership categories (Criterion 7) influence how the forest resources can be managed and how policies,
programs, and services can be designed and implemented to help maintain and enhance the flow of
forest-based goods and services. This analysis helps illustrate that sustainability is complex, C&I are
imperfect, and there are additional elements, such as recreational access and ownership/management
objectives, that would be helpful for comparing across ownership categories. But the Montréal Process C&I framework helps elucidate the relative threats among ownership categories, in particular the
loss of Family forestland to non-forest uses and the increase in disturbances across most ownership
categories, and the relative opportunities across ownership categories, including the sustainable
supply of timber from Corporate and Family forestlands and the relatively high tree, and presumably
broader, biodiversity especially on Local and Other Private forestlands.
Keywords: forestland dynamics; timber harvesting; forest health; forest disturbance; Forest Inventory
and Analysis; United States
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1. Introduction
Across the conterminous USA, there are an estimated 276 million ha of forestland [1]
that provide society with countless benefits ranging from clean water to recreational opportunities to timber. The specific benefits that are generated and who can directly access
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them is dictated by, among other factors, the individuals, businesses, agencies, and other
groups that own and steward these lands. These ownerships and organizations have
diverse structures and objectives and varying levels of resources. In addition, forests
exist within a matrix of different ownership types and many of the most pressing concerns (e.g., wildfire and invasive species) transcend boundary lines. By understanding
the patterns and trends in conservation and forest management, policies and programs
can be designed to amplify the relative strengths and mitigate the relative weaknesses
across ownership types.
The Montréal Process Criteria and Indicators (C&I) is a framework that has been
developed to assess the conservation and forest management of temperate and boreal
forests [2]. The framework consists of seven criteria and 54 indicators that address
biological diversity, forest productivity, forest health, soil and water resources, carbon
sequestration, financial and livelihood benefits of forests, and the institutional mechanisms intended to foster forest conservation. The framework has been adopted by
multiple countries in either its entirety or as partial or modified versions [3]. A national
assessment of sustainable forest management in the USA using the Montréal Process C&I
found that, overall, the sustainability indicators were positive, but concerns were raised
about fragmentation (an indicator of biological diversity) and disturbances (an indicator
of forest health) [4]. An assessment of the sustainability of Family forests in the USA also
found that most indicators were positive, but loss of forestland was flagged as a major
concern [5]. Additional analyses have been conducted in the USA focusing on forest
governance [6], forest fragmentation [7], and other specific C&I. Studies have also been
published on the application of the Montréal Process C&I in Australia [8], Canada [9],
and the tropical islands of the politically associated territories and protectorates of the
USA [10], among other countries and regions.
The objective of this paper is to compare the conservation and forest management
patterns and trends across ownership categories in the USA. This will be conducted
by applying the Montréal Process C&I framework. These comparisons will highlight
commonalities and differences across ownership groups with an aim of facilitating forest
policy design and implementation that responds to the varying threats and relative
strengths and weaknesses that exist for each group. While the analysis is focused on
the USA, general results should have applicability to other countries that have similar
ownership groups.
2. Materials and Methods
The specific Montréal Process C&I included in this paper (Table 1) were selected based
on data availability and applicability towards cross-ownership comparisons. All data
sources needed to be citable, be able to be subset by ownership category, and cover most, if
not all, of the conterminous USA. Preference was given to quantitative data and sources
that allowed for temporal comparisons. The analysis was constrained to the conterminous
USA due to data limitations for Alaska and Hawaii in the national forest inventory and
other data sources.
The forest ownership categories used (Table 2) were based on a collapsing of the
ownership classes used by the US Department of Agriculture (USDA), Forest Service, Forest
Inventory and Analysis program [11], which was the primary data source used to quantify
C&I in this analysis (Table 1). Under the broader grouping of Private forest ownership, the
forestland was classified as Corporate, Family, and Other Private. The Public ownership
category was subdivided into Federal, Local, and State. And the final grouping was Tribal,
which was not further subdivided; in previous reports (e.g., Renewable Resource Planning
Act assessments [12]), Tribal lands were typically grouped with other ownership categories,
but these lands are part of sovereign nations, are neither Private nor Public, and hence we
opted to classify this ownership group separately.

Forests 2022, 13, 992

3 of 22

Table 1. Selected Montréal Process Criteria and Indicators (C&I) and associated data sources used to
assess the sustainability across forest ownership categories in the conterminous USA. C&I numbering
corresponds to the numbering used in the Montréal Process [2] and descriptions refer to the specific
elements included in this paper.
Criterion/Indicator

Description

Data Source(s) *

Criterion 1: Conservation of biological diversity
1.1.a

Total forest area and forest area by forest-type
group and stand size

FIA

1.1.b

Forest area in protected areas

PAD

1.1.c

Forest fragmentation

NLCD

1.2.a

Number of tree species

FIA

1.2.b

Number of at-risk species

Nature Serve

Criterion 2: Maintenance of productive capacity of forest ecosystems
2.a

Forest area that is commercially productive

FIA

2.b

Total growing stock and annual growth rates

FIA

2.c

Forest area that has been planted

FIA

2.d

Annual harvest volumes and growth to removal
ratios by species

FIA

Criterion 3: Maintenance of forest ecosystem health and vitality
3.a

Forest area damaged by disease or pests (i.e.,
insects or invasive species)

FIA

3.b

Forest area damaged by fire or storm and
deforestation

FIA

Criterion 4: Conservation and maintenance of soil and water resources
4.1.a

Forest area managed for the protection of soil or
water resources

Literature
synthesis

Criterion 5: Maintenance of forest contribution to global carbon cycles
5.a

Forest carbon pools and fluxes

FIA

Criterion 6: Maintenance and enhancement of socioeconomic benefits
6.3.a

Employment in the forest sector

BLS

6.3.b

Total wages from employment in the forest sector

BLS

Criterion 7: Legal, institutional and economic framework
7.1.a

Legislation and policies supporting the
sustainable management of forests

Literature
synthesis

7.3.a

Clarity and security of land and resource tenure
and property rights

Literature
synthesis

* BLS: Bureau of Labor Statistics; FIA: USDA Forest Service, Forest Inventory and Analysis plot-based inventory
data; PAD: Protected Areas Database; NatureServe: NatureServe Map of Biodiversity Importance; NLCD: National
Land Cover Database.

For half of the C&I analyzed (including some of Criterion 1 and all of Criteria
2, 3, and 5), the primary data source was the USDA Forest Service, Forest Inventory
and Analysis plot data (FIA) [13], which constitutes the national forest inventory for
the USA. This is the same data source that was used as a primary data source in
previous national assessments of forest sustainability in the USA [14,15]. The FIA
program includes over 300,000 permanent inventory plots across the USA that span all
ownership categories and on which a consistent set of forest mensuration and related
data are collected. Forestland as defined by FIA, and, as used in this analysis, includes
land at least 0.4 ha (1 ac) in size and 37 m (120 ft) wide with at least 10 percent tree
canopy cover or has had at least 10 percent tree canopy cover in the past and is likely
to have it again in the future (e.g., areas where clearcutting has occurred, but the forest
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is likely to regenerate through natural or artificial means) [11]. Stand size was defined,
following the FIA protocol, based on stocking level and the size of the plurality of
trees on a plot. FIA defines stand sizes as: large for stands with ≥ 50% stocking in
medium and large diameter trees and stocking of large diameter trees greater than or
equal to stocking of medium diameter trees; medium for stands with ≥ 50% stocking
in medium and large diameter trees and stocking of large diameter trees less than
stocking of medium diameter trees; small for stands with ≥ 50% stocking in small
diameter trees; and non-stocked for stands with an all live stocking values of <10
(base 100) [11]. Large diameter trees are defined as trees ≥ 28 cm diameter at breast
height (DBH) for hardwoods and ≥ 23 cm DBH for softwoods; medium as trees ≥ 13 cm
DBH and <28 cm for hardwoods and ≥ 13 cm DBH and <23 cm for softwoods; and
small as trees <13 cm DBH. Productivity was assessed by estimating the forest area that
was capable of producing at least 1.4 m3 ha −1 yr −1 (20 ft3 ac −1 yr −1 ), an FIA threshold
for productivity [11]. Volume related estimates were for trees at least 13 cm (5 in) in
diameter at breast height, also an FIA defined threshold. The area-weighted, mean
remeasurement intervals were 7.1 years (nominal years of 2012 and 2019) for forest
area and volume-based variables and 5.5 years variables (nominal years of 2013 and
2019) for growth, removals and land use change, the difference largely being due to a
lack of data availability for the Rocky Mountain region (see Supplemental Materials
for specific inventory cycles used).
Table 2. Forest ownership categories used to assess forest sustainability across the conterminous
USA. Categories, descriptions, and ownership codes (OWNCDs) are based on US Department of
Agriculture, Forest Service, Forest Inventory and Analysis definitions [11].
Category

Description

OWNCDs

Examples

Corporate

Corporatations, including private universities

41

Weyerhaeuser

Family

Individuals and families, including trusts, estates, and
family partnerships

45

Sue and Bob Jones

Other private

Non-governmental conservation/natural resources
organizations; Unincorporated local partnerships,
associations, and clubs

42, 43

The Nature Conservancy

Federal

National Forests; National Grasslands and/or Prairies;
Other Forest Service lands; National Park Service; Bureau of
Land Management; Fish and Wildlife Service; Departments
of Defense and Energy; Other Federal

11, 12, 13, 21,
22, 23, 24, 25

Umpqua National Forest

Local

Local (County, Municipality, etc.) including water
authorities; Other non-Federal public

32, 33

Burnett County Forestry &
Parks Department

State, including State public universities

31

Massachusetts
Department of
Conservation
and Recreation

Native American

44

Navajo Nation Division of
Natural Resources

Private

Public

State

Tribal
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The Protected Areas Database (PAD) [16] was used to estimate area of forestland by
protection status (C&I 1.1.b) by ownership group. Data were summarized based on Gap
Analysis Project (GAP) codes, which categorized lands as: 1 = permanently protected and
mandated to retain a natural state; 2 = permanently protected and mandated to maintain a
primarily natural state; 3 = permanently protected, but extractive uses permitted; 4 = not
permanently protected. In addition to these GAP statuses, a separate variable indicated
if the land was permanently protected via a conservation easement. FIA inventory plots
were overlaid on the PAD layer and based on ownership at plot center were summarized
as, in order of precedence, GAP 1, GAP 2, GAP 3, Easement, or Unprotected.
Forest area density was used as a proxy for forest fragmentation (C&I 1.1.c) [7]. The
proportion of the 15.2 ha area around each FIA inventory plot that was forested was
calculated based on data from the US National Land Cover Database (NLCD) [17]. Potential
values ranged from 0 to 1 with higher values representing more forestland in the vicinity
and implying lower fragmentation. The most recent estimates were based on 2016 NLCD
data and the change data compared 2006 to 2016.
At-risk species (C&I 1.2b) were assessed using NatureServe’s Map of Biodiversity,
which summarizes the number of threatened and endangered species listed under the
U.S. Endangered Species Act and other imperiled or critically imperiled species identified
by NatureServe within 990 m x 990 m grid cells [18]. The FIA inventory plots were
overlaid on this layer and summarized based on forest ownership at plot center. As the
map of biodiversity values were simple counts, there was no way to filter for just at-risk
forest species.
Economic benefits, i.e., jobs and wages, generated by the forests (C&I 6.3.a and 6.3.b)
were estimated using data from the Bureau of Labor Statistics including the logging,
sawmill, and pulp mill sectors and the support activities for forestry sector [19]. The
contributions by ownership category for forest sector employment and inflation-adjusted
wages were estimated based on the relative contributions to harvest removals for the North,
South, and Pacific Coast regions; in the Rocky Mountain region, where harvesting data
were not available, the harvesting distribution was estimated from the share of public and
private removals [12] and further refined by shares of productive forestland [20].
For Criteria 4 and 7, national-level, quantifiable data that could be disaggregated by
ownership category were not available. Instead, literature syntheses were conducted
where available literature on the respective indicators were summarized. For Criterion 4,
the search terms “forestry”, “best management practices”, or the common abbreviation
of this term (“BMP”), and “implementation” were combined with the name of each state
as well as with “United States” using the search engine DuckDuckGo to find relevant
reports and articles at the state and national level; specifically, we looked for resources
that compared BMP implementation rate by ownership type. Other resources were
snowball-sampled from the original reports and articles. For Criterion 7, resources
were snowball sampled beginning with resources identified using the search terms
“sustainable forest management”, “United States”, and “policy” or “legislation” for
7.1.a. and “clarity” or “security”, “land tenure”, and “United States” for Indicator 7.3.a.
Previous summaries of Criteria 7 for forestland in the USA [21–23] and information
on Tribal land from the Indian Forest Management Assessment Team [24] and heirs’
property were also specifically included.
Where necessary, data were subset by region (Figure 1). These regions were
based on those used by the USDA Forest Service’s Renewable Resource Planning Act
Assessment [12].
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data analyses were performed in the R statistical environment [25].
3.All
Results
3.1. Criterion 1: Conservation of Biological Diversity

3. Results

The most basic C&I, a sub-element of C&I 1.1.a, is forest area. As of 2019, there

3.1. are
Criterion
1: Conservation
of Biological
an estimated
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ha (SE Diversity
= 0.6) of forestland across the conterminous USA
(Table
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(Table 3B). These
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an estimated
million ha
(SE = 0.6)
of forestland
across the conterminous
USA
(Table
substantially
across
the USA with
private
dominating
3A).vary
Of this
acreage, 61%
is privately
owned,
37%ownerships
is publicly owned,
andin
2%the
is North
withinand
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and
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dominating
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Rocky
Mountain
and
Pacific
boundaries of Native American tribal reservations (Table 3B). These patterns varyCoast
subregionsacross
(Figurethe
2).USA
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changes
over the 2012
to 2019 remeasurement
were
stantially
with private
ownerships
dominating
in the Northperiod
and South
a
7%
decrease
in
the
area
of
Family
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and
a
14%
increase
in
the
area
of
Corporate
regions and public ownerships dominating in the Rocky Mountain and Pacific Coast reforestland (Table 3C).
gions (Figure 2). The greatest changes over the 2012 to 2019 remeasurement period were
a 7% decrease in the area of Family forestland and a 14% increase in the area of Corporate
forestland (Table 3C).
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Table 3. Summary of selected Montréal Process Criterion 1 Indicators by ownership category,
conterminous USA in terms of: (A) absolute values (2019), (B) relative values (2019), and (C) change
(2012–2019). Indicators, including data sources, are described in Table 1. Where available, standard
errors are listed parenthetically following the estimates.
Private
Indicator

Public

Tribal

Corporate

Family

Other
Private

Federal

Local

State

55.4 (0.3)
3.4

108.5 (0.4)
1.5

4.3 (0.1)
0.7

76.8 (0.3)
69.3

5.8 (0.1)
1.9

18.9 (0.2)
13.3

6.6 (0.1)
0.1

0.71 (0.01)

0.67 (0.00)

0.76 (0.02)

0.70 (0.01)

0.75 (0.01)

0.74 (0.01)

0.59 (0.02)

311

323

237

315

248

297

176

35.7

70.6

2.6

36.2

4.8

13.8

3.5

6.1
6

1.4
3

15.3
55

90.2
4

33.1
43

70.4
16

1.9
27

64.6

65.1

61.8

47.1

83.8

72.9

52.5

+14.3

−6.6

−24.3

+0.6

+9.9

+5.0

+0.9

−0.08

−0.06

+0.01

−0.04

−0.06

−0.04

+0.03

−0.8

+0.1

+10.1

+0.0

−5.8

−0.8

−1.6

A. Absolute values
1.1.a. Forest area, 106 ha
1.1.b. Protected forest area, 106 ha
1.1.c. Fragmentation, mean forest
area density
1.2.a. Tree diversity, number of species
1.2.b. Forest area with one or more
at-risk species, 106 ha
B. Relative values
1.1.b. Protected forest area, percent
1.2.a. Number of tree species, 106 ha−1
1.2.b. Forest area with one or more
at-risk species, percent
C. Change
1.1.a. Forest area, percent change
1.1.c. Fragmentation, forest area
density change
Forests
13, x FOR
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change
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The relative distribution of forest-type groups (C&I 1.1.a) varies by ownership group
and region (Figure 3). In the North, Family forestland has a relatively higher proportion
of forest area covered by the Quercus/Carya (oak-hickory) forest-type group as compared
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The relative distribution of forest-type groups (C&I 1.1.a) varies by ownership group
and region (Figure 3). In the North, Family forestland has a relatively higher proportion
of forest area covered by the Quercus/Carya (oak-hickory) forest-type group as compared
to other ownership categories. In the South, Corporate forestland has a relatively higher
proportion of Pinus taeda/P. echinata (loblolly-shortleaf pine). In the Rocky Mountain
region, Tribal forestland has a relatively higher proportion of Pinus (pinyon)/Juniperus
(piñon/juniper) and Local public forestland has a relatively higher proportion of woodland
Forests 2022, 13, x FOR PEER REVIEW
9 of 24
hardwoods. In the Pacific Coast region, Family and Other private forestlands have relatively
higher proportions of western Quercus (western oaks).
A. North

B. South

Acer/Fagus/Betula

Populus/Betula

Ulmus/Fraxinus/Populus

Pinus taeda/P. echinata

Quercus/Nyssa/Taxodium

Picea/Abies

Quercus/Car ya

Other

Quercus/Car ya

Quercus/Pinus

0.6

Proportion

0.4

0.2

0.0

0.4

0.2

al
Tr
ib

St
a

te

al
Lo
c

al
Fe
d

Pr

Ownership Category

Ownership Category

C. Rocky Mountain

D. Pacific Coast

Abies/Picea/Tsuga mer tensiana

Pinus ponderosa

Pinus (pinyon)/Juniperus

Pseudotsuga menziesii

Woodland
hardwoods
Other

Abies/Picea/Tsuga mer tensiana

Pinus ponderosa

California mixed conifer

Pseudotsuga menziesii

Quercus
(western)
Other

0.6

Proportion

0.6

0.4

0.2

0.4

0.2

rP

al
Tr
ib

te
St
a

Lo
ca
l

Fe
de
ra
l

r iv
at
e

ily

O

O

th
e

po
C

Fa
m

ra
te

al

te
St
a

Lo
ca
l

Tr
ib

or

rP
th
e

Fe
de
ra
l

ily
Fa
m

po
or

r iv
at
e

0.0
ra
te

0.0

C

Proportion

er

e
iva
t

ily

O

O

C

th
er

or
po
ra
t

e

al
Tr
ib

St
a

te

al
Lo
c

al
Fe
d

th
er

Pr

er

e
iva
t

ily
Fa
m

C

or
po
ra
t

e

0.0
Fa
m

Proportion

0.6

Woodland
hardwoods
Other

Ownership Category

Ownership Category

Figure 3.
byby
forest-type
group,
andand
ownership
category
for the
3. Relative
Relativeproportion
proportionofofforestland
forestland
forest-type
group,
ownership
category
for (A)
the
North,
(B) South,
(C) Rocky
Mountain,
and and
(D) Pacific
Coast
regions,
conterminous
USA,USA,
2019.2019.
The
(A) North,
(B) South,
(C) Rocky
Mountain,
(D) Pacific
Coast
regions,
conterminous
top
groups,
based
on area,
in each
region
are presented.
DataData
source:
[20].[20].
Thefive
top forest-type
five forest-type
groups,
based
on area,
in each
region
are presented.
source:

Stands
Stands dominated
dominated by
by large
large trees
trees occupy
occupy aa plurality
plurality of
of the
the forestland
forestland across
across all
all ownownership categories, ranging
ranging from
from 49%
49% for
for Corporate
Corporate forestland
forestland to
to 73%
73% for
for Tribal
Tribal forestland
(C&I 1.1.a; Figure
Figure4.4.Most
Mostother
otherstands
stands
dominated
by either
medium
or small
areare
dominated
by either
medium
or small
sizedsized
trees
trees
a relatively
even distribution
between
thefor
two
for ownership
most ownership
categories.
with awith
relatively
even distribution
between
the two
most
categories.
NonNon-stocked
from
2% forest
of thearea
forest
forand
Family
and
Otherforestlands
private forstocked standsstands
range range
from 2%
of the
for area
Family
Other
private
to
estlands
to 5% for
Federal forestland.
5% for Federal
forestland.

Forests 2022,
2022, 13,
13, xx FOR
FOR PEER
PEER REVIEW
REVIEW
Forests
Forests
2022, 13,
992

10 of
of 24
24
10
9 of 22

Proportion
ProportionofofOwnership
OwnershipCategory
Category

Stand Size
Size
Stand

Large
Large

Medium
Medium

Small
Small

Non−stocked
Non−stocked

Other
Other
Private
Private

Federal
Federal

Local
Local

State
State

0.6
0.6

0.4
0.4

0.2
0.2

0.0
0.0
Corporate
Corporate

Family
Family

Tribal
Tribal

Ownership Category
Category
Ownership

Figure4.
4.Relative
Relativeproportion
proportion
of
forestland
by
stand
size
and
ownership
category,
conterminous
Figure
ofof
forestland
by by
stand
sizesize
andand
ownership
category,
conterminous
USA,
Figure
4.
Relative
proportion
forestland
stand
ownership
category,
conterminous
USA,
2019.
Data
source:
[20].
USA, Data
2019.source:
Data source:
2019.
[20]. [20].

Including lands
lands in
in GAP
GAP statuses
statuses 1,
1, 2,
2, and
and333and
andconservation
conservationeasements,
easements, forest
forest area
area
Including
statuses
2,
and
and
conservation
easements,
forest
area
in
protected
areas
(C&I
1.1.b)
in
the
conterminous
USA
is
estimated
to
be
90
million
ha
in protected
protected areas
areas (C&I
(C&I 1.1.b)
1.1.b) in
in the
the conterminous
conterminous USA
USA is
is estimated
estimated to
to be
be 90
90 million
million ha
ha
(Table 3A;
3A;Figure
Figure 5).
5). This
This ranges
ranges from
from less
less than
than 2%
2% of
of Family
Family and
and Tribal
Tribalforestlands
forestlands to
to
(Table
(Table
3A;
Figure
5).
This
ranges
less
than
2%
of
Family
and
Tribal
forestlands
to
90%
of
Federal
forestland
(Table
3C).
Of
the
total
protected
forest
area,
94%
is
in
Public
90%
of
Federal
forestland
(Table
3C).
Of
the
total
protected
forest
area,
94%
is
in
Public
90% of Federal forestland (Table 3C). Of the total protected forest area, 94% is in Public
ownership with
77%
of
the
total
ininFederal
Federal
ownership,
15%
inin
State,
and
2%2%
in Local.
Local.
ownership
with 77%
77% of
ofthe
thetotal
totalin
Federalownership,
ownership,
15%
State,
and
in Local.
ownership
15%
in
State,
and
2%
in
Protection
Protection
Status
Status

GAP 11
GAP

GAP 22
GAP

GAP 33
GAP

Easement
Easement

Unprotected
Unprotected

Proportion
ProportionofofOwnership
OwnershipCategory
Category

1.00
1.00

0.75
0.75

0.50
0.50

0.25
0.25

0.00
0.00
Family
Family

Corporate Other
Other private
private
Corporate

Federal
Federal

Local
Local

Ownership Category
Category
Ownership

State
State

Tribal
Tribal

Figure
byby
protection
status
andand
ownership
category,
conterminous
Figure5.
5.Relative
Relativeproportion
proportionofof
offorestland
forestland
by
protection
status
and
ownership
category,
contermiFigure
5.
Relative
proportion
forestland
protection
status
ownership
category,
conterminous USA,
USA,
2019.
Descriptions
of the
the
protection
status
categories
are
includedinin
inthe
themethods
methods section.
section.
USA,
2019.2019.
Descriptions
of the
protection
status
categories
are
included
section.
nous
Descriptions
of
protection
status
categories
are
included
the
methods
Datasource:
source:[16].
[16].
Data
Data
source:
[16].

Forest area
area density,
density, aa proxy
proxy for
for forest
forest fragmentation
fragmentation (C&I
(C&I 1.1.c),
1.1.c), averages
averages 0.69
0.69 across
across
Forest
the
conterminous
USA,
meaning
that,
on
average,
69%
of
the
area
surrounding
forest
plots
the conterminous USA, meaning that, on average, 69% of the area surrounding forest plots

Forests 2022, 13, 992

10 of 22

Forests 2022, 13, x FOR PEER REVIEW

11 of 24

Forest area density, a proxy for forest fragmentation (C&I 1.1.c), averages 0.69 across
the
conterminous
USA,
that, area
on average,
of the
surrounding
is covered by forest.
Themeaning
mean forest
density 69%
is lower
forarea
Tribal
forestlandforest
(0.59)plots
than
is
covered
by
forest.
The
mean
forest
area
density
is
lower
for
Tribal
forestland
(0.59)
than
for other ownership categories which range from 0.67 for Family forestland to 0.76
for
for other ownership categories which range from 0.67 for Family forestland to 0.76 for
Other Private forestland (Table 3A). Forest area density increased for Tribal and Other
Other Private forestland (Table 3A). Forest area density increased for Tribal and Other
Private forestland, but decreased for all other ownership groups (Table 3C); a decrease in
Private forestland, but decreased for all other ownership groups (Table 3C); a decrease in
this metric implies an increase in forest fragmentation.
this metric implies an increase in forest fragmentation.
Across all FIA inventory plots, 376 species of trees were tallied during the most recent
Across all FIA inventory plots, 376 species of trees were tallied during the most recent
inventories (C&I 1.2.a). The species counts range from 176 on Tribal forestland to 323 on
inventories (C&I 1.2.a). The species counts range from 176 on Tribal forestland to 323 on
Family forestland (Table 3A). In relative terms, this metric ranges from 3 species per milFamily forestland (Table 3A). In relative terms, this metric ranges from 3 species per million
lion hectares for Family forestland to 43 trees species per million hectares for Local forhectares for Family forestland to 43 trees species per million hectares for Local forestland
estland (Table 3B).
(Table 3B).
The number of at-risk species (C&I 1.2.b) averages 2.3 species per inventory plot. This
The number of at-risk species (C&I 1.2.b) averages 2.3 species per inventory plot. This
varies from no overlap with the ranges of at-risk species at a given sample point up to 18
varies from no overlap with the ranges of at-risk species at a given sample point up to 18
withaverages
averagesof
of less
less than
than 1.3
1.3 species
species per
per inventory
inventory plot
plot on
on Federal
forestlands,
with
Federal and
and Tribal
Tribal forestlands,
to 3.3
3.3 species
species per
perinventory
inventoryplot
ploton
onFamily
Familyforestland
forestland(Table
(Table3B).
3B).
to

3.2. Criterion
Criterion 2:
2: Maintenance
Maintenance of
of Productive
Productive Capacity
Capacity of
of Forest
Forest Ecosystems
Ecosystems
3.2.
The percentage
percentageof
of forestland
forestlandthat
thatisis productive
productive(C&I
(C&I2.a),
2.a), defined
defined here
here using
using the
the FIA
FIA
The
−1−
3 ac
3 ha
1 yr
1 −1
−1−1yr
thresholdofofland
landthat
that
capable
producing
at least
1.4
m3−ha
yr
yr−−11; [11]),
threshold
is is
capable
of of
producing
at least
1.4 m
(20(20
ft3ftac
variesacross
acrossownership
ownership
categories
regions
(Figure
6). Overall,
unproductive
forvaries
categories
andand
regions
(Figure
6). Overall,
unproductive
forestland
estland
is
most
prevalent
on
Federal
forestland
in
the
Rocky
Mountain
region
(29%
of
all
is most prevalent on Federal forestland in the Rocky Mountain region (29% of all unproducunproductive
in the conterminous
USA)
by Family
andforestlands
Corporate
tive
forestland forestland
in the conterminous
USA) followed
byfollowed
Family and
Corporate
forestlands
the and
South
(19%
and 14%, respectively),
much
which is
in western
Texas
in
the South in
(19%
14%,
respectively),
much of which
is inofwestern
Texas
and western
and western
In relative
of the
Private forest
ownership
Oklahoma.
In Oklahoma.
relative terms,
all of theterms,
Privateallforest
ownership
categories
have atcategories
least 80%
of
their
productive
status,
for Public ownerships
this ranges
from 91%
have
at total
least forest
80% ofareas
theirintotal
forest areas
in productive
status, for Public
ownerships
this
for
Statefrom
to 71%
forfor
Federal,
and
Tribal
is the lowest
43% is
(Table
4B). The
relative
ranges
91%
State to
71%
for Federal,
and at
Tribal
the lowest
at greatest
43% (Table
4B).
changes
over relative
time arechanges
a 15% increase
for Other
Private
and afor
6%Other
decrease
for Corporate
The greatest
over time
are a 15%
increase
Private
and a 6%
(Table
4C).for Corporate (Table 4C).
decrease
1.00

Proportion

0.75

Region
North
South
Rocky
Mountain
Pacific
Coast

0.50

0.25

0.00
Corporate Family

Other Federal
Private

Local

State

Tribal

Ownership Category
−1 ) by ownership
3 ha
Figure
Proportionofofforestland
forestlandthat
that
is productive
m−13year
ha−−11) year
Figure 6. Proportion
is productive
(i.e.,(i.e.,
≥1.4≥m1.4
by ownership
category
and region,
USA, 2019.
Data
source:
Department
of Agriculture,
Forest Service,
category
andconterminous
region, conterminous
USA,
2019.
Data US
source:
US Department
of Agriculture,
Forest
Forest
Inventory
and
Analysis
[20].
Service, Forest Inventory and Analysis [20].

Forests 2022, 13, 992

11 of 22

Table 4. Summary of selected Montréal Process Criterion 2 Indicators by ownership category,
conterminous USA in terms of: (A) absolute values (2019), (B) relative values (2019), and (C) change
(2012–2019). Indicators, including data sources, are described in Table 1. Where available, standard
errors are listed parenthetically following the estimates.
Private
Indicator

Public

Tribal

Corporate

Family

Other
Private

Federal

Local

State

47.4 (0.3)

88.0 (0.4)

3.6 (0.1)

54.3 (0.3)

5.3 (0.1)

15.5 (0.2)

2.8 (0.1)

6.3 (0.0)
217.6 (2.1)
14.2 (0.2)
164.4 (3.1)

12.7 (0.0)
330.5 (2.3)
8.7 (0.1)
148.3 (2.3)

0.6 (0.0)
8.0 (0.4)
0.3 (0.0)
3.0 (0.3)

12.1 (0.1)
67.3 (1.7)
2.5 (0.1)
14.3 (0.7)

0.8 (0.0)
12.9 (0.5)
0.4 (0.0)
5.8 (0.4)

2.7 (0.0)
38.6 (0.9)
1.4 (0.1)
18.1 (1.1)

0.6 (0.0)
3.8 (0.3)
0.1 (0.0)
2.7 (0.4)

85.6

81.1

83.3

70.6

91.2

82.3

42.6

113.3
4.3
25.6
3.0

117.0
3.3
8.0
1.4

129.8
2.0
7.7
0.7

157.4
2.0
3.2
0.2

130.3
2.3
6.4
1.0

141.0
2.5
7.2
1.0

86.6
2.1
1.4
0.4

−5.6

+0.8

+14.9

−0.1

+1.0

+0.2

+2.1

+1.7

+13.5

+30.3

−0.8

+6.6

+4.4

+4.4

+6.8

+12.8

+101.7

−8.3

+20.8

+13.1

−1.4

−2.4

+0.5

+1.0

−0.1

+0.6

+0.3

+0.2

−12.4

−0.8

+49.2

−2.7

+24.0

+4.8

+7.3

A. Absolute values
2.a. Productive forest area,
106 ha
2.b. Growing stock a , 109 m3
2.b. Annual growth a , 106 m3
2.c. Planted forest area, 106 ha
2.d. Annual harvest a , 106 m3
B. Relative values
2.a. Productive forest
area, percent
2.b. Growing stock, m3 ha−1
2.b. Annual growth a , m3 ha−1
2.c. Planted forest area, percent
2.d. Harvest a , m3 ha−1 year−1
C. Change
2.a. Productive forest area,
percentage point change
2.b. Growing stock (m3 ha−1 ),
percent change
2.b. Annual growth a (m3 ha−1 ),
percent change
2.c. Planted forest area,
percentage point change
2.d. Annual harvest a (m3 ha−1 ),
percent change
a

Rocky Mountain region excluded due to data unavailability.

The total growing stock volume (C&I 2.b) across all ownerships is an estimated
36 × 109 m3 (Table 4A). Growing stock ranges from 87 m3 ha−1 for Tribal forestland to
157 m3 ha−1 for Federal forestland (Table 4B). The average annual growth (C&I 2.b) ranges
from 2.0 m3 ha−1 for Federal and Other Private forestlands to 4.3 m3 ha−1 for Corporate
forestland (Table 4B) with the greatest changes being a doubling of the growth rate on Other
Private forestland (Table 4C). A total of 27 million ha of forestland have been artificially
regenerated through planting or other means (C&I 2.c) with Corporate forestland having a
plurality of this forest area (Table 4A) and the highest relative percentage, 26% (Table 4B),
but also the greatest relative decrease (Table 4C).
Annual volume of removals (C&I 2.d) across the North, South, and Pacific Coast
regions of the conterminous USA (the Rocky Mountain region is excluded from estimates
of removals due to data unavailability) is estimated to be 357 million m3 (Table 4A). Most of
the removals are from either Corporate (46%) or Family (42%) forestlands that have average
removal intensities of 3.0 and 1.4 m3 ha−1 yr−1 , respectively (Table 4B). The overall net
growth to removal ratios is greater than one for the totals across all ownerships, but there
are some species that are showing net growth to removal ratios of less than 1.0, signifying a
net volume loss. Looking at the top ten most voluminous species within each ownership
category: Abies magnifica and Pinus contorta on Federal forestland have net growth to
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removals of less 1.0 (and both have negative net growth rates); on Tribal forestlands, Larix
occidentalis, Abies grandis, and Pinus ponderosa have ratios of less than 1.0; and on Corporate
forestlands, Tsuga heterophylla and Acer saccharum have ratios of less than 1.0. All of the top
ten species for the Family, Other Private, State, and Local ownership categories have net
growth to removal ratios greater than 1.0.
3.3. Criterion 3: Maintenance of Forest Ecosystem Health and Vitality
The estimated area of forestland damaged by disease or pests (sub-element of C&I 3.a)
is 26 million ha across all ownerships (Table 5A), but the percentages vary across ownership
categories. The percentage of forest area damaged by disease or pests is 15% for Federal,
12% for State, 11% for Tribal, and less than 10% for all other ownership categories (Table 5B).
Apart from a small decrease for Tribal forestland, all other ownership categories are showing
increases in the area damaged between 4 and 7 percentage points (Table 5C).
Table 5. Summary of selected Montréal Process Criterion 3 Indicators by ownership category,
conterminous USA in terms of: (A) absolute values (2019), (B) relative values (2019), and (C) change
(2012–2019). Indicators, including data sources, are described in Table 1. Where available, standard
errors are listed parenthetically following the estimates.
Private
Indicator

Public

Tribal

Corporate

Family

Other
Private

Federal

Local

State

3.5 (0.1)

7.8 (0.1)

0.4 (0.0)

11.3 (0.1)

0.4 (0.0)

2.2 (0.1)

0.7 (0.0)

3.3 (0.1)

5.4 (0.1)

0.2 (0.0)

7.3 (0.1)

0.2 (0.0)

1.2 (0.1)

0.4 (0.0)

0.2 (0.0)

0.6 (0.0)

0.0 (0.0)

0.1 (0.0)

0.0 (0.0)

0.0 (0.0)

0.0 (0.0)

6.2

7.2

9.0

14.8

7.7

11.6

10.5

6.0

5.0

5.6

9.6

4.2

6.4

5.7

0.3

0.6

0.8

0.1

0.3

0.2

0.1

+3.5

+5.0

+6.4

+3.9

+5.7

+7.3

−0.2

+0.6

+0.1

+0.2

+1.9

−0.5

+1.1

+0.3

+0.0

+0.1

+0.6

+0.0

+0.1

+0.1

+0.0

A. Absolute values
3.a. Forest area damaged by
disease or pests, 106 ha
3.b. Forest area damaged by
fire or storms, 106 ha
3.b. Forest area deforested,
106 ha year−1
B. Relative values
3.a. Forest area damaged by
disease or pests, percent
3.b. Forest area damaged by
fire or storms, percent
3.b. Forest area
deforested, percent
C. Change
3.a. Forest area damaged by
disease or pests, percentage
point change
3.b. Forest area damaged by
fire or storms, percentage
point change
3.b. Forest area deforested,
percentage point change

The estimated forest area damaged by fire and storms (sub-element of C&I 3.b) is
28 million ha across all ownerships (Table 5A), this is in addition to the acreage damaged
by disease and pests. The percentage of forest area damaged by fire or storms ranges from
4% for Local forestland to 10% for Federal forestland (Table 5B). Apart from State forestland,
which is showing a decrease of 0.5 percentage points, all other ownership categories are
showing increases in areas damaged from 0.1 to 1.9 percentage points (Table 5C).
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The estimated forest area that is annually deforested (sub-element of C&I 3.b) is
1 million ha across the North, South, and Pacific Coast regions (Table 5A). The majority
(64%) of this deforestation is occurring on Family forestlands, 17% on Corporate forestlands,
and the remainder is spread across the other ownership categories. Deforestation rates are
stable or increasing across all ownership categories (Table 5C).
3.4. Criterion 4: Soil and Water Conservation
Voluntary and regulatory state-level best management practices (BMPs) and Federal
laws have been established to help protect soil and water resources. Compliance with
forestry BMPs is generally high, with an estimated compliance rate of 89% across the
U.S. [26] with reported implementation rates higher in the southeast and west than the
northeast [27]. Not all states monitor BMP implementation, and not all reports divide
results by ownership categories. Across published reports, many states have found Public
and Corporate forestlands to have the highest implementation rates (e.g., Georgia [28],
Oklahoma [29], Colorado [30], and East Texas [31]), although this pattern is not consistent
across all state reports (e.g., Florida [32], North Carolina [33], and Indiana [34]). Tribal
forestland is rarely included among the ownership categories studied, but Shy [35] is an
exception and they found high implementation rates for Tribal forestland in Wisconsin that
were similar to implementation rates on Federal and State lands in the state.
Looking beyond BMPs, which exist to limit risk to soil and water resources while
pursuing other objectives, some forestland is managed for the express purpose of protecting
soil and water resources, so-called “buffer” forests. This objective is likely more common
on public and certain kinds of institutional ownerships (e.g., water company lands), but
may exist to some extent on other types of ownerships as well. The authors are unaware of
any data or analyses that have sought to quantify the prevalence of buffer forests at the
national level.
3.5. Criterion 5: Carbon Sequestration
Above ground forest carbon (C&I 5.a) is estimated to be 14.0 billion metric tonnes
across all forest ownerships of the conterminous USA. Most of this carbon is on Family
(40%), Federal (29%), and Corporate (19%) forestlands (Table 6A). The per hectare amounts
of above ground carbon average 30 t ha−1 for Tribal forestland, 47 t ha−1 for Corporate
forestland, and above 50 t ha−1 for all other ownership categories (Table 6B). There have
been small decreases in the amount of above ground carbon on Federal forestland and
increases, often substantial, across all other ownership categories (Table 6C).
Table 6. Summary of selected Montréal Process Criterion 5 Indicators by ownership category,
conterminous USA in terms of: (A) absolute values (2019), (B) relative values (2019), and (C) change
(2012–2019). Indicators, including data sources, are described in Table 1. Where available, standard
errors are listed parenthetically following the estimates.
Private
Indicator

Public

Tribal

Corporate

Family

Other
Private

Federal

Local

State

2.6 (0.0)

5.5 (0.0)

0.2 (0.0)

4.0 (0.0)

0.3 (0.0)

1.1 (0.0)

0.2 (0.0)

46.8

50.9

55

52.5

54.3

56.4

30.1

+1.2

+11.4

+26.0

−0.2

+6.9

+4.3

+4.0

A. Absolute values
5.a. Above ground forest carbon, 109 t
B. Relative values
5.a. Above ground forest carbon, t ha−1
C. Change
5.a. Above ground forest carbon
(t ha−1 ), percent change
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3.6. Criterion 6: Socioeconomic Benefits
Nationally, as of 2019, forests of the conterminous USA provide an estimated 153,247 jobs
and USD 7.6 billion in wages via the forestry, logging, sawmill, and pulp mill sectors
(C&I 6.3.a and 6.3.b; Table 7A). Total employment across these sectors has trended downward, while real wages have remained relatively constant or increased. The contribution of
different ownerships to forest sector employment and wages, estimated by their contribution to harvests, varies by region. In the North, Family forestland contributes the largest
proportion (49%) to employment across these sectors, followed by Corporate forestland
(31%). Family forestland contributes a similar share of employment in the South (48%),
with Corporate forestland contributing 47%. The Pacific region is led by jobs stemming
from Corporate removals (64%), while the Rocky Mountain region is dominated by jobs
supported by Federal removals (43%).
Table 7. Summary of selected Montréal Process Criterion 6 Indicators by ownership category,
conterminous USA in terms of: (A) absolute values (2019) and (B) relative values (2019). Indicators,
including data sources, are described in Table 1.
Private
Indicator

Public

Tribal

Corporate

Family

Other
Private

Federal

Local

State

71.1

58.1

1.2

10.2

2.2

8.4

2.0

3616.0

2766.7

53.9

532.1

99.4

427.8

108.0

Corporate

Family

Other
Private

Federal

Local

State

1283.8

535.4

273.7

132.9

380.7

444.6

308.7

65.3

25.5

12.5

6.9

17.1

22.6

16.4

A. Absolute values
6.3.a Forestry sector employment,
103 jobs
6.3.b Wages from forestry sector
employment, 106 USD yr−1
B. Relative values
Attribute
6.3.a Forestry sector employment,
jobs 106 ha−1
6.3.b Wages from forestry sector
employment, 106 USD 106 ha−1

3.7. Criterion 7: Legal, Institutional, and Economic Frameworks
Legislation and policies in the USA can affect all or a subset of land uses, including
forests, and all or a subset of ownership categories. Many of the laws are at the state
level and can vary substantially from state to state. While some environmental laws,
including the Federal Endangered Species Act and the Clean Water Act, apply across forest
ownerships [22], most BMPs are implemented at the state level (see Criterion 4).
Federal lands are primarily held by two departments (US Department of Agriculture and US Department of Interior) and four agencies (Forest Service, National Park
Service, Fish and Wildlife Service, and Bureau of Land Management [36]), and each have
their own regulations based on their specific authorizing legislation and subsequent
legislative and executive directives. Since the late 1990s, environmental policies have
moved the managers of all Federal forestland to incorporate principles of ecosystem
management, although there are differences in what this means and how it is implemented among agencies [37]. State forestlands are governed by their own policies, which
vary by state. States have engaged in forest planning that spans State, Local, and Private
forestlands for over a hundred years, which more recently has ranged from developing comprehensive statewide forest resource plans to plans required by forest practice
regulatory programs, with foci on diverse topics ranging from economic development
to water quality [38]. Private forestland is subject to relevant federal, state, and local
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policies, but activities are often not directly regulated [22]. States also provide other
mechanisms to encourage sustainable forest management of Private forestland, such
as voluntary programs, tax or financial incentives, technical assistance, and landowner
education [22]. Certification of forestland, a market-based mechanism, has increased,
although barriers remain for Family forest ownerships and Federal managers [39]. Tribal
forestland is also subject to federal laws and policies, although inadequate financial
support to implement these policies is thought to inhibit Tribes’ legal entitlement to
full sovereignty and self-determination [24]. Tribal forestland is primarily held in trust
by the Bureau of Indian Affairs (BIA), but the policies and legislation governing these
lands and the trust responsibility have changed repeatedly, leaving a complicated and
extensive set of rules for managing Tribal forests [24].
The clarity and security of property rights also vary across ownership categories.
Private forestland is protected by law, which prevents the government from taking land
without due process and due compensation. Tenure rights are also secure for Public
forestland with the land use and management practices controlled by applicable laws
and regulations that vary depending on the ownership type and objectives of the specific
agencies. Native American tribal reservations are considered sovereign nations with land
rights and allocations established through treaties and subsequent laws, such as the Dawes
Act of 1887. Some Tribal land has been allocated to individuals with rights similar to Private
forest owners, but most Tribal forestland is held in trust by the BIA with management goals
that include sustained timber yield [24,40].
4. Discussion
There are many C&I that have similar patterns across ownership categories, but there
are also important differences. A large difference that has implications for many other
attributes is the area covered by each ownership group and where these holdings are
distributed across the USA (Figure 2). For example, due to historical factors, such as
colonization/homesteading and public acquisition patterns, most of the Federal forestlands
are concentrated in the western USA and much (but certainly not all) of this land is
of lower productivity. In addition to the total forestland areas, the juxtaposition of the
ownerships can be equally important as most forestland exists within a matrix of different
ownership types that collectively influence the broader landscape characteristics and must
be considered when developing landscape-level, cross-boundary initiatives [41].
Another important difference across ownership categories is the trends in forest areas
(Table 3C). While the area of all Public and Tribal ownerships did not vary by more than
1% (and all had gains), Family and Other Private forestlands decreased by 7.7% and
1.4%, respectively, and Corporate forestland increased by 6.9%. Of particular concern is
the loss of forestland to non-forest uses, including 627,000 ha yr−1 and 33,000 ha yr−1
from Family and Other Private forestlands, respectively (Table 3C). But of the land that is
deforested, it is important to note that roughly half of the conversion is to agriculture and
pasture [42], which is more likely to revert to forest cover as compared to other land uses,
such as development.
The net loss of forestland from an ownership category does not mean that all of that
acreage was converted to non-forest uses. Much of the loss of Family and Other Private
forestlands is transfers to other ownership categories with Corporate being the largest
sink [43]. Part of this transition is due to changes in ownership structure that are conducted
primarily for tax purposes (e.g., a family or individual converting their holdings into a
limited liability corporation) with few, if any, changes in management intent, and FIA’s
inability to track these changes, but part is also due to investment and forestry companies
acquiring Family forestland. Without a thorough analysis of the management practices and
outcomes among these different ownership groups, it is impossible to determine whether
this “loss” within ownership categories represents a problem or an opportunity from a
sustainability perspective.
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The net changes of forest area at the ownership category level fail to capture some
important trends within each category. For example for Corporate forestland, there has
been a dramatic shift in the last few decades from vertically-integrated forest products companies to institutional investors, including Timber Investment Management Organizations
(TIMOs) that buy and sell forestland on behalf of institutional investors and individuals
of high net worth, and Real Estate Investment Trusts (REITs), which are publicly traded
companies that focus on real estate investments [44]. Among Family forest ownerships, the
average land tenure is fairly long (21 years [1]), but these lands will eventually be sold or
otherwise transferred to the next owners and this will result in opportunities for parcellation
or consolidation of holdings [45]. All of these trends have potential implications in terms of
forest retention, forest management practices, and, more broadly, forest sustainability.
Forest area status and trends set the base for all other C&I because trends in forest
area can confound interpretation of other C&I. All of the totals, such as growing stock
volume, are directly impacted by forest area trends. Examining relative statistics (e.g.,
Table 3C) can be useful, but this is only a partial solution. For example, the relative area
of planted forests within an ownership category can be calculated, but a trend such as the
reduction in percentage of area of Corporate forestland that has been planted (Table 4C) is
not due to a net decrease in total area of planted forests; the absolute area actually increased,
but the decrease was due to an influx of forestland from other ownership categories that
was not planted.
The contributions of forests to biodiversity, at least in terms of number of tree species,
varies considerably depending on whether absolute or relative statistics are examined.
While Family forestland has the greatest number of tallied tree species, in part due to
this ownership category representing a plurality of the nation’s forestland, Other Private
and State forestlands have substantially higher relative numbers of trees species, 55 and
43 species per million ha, respectively, compared to other ownership categories. This
is a reflection of these ownership categories being concentrated in areas of higher (tree)
diversity and, to a certain extent, the ownerships focusing on acquiring rarer and more
diverse properties.
For at-risk species, the greatest total area is again for Family forestland, but in relative
terms all Private ownership categories are at similar levels, ranging from 62 to 65% of the
forest area having one or more at-risk species, and the Public and Tribal categories vary
substantially from 47% for Federal to 84% for State. Again, this is likely related to the
location of these lands—with marked differences in the distribution of ownerships across
ecoregions varying substantially in their baseline biodiversity. Although there was no way
to separate at-risk forest species from other at-risk species, it is important to note that FIA
plots with as little as 10% forest cover can be designated “forest,” and the parcels containing
plots can have significant areas of non-forest cover types. For these reasons, although
forest-associated at-risk species are probabilistically more likely to be found on FIA forest
plots, no species can be categorically excluded. As such, the total number of at-risk species
remains an appropriate index of the maximum potential number of endangered and at-risk
species associated with a given FIA plot.
In terms of forest management, specifically timber harvesting (C&I 2.d), the patterns
differ substantially across ownership categories. The plurality of the annual wood harvested comes from Corporate forestland followed closely by Family forestland, and the
relative harvesting intensities, 3.0 and 1.4 m3 ha−1 yr−1 , respectively (Table 4B), reflect
this trend. This is logical given the importance of financial returns to many Corporate [44]
and some Family [1] ownerships and the constraints and relatively lower emphasis placed
on this activity for other ownerships. The lower harvesting rates are one of the factors
influencing the higher per hectare volumes for Federal ownerships. The ratios of net
growth to removals are above 1.0 for the totals and 90% of the most voluminous species.
The ownership/species combinations with ratios of less than 1.0 are largely a result of pests,
fires, and other disturbances negatively impacting growth. There are other species that
may not be nationally prevalent but are important at the regional or local level that also
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have net growth to removal ratios of less than 1.0, but these too often face other threats,
such as Fraxinus americana (American white ash) being decimated by Agrilus planipennis
(emerald ash borer). Although the ratio of net growth-to-removals provides a convenient
metric of the sustainability of species or groups of species across a managed landscape,
there is significant potential for this metric to overestimate the margins available for sustained yield, especially where operational constraints or ownership objectives can lead to
significant acreage remaining effectively reserved [46]. Under these conditions, localized
pockets of unsustainable loss within a given ownership category may persist within a
region characterized by overall ratios greater than 1.0 for one or more species.
Damage is occurring across all ownership categories, but the relative proportions are
highest for Federal forestland (Table 3B), which due to historical reasons are more likely to
be in arid and fire dependent ecosystems as compared to other ownership categories. The
specific vectors, i.e., specific diseases, pests, or types of weather events, vary by geography.
This partially explains the differences observed, but there are also mitigating factors due to
management, or lack of management, occurring on some lands.
Trends in standing carbon and carbon sequestration are directly related to volume
trends. Both carbon and volume trends are influenced by the cumulative impacts of
harvesting, disturbance, productivity, and other factors. For example, the large net increases
on Other Private and Family forestlands are a result of the relatively high growth rates
compared to harvesting and other disturbances. The net decrease on Federal forestlands is
largely driven by losses to disturbances, such as pests and wildfire.
Forest area density, a proxy of forest fragmentation (C&I 1.1.c), is declining across all
ownership classes from 2006 to 2016 implying increased fragmentation. Tribal ownerships
show a substantially lower value for this metric across the study period as compared to
other ownership groups. This is likely due to a concentration of Tribal forestland in the
arid west, rather than differences in management or land use transitions. Across all other
ownerships, density declined by an absolute change of 0.05 (from an average 0.74 to 0.69)
across the remeasurement period.
One especially important difference across ownership categories is related to if and
how ownerships can influence the causes of the observed trends, which is partially captured by Criterion 7. The Legal and Institutional Frameworks assessed by this criterion
describe the broad constraints within which the owners and managers operate and have
enormous consequences on forest sustainability. For example, most Public forestland will
stay undeveloped for perpetuity. Private forestland, apart from that with conservation
easements, have a higher, although still relatively low, probability of conversion, but Private
lands also have a higher probability of being a source of new forests through, for example,
afforestation of marginal agricultural land. The high percentage of Public, and in particular
Federal, forestland that is protected is due to the legislative mandates that established
and dictate the uses of these lands. Conservation easements are the only mechanism for
permanently conserving Private forestlands with 6% of these lands under an easement
according to the Protected Areas Database [16], although there are likely more easements on
private lands that are missing from this database due to no complete national repositories
for this information. For example, earlier analyses using the USDA Forest Service, National
Woodland Owner Survey [5] suggest that easements on family forest lands specifically may
almost be twice as prevalent as those found using the Protected Areas Database.
There are also finer level ownership attributes, such as ownership and management
objectives, financial resources, and size of holdings, which are not captured by the C&I, but
this is understandable given that the C&I were developed for country level assessments.
Relevant differences in ownership/management objectives include, for example, more of a
focus on economic returns for Corporate forestland [44] and more of a focus on amenity
values for Family forestland [1], but there is a mix or continuum of objectives within each
category, and this diversity can be advantageous in that a broader mix of goods and services
are more likely to be provided.
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Another area influenced by the legal and institutional frameworks is the awareness
levels of owners and the tools and resources available to them. There are several hypotheses
for why Family forest ownerships may trail other ownership categories in BMP implementation, including lower awareness of BMPs and their importance [47], many years or
decades between harvests, which decreases owners’ exposure to these requirements and
recommendations [48], and a lack of technical resources [48].
The Montréal Process frames legislation and policies that conserve and support forest
function as a prerequisite to sustainable forest management. For example, secure land
tenure is important for the welfare of people and forests. While most Private and Public
ownerships have secure title, the history of land tenure for Indigenous people is wrought
with land seizures and problematic treaties. Despite these challenges, Tribes have been
noted for their exemplary forestry practices, and an increase in self-governance and selfdetermination has strengthened their ability to foster healthy forests [49]. Although outside
the scope of this paper, there are unique histories and policies related to the rights of
Indigenous peoples in Alaska, Hawaii, and the protectorates and territories of the USA that
are important to consider in the context of forest sustainability in those areas.
While tenure is secure for most Family forest ownerships, this is not the case for
the forestland that is held as heirs’ property, where land has been passed on to future
generations without clear title to the land and this creates challenges for owners’ abilities
to manage and maintain ownership of their forestland [50]. Heirs’ property is most common among Black landowners in the South, poor rural landowners in Appalachia, and
Indigenous landowners [51,52].
Just over half of the Montréal Process C&I, i.e., Criteria 6 and 7, are socioeconomic in
nature, but the C&I summarized in this article are largely biophysical in nature. This is due
to data limitations. For example, logging and wood products represent only a portion of
the economic benefits provided by the forests, which also provide many other ecosystem
services, such as clean water, recreational opportunities, and nontimber forest products,
but these are more difficult to directly measure, let alone separate by ownership category.
Assessing sustainability is fraught with challenges from how to define it, to how to
measure it, to how to interpret the results. The Montréal Process C&I while imperfect, as are
all systems designed to assess abstract concepts, have been developed by a broad coalition,
have been widely applied, and have been periodically revised [7,53]. For objectives like
those of this paper, a comparison across ownership groups, the C&I provide an objective
means of assessing commonalities and differences through syntheses of data that are often
complex and disparate. However, the Montréal Process C&I were not designed with this
objective in mind, and some metrics can therefore be harder to interpret, such as when
forest acreage is “lost” from one ownership group to another. The application of C&I
necessitates examination of broad patterns, which are important in showing broad trends,
and hopefully highlight areas where the finer details can be expounded on in future efforts
and causal factors investigated.
The data and methods available for assessing forest sustainability are continually
changing [54]. The USDA Forest Service, Forest Inventory and Analysis program is the
primary data source used here and in most assessments at the national, regional, and state
level in the USA. As with national forest inventories for other countries, the consistency
of data collection over time is critical. Harmonization of data collection will facilitate
comparisons and is what made the cross-ownership comparison of this paper possible.
At the same time, there are many ecosystem services, such as recreational access, and
socio-psychological factors, such as ownership and management objectives, that are not
regularly assessed nor reported across all ownership categories.
The underlying trends in forest sustainability are influenced by many factors, some of
which are in the immediate control of the owners and others that are not. Historical factors,
including colonization, homesteading, land forfeiture, and land acquisition acts, such as
the Weeks Act which was responsible for the creation of most of the National Forests in the
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eastern USA, have influenced the broad ownership patterns across the USA. This in turn is
connected to forest productivity, forest types, and other factors.
Although the focus of this paper is on the USA, the findings are potentially applicable
to other countries with similar ownership types. What is limiting international comparisons
is a lack of analogous analyses in other countries where the Montréal Process is being
implemented, but the analytical framework developed here could be applied. These
analyses would allow for those countries to compare trends across ownership categories
and, as with the results here, be used to inform policies and other approaches tailored to
the opportunities and challenges confronted by different ownership groups.
5. Conclusions
Based on the Montréal Process C&I framework and the available data, there are
many commonalities across ownership categories in the USA, but there are also important
differences. Arguably the most important indicator is forest area, and there are divergent
patterns in the trends across ownership categories (including an estimated annual loss of 1.1
ha of Family forestland) that could be addressed by policies. For example, the deforestation
rates observed on Family forestland could be at least partially mitigated through increased
incentives related to targeted conservation easements. Conserved lands have been found
to have more than just ecological benefits, Sims et al. [55] found that conserved lands in
New England contributed to local economic growth.
Other important cross-ownership C&I patterns and trends include recognition of most
timber removals coming from Corporate and Family ownerships, most species having
positive growth to removal ratios, but negative for species on some ownerships, widespread
disturbances, and widely varying legal and institutional structures. It is important that
trends in these C&I continue to be monitored, additional data are collected to assess
more C&I, and the C&I themselves continue to be periodically assessed and expanded
as appropriate.
Some of the largest challenges facing forests in the decades to come include threats
from climate change, wildfires, pests, and deforestation. By understanding the role of forest
ownership, policies and programs can be designed that harness the collective strengths
of the different structures. There are large threats to forests, but there are also substantial
opportunities to help not just the forests and their owners, but also the broader environment
and society. By using C&I to identify areas of concern regarding the sustainability across
ownerships, future research can be tailored to investigate the underlying causal factors and,
in turn, contribute to further refining policies and programs.
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