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Introduction

Forest area estimates are essential for assessing forest resources. Within the US, several federal
government sources provide estimates of forest area that are developed with different technologies, for
different purposes, using different definitions and assumptions, and covering different time periods and
geographic scopes. It is not surprising, then, that estimates differ and cause confusion. This document
attempts to describe the various programs providing these estimates and highlight differences between
them.

What is a Forest?

One of the most fundamental things we need to know when assessing forest resources is the amount of
forest area within a region (state, woodshed, etc.). To begin with, we must define what we mean by
forest, and it can get surprisingly complicated from there. There are several US federal agency programs
that report on land areas, including forests, and their definitions and scope vary (Nelson et al. 2020).

Most simply, a forest is an area covered by trees. But forest definitions must get rather specific to be
clear about what is and is not considered a forest. Our national forest inventory, the US Forest Service
Forest Inventory and Analysis (FIA) program, uses the following definition for forest land (Burrill et al.
2017):

“Land that has at least 10 percent canopy cover by live tally trees of any size or has had at least
10 percent canopy cover of live tally species in the past, based on the presence of stumps, snags,
or other evidence. To qualify, the area must be at least 1.0 acre (0.4 hectare) in size and 120.0
feet (36.6 meters) wide. Forest land includes transition zones, such as areas between forest and
nonforest lands that meet the minimal tree canopy cover and forest areas adjacent to urban and
builtup lands. Roadside, streamside, and shelterbelt strips of trees must have a width of at least
120 feet and continuous length of at least 363 feet (110.6 meters) to qualify as forest land.
Unimproved roads and trails, streams, and clearings in forest areas are classified as forest if they
are less than 120 feet wide or less than an acre in size. Tree-covered areas in agricultural
production settings, such as fruit orchards, or tree-covered areas in urban settings, such as city
parks, are not considered forest land.”

This definition is parsed in Table 1 to gain insights as to what is included and what is implied by each
clause.
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Table 1. Elements of the FIA forest definition and their implications.

Definition Element Implications

Land that has at least 10 percent canopy cover by | An area must have at least 10% of the ground
live tally trees of any size... area covered by tree canopy to be a forest.

or has had at least 10 percent canopy cover of After you cut down a stand of trees, it can still be
live tally species in the past, based on the defined as forest.

presence of stumps, snags, or other evidence.

To qualify, the area must be at least 1.0 acre (0.4 | Anisolated clump of trees in a small area (such as
hectare) in size and 120.0 feet (36.6 meters) 200’ by 200’, or 0.9 acres) does not constitute a
wide. forest.

Forest land includes transition zones, such as If trees gradually transition to nonforest land
areas between forest and nonforest lands that uses, the forest boundary will include the portion
meet the minimal tree canopy cover and forest of the transition zone with at least 10% tree
areas adjacent to urban and builtup lands. cover.

Roadside, streamside, and shelterbelt strips of Strips of trees along a fence line or a shelterbelt
trees must have a width of at least 120 feet and are not considered forest unless they are at least
continuous length of at least 363 feet (110.6 120 feet wide and long enough to add up to an
meters) to qualify as forest land. acre.

Unimproved roads and trails, streams, and We don’t exclude area in a road or stream that
clearings in forest areas are classified as forest if | passes through a forest unless it creates an

they are less than 120 feet wide or less than an opening that meets these criteria.

acre in size.

Tree-covered areas in agricultural production Washington, D.C. has about 38% tree canopy
settings, such as fruit orchards, or tree-covered cover but is not considered a forest.

areas in urban settings, such as city parks, are not

considered forest land.

Some key distinctions are worth drawing from this definition, listed below.

Tree versus Non-tree: Note that the FIA forest definition does not define “tree”. However, buried in the
technical program documentation, we can find that “tally trees” include only certain species, which vary
by region of the country. The definition of forest used by the USFS Resources Planning Act (RPA)
assessments includes the following definition of tree: “Trees are woody plants having a more or less
erect perennial stem(s) capable of achieving at least 3 inches (7.6 cm) d.b.h., or 5 inches (12.7 cm)
diameter at root collar, and a height of 16.4 feet (5 meters) at maturity in situ.” Therefore, species like
bamboo are not considered trees (they are not woody), nor are plants that could not reach the height or
diameter requirement at a given site (in situ).

Land Use versus Land Cover: An important distinction about this definition is that it is ultimately based
on land use, not land cover. Nelson et al. (2020) define land use and land cover:

“Land use describes the social and economic intent for which land is used, while land cover
describes the vegetation, exposed land surfaces, water, and artificial structures covering the land
surface at a given time.”

If an area has sufficient tree cover to be forest, but belongs to another land use (such as a residential
neighborhood), it is not considered forest. Consequently, an almond orchard or citrus grove may meet
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the tree and cover definitions for forest, but the land use is agricultural, so it is not considered a forest
using a land use definition like that employed by FIA.

This implies that many efforts to map forest areas using satellite imagery may not be able to distinguish
land uses under the tree canopy. Neither can they tell if an area recently cleared of trees is regenerating,
so they may mistakenly label an area as non-forest when a field crew would label it forest because trees
are regrowing. Consequently, forest area estimates from remote sensing will often not match area
estimates as determined by field crews on the ground. Satellites see land cover; they can’t always
determine land use.

Forestland versus Timberland: The FIA and RPA programs define an important subcategory of forest
called “timberland”. Timberland is defined as forest land that could produce crops of wood for industrial
uses. This means it must not be withdrawn from timber utilization by statute or regulation, such as
would be true of National Parks or Wilderness Areas. It also must be able to produce more than 20 cubic
feet of wood per acre per year in natural stands. The timberland definition is the closest approximation
to “working forest” that is possible to obtain from FIA data.

Working forests versus Non-working forests: While it would be helpful to define the area of forests that
are managed for economic or ecosystem benefits, there is no readily applicable way to do so. Whether a
forest may be considered “working” or not depends on past activities (which are not consistently
recorded or accessible) and on landowner intent (which cannot be determined except by survey samples
and may change over time). Therefore, FIA timberlands are about the only widely available surrogate for
working forests.

Sources of Forest Area Estimates and Differences Between Them

Nelson et al. (2020) report on a variety of data sources that are used when compiling the RPA
assessments of forest resources of the US. These include data from the FIA program, the USDA Natural
Resources Inventory (NRI) program, and the USGS NLCD. State forest area estimates from each of these
programs are presented in Table 2. A summary of elements of the four programs that lead to differing
estimates follows.

FIA: The program collects data from a statistical sampling design that allows computation of confidence
intervals on estimates. Data are collected on all ownerships and in all states, and while reports
summarizing and interpreting the data are produced periodically, the publicly-accessible database is
updated several times each year. Interior Alaska has not been completely sampled yet.

NRI: The Natural Resources Inventory is conducted on non-federal land only, so estimates are lower in
states with federal forest ownership (National Parks, military bases, National Forests, National Wildlife
Refuges, Public Lands administered by the Bureau of Land Management, etc.). NRI excludes Alaska from
their ongoing inventory, although they issued an Alaska summary report in 2012 with data from 2007
(USDA 2012). NRl is also based on a statistical sampling design with observations taken from field visits
and, increasingly, aerial photographs. NRI defines forest as areas with at least 10 percent stocking (not
cover) by trees at least 4m tall at maturity. They note that 10% stocking equates to 25% canopy cover,
so some areas considered forest by FIA would not be forest under the NRI definition. The NRI estimates
in Table 1 come from USDA (2020), with a nominal date of 2017.
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RPA: Assessments required by the Resources Planning Act (RPA) occur every decade, with optional
updates every 5 years. The forest definition used by RPA, which includes a minimum tree height, would
not include some areas of short trees (such as some southwestern conifers) that are considered forest
by FIA. RPA calls these vegetation types “woodland” and excludes them from forest area estimates.
Hence, RPA forest area estimates are lower than FIA estimates for many western states. RPA estimates
also rely on some remote sensing-based estimates of forest area in Alaska, where FIA field surveys are
incomplete; note that the RPA Alaska forest area estimate is ten times that of FIA. The RPA estimates in
Table 1 are from Oswalt, et al. (2019) with a nominal date for the data of 2017. As noted by Nelson, et
al. (2020), the RPA assessment process uses data from all of these programs.

NLCD: The NLCD forest definition requires 20% cover by trees generally greater than 5m tall, so it is
more restrictive than the FIA definition. Because NLCD is developed from satellite imagery, it tends to
record areas of forest (as defined by FIA) that are in young growth stages as “shrub/scrub” rather than
forest. Their definition of Shrub/Scrub notes “This class includes true shrubs, young trees in an early
successional stage, or trees stunted from environmental conditions”. This combination of characteristics
accounts for the fact that NLCD forest area estimates are almost always lower than FIA estimates.
Because NLCD comes from classification of satellite imagery, there is no statistical sampling involved in
the estimates themselves, but an accuracy assessment sample indicates that the accuracy of their forest
classification was 84% (Nelson et al. 2020; this means approximately 1/6% of pixels classified as forest in
NLCD were found to be something else when examined in an accuracy assessment).

Table 2. State forest area estimates (in thousand acres) from four national land inventory programs. For
FIA and NRI, the numbers following + are the 95% confidence intervals on the area estimates.

FIA (2022) NRI (2017) RPA (2017) NLCD (2019)
(Thousand acres)

Alabama 23,069 + 226 21,833 + 299 23,127 20,817
Alaska 12,052 + 224 128,735
Arizona 18,483 + 380 4,230+ 873 10,934 9,808
Arkansas 18,883 + 200 15,019 £ 475 19,040 17,824
California 31,606 + 378 14,075 £ 709 31,515 21,938
Colorado 22,920 + 337 3,546 + 428 20,063 18,869
Connecticut 1,763 + 83 1,597 + 56 1,808 2,020
Delaware 355+27 351+37 361 385
Florida 16,943 + 286 13,222 £ 343 17,253 16,270
Georgia 24,402 + 258 21,760 + 390 24,635 21,843
Hawaii 1,471 +£103 1,468 £ 168 1,471
Idaho 21,736 + 285 4,048 + 327 21,386 15,974
Illinois 4,855 + 149 4,081 +176 4,980 5,966
Indiana 4,793 +131 3,931 +163 4,876 5,755
lowa 2,851+124 2,435+ 144 2,923 3,168
Kansas 2,467 + 141 1,873 £136 2,527 2,634
Kentucky 12,376 £ 177 10,973 £ 234 12,442 13,936

NCASI | DIFFERENCES IN FOREST AREA ESTIMATES FROM US FEDERAL AGENCIES



SINCASI

Louisiana 14,994 + 197 13,072 £ 211 14,984 13,274
Maine 17,522 £ 134 17,453 £ 262 17,579 16,795
Maryland 2,448 + 108 2,307 £101 2,463 2,790
Massachusetts 2,984 +94 2,546 + 99 3,025 3,164
Michigan 20,167 £ 225 16,727 £ 223 20,311 20,856
Minnesota 17,675 £ 163 16,375 +£591 17,413 18,365
Mississippi 19,204 £ 222 17,435 £ 310 19,380 17,742
Missouri 15,394 £ 205 12,726 £ 314 15,409 17,228
Montana 25,779 £ 339 5,901 £ 521 25,517 19,527
Nebraska 1,434 +120 857 + 103 1,532 1,302
Nevada 10,568 + 280 338 £139 7,487 7,342
New Hampshire 4,692 £ 91 3,781 £ 81 4,758 4,770
New Jersey 1,989 £ 59 1,626+ 74 1,990 2,215
New Mexico 24,643 £ 415 5,603 £ 859 16,619 12,285
New York 18,622 + 223 17,545 £ 256 18,887 19,523
North Carolina 18,700 £ 227 15,684 + 287 18,829 18,110
North Dakota 823 £ 96 457 £ 78 789 962
Ohio 7,810+ 170 7,145 £ 203 8,077 8,724
Oklahoma 11,718 £ 253 8,112 + 258 11,911 10,229
Oregon 29,741 + 251 12,370 £ 500 29,653 23,265
Pennsylvania 16,622 + 205 15,674 + 307 16,898 17,831
Rhode Island 361 +23 359 + 23 370 389
South Carolina 12,849 £+ 186 11,200 £ 238 12,931 11,450
South Dakota 1,908 + 107 580 + 103 1,949 1,759
Tennessee 13,846 £ 193 11,981 £ 263 13,967 14,537
Texas 61,102 + 850 15,956 + 399 40,970 22,460
Utah 17,878 £ 343 2,319+ 543 12,087 12,361
Vermont 4,523 £93 4,043 +75 4,511 4,596
Virginia 16,004 + 194 13,306 = 189 16,043 15,771
Washington 22,064 + 221 12,291 +£391 22,174 18,247
West Virginia 12,018 £ 158 10,534 £+ 149 12,077 12,429
Wisconsin 16,944 £ 149 14,795 £ 301 17,074 17,640
Wyoming 10,557 £ 269 1,087 £ 230 9,751 7,632
Total 694,610 + 1,770 417,481 + 2,422 765,493 669,537

In addition to these programs, data from FIA are used in compiling the National Greenhouse Gas
Inventory by the US Environmental Protection Agency (EPA). The GHG Inventory defines land uses such
as forest, cropland, grassland, and settlements (developed areas). They adopt the RPA definition of
forest. When reporting areas and forest carbon, they follow the IPCC protocol of defining “forest
remaining forest” apart from forest areas involved in land use change: either moving from forest to a
non-forest land use, or moving from another land use to forest. In FIA terms, this means limiting their

NCASI | DIFFERENCES IN FOREST AREA ESTIMATES FROM US FEDERAL AGENCIES



SINCASI

forest area to plots that are forested at the most recent inventory as well as the previous inventory.
This is a subset of what would be reported for FIA’s current forest area estimates. In the most recent
GHG Inventory (EPA 2022), forest remaining forest is reported as 696,715 thousand acres, very close to
the FIA estimate in Table 1.

A further distinction related to the EPA GHG inventory is that the purpose is to report on human-caused
carbon fluxes. It’s extremely difficult to distinguish forest carbon fluxes that are caused by humans from
those that occur naturally, so IPCC allows countries to use fluxes from “managed land” as a proxy for
anthropogenic emissions (EPA 2022). For the US, 95% of land is considered managed?, and excludes only
some very remote areas, primarily in interior Alaska (see Ogle, et al. 2018).

Which Source is Most Useful?

Some of the key differences in the way these programs develop forest area data are summarized in
Table 3. There is no one single “best” source for forest area information. Data from the FIA program has
the benefit of being constantly updated (plots taken annually nationwide), based on a statistical sample
that allows estimation of uncertainty, and data can be queried based on user specifications via online
tools. While there are portions of the country that have not yet been sampled under the annual design,
and there are portions with insufficient numbers of remeasured plots to allow calculation of change
over time, it remains the premier field sample of forest conditions.

The primary drawback to FIA data is the lack of regular reporting at the national level that enables citing
of figures from publications. When there is a need for documenting a published source for information,
the RPA may be preferred. The RPA is also widely used and referenced by policymakers, so using data
from RPA reports provides valuable consistency.

1 According to EPA (2022), “Land is considered managed if direct human intervention has influenced its condition.
Direct intervention occurs mostly in areas accessible to human activity and includes altering or maintaining the
condition of the land to produce commercial or non-commercial products or services; to serve as transportation
corridors or locations for buildings, landfills, or other developed areas for commercial or non-commercial
purposes; to extract resources or facilitate acquisition of resources; or to provide social functions for personal,
community, or societal objectives where these areas are readily accessible to society.”
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Table 3. Key differences in US federal land inventory programs.

Type Characteristic FIA NRI RPA \ NLCD
Agency responsible USDA Forest USDA Natural USDA Forest USDI Geological
Service Resources Service Survey
Conservation
Service (NRCS)
Source of data Field sample Field/photo Data primarily | Satellite remote
sample from FIA, sensing
supplemented
by NRI and
NLCD
o Summary reports No Yes Yes Yes
© issued?
g Frequency of updates | Portion of plots | Portion of plots Full reports Updates
g’ measured observed every 10 years; | periodically (2-5
g annually, online annually; interim updates years).
database summary at 5 years.
constantly reports every 5
updated years
Geographic scope for 50 states but 49 states (AK 50 states 48 states
ongoing data collection incomplete excluded)
coverage and
incomplete
remeasurement
Access to custom Yes No No No
reporting tools?
= Canopy cover for forest 10% 25% 10% 20%
5 Tree height None 4m 5m 5m
:‘g requirement
S Are regenerating areas Yes Yes Yes No
e considered forest?
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