Chapter 45
United States of America

Ronald E. McRoberts and Patrick D. Miles

45.1 The National Forest Inventory of the United States
of America

45.1.1 History and Objectives of the National Forest
Inventory

The national forest inventory (NFI) of the United States of America (USA) is
conducted by the Forest Inventory and Analysis (FIA) programme of the U.S.
Forest Service, an agency of the U.S. Department of Agriculture. The FIA pro-
gramme has been in continuous existence since 1928 and is the only organisation
that collects, compiles, archives, analyses, and publishes state, regional, and
national forest information on all ownerships of forest land in the USA. The history
of the programme is documented in numerous publications including LaBau et al,
(2007), Gregoire (1992) and Van Hooser et al. (1992); recent history is documented
in McRoberts et al. (2005, 2010) and Bechtold and Patterson (2005).

In 1998, the FIA programme began implementing a strategic forest inventory
plan featuring an annual system, state reports every five years, a set of core vari-
ables with national definitions and measurement standards, and integration of the
ground sampling components of the FIA and the Forest Health Monitoring pro-
grammes. This annual inventory programme uses the ends-ways-means strategic
planning model to promote and facilitate national consistency (McRoberts et al.,
2005). Ends are the criteria that must be satisfied for the programme to be char-
acterised as nationally consistent; ways are the procedures that lead to achieving the
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ends; and means are the resources that are committed to the effort. The programr::
is defined in terms of six ends:

End I: A standard set of variables with nationally consistent meanings and
measurements.

End 2: Field inventories of all forested lands.

End 3: Consistent estimation.

End 4: Satisfaction of national precision guidelines.

End 5: Consistent reporting and data distribution,

End 6: Credibility with users and stakeholders.

These ends describe the major foci of the programme and provide direction - -
methodological research. To facilitate achieving the ends, 10 ways have be=-
prescribed:

Way 1: A national set of prescribed core variables with a national field manual tha:
prescribes measurement procedures and protocols for each variable,

Way 2: A national plot configuration.

Way 3: A national sampling design.

Way 4: Estimation using standardised formulae for probability-based (design-based
estimates.

Way 5: A national database of FIA data with core standards and user-friendly public
ACCESS.

Way 6: A national information management system.

Way 7: A nationally consistent set of tables of estimates of prescribed core variables.

Way 8: Publication of state-wide tables of estimates for prescribed core variables i
3-year intervals.

Way 9: Documentation of the technical aspects of the programme including proce-
dures, protocols, and techniques.

Way 10: Peer review of and public access to the technical documentation.

In summary, the FIA programme is nationally consistent in its crucial comr -
nents and is implemented through four regional programmes (Fig. 45.1).

45.1.2 Sampling Procedures

The current FIA sampling design is based on a tessellation of the entire country 7
2400 ha hexagons (Fig. 45.2). The federally funded portion of the sample cons: -
of one permanent plot in a randomly selected location in each hexagon with .
regard to land cover, land use, ownership, or other factors. Across the en:--
country, the hexagons have been systematically assigned to five groups czl =
panels such that no adjacent hexagons are assigned to the same panel (Fig. 45 -
Panels are selected for measurement of their plots on a rotating basis, and m= -
surement of all plots in a panel in a state is completed before measurement of pl-.
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Fig. 45.1 FIA regions and headquarters

in a subsequent panel is initiated. With this approach a complete systematic sample
of each state is obtained every year.

All ground plots conform to the national standard plot configuration and consist
of four 7.31 m (24 ft) radius circular subplots configured as a central subplot and
three peripheral subplots with centres located at a distance of 36.58 m (120 ft) and
azimuths of 0, 120, and 240° from the centre of the central subplot. Each subplot
includes a 2.08 m (6.8 ft) radius micro-plot on which seedlings and saplings are
measured and a regionally optional 18.0 m (58.9 ft) radius annular macro-plot on
which additional large trees are measured.

The FIA programme conducts inventories in multiple phases. The primary
objective of Phase 1 is to stratify the population area for purposes of reducing the
variances of estimates. The objective of Phase 2 is to establish and measure an array
of permanent ground plots. Aerial photography is used to observe each plot to
assure forest land use before sending a field crew to the plot location. Field crews
visit locations of plots with current or previous forest land use or in close proximity
to forest land use as determined via photo-interpretation. Plots are installed on all
public forest land and on private forest land with permission of the land owner.
A set of additional forest health variables including crown condition, vegelation
structure, soils, and down woody material is also currently measured on 5-15 % of
Phase 2 plots, depending on the variable.
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Fig. 45.2 Sampling hexagons with random plot locations for Crow Wing County, Minnes=:.
USA

45.1.3 Data Collection

Plot-level observations include ownership, land use and land use change, forz+
type, stand age, disturbance, and regeneration counts. Tree-level observatior-
include species, diameter, height, damage, grade, and cull (decay and rot). FIA fic
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crews identify distinct conditions on plots where conditions are defined as different
classes of seven variables: land use, reserve status, owner group, regeneration tyvpe.
tree density, forest type and tree size class. If multiple conditions are identified on a
plot, field crews assign tallied trees to the condition class in which they occur and
record information necessary for estimating the portion of the total plot area that is
within each condition.

45.1.4 Data Processing, Reporting and Use of Results

Statistical models are used to estimate stem volumes for individual trees with dbh of
at least 12.7 ¢m (5 in.) as volumes of central stems above a 30.48 cm (1 ft) stump
and to a minimum top diameter of 10.16 ¢cm (4 in.). The models are constructed
regionally and are based on observations and measurements for species, diameter,
and height. The effects of the uncertainty in the model predictions on large area
volume estimates are regarded as negligible (McRoberts and Westfall 2014). All
live volume includes stem volumes for all trees, while growing stock volume
excludes volume for the cull portions of trees and all volume for cull trees.

FIA inventories are designed to produce data to estimate components of change
which are aggregated to estimate net change. Estimates of growth, morality,
removals, and regeneration are obtained by comparing observations and measure-
ments for the same plots from previous inventory cycles. For all components,
change is estimated for elapsed time between successive inventory cycles,
Components of change include ingrowth estimated as the volume of trees that first
exceed the minimum dbh, reversion estimated as the volume of trees on land that
reverts from nonforest to forest land use, mortality estimated as the volume of trees
that die from natural causes, cut estimated as the volume of trees cut, and diversion
estimated as the volume of trees on land diverted from forest to nonforest land use.
Growth is estimated for trees that survive between inventory cycles and between the
midpoint of the cycle and either the beginning or the end of the cycle for each
category of components of change.

Estimates of parameters related to the term increment, as used in Europe to mean
the ratio of the difference between inventories in estimates of volume and the
interval between inventories, are not commonly reported in the USA. However,
similar concepts such as net annual growth of growing stock are commonly used
and related parameters are routi nely reported (Table 45.3). Similarly, the term drain
is not routinely used, although the estimated components of change can be used to
estimate the equivalent of parameters related to drain.

In general, FIA areal estimation techniques are characterised as
probability-based (design-based) and rely heavily on Cochran (1977). FIA esti-
mation procedures have been documented, peer-reviewed and published to achieve
four objectives: (1) to ensure a common understanding and practice among the
regional FIA programmes, (2) to facilitate development of the national programme
including the national information management system, (3) to provide a defensible
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statistical basis for the sampling and estimation components of the programme. a-
(4) to promote credibility with clients and stakeholders (Bechtold and Patters -
2005; McRoberts et al. 2005).

The FIA programme uses stratified estimation to obtain estimates of populati -~
parameters for most variables. Because all plots are permanent, post-sampli-_
stratification (post-stratification) is used where strata are derived from the predici=_
classes of satellite imagery (McRoberts et al. 2002, 2006, 2010). FIA plots .=
assigned to the stratum associated with the satellite image pixel containing the plu
centre, and strala weights are calculated as the proportions of pixels assignec :
strata. Cochran (1977) provides the basic stratified estimators as,

L
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where h indexes strata, and Wh, ¥}, &ﬁ, and ny, are the within-stratum weight, me.-
variance, and sample size, respectively. Strata weights may be adjusted to co~-
pensate for random within-strata sample sizes resulting from post-stratificat: -
rather than stratified sampling. The positive results of stratification are that v.--
ances may be reduced by factors as great as 5.0 for area estimates and 3.0 - -
volume estimates with no additional sampling or associated costs.

Per unit area estimates by condition class (e.g. volume by forest type) are c. -
culated using a ratio estimator of the general form,
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where y; is the plot-level observation or measurement of the variable of interes:
the ith plot and a; is the area of the condition on the same plot (Sérndal et al, 199°

Estimates of uncertainty are expected to satisfy precision (PREC) for estimate -
a parameter, [, expressed as,
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where,

_ J 40,469 ha (10° acres) for area
1 28,316,980 m? (10? ft%) for volume ’

with precision guidelines of

0.03 for area estimates
PREC = ¢ 0.05 for volume estimates in the eastern USA .
0.10  for volume estimates in the western USA

Inventory data and estimates are made available annually for each state, and on a
5 year cycle each state receives a comprehensive analytical report that includes an
assessment of the current status and trends of forest resources and ecosystem
condition, analysis and discussion of probable factors influencing the status and
trends, and 50 year predictions of likely trends in key resource attributes. The FIA
programme also reports national assessments on a 5 year cycle.

45.2 Land Use and Forest Resources

45.2.1 Classification of Land and Forests

The land use classes, Other Wooded Land (OWL) and Trees outside Forest (TOF),
are not used in the USA and are not assessed separately from other lands with tree
cover. The class closest to OWL and TOF is Woodland which is defined as land
with trees whose cover is in the range 5-10 %. Most woodland is in the arid,
Southwestern region of the USA and consists of juniper, mesquite, scrub oaks, and
some woody vines, all with short stature of less than 5 m. Inclusion of this class has
been the subject of much debate in the last century. The primary reasons for its
current assessment include ecosystem fragility and susceptibility to fire.

Forest area in the USA totals more than 300 million ha (Table 45.1) and has
generally been increasing since the 1920s, despite a near tripling of the human
population. Currently, more than 30 % of the country is characterised as forest land
with 58 % of it in various categories of private ownership (Table 45.2; Fig. 45.3).
Unlike in many European countries, private forest land owners in the USA have
considerable freedom to convert their land from forest to non-forest uses and vice
versa in response to varying commodity prices and other factors. This feature of
private land ownership at least partially explains substantially varying forest areas
over time.

Although the term Forest Available for Wood Supply (FAWS) is also no:
commonly used in the USA, the concept is prevalent (Table 45.1). For example. ths
definition of the land use category Timberland includes the specification that =
land must not be withdrawn from timber utilisation. Conversely. the l:n: _«

LACR ]
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Table 45.1 Land use categories

Category Ta&n?ﬁ(;n .

Egti;xa;c il ‘S-t*a;r:lz;
(1000 ha) _| error ¢+

e Em_d_..rh.q,.__m..__.__._._.._. S e s S e -6“01 24
L N S, e I
Forest land 0.4 ha (1 ac), 36.58 m (120 ft) minimum width, 310,091 0.14

10 % cover or equivalent stocking with trees able
to reach 5 m at maturity, forest land use | .

Timberland | Same as forest land plus capable of producing 210,908 0.16
1.37 mha (20 ft’/ac) per year and not withdrawn
. from timber utilisation ; -
Reserved Forest land where management for the production
forest land of wood products is prohibited through statute or
administrative designation; examples include

| national forests, wildemess areas. national parks,
'anq ‘national monuments

129753 | 091

Woodiand _ | Land with trec cover in the range S-10% | 2174|123

Table 45.2 Categories of forest area by ownership

Category - iFuresl land Timbe?l;nd Regew;d?ér;; land
(000ha) |(1000ha) [(1000ha)

Public 1129974 4B e T T

Private (corporate) | 59,680 gasma 0 | 6

Private 1120437 100,727 127

(non-corporate) | 1 .

[ Forest land use

Fig. 45.3 Forest land in the USA. Data Source National Land Cover Database, 2011
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category Reserved forest land is defined to be land where management for pro-
duction of wood products is explicitly prohibited. Reserved forest land constitutes
7-10 % of forest land, includes mostly State and Federal parks and wilderness
areas, has doubled in area since the early 1950s, and is concentrated in western
States.

45.2.2 Wood Resources and Their Use

Wood resources are generally available for use on all private non-reserved forest
lands and most public non-reserved forest lands. Local exceptions include buffer
zones established for aesthetic purposes and for filtering purposes such as near
water sources. Net growing stock volume on timberland, one measure of wood
resources, totals nearly 30 billion m® (Table 45.3) and has increased by more than
50 % since 1953. Most of the increase has been in the eastern USA (Oswalt et al.
2014). Between 2007 and 2012, the southern region of the country had 63 % of
removals (Oswalt et al. 2014), hence the characterisation of this region as the
“woodbasket of the country.”

Over the past 50 years, growth has generally exceeded removals throughout the
USA. Although removal levels have stabilised in recent years, the source of
removals has shifted decidedly from public land in the West to private land in the
East. In 1996, coniferous removals in the South exceeded growth for the first time
since 1952, when data were first reported.

Sawtimber is defined to be live trees of commercial species containing at least a
3.66 m (12 ft) log or two non-contiguous 2.44 m (8 ft) or longer logs that satisfy
regional quality specifications. Coniferous species must have dbh of at least
22.9 cm (9 in.), whereas deciduous species must have dbh of at least 27.9 cm
(11 in.). Tree grade is based on tree diameter and the presence or absence of knots,
cull primarily in the form of decay, and curvature of the bole. Trees with the
greatest quality receive a grade of 1, whereas trees with poorest quality receive a
grade of 4. Sawtimber volume by grade and coniferous/deciduous classes is typi-
cally reported at the State-level. At the national level, all live volume includes stem
volume for all trees, whereas growing stock volume excludes volume for the cull
portions of trees (Table 45.3).

45.2.3 Additional Assessments of Wood Resources

FIA data are the primary source of large area forest information for use by public
land management and planning agencies, forest industry, environmental groups.
and non-governmental organisations. In addition, the FIA programme conducts
special studies related to utilisation of timber outputs, forest ownership patterns and
trends, and non-timber resources such as recreation, hydrology, and wildlife habitat,
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45.2.4 Timber Products Output

The Timber Products Output (TPO) component of the FIA programme conducts
studies to estimate industrial and non-industrial uses of roundwood in each state.
All primary wood-using mills in a state are canvassed using questionnaires
designed to determine the locations, sizes, and types of mills; the volume of
roundwood received by product species and geographic origin; and the volume,
type and disposition of weood residues generated during primary processing.
Logging utilisation studies are conducted to relate TPO to inventory volume by
visiting a sample of logging operations to characterise the sites logged, trees cut,
products taken, and residues left behind.

The term assortment, meaning size classes of logs, often with reference to
particular categories of wood products, is not used in the USA. However, the
concept is prevalent, and parameters related to classes such as sawlogs, pulpwood,
fuelwood, veneer, and poles, posts, and mulch are estimated by the TPO component
of the FIA programme (Oswalt et al. 2014). In 2011, timber harvested for industrial
products and domestic fuel wood totalled 362 milllion m®, an approximately 15 %
decline since 2006. Since the 1970s, veneer output has been stable, pulpwood has
increased, and both pulpwood and fuelwood have varied considerably (Oswalt et al.
2014).

45.2.5 National Woodland Owner Survey

The National Woodland Owner Survey (NWOS) is a survey of forest owners
conducted to increase understanding of woodland owners as the crucial link
between forests and society (Butler 2008). The NWOS inquires of forest owners
regarding their forest land, how they use and manage it, their concerns and issues,
and their future intent. Information from the NWOS is used to design and imple-
ment services and formulate policies that affect interested parties including gov-
ernment agencies, non-governmental organisations, landowner organisations.
private service providers, forest industry companies, and academic researchers,

45.2.6 Urban Forests

The U.S. Forest Service acquires information on urban tree canopy distribution.
species composition and health, and urban tree benefits. Information is reported at
state, county, and sub-county levels and is used for multiple purposes: (11 w
identify trends in urbanisation and the growth and decline of urban forests. 2+ 1w
determine priority areas for urban reforestation, (3) to quantify ecosystem services
that urban forests provide such as carbon sequestration and storm woizr
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management, and (4) to support urban and community forest management and
green infrastructure planning. Research efforts combine satellite, local field, and
national urban map data to facilitate understanding of the magnitude and compo-
sition of the resource, how uvrbanisation is expanding, and factors that lead to
changes in tree species health and distribution in the future (Nowak et al. 2013).

45.3 Auxiliary Uses of FIA Data

FIA data are used by a wide array of other public and private organisations. The
data are the primary source of forest information for reporting on the nation’s
renewable resources to the U.S. Congress every 10 years (Oswalt et al. 2014) and
for international carbon reporting (Birdsey and Lewis 2003; O’Neill et al. 2005:
Heath et al. 2011; Woodall 2012; US EPA 2014). In response to extensive forest
wildfires in the western USA, FIA data were the primary source of information for a
biomass assessment for western states (Rummer et al. 2003). FIA data were used
for accuracy assessment of a national satellite image-based land cover product
constructed by the U.S. Geologic Survey and for describing major vegetation cover
types by the U.S. Fish and Wildlife Service. FIA data were also used by the Heinz
Center which was best known for its reports on the state of the nation’s ecosystems.
These reports became seminal references for policy makers and environmental
managers (Heinz 2008, 2010). The Forests on the Edge project used data from
multiple sources including FIA to identify areas where private forest timber
resources might be adversely affected by housing development, fire, insects, pests
and diseases (Stein et al, 2005, 2010).

45.4 Summary

The basic features of the national sampling design and plot configuration have
remained unchanged since the mid- to late 1990s, and will remain the same for the
foreseeable future. Parameters associated with primary variables such as forest area.
volume, and volume by species are estimated using stratified estimation where
strata are constructed from classified satellite imagery. Although stratified estima-
tion will continue to be used, the kind, date and resolution of the product from
which strata are derived may change. Plot data (except for exact plot locations) and
estimates of primary parameters are made available annually via the Internet.
A complete report for each state is published every five years. The report includes
discussions of trends, health and disease issues, and spatial depictions of resources.
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