
indexes to indicate direction and magnitude of changes in month-
ly sales quantities and multiplies them by NASS-published month-
ly prices. Data for other states are developed in cooperation with
the NASS state offices, which use all available sources, including
informed opinions, often corroborated by data from state survey
programs, producer associations, and the state’s extension service.
California data come from state-conducted surveys. 

ERS adjusts NASS quantity and value of production data for
major crop commodities in major producing states to adjust for
production of feed used on farms for livestock and for
Commodity Credit Corporation sales and to account for the fact
that some sales do not take place in the same year as the crop is
harvested. Data from NASS that cannot be released to the public
because of confidentiality constraints are included in the overall
ERS dataset. 

Data were adjusted for inflation using the Gross Domestic
Product Implicit Price Deflator (IPD) provided by the Economic
Research Service. All data were adjusted to the average level of
prices that existed in 1999. The following formula was used to
convert each figure in the series from current dollars to constant
dollars (available at http://www.owlriver.com/pie.mhsc.org/

DataPages/sd-079.htm).

Data Collection and Manipulation (Agricultural Sales per
Square Mile): The U.S. Department of Commerce’s BEA uses a
variety of data sources to develop county-level estimates of farm
receipts. For 16 major producing states, NASS-affiliated state
offices prepare annual county estimates of farm cash receipts. For
other states, state-level cash receipts estimates produced by NASS
are allocated by BEA to counties in proportion to the correspon-
ding Census of Agriculture data for the relevant year. 

These county-level data were used to produce county-level
estimates of cash receipts per square mile by dividing total cash
receipts by the number of square miles in a county. County area
data are from a standard dataset produced by Environmental
Systems Research Institute, Inc. (ESRI; http://www.esri.com),
a maker of geographic information system software and data
products.

Data Access: Data on U.S. national farm cash receipts for
1924–1999 are available online at http://www.ers.usda.gov/data/

farmincome/finfidmu.htm.
The U.S. county cash receipts data can be requested through

BEA, Regional Economic Information System branch (http://

www.bea.doc.gov/bea/regional/reis/).

Recreation on Farmlands

There is no technical note for this indicator. 

Forests

Forest Area and Ownership 

T h e  D a t a
Data Collection Methodology: The USDA Forest Service’s
Forest Inventory and Analysis (FIA) program authority is mandat-
ed under the Forest and Rangeland Renewable Resources
Research Act of 1978 (PL 95–307). Since the late 1940s, FIA has
used a two-phase sample (generally, double sampling for stratifi-
cation) to collect information on the nation’s forests. Phase one
establishes a large number of samples (more than 4 million,
roughly every 0.6 miles). These are selected using aerial photo-
graphs or other remote-sensing images, which are then interpret-
ed for various forest attributes. Phase two establishes a subset of
approximately 450,000 phase-one points (roughly every 3 miles)
for ground sampling. About 125,000 of these samples are perma-
nently established on forest land. The forest characteristics meas-
ured include ownership, protection status, species composition,
stand age and structure, tree growth, occurrences of mortality and
removals, tree biomass, incidences of pathogens, natural and
human-caused disturbances, and soil descriptors. 

Forest land is any land that is at least 10% stocked by for-
est trees of any size, including land that formerly had such tree
cover and that will be naturally or artificially regenerated. The
minimum area for classification of forest land is 1 acre. For the
forest area and ownership indicator, public forests include those
owned by federal, state, and local governments, as well as other
public entities such as the Tennessee Valley Authority. Private
lands include those owned by individuals, corporations, non-
governmental organizations, and tribes. The Forest Service’s FIA
program derived estimates of historic forest area from a wide
variety of sources. For example, the sources included forest-
clearing data collected during the 1870 and later decennial cen-
suses, limited state and regional surveys, and the expert opinion
of resource professionals.

Data Manipulation: Raw data from the 125,000 field samples
are processed and merged with information from the remote-
sensing phase of the sampling procedure to provide statistically
reliable estimates of area and ownership.

Data Quality/Caveats: FIA surveys provide forest area data with
a reliability of ±3–10% per 1 million acres (67% confidence
limit). This standard applies to all data reported for 1953 and
later. Regional totals generally have errors of less than ±2%. No
error estimate is provided for data from before 1953. Note also
that data collected before 1953 come from a wide variety of
sources (see above). 

Data Access: All data are available free of charge except for
products that require special processing or shipping fees.
Electronic databases are unavailable at the national level prior to
1987, and most regional data from before 1977 are not available
electronically. Forest statistics, online databases, and a map of U.S.
forest distributions are on the Web at http://fia.fs.fed.us. The data
provided here also are available in Smith et al. (2001).

Year Z 
constant
dollar
value

(Year Z current dollar value)*(Base year IPD index number)

Year Z IPD index number
=
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Forest Types

Please see the technical note for Forest Area and Ownership (see
p. 239), which also serves as the technical note for the Forest
Types indicator. 

Forest Management Categories

T h e  D a t a
The data for this indicator were collected by the Forest Service’s
Forest Inventory and Analysis (FIA) program, which is described
in the technical note for Forest Area and Ownership (p. 239).
These data do not include information on private lands that are
legally reserved from harvest, such as lands held by private groups
like The Nature Conservancy. In addition, many “natural” and
“semi-natural” lands are at times reserved from harvest because of
administrative or other restrictions.

We hope that, in future reports, it will be possible to report
on the existence of protected or reserved areas on a broader range
of land ownerships. One dataset being developed for this purpose
will report the acreage of lands according to a system of catego-
rizing management intensity developed by the U.S. Geological
Survey Gap Analysis Program (see http://www.gap.uidaho.edu/

handbook/Stewardship/default.htm). This database is currently
under development by the Conservation Biology Institute in con-
junction with the USDA Forest Service; see http://

www.consbio.org/cbi/what/pad.htm.
Note that “interior Alaska” includes all forests except the

Southeast Coast area up to and including the Kenai Peninsula.
Thus, “interior” includes areas that may not be thought of as part
of Alaska’s interior, yet they are included because of their remote-
ness. The acreage shown here for interior Alaska (about 113 mil-
lion acres) does not include the Tongas National Forest (about 12
million acres). Note also that there is an apparent drop in interior
Alaska acres in 1997; however, the 2-million-acre decrease came
about from a reclassification, not a true loss of forest. 

Forest Pattern and Fragmentation

T h e  I n d i c a t o r
As a means of illustrating the amount of forest providing different
degrees of distance from non-forest cover, this indicator provides

information on the percentage of forest surrounded by small,
medium, and larger “neighborhoods” (defined below) containing
at least 90% forest. 

The “percentage of forest” that meets a certain set of criteria
is calculated by determining what fraction of “pixels” (squares of
forest 30 meters, or about 100 feet, on a side) is in the center of a
“window” that meets the criteria. Thus, the percentage of forest
that has 90% or more forest cover within a radius of about 250
feet (the “immediate neighborhood,” about 5 acres) is determined
by counting the number of pixels that are in the center of a 5-acre
window that contains at least 90% forest. 

T h e  D a t a
Data Source/Collection Methodology: Data for this indicator
were prepared by Kurt Riitters, USDA Forest Service (see http://

www.srs.fs.fed.us/4803/landscapes/). The data are based on the
National Land Cover Dataset, which is described in more detail in
the technical note for the national extent indicator, p. 207). This
is a 30-meter resolution remote-sensing-based dataset that pro-
vides, among other things, forest/non-forest cover information for
the lower 48 states. The unit of data is the pixel, which is a square
approximately 30 meters on a side. 

Data Manipulation: The data presented here are from a “mov-
ing window” analysis. In this approach, the algorithm describes
many successive, overlapping “windows” of a certain size, making
it possible to characterize the area surrounding each individual
forest pixel, in addition to knowing its forest/non-forest status. As
the window “moves” across the dataset, each pixel is used as the
center of a window; thus, it is possible to determine how many
forest pixels are surrounded by different amounts of forest.

Five window sizes were used for this analysis but only three
are reported here. The three reported sizes are 2.25 hectares,
referred to here as the “immediate neighborhood,” 5 acres, or
“within a radius of about 250 feet”; 65.61 hectares, referred to
here as the “local neighborhood,” 160 acres, or “with a radius of
about one-quarter mile”; and 5314. 41 hectares, referred to here
as the “larger neighborhood,” 13,000 acres, or “within a radius of
about one and a half miles.” These sizes correspond to 25 pixels
(a square of 5 x 5 pixels); 729 pixels (a square of 27 x 27 pixels)
and 59,049 pixels (a square of 243 x 243 pixels). The other two
window sizes were 7.29 hectares and 590.5 hectares. (Note: This
analysis uses a square window, since each remote sensing pixel is
square. Thus, the page text description of the “radius” of the
“neighborhood” is an approximation to make the presentation
clearer to a non-technical audience, and is written as if the win-
dow were round.)

The analysis on which the data presented here was based
determines, for each pixel and window size, whether it is surround-
ed by at least 60% forest, at least 90% forest, or exactly 100% for-
est. For this report, the 90% criterion was chosen. The 90% criteri-
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Table 3. Degrees of Forest Cover for Different “Window” Sizes
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on was selected based on considerations of data quality and previ-
ous experience with this analytical approach. The alternate inter-
pretations, along with a detailed description of the methodology,
are described in detail in K.H. Riitters et al. (submitted).

Table 3 presents the results of the full analysis, including all
window sizes and all three degrees of forest cover. As in the origi-
nal publication, the table uses the term “core” to refer to areas
surrounded by 100% forest cover for the indicated window size,
“interior” to refer to areas surrounded by at least 90% forest
cover for the indicated window size, and “connected” for areas
surrounded by at least 60% forest cover for the indicated window
size. Data presented in the body of the report are indicated with
an asterisk.

The satellite remote-sensing data presented here can, in 
theory, distinguish non-forest areas as small as 100 feet on a side
(10,000 square feet) from adjacent forest pixels. In practice, the
accuracy of doing this depends on the contrast between forest and
non-forest land cover, which is, in general, quite good. In addition,
geometry plays an important role in distinguishing non-forest land
cover. For example, a clearing that fills several 100-foot by 100-
foot pixels would probably be more easily detected than a winding
road that may fill some pixels and only partially fill others. 

For further reading on habitat fragmentation, see other relat-
ed indicators in this document and also Noss and Csuti (1997)
and Wilcove et al. (1986).
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fragmentation in the temperate zone, pp. 237–256. In M.E.
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and diversity. Sunderland, MA: Sinauer Associates.

Nitrate in Forest Streams

See the technical note for Nitrate in Farmland Streams, p. 232. 

Carbon Storage

T h e  I n d i c a t o r  
Metric tons of carbon are measured for the following compo-
nents: biomass (total live tree material above ground plus coarse
roots—“trees” in the figure), soil (soil organic matter), and dead
plant material and coarse woody debris on the forest floor (forest
floor litter). The weight of organic materials in plants is approxi-
mately 50% carbon. 

Determining the amount of carbon stored in a forest can
change dramatically within a few days, such as following a fire or
timber harvest. Such fluctuations are natural in most forests and
do not provide a useful indication of forest condition. Carbon lost
during long-term agricultural use of soils can be restored by refor-
estation. In fact, the steady increase of carbon stored in eastern
forests is a reflection of the re-establishment of forests on aban-
doned agricultural lands. 

Carbon storage does not necessarily end when harvest
occurs. Some wood products are used in long-term applications
such as housing. Other products (e.g., newspapers) may end up in
landfills, thus storing carbon for long periods of time. Landfills
also generate methane (a carbon-rich greenhouse gas), so they
both store and release carbon.

T h e  D a t a
Data Sources: The information presented here is from the USDA
Forest Service Forest Inventory and Analysis (FIA) program (see
p. 239) and is based on field estimates of the size of trees of vari-
ous species, along with statistical models of the relationships
between tree stem volume and the other components of carbon
storage. Carbon contained in branches, leaves, the forest floor,
and soil are estimated from, and are therefore less precise than,
data for harvestable wood. Although extensive, the field measure-
ments used as the basis for this indicator do not include national
parks and wilderness areas or slower-growing forests. Expansion
to these areas is currently planned.

Data Collection Methodology and Data Manipulation:
Carbon storage is estimated by the FIA program using on-the-
ground measurements of tree trunk size from many forest sites
and statistical models that show the relationship between trunk
size and the weight of branches, leaves, coarse roots (>0.1 inch in
diameter), and forest floor litter. Such data are combined with
estimates of forest land area obtained from aerial photographs
and satellite imagery. Forest floor litter includes all dead organic
matter above the mineral soil horizons, including litter, humus,
small twigs, and coarse woody debris (branches and logs greater
than 1.0 inches in diameter lying on the forest floor). Data for
Alaska and Hawaii are not included in this data series. Note that
there are 1.1 English tons per metric ton. In most international
discussions, carbon storage is reported in metric tons. 

Data Access: Data for 1950 through 1987 are from Birdsey
(1996), and data for 1992 are from Birdsey and Heath (1995).
Additional information about carbon storage in forests can be
obtained at http://www.fs.fed.us/ne/global/research/carbon/

forcarb.html.

T h e  D a t a  G a p
Data on soil carbon are scarce, and the influences of management
activities on soil carbon are still poorly known. More intensive
measurements of soil carbon are planned by both the Forest Service
and the USDA Natural Resources Conservation Service (NRCS). 

Some forests have not yet been fully inventoried, notably in
parts of Alaska and for pinyon-juniper forests throughout the
western United States. Where data were available, they were
employed in the estimation process; where data were not avail-
able, assumptions were used. Data on these areas are now being
collected and will be incorporated into future estimates. 

Estimates of carbon storage in the soil and forest floor litter
were developed using models based on data from specific forest
ecosystem studies. There are no inventories specifically designed
to estimate carbon storage over large regions in ecosystem com-
ponents other than wood, although the Forest Service and the
NRCS are currently testing protocols for measuring total carbon
in a forest ecosystem. Measurement protocols for forest floor lit-
ter and soil carbon are being developed and are being implement-
ed as funds become available.

T e c h n i c a l  N o t e s
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The amount of product in landfills is based on studies con-
ducted by the Forest Service Forest Products Laboratory and
other sources. The Forest Service developed conversion factors to
translate products in use and materials in landfills to carbon-
equivalents. These conversion models account for all steps in the
transformation of cut timber into products and through use to
disposal. The models are run separately for each region of the
United States and for different kinds of harvest (e.g., pulpwood,
sawtimber). More information on these models can be found in
Row and Phelps (1991).
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At-Risk Native Forest Species

See the technical note for the core national at-risk species indica-
tor (p. 214).

Non-native Plants

T h e  I n d i c a t o r
The term “non-native” generally refers to species found in the
United States whose native range is outside North America. More
recently, this term has also been applied to species that are native
to North America, but which are now found outside their historic
range. Other terms for non-native species include “alien,” “non-
indigenous,” or “introduced.” The term “invasive” is also applied
to many non-native species; invasive species spread aggressively
into areas occupied by native species. Clearly, not all non-native
species are invasive; nor are all invasive species from outside
North America. 

This indicator will report total area covered by non-native
species. In some cases, the total area covered by any single species
may be relatively low, but total area covered by all non-natives
may be larger. 

A useful introduction to the issue of non-native species can
be found in the Office of Technology Assessment publication
Harmful Non-Indigenous Species in the United States (1993;
http://www.wws.princeton.edu/~ota/disk1/1993/9325_n.html).

A more recent, policy-oriented view of non-native species
issues can be found in the Congressional Research Service report
Harmful Non-Native Species: Issues for Congress (1999; http://

cnie.org/NLE/CRSreports/Biodiversity/biodv-26.cfm).

Two state-based surveys of the kinds of non-native species
and their impacts and controls can be found at http://

www.ct.nrcs.usda.gov/landscp/invasive/problems.htm (Connecticut)
and http://www.mdflora.org/publications/invasives.htm

(Maryland).

Forest Age

T h e  I n d i c a t o r
It is important to note that the age of a tree does not necessarily
convey information about the size of the tree. Fast-growing species
attain sizes comparable to much older trees of another species, and
trees of the same species and age growing in different locations
may be very different in size. In addition, processes such as forest
fires and hurricanes can act to limit the age of trees in a region
(e.g., hurricanes are more prominent in the eastern United States).

T h e  D a t a
This indicator presents data for a subset of all forests in the
United States––those defined by the USDA Forest Service as “tim-
berlands.” Timberlands is a designation that covers lands on
which harvesting is not prohibited by law and which grow an
average of 20 cubic feet of wood per acre per year. Thus, the data
presented here do not include national parks and wilderness areas
and other natural and semi-natural forestland not classified as
timberlands and thus not included in previous inventories. As a
result, these data describe nearly all eastern forests, but only
about 40% of western forests. Data on slow-growing forests and
those in parks and wilderness areas are being collected, but they
are not yet available.

Data Source: Data for this indicator were collected by the USDA
Forest Service Forest Inventory and Analysis (FIA) program,
which is described in the Forest Area and Ownership technical
note (p. 239).

Data Collection Methodology: The age of a stand of trees is a
classification based on the mean age of trees with dominant or
codominant crown positions in the stand. Dominant/codominant
crowns are those tree crowns dominating or sharing space in the
upper layer of the tree canopy. The age of these trees is generally
determined using tree cores from which annual growth incre-
ments were counted.

Forest Disturbance: Fire, Insects, and Disease 

T h e  D a t a
Data Source: Data reported here are from the USDA Forest
Service Forest Health Monitoring (FHM) program. FHM, a com-
ponent of the Forest Service’s Forest Health Protection program,
is a national program designed to determine the status, changes,
and trends in indicators of forest condition on an annual basis.
The program uses data from ground plots and surveys, aerial sur-
veys, and other data sources and develops analytical approaches.
See http://www.na.fs.fed.us/spfo/fhm/index.htm.

Data on forest fire acreage in national forests (referenced in
text) was included in the 1999 Heinz Center prototype for this
report (Heinz, 1999), and is from the General Accounting Office
(GAO, 1999). 

T e c h n i c a l  N o t e s

The State of the Nation’s Ecosystems: Technical Notes242

bares
This Page Has Been Updated. Updates Are Available At: www.heinzctr.org/ecosystems



Data on acreage affected by diseases/parasites were obtained
from “Forest Insect and Disease Conditions in the United States”
for the years 1999, 1998, and 1997 (available at http://

www.fs.fed.us/foresthealth/annual_i_d_conditions/index.html).
These reports provide data on recent (i.e., past 5 years) acreage
affected by the five major insects reported here. Data on historical
acreage affected by these insects were provided by the Forest
Inventory and Analysis program. 

Insect data are collected using aerial surveys, implemented
using a nationally standardized program, addressing both public
and private forests. Disease data are collected using ground sur-
veys and are considered to be less reliable. 

Forest fire data were provided by the USDA Forest Service
National Forest System, but are not limited to national forests.
These data do not presently distinguish between forest fires and
fires on other land cover types. 

R e f e r e n c e s :
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Fire Frequency 
Note: This serves as the technical note for the Grassland/
Shrubland fire frequency indicator.

T h e  D a t a
The USDA Forest Service has an active program of research into
fire and fuels management, including development of tools for
assessing fire risk due to changes in fire frequency. In particular,
the Fire Regimes for Fuels Management and Fire Use project,
which began in 1997, involves mapping and characterization of
presettlement natural fire regimes and current vegetation condi-
tions and development of an index of departure for use in nation-
al-level fire management planning. 

As part of this program, the Forest Service has developed
estimates of presettlement fire frequency, using biophysical infor-
mation, preexisting remote-sensing products, and expert knowl-
edge about disturbance and successional processes and developed
stylized successional pathways for unique combinations of preset-
tlement fire regime and potential natural vegetation. These esti-
mates can be found at http://www.fs.fed.us/fire/fuelman/

firereg.htm.
Additional information on this procedure may be found in

Schmidt et al. (in press).
However, current fire return intervals, based on tree ring

scars and similar site measurements, have not been determined for
the majority of the United States. The research project described
above has developed estimates of fire return intervals by inference
from existing vegetation. Essentially this involves assumptions
about the fire return interval required to permit a certain vegeta-
tion type to develop. While these are valuable estimates, they are
based on a significant amount of expert knowledge and modeling,
rather than being relatively direct measurements of fire return fre-
quency, and thus were not appropriate for inclusion in this report. 

R e f e r e n c e s
Cissel, J.H., F.J. Swanson, and P.J. Weisburg. 1999. Landscape

management using historical fire regimes: Blue River,
Oregon. Ecological Applications 9:1217–1231.

Knapp, P.A. 1997. Spatial characteristics of regional wildfire fre-
quencies in intermountain west grass-dominated communi-
ties. Professional Geographer 49:39–51.

Knapp, A.K., J.M. Briggs, D.C. Hartnett, and S.C. Collins, eds.
2000. Grassland dynamics. New York: Oxford Univ. Press.

Sauer, C.O. 1950. Grassland climax, fire and man. Journal of
Range Management 3:16–21.

Schmidt, K.M., J.P. Menakis, C.C. Hardy, D.L. Bunnell, N.
Sampson, J. Cohen, and L. Bradshaw. In press. Development
of coarse-scale spatial data for wildland fire and fuel man-
agement. General Technical Report RMRS-GTR- CD-XXX.
Ogden, UT: U.S. Department of Agriculture, Forest Service,
Rocky Mountain Research Station. 

Swanson, F.J., J.A. Jones, D.O. Wallin, and J.H. Cissel. 1993.
Natural variability—implications for ecosystem manage-
ment. In M.E. Jensen and P.S. Bourgeron (eds.), Eastside
Forest Ecosystem Health Assessment. Vol. II: Ecosystem
management: Principles and applications. Portland OR: U.S.
Forest Service.

Wallin, D.O., F.J. Swanson, and B. Marks. 1994. Landscape pat-
tern response to changes in pattern generalization rules:
Land use legacies in forestry. Ecological Applications
4:569–580.

Forest Community Types with Significantly
Reduced Area

T h e  I n d i c a t o r
Rarity of species and ecosystems is a common conservation crite-
rion, but in measuring risk, rarity may be less relevant than extent
of historical decline or potential for further decline. Many rare
species and communities have apparently always been rare and
may not be highly vulnerable to extinction. On the other hand, a
major decline in a once-dominant or widespread species or
ecosystem type may have ecological consequences far more severe
than the loss of the last few individuals of a chronically rare
species or the loss of a plant community that never covered more
than a small area. 

This indicator will be based on an identification of forest
community types that occupy at least 70% fewer acres than at
presettlement. Note that the “forest community types” described
in this indicator are more specific than the groupings described in
Forest Types, p. 118. The “forest types” reported in that indicator
are broad classifications, each of which would include many “for-
est community types.”

The indicator will report the number of these community types
and the present acreage of the suite of significantly reduced commu-
nity types. It will also report the change in area of these community
types from one reporting period to the next, allowing readers to
understand whether reductions in the area of these already-reduced
types is continuing or has been stopped or reversed. 

Note that use of a presettlement baseline is not intended to
imply that forest community types were “pristine” or completely
unaffected by human activity. It is clear that Indians exerted influ-
ence over the presettlement landscape, although the extent of that
influence is currently under debate and is likely to have differed
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by region. The use of a presettlement baseline is also not intended
to serve as a goal for action or policy. It is rather intended as a rel-
atively long-term reference point, against which to compare cur-
rent conditions. 

A recent review of threats to imperiled species in the United
States found that 85% of all imperiled species were threatened by
habitat degradation or loss (including 92% of vertebrates, 87% of
invertebrates, and 81% of plants) (Wilcove et al. 1998). A sepa-
rate study tallied species that were listed or were candidates for
listing under the Endangered Species Act (ESA) for three major
endangered ecosystems. As an example, in 1993 the longleaf
pine–wiregrass ecosystem, which has declined by nearly 99%
since presettlement times, contained 27 ESA-listed species and 99
species that were candidates or proposed for listing under ESA
(Noss et al. 1995). 

Forest community types for this indicator are defined at the
“alliance” level of the National Vegetation Classification System
(Grossman et al. 1998). An alliance is a group of plant associations
that share a similar architecture and one or more diagnostic
species, which are generally the dominants in the primary canopy.
In some cases, aggregations of ecologically related alliances may be
tracked. The alliance level of classification is roughly equivalent to
“covertype” as defined by the Society of American Foresters. 

Ecosystems can decline in area through outright conversion
to another land cover or through gradual changes, like those that
accompany fire suppression, which allows other species to take
over a forest. For this indicator, as long as an area has the charac-
teristics of a specific forest community type, it would be counted
as part of that type. If, for example, significant vegetation changes
occurred as a result of fire suppression, the forest may eventually
be classified as a different type. 

T h e  D a t a  G a p
The Association for Biodiversity Information and the USDA
Forest Service Forest Inventory and Analysis (FIA) program are
collaborating on development of methods that would allow esti-
mation of the area of alliances (or in certain cases, aggregations of
alliances) from existing FIA data. This would provide a recent his-
torical perspective on changes in alliance area, and would allow
the area of these community types to be tracked in the future. 

Many scientists recognize the value of developing a national
map of presettlement vegetation at the alliance or comparable
level to provide a more quantitative basis for the assessment of
forest cover change. A preliminary approach to this analysis could
be done by crosswalking alliances to the Kuchler Potential Natural
Vegetation types (Kuchler 1964). The Association for Biodiversity
Information is seeking funding to complete this work.

Specific data in the indicator writeup are from sources as fol-
lows. Data on redwood acreage and Great Lakes pine forest are
from Klopatek et al. 1979 and Powell et al. 1993. It is important
to note that other estimates exist for the reduction in acreage of
redwood (see Noss 1995) and Great Lakes pine forest (see Frelich
1995). Data on oak savanna are from Nuzzo 1986. 
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Timber Harvest 

T h e  I n d i c a t o r
Sawlogs are logs that are at least 8 feet long, with minimum
defects or bends, and that are at least 6 inches in diameter (meas-
ured inside the bark) for softwoods and 8 inches for hardwoods.
Pulpwood includes trees, chips, or logging residues used to pro-
duce wood pulp, from which products such as paper are made.
Fuelwood is cut as a source of energy and is used primarily for
residential firewood. Veneer logs are trees from which veneer is
sliced for plywood and other veneer products. Logging
residues/other describes parts of trees that are cut or otherwise
killed in the harvesting process (e.g., for road building), but that
are not removed to make products. Other products is a miscella-
neous category of products from trees, including pilings, poles,
shingles, and charcoal. 

T h e  D a t a
The data presented in this indicator are not directly comparable
with the data presented in the growth and harvest indicator,
because that indicator reports only the volume of “growing
stock,” an inventory category that excludes certain trees and parts
of trees.

Data Source: Data on forest products and their source were col-
lected by the USDA Forest Service Forest Inventory and Analysis
(FIA) program and the Forest Service Forest Products Laboratory,
which also supplements these data with information from U.S.
Department of Commerce published reports and industry trade
association sources. 

Data Collection Methodology: The FIA collects data through a
large-scale field sampling program, described in the technical note
on forest area and ownership (p. 239). Also included here are
data from periodic Forest Service wood facility surveys, residen-
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tial fuelwood surveys, studies of active logging operations, and
field inventories of harvested trees. 

Data Manipulation: FIA field data are used to estimate harvest
distributions by ownership based on trees harvested for products.
The Forest Service Forest Products Laboratory also conducts uti-
lization studies on active logging operations to estimate wood
usage for products and residues left in the woods. These data are
merged with log receipt data from wood-using facilities to pro-
duce estimates of timber and other material cut to deliver those
logs to the facility. Ancillary data from the Department of
Commerce on wood use and industry association data are used to
validate information on the volume of trees cut annually to pro-
duce primary wood products such as sawlogs, pulpwood, veneer
logs, fuelwood, and other wood products.

Data Quality /Caveats: Non-fuelwood product totals shown
would generally have errors of less than ±10 percent. Data are
from FIA wood facility surveys, which are full industry canvasses
and are thus assumed to have negligible sampling error. Periodic
residential fuelwood studies generally have errors of ±15%.

These data are not directly comparable with the data pre-
sented in the “Growth and Harvest” indicator, because that indi-
cator reports only the volume of “growing stock,” an inventory
category that excludes “trees of poor form or quality and the
upper central stem” (U.S. Department of Agriculture definition).

Data Access: All data are available free of charge, except for
products that require special processing or shipping fees.
Electronic databases are unavailable at the national level before
1987, and most regional data from before 1977 are not available
electronically. Forest statistics, online databases, and a map of U.S.
forest distributions are on the Web at http://fia.fs.fed.us. Forest
Products Laboratory data synthesizing Department of Commerce
and industry trade association data are available at http://

www.fpl.fs.fed.us. Additional data on wood products use may be
found at http://www.fpl.fs.fed.us/.

Timber Growth and Harvest

T h e  I n d i c a t o r  
Definitions for the terms “growth,” “harvest,” and “timberlands,”
as used in this indicator, are those used by the USDA Forest
Service. Growth is the net annual increase in the volume of living
tree stems between inventories after accounting for effects of
mortality but before accounting for the effects of harvest. Harvest
is a measure of the average annual volume of living trees harvest-
ed between inventories. Timberland is the subset of forest land on
which harvesting is not prohibited by law and potential wood
growth rates are greater than 20 cubic feet per acre per year.
Growth is a rough measure of the rate at which forests are con-
verting solar energy into tree biomass. Comparing growth with
harvest is a frequently used method of assessing whether wood
harvesting is reducing the volume of tree biomass in a forest. 

T h e  D a t a
The data presented in this indicator are not directly comparable
with the data presented in the timber harvest indicator, because
the data presented here report only the volume of “growing
stock,” an inventory category that excludes certain trees and parts

of trees (these data—defined below—are used for both the
growth and harvest categories presented here). The harvest data
presented in Timber Harvest (p. 130) encompass a broader suite
of timber products, including “growing stock” and other harvest-
ed materials. 

Data Source: Data for this indicator were collected under the
USDA Forest Service Forest Inventory and Analysis (FIA) pro-
gram, which is described on page 239. FIA data are from national
compilations of periodic statewide survey data. 

Data Quality/Caveats: The data for this indicator are limited to
“growing stock” trees. Growing stock is a Forest Service invento-
ry category that includes live trees of commercial species meeting
specified standards of quality or vigor. When used in calculating
volume, this category includes only trees 5.0 inches d.b.h. (“diam-
eter at breast height” a common measurement of tree size) and
larger, and which have no obvious characteristics that would
make them unusable for industrial use (e.g., rot, unusual shape).
In addition, volume is computed for the central stem from a
1-foot stump to a minimum 4-inch top diameter outside bark, or
to the point where the central stem breaks into limbs.
Noncommercial species are species that normally do not develop
into trees suitable for industrial wood products. Since many forest
products are made from trees and parts of trees that are not
counted as “growing stock” for this indicator, the amounts and
trends shown here may differ from those shown in the harvest
and use indicator. 

This indicator does not provide data on the species, age,
quality, or other attributes of the trees being harvested or of trees
whose growth is measured. General trends in growth and harvest
in the East and West do not reflect some important trends that are
occurring at smaller scales. Factors influencing trends in growth
and removals vary substantially among and within regions.
Subregions where growth/harvest ratios are similar today may
have very different growth/harvest ratios in the future. In the
West, growth/harvest ratio on timberland may be a poor indicator
of change in forest biomass because timberland accounts for only
40% of total forest area in the region. These data exclude forest
areas in parks and wilderness, where timber harvesting is prohib-
ited, as well as slow-growing forests.

Current inventory practices limit the data shown here to the
main trunk of trees of a certain size, shape, and species.
Therefore, the data presented are not directly comparable with
the figures presented for Timber Harvest and Use, which account
for products made from all parts of all species of trees. 

Because this indicator does not include information on
growth in slow-growing forests and those in parks and wilderness,
which make up 60% of western forests, it may not reflect signifi-
cant changes in forest growth in that region. 

Data Access: see the technical note for Forest Area and
Ownership (p. 239); additional data for this indicator were 
taken from the publications listed in the references.
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Recreation in Forests

There is no technical note for this indicator.

Fresh Waters

Extent of Freshwater Ecosystems

T h e  D a t a
Wetlands, Lakes, Reservoirs, and Ponds
Data Source: Data for wetlands are from Dahl (2000). Data used
here are from Figure 35 (p. 56) and Figure 42 A–C (p. 62). Data
for lakes, reservoirs, and ponds come from Dahl (2000) and also
from Frayer et al. (1983); Dahl and Johnson (1991); and unpub-
lished data from the U.S. Fish and Wildlife Service.

Data Collection Methodology/Definitions: The data shown
here are derived from the U.S. Fish and Wildlife Service’s
National Wetlands Inventory (NWI), which produces periodic
reports of changes in wetland area. For this report, decadal esti-
mates are presented as the midpoint of the decade. For example,
“1980s” data are presented as “1985.” The historic estimate for
1780 is based on the estimate of 221 million acres of coastal and
freshwater wetlands at that time (see Dahl 1990) minus an esti-
mate of 10 million acres of coastal wetlands in 1922, which
should approximate the historical area of coastal wetlands
because most of these were converted to other land cover types
after World War II (see Gosselink and Baumann 1980). Estimates
of wetland extent in the 1780s are based on colonial or state his-
torical records plus land use records, drainage statistics, and infor-
mation on the extent of hydric soils (i.e., drained and undrained).

NWI counts all wetlands, lakes, reservoirs, and ponds,
regardless of land ownership, but recognizes only wetlands that
are at least 3 acres, and ponds that are at least 1 acre. A perma-
nent study design is used, based initially on stratification of the 48
conterminous states by state boundaries and 35 physiographic
subdivisions. Within these subdivisions are 4375 randomly select-
ed 4-mi2 (2,560-acre) sample plots. These plots were examined
with the use of aerial imagery of varying scale and type; most
images were 1:40,000-scale, color infrared, from the National
Aerial Photography Program. 

The wetland types selected for reporting here were recom-
mended as the most relevant and most reliable for long-term
reporting by the NWI (see Dahl 2000, p. 62). For wetlands, they
include forested, shrub, and emergent wetlands. Ponds include
the category of open-water ponds and non-vegetated palustrine
wetlands (i.e., palustrine unconsolidated shore, which are mud
flats and the shorelines of ponds); ponds are generally less than 6
feet (2 m) deep and less than 20 acres in size. Lakes and reservoirs
are generally larger than 20 acres and deeper than 6 feet,

although smaller bodies are included if they are deeper than 6 feet
or have a wave-formed or bedrock shoreline.

Data Quality/Caveats: Field verification was conducted to
address questions of image interpretation, land use coding, and
attribution of wetland gains or losses, and plot delineations were
completed. For example, for the 1980s-to-1990s analysis, 21% of
the sample plots were verified.

Ephemeral wetlands and effectively drained palustrine wet-
lands observed in farm production are not recognized as a wet-
land type and are not included. Wetlands that are farmed during
dry years but that normally support hydrophytic vegetation were
classified as freshwater emergent wetlands.

The U.S. Geological Survey’s (USGS) National Hydrography
Dataset (NHD) also has information on lake, reservoir, and pond
area (at least 6 acres in size). Considerably higher total acreage
(26.8 million acres) is found using this resource. NWI was used
because time trends are possible; the cause of the disparity
between datasets is not known.

Data Access: The Status and Trend of Wetlands in the
Conterminous United States 1986 to 1997 is available on the Web
at http://wetlands.fws.gov/bha/SandT/SandTReport.html.

Riparian Areas
Note: This indicator uses a distance of roughly 100 feet from the
edge of a stream to define its “riparian” area. This is based on the
availability of remote-sensing data, as described below. We are
cognizant that the definition of riparian areas is a complex one,
and that no single value for the width of this feature will be
appropriate in all situations. 

Data Source: Data reported here for the classification of riparian
areas along streams and rivers were provided by the U.S.
Environmental Protection Agency’s National Exposure Research
Laboratory, Environmental Sciences Division, and are based on
the NHD. The NHD is a comprehensive set of digital spatial data
that encodes information about naturally occurring and con-
structed bodies of water (see http://nhd.usgs.gov/). The NHD was
developed based on EPA’s River Reach File 3 (RF3), which itself
was based on digitization of streams from USGS topographic
quadrangle maps. The dataset does not provide information on
very small streams, and the lower limit of stream size that is
reported in the database is unclear. Data on the vegetation cover
within 100 feet of streams and rivers were produced by EPA from
remote-sensing imagery and the NHD. The remote-sensing
imagery is from the National Land Cover Dataset (NLCD; see the
technical note for the national extent indicator for further details,
p. 207).

Data Manipulation: For this study, EPA combined these datasets
to identify the land cover along streams and rivers (and the shores
of ponds, lakes, and reservoirs—see the altered freshwater ecosys-
tems indicator). For each stream reach described in the NHD, land
cover was characterized, using the NLCD, in a band approximate-
ly 100 feet wide on either side of the stream. NLCD land cover
classes were aggregated to produce four general categories (forest-
ed; agricultural; urban; and grasslands, shrublands, and woody
and emergent wetlands). In one instance, the text describes this lat-
ter category as “other natural vegetation,” despite the fact that
some of these land cover types may not be the historical (i.e., natu-
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Fresh Waters
Extent of Freshwater Ecosystems
The Data
Wetlands, Lakes, Reservoirs, and Ponds
Data Source: Data for wetlands are from Dahl (2000). Data used
here are from Figure 35 (p. 56) and Figure 42 A–C (p. 62). Data
for lakes, reservoirs, and ponds come from Dahl (2000) and also
from Frayer et al. (1983); Dahl and Johnson (1991); and unpublished
data from the U.S. Fish and Wildlife Service.
Data Collection Methodology/Definitions: The data shown
here are derived from the U.S. Fish and Wildlife Service’s
National Wetlands Inventory (NWI), which produces periodic
reports of changes in wetland area. For this report, decadal estimates
are presented as the midpoint of the decade. For example,
“1980s” data are presented as “1985.” The historic estimate for
1780 is based on the estimate of 221 million acres of coastal and
freshwater wetlands at that time (see Dahl 1990) minus an estimate
of 10 million acres of coastal wetlands in 1922, which
should approximate the historical area of coastal wetlands
because most of these were converted to other land cover types
after World War II (see Gosselink and Baumann 1980). Estimates
of wetland extent in the 1780s are based on colonial or state historical
records plus land use records, drainage statistics, and information
on the extent of hydric soils (i.e., drained and undrained).
NWI counts all wetlands, lakes, reservoirs, and ponds,
regardless of land ownership, but recognizes only wetlands that
are at least 3 acres, and ponds that are at least 1 acre. A permanent
study design is used, based initially on stratification of the 48
conterminous states by state boundaries and 35 physiographic
subdivisions. Within these subdivisions are 4375 randomly selected
4-mi2 (2,560-acre) sample plots. These plots were examined
with the use of aerial imagery of varying scale and type; most
images were 1:40,000-scale, color infrared, from the National
Aerial Photography Program.
The wetland types selected for reporting here were recommended
as the most relevant and most reliable for long-term
reporting by the NWI (see Dahl 2000, p. 62). For wetlands, they
include forested, shrub, and emergent wetlands. Ponds include
the category of open-water ponds and non-vegetated palustrine
wetlands (i.e., palustrine unconsolidated shore, which are mud
flats and the shorelines of ponds); ponds are generally less than 6
feet (2 m) deep and less than 20 acres in size. Lakes and reservoirs
are generally larger than 20 acres and deeper than 6 feet,

Joe
although smaller bodies are included if they are deeper than 6 feet
or have a wave-formed or bedrock shoreline.
Data Quality/Caveats: Field verification was conducted to
address questions of image interpretation, land use coding, and
attribution of wetland gains or losses, and plot delineations were
completed. For example, for the 1980s-to-1990s analysis, 21% of
the sample plots were verified.
Ephemeral wetlands and effectively drained palustrine wetlands
observed in farm production are not recognized as a wetland
type and are not included. Wetlands that are farmed during
dry years but that normally support hydrophytic vegetation were
classified as freshwater emergent wetlands.
The U.S. Geological Survey’s (USGS) National Hydrography
Dataset (NHD) also has information on lake, reservoir, and pond
area (at least 6 acres in size). Considerably higher total acreage
(26.8 million acres) is found using this resource. NWI was used
because time trends are possible; the cause of the disparity
between datasets is not known.
Data Access: The Status and Trend of Wetlands in the
Conterminous United States 1986 to 1997 is available on the Web
at http://wetlands.fws.gov/bha/SandT/SandTReport.html.
Riparian Areas
Note: This indicator uses a distance of roughly 100 feet from the
edge of a stream to define its “riparian” area. This is based on the
availability of remote-sensing data, as described below. We are
cognizant that the definition of riparian areas is a complex one,
and that no single value for the width of this feature will be
appropriate in all situations.
Data Source: Data reported here for the classification of riparian
areas along streams and rivers were provided by the U.S.
Environmental Protection Agency’s National Exposure Research
Laboratory, Environmental Sciences Division, and are based on
the NHD. The NHD is a comprehensive set of digital spatial data
that encodes information about naturally occurring and constructed
bodies of water (see http://nhd.usgs.gov/). The NHD was
developed based on EPA’s River Reach File 3 (RF3), which itself
was based on digitization of streams from USGS topographic
quadrangle maps. The dataset does not provide information on
very small streams, and the lower limit of stream size that is
reported in the database is unclear. Data on the vegetation cover
within 100 feet of streams and rivers were produced by EPA from
remote-sensing imagery and the NHD. The remote-sensing
imagery is from the National Land Cover Dataset (NLCD; see the
technical note for the national extent indicator for further details,
p. 207).
Data Manipulation: For this study, EPA combined these datasets
to identify the land cover along streams and rivers (and the shores
of ponds, lakes, and reservoirs—see the altered freshwater ecosystems
indicator). For each stream reach described in the NHD, land
cover was characterized, using the NLCD, in a band approximately
100 feet wide on either side of the stream. NLCD land cover
classes were aggregated to produce four general categories (forested;
agricultural; urban; and grasslands, shrublands, and woody
and emergent wetlands). In one instance, the text describes this latter
category as “other natural vegetation,” despite the fact that
some of these land cover types may not be the historical (i.e., natu-
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