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Wisconsin’s Forest Resources in 2004

The North Central Research Station’s Forest
Inventory and Analysis (NCFIA) program, in
partnership with the Wisconsin Department
of Natural Resources (DNR), began fieldwork
for the sixth inventory of Wisconsin’s forest
resources in 2000. This initiated a new annual
inventory system in which one-fifth of the
field plots (considered one panel) in the

State are measured each year. A complete
inventory consists of measuring, compiling,
and reporting data for five panels. Once all
five panels have been measured, plots in each
panel will be remeasured approximately every
5 years. For example, the plots measured in
Wisconsin in 2000 will be remeasured in 2005.
The field plot measurements for this inventory
were completed in September 2004, and these
measurements complete the sixth inventory
of Wisconsin’s forest resources. The data may
be accessed at http://ncrs2.fs.fed.us/4801/fiadb/

index.htm.

This document briefly summarizes the data

in the sixth inventory, and a comprehensive
5-year analysis is now underway. Data and
statistics prepared for this report represent

93 percent of the field plots (all five panels,
2000-2004) for the complete inventory; the
remaining 7 percent were either too hazardous
to visit or access was denied. Earlier reports are
available for the 2000 panel (Vissage 2002),
the combined 2000-2001 panels (Vissage

etal. 2003), the combined 2000-2002 panels
(Vissage et al. 2004), and the combined
2000-2003 panels (Vissage et al. 2005).
Results presented here are estimates based on
sampling techniques assuming the 2000, 2001,
2002, 2003, and 2004 panels represent one
sample.

Reports of previous inventories of Wisconsin
are dated 1936 (Cunningham and Moser
1938; Cunningham et al. 1939), 1956 (Stone

and Thorne 1961), 1968 (Spencer and Thorne
1972), 1983 (Spencer et al. 1988), and 1996
(Kotar et al. 1999, Schmidt 1998). Data from
new inventories are often compared with data
from earlier inventories to determine trends in
forest resources. However, for the comparison
to be valid, the procedures used in the two
inventories must be similar. As a result of our
ongoing efforts to improve the efficiency and
reliability of the inventory, several changes in
procedures and definitions have been made
since the last inventory of Wisconsin in 1996
(Kotar et al. 1999, Schmidt 1998). Although
these changes have little impact on statewide
estimates of forest area, timber volume,

and tree biomass, they may have significant
impact on plot classification variables such as
forest type and stand-size class. Some of these
changes make it inappropriate to directly
compare portions of the 2000-2004 data with
data published for 1996. All of the tables in
this report and many others can be generated
at our Web site: http://ncrs2.fs.fed.us/4801/
fiadb/index.htm.

RESULTS

Area

The total land area of Wisconsin is 34.8
million acres. About 46 percent or 16.0
million acres were forested in the fifth
inventory (Schmidt 1998). Total forest land"
area has remained relatively stable at about
16.0 million acres since 1996 (table 1). The
maple/beech/birch, oak/hickory, and aspen/
birch forest type groups together account

for about 70 percent of the forest land in
Wisconsin (fig. 1).

"Forest land is land at least 10 percent stocked by
forest trees of any size, or land formerly having
such tree cover, and not currently developed for a
nonforest use.
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Since 1996, the area of timberland owned

by private individuals and corporations has
decreased by about 328 thousand acres (2.9
percent), while the area under public control
has increased by about 388 thousand acres
(8.5 percent) (fig. 3, table 2). Despite this
change, about 69 percent of Wisconsin’s

timberland remains in private ownership.

Covering almost 4.4 million acres, the maple/
beech/birch forest type group remains the
dominant forest type group in the State

(fig. 4, table 3). Taken together, hardwood
forest types have lost about 289 thousand acres
since the 1996 inventory. The timberland

area of softwood forest types has increased by

almost 257 thousand acres since 1996.
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N

The timberland area occupied by the seedling-
sapling stand-size class has decreased by 31
percent since 1996 (fig. 5, table 3). The area
occupied by the poletimber stand-size class
has remained stable, while the area occupied
by sawtimber has increased by 33 percent.
Although the changes in the timberland area
occupied by the different stand-size classes
and forest type groups seem dramatic, it is
important to note that the procedures used
to determine these important attributes

have changed since the 1996 inventory.
Comparisons and trends will become more
straightforward when additional panels of
annual data collected in future inventories
and current procedures are used to update the
1996 estimates.
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Volume

In previous inventories, the volume of

all live trees greater than or equal to 5.0
inches diameter at breast height (d.b.h., 4.5
feet above the ground) on timberland was
classified and reported as growing stock and
cull. The board-foot volume of growing-stock
trees exceeding minimum size requirements—
9.0 inches d.b.h. for softwoods and 11.0
inches d.b.h. for hardwoods—was classified
as sawtimber. Previous analyses focused on
growing-stock and sawtimber volumes. The
volume of all live trees on reserved and

other forest land was not reported. With

an increased interest in FIA data to address
questions about wildlife habitat, soil and water
protection, aesthetics, and other important
forest values, greater importance has been
placed on the all live tree volume on all
forested land. In 2004, the volume of all live
trees on forest land in Wisconsin was 22.1
billion cubic feet (table 4). Coincidentally,
the volume of all live trees and salvageable

dead trees on timberland was also 22.1 billion

Previous inventories focused on growing-stock
and sawtimber volume on timberland. For
this reason, trend comparisons for this report
consider only growing-stock or sawtimber

volume on timberland.

In 2004, the volume of growing stock on
timberland in Wisconsin was 19.7 billion
cubic feet (table 6). Hardwood species
accounted for 74 percent of the net volume of
growing stock (fig. 6, tables 6 and 7) and 66
percent of the net volume of sawtimber (fig. 7,
table 8). Cottonwood/aspen was the hardwood
species group with the greatest net growing-
stock volume (table 7) while the select red
oak group had the largest net sawtimber
volume (table 8).

The net growing-stock volume of softwood
species totaled 5.2 billion cubic feet in
2004 (table 7). Eastern white and red pines
accounted for 51 percent of the softwood
net growing-stock volume (table 7) and 61

percent of the softwood net sawtimber volume

cubic feet (table 5). (table 8).
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Biomass 18 percent was in softwood species (table 9).
Biomass is defined in the inventory as the Fifty-eight percent of the total biomass was
aboveground weight of live trees 1.0 inch in the boles of growing-stock trees (table 9).
d.b.h. and larger on timberland. The estimate Private lands accounted for 70 percent of the
of biomass is used to address questions related total biomass in Wisconsin (table 9).
to wildlife habitat, carbon sequestration,
wood fiber availability for fuel, and other Growth, Removals, and Mortality

important values. The aboveground weight The three components of change (growth,

of tree biomass on timberland in Wisconsin removals, and mortality) provide trend

was estimated to be more than 593 million
dry tons (table 9). Of the total biomass, 82
percent was in hardwood species and

information that helps describe forest changes
between inventories (fig. 8).
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Average annual net growth between the
current and previous inventories is equal to
gross growth over the period less mortality
over the period divided by the number of
growing seasons in the period. The average
annual net growth of growing stock from
1996 to 2004 was 653 million cubic feet per
year (table 10) or approximately 3.3 percent
of the current growing-stock inventory on

timberland.

Average annual removals from growing stock
include both trees cut or killed as a result of
timber harvest and trees removed from the
timberland base as a result of land use change.
Average annual removals from growing stock
from 1996 to 2004 was 346 million cubic feet
per year (table 11) or about 1.8 percent of the
current growing-stock inventory. Removals
did not balance across all owner categories;
the average removals from private land (24.67

ft’/ac/yr) are higher than removals from public

land (16.71 ft}/ac/yr).

Average annual mortality includes trees that
died over the period as a result of insects,
disease, and other causes. Trees killed by
timber harvest are included in the estimate
of average annual removals. Average annual
mortality of growing stock from 1996 to 2004
was about 180 million cubic feet per year
(table 12) or nearly 1 percent of the current

growing-stock inventory.

Average annual net growth on timberland
(gross growth — mortality) generally exceeds
removals on both private and public
ownerships (tables 10 and 11). However,
removals of jack pine growing stock exceeded
net growth of jack pine growing stock across
all ownerships (tables 10 and 11). Average
annual net growth of select white oaks on
public land is not statistically different from
average annual removals of select white oaks
on public land (tables 10 and 11).

Forest Health

Forest health is summarized by the Wisconsin
Department of Natural Resources Division of
Forestry (2004). The 2004 report includes the

following summary comments:

Awerage to above average precipitation brought
both hardwood and coniferous forests back to
a hedlthier state. Oak mortality that had been
occurring over the past 2 years in northwest
Wisconsin  stabilized. Oak mortality  did
continue in Marinette County, where several
years of defoliation by the gypsy moth, drought
and infestation by the two-lined chestnut
borer stressed the resource. Populations of
the gypsy moth took a dramatic downturn;
only 20 acres of defoliation were observed in
2004, compared to the 65,000 observed in
2003. This good fortune was due in part to a
successful spray program and a cool, wet spring
and early summer. The weather was favorable
for organisms that infect larvae of the gypsy
moth. Populations of the jack pine budworm
increased in west-central and northwestern
Wisconsin. Populations of this insect are
expected to peak in 2005, particularly in
northwestern Wisconsin. Statewide surveys for
two new exotic forest pests, the Emerald Ash
Borer and Phytophthora ramorum (the cause
of Sudden Oak Death) revealed no findings
of either of these organisms. (Wisconsin
Department of Natural Resources Division of
Forestry 2004)

Additional details may be found in the

original document, available online at:

http://thm.fs.fed.us/thh/fhh-04/wi/wi_04.pdf.

Summary

The forest resources in Wisconsin appear

to be in good condition. As additional data
become available from ensuing annual panels,
a clearer picture of the direction of Wisconsin
forests will emerge. Additional data related to
Wisconsin inventories in 1996 and 1983 are

available online: http://www.fia.fs.fed.us.



APPENDIX

Accuracy of the Inventory

Sampling errors measure the uncertainty

in estimates due to not observing every
member of the population. In the 2000-2004
Wisconsin forest inventory, a total of 6,478
sample plots were observed in forest land
across the entire State, an intensity of one
plot every 2,476 acres of forest land. Sampling
errors for the estimates of statewide totals in

this report are:

Table Variable Estimate Sampling error
- percent -
1 Area of forest land (thousand acres) 16,037.2 0.55
2 Area of timberland (thousand acres) 15,762.0 0.57
4 All live volume on forest land (thousand cubic feet) 22,137,640 1.04
5 All live volume on timberland (thousand cubic feet) 22,134,040 1.06
6 Growing-stock volume on timberland (thousand cubic feet) 19,666,527 1.10
8 Sawtimber volume on timberland (thousand board feet) 54,846,973 1.59
9 All live aboveground biomass on timberland (thousand dry tons) 593,495 0.97
10 Growing-stock growth on timberland (thousand cubic feet per year) 653,105 3.88
11 Growing-stock removals on timberland (thousand cubic feet per year) 346,257 7.33
12 Growing-stock mortality on timberland (thousand cubic feet per year) 179,666 5.24

The chances are two out of three that if a 100-
percent inventory had been taken, using the
same methods, the results would have been
within the sampling errors indicated above.
These sampling errors can also be used to
create confidence intervals around estimates.
For example, the estimated volume of all live
trees on forest land in the State is 22.137
billion cubic feet with a sampling error of

+ 1.04 percent (+ 230.2 million cubic feet).

As survey data are broken down into
components smaller than State totals, the
sampling error increases. For example, the
sampling error for timberland area in a
particular county is higher than that for total
timberland area in the State. To estimate
sampling error for data smaller than State

totals, use the following formula:

E - (SE)V State total volume or area

/ Volume or area smaller than State total

where E is the sampling error in percent, and

SE is the State total error for volume or area.

For example, to compute the error on the
area of forest land in the maple/beech/birch
type for the State, proceed as follows:

1. Total statewide area of maple/beech/birch

type = 4,448.6 thousand acres

2. Total statewide area of all timberland =
16,037.2 thousand acres

3. The State total error for forest land area =
0.55 percent

4. Using the formula above:

£ - (0.005516037.2
4448.6

E = 0.0104 or 1.04 percent sampling error

for the maple/beech/birch forest type in
Wisconsin.




Inventory Methods

Vissage (2002) provides a full description

of the annualized inventory methods for
Wisconsin. Since the 1996 inventory of
Wisconsin, several changes have been made
in the NCFIA inventory methods to improve
the quality of the inventory as well as meet
the increasing demands for timely forest
resource information. The most significant
change between the inventories has been the
change from periodic to annual inventory
systems. Historically, NCFIA inventoried each
State on a cycle that averaged about 12 years.
However, the need for timely and consistent
data across large geographical regions,
combined with national legislative mandates,
resulted in NCFIA’s implementation of

an annual inventory system. The annual

inventory system began in Wisconsin in 2000.

With the NCFIA annual inventory system,
approximately one-fifth of all field plots are
measured in any single year. After 5 years,

the entire inventory is completed. After this
initial 5-year period, NCFIA will report and
analyze results using a moving 5-year average.
For example, NCFIA will be able to generate
inventory results for 2000 through 2005 or for
2001 through 2006.

Other significant changes between inventories
include the implementation of new remote
sensing technology, implementation of a new
field plot configuration and sample design,
and gathering of additional remotely sensed
and field data. The use of new remote sensing
technology since the previous inventory has
allowed NCFIA to use classifications of Multi-
Resolution Land Characterization (MRLC)
data and other available remote sensing
products to stratify the total area of the State

and to improve estimates.

New algorithms were used in 2000-2004
to assign forest type and stand-size class to
each condition observed on a plot. These

algorithms are being used nationwide by

FIA to provide consistency from State to
State and will be used to reassign the forest
type and stand-size class of every plot in the
1996 inventory when it is updated. This will
be done so that changes in forest type and
stand-size class will reflect actual changes in
the forest and not changes due to algorithms.
The list of recognized forest types, groupings
of these forest types for reporting purposes,
models used to assign stocking values to
individual trees, definition of nonstocked
(stands with a stocking value of less than 10
percent for all live trees), and names given
to the forest types changed with the new
algorithms. As a result, comparisons between
the published 2000-2004 results and those
published for the 1996 inventory may not be
valid. For additional details about algorithms

used in both inventories, please contact

NCFIA.

Sampling Phases

The 2004 Wisconsin survey was conducted

in three phases. The first phase used satellite
imagery to stratify the State and aerial
photography to select plots for measurement.
The second phase measured the traditional
suite of mensurational variables, and the third

phase focused on a suite of variables related to

the health of the forest.

The only land that could not be sampled
was (1) private land where field personnel
could not obtain permission to measure a
phase 2 plot and (2) plots that could not

be accessed because of a hazard or danger

to field personnel. The methods used in the
preparation of this report make the necessary
adjustments to account for sites where access

was denied or hazardous.

Phase 1

The Wisconsin inventory used a classification
of satellite imagery for stratification. FIA used
the imagery to form two initial strata—forest
and nonforest. Pixels within 60 m (2 pixel

widths) of a forest/nonforest boundary



formed two additional strata—forest edge and
nonforest edge. Forest pixels within 60 m of
the boundary on the forest side were classified
as forest edge, and pixels within 60 m of the
boundary on the nonforest side were classified
into the nonforest edge stratum. In addition,
all strata were divided into public or private
ownership based on information available in
the Protected Lands Database (DellaSala
etal. 2001). The estimated population total
for a variable is the sum across all strata of the
product of each stratum’s area (from the pixel
count) and the variable’s mean per unit area

(from plot measurements) for the stratum.

Phase 2

Phase 2 of the inventory consisted of the
measurement of an annual sample of field plots
in Wisconsin. Current FIA precision standards
for annual inventories require a sampling
intensity of one plot for approximately

every 6,000 acres. FIA has tessellated the
entire United States using nonoverlapping
hexagons, each of which contains 5,937 acres
(McRoberts 1999). An array of field plots
was established by selecting one plot from
each hexagon based on the following rules:
(1) if a Forest Health Monitoring (FHM)
plot (Mangold 1998) fell within a hexagon,
it was selected as the grid plot; (2) if no FHM
plot fell within the hexagon, the existing
NCFIA plot nearest the hexagon center was
selected as the grid plot; and (3) if neither
FHM nor existing NCFIA plots fell within
the hexagon, a new NCFIA grid plot was
established (McRoberts 1999). This array of
plots is designated the Federal base sample and
is considered an equal probability sample; its
measurement in Wisconsin is funded by the
Federal government. In 2003, two additional
plots were established and measured in each
hexagon. In 2000-2002 and 2004, a single
additional plot was established and measured
in each hexagon. The measurement of this
intensified sample was funded by the State of
Wisconsin.

The total Federal base sample was
systematically divided into five inter-
penetrating, non-overlapping subsamples or
panels. Each year the plots in a single panel
are measured and panels are selected on a
5-year, rotating basis (McRoberts 1999).

For estimation purposes, the measurement

of each panel of plots may be considered an
independent random sample of all land in a
State. Field crews measured vegetation on
plots forested at the time of the last inventory
and on plots classified as forest by trained
photointerpreters using aerial photos or digital
orthophotoquads.

Phase 3

NCFIA has two categories of field
measurements—phase 3 (formally FHM plots)
and phase 2 field plots. Both types of plots are
systematically distributed both geographically
and temporally. Phase 3 plots are measured
with the full array of FHM vegetative and
health variables as well as the full suite of
measures associated with phase 2 plots. Phase
3 plots must be measured between June 1 and
August 30 to accommodate measurement

of nonwoody understory vegetation, ground
cover, soils, and other variables. The complete
5-year annual inventory of Wisconsin includes
165 forested phase 3 plots. On the remaining
plots, only variables that can be measured
throughout the entire year are collected.

In Wisconsin, the complete 5-year annual
inventory includes 6,478 forested phase 2
plots. In this last subcycle (2004), inventory
measurements were made on 1,242 plots.

Of these, 1,217 plots were established on
timberland, and 10 plots were established on

reserved forest land.

The national FIA four-subplot cluster
configuration (fig. 9) was first used for data
collection in Wisconsin in 2000 and will
be used in subsequent years. The national
plot configuration requires mapping of all

forest conditions found at each plot. Due

10
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to the small sample size each year, precision
associated with estimates of components of
change such as mortality will be relatively
low. Consequently, we report estimates of
components of change only after multiple
annual panels have been measured. Now that
the annual inventory has been completed in
2004, the full range of change estimates is

available.

The overall plot layout for the new
configuration consists of four subplots. The
centers of subplots 2, 3, and 4 are located
120 feet from the center of subplot 1. The
azimuths to subplots 2, 3, and 4 are 0, 120,
and 240 degrees, respectively. The center of
the new plot is located at the same point as
the center of the previous plot if a previous
plot existed at the location. Trees with
diameters of 5.0 inches d.b.h. and larger are
measured on a 24-foot-radius (1/24 acre)
circular subplot. All trees less than 5.0 inches
d.b.h. are measured on a 6.8-foot-radius
(1/300 acre) circular microplot located 12.0
feet due east of the center of each of the four
subplots. Forest conditions that occur on any
of the four subplots are recorded. Factors that

differentiate forest conditions are changes

in forest type, stand-size class, land use,
regeneration status, reserved status, ownership,
and density. Each condition that occurs
anywhere on one of the subplots is identified,
described, and mapped if the area of the
condition meets or exceeds one acre in size.

Field plot measurements are combined with
phase 1 estimates in the compilation process
and table production. The number of tables
presented here is limited. However, other
tabular data can be generated at: www.fia.

fs.fed.us. For additional information, contact:

Program Manager

North Central Research Station
Forest Inventory and Analysis
1992 Fowell Avenue

St. Paul, MN 55108

or

State Forester

Wisconsin Department of Natural Resources
Division of Forestry

101 S. Webster Street

Madison, W1 53707
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Perry, Charles H.

2006. Wisconsin’s forest resources in 2004. Resour. Bull. NC-261. St. Paul, MN:
U.S. Department of Agriculture, Forest Service, North Central Research Station. 34 p.

Results of the 2000-2004 annual inventory of Wisconsin show about 6.0 million
acres of forest land, more than 22.1 billion cubic feet of live volume on forest land,
and nearly 593 million dry tons of all live aboveground tree biomass on timberland.
Populations of jack pine budworm are increasing, and it remains a significant pest in
Wisconsin forests. A complete report including more detailed analyses and the final
results of the fifth inventory of Wisconsin's forest resources will be published later as
a companion to this report.

KEY WORDS: Annual inventory, forest land, timberland, forest type, volume, bio-
mass, growth, removals, mortality, Wisconsin.

The Forest Inventory and Analysis web site is: www.fia.fs.fed.us
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Director, Office of Civil Rights, Room 326-W,
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Washington, DC 20250-9410 or call 202-720-5964
(voice and TDD). USDA is an equal opportunity
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MISSION STATEMENT

We believe the good life has its roots in clean air, sparkling water, rich soil, healthy economies and
a diverse living landscape. Maintaining the good life for generations to come begins with everyday
choices about natural resources. The North Central Research Station provides the knowledge
and the tools to help people make informed choices. That's how the science we do enhances the
quality of people’s lives.

For further information, contact:

North Central
Research Station

ST USDA Forest Service
1992 Folwell Avenue, St. Paul, MN 55108

Or visit our web site:
www.ncrs.fs.fed.us



