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Abstract.—In Minnesota, about 16.3 million acres, or 32 percent of
the total land area is forested, according to results from the 2001-05
forest inventory of the State. The estimated total live-tree volume on
forest land is 17.7 billion cubic feet or 1,085 cubic feet per acre.
The estimated aboveground live-tree biomass on forest land is 465
million dry tons or approximately 28.5 tons per acre.
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INTRODUCTION
Reports of previous Forest Inventory and

Analysis (FIA) inventories of Minnesota are

dated 1936, 1953, 1962, 1977, 1990, and

2003. The 2003 report (Miles et al. 2004) ini-

tiated the new FIA annual inventory system in

which one-fifth of the field plots (considered

one panel) are measured each year. Once a

panel is measured, it is scheduled to be remea-

sured in 5 years. For example, in Minnesota,

field plots measured in 1999 were remeasured

in 2004 and field plots measured in 2000 were

remeasured in 2005. The five most recent pan-

els (from 2001, 2002, 2003, 2004, and 2005)

were used to generate estimates for this report.

Estimates were compiled assuming data from

these five panels represent one large sample

dated 2005.

All of the tables in this report and many others

can be generated from tools available at the

national FIA Web site

(http://www.fia.fs.fed.us).

RESULTS

Area 
The total land area of Minnesota is 50.9 mil-

lion acres, of which 32 percent (16.3 million

acres) is forest land (table 1). There are three

components to forest land (fig. 1): 

(1) timberland1—forest land that is not

restricted from harvesting by statute, adminis-

trative regulation, or designation, and is capa-

ble of growing trees at a rate of 20 cubic feet

(ft3) per acre per year; (2) reserved forest

land—land that is restricted from harvesting

by statute, administrative regulation, or desig-

nation (National Parks, Wilderness Areas, etc);

and, (3) other forest land—low-productivity

forest land that is not capable of growing trees

at a rate of 20 ft3/acre/yr (usually extremely

wet sites such as black spruce swamps).
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1Timberland may not be equivalent to the area actually
available for commercial timber harvesting or other
access. The actual availability of land for various uses
depends on owner decisions that consider economic,
environmental, and social factors.

Figure 1.—Components of forest land,
Minnesota, 2005.
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The estimated area of forest land increased

from 16.2 million acres in 2003 to 16.3 mil-

lion acres in 2005. During the same period,

the area of timberland increased from 14.8 to

15 million acres (fig. 2). 

Both private and public ownership increased

slightly from 2003 to 2005 (fig. 3, table 2).

Private ownership of timberland increased

from 6.8 to 6.9 million acres and public own-

ership of timberland increased from 8.0 to 8.1

million acres from 2003 to 2005. Hardwood

forest types are concentrated on private lands

(51 percent) while softwood forest types are

concentrated on public lands (76 percent).

The aspen-birch forest type, with 6.3 million

acres of timberland (table 3), is the dominant

forest type in the State (fig. 4) and is an

important resource for Minnesota’s forest

industries. Nearly four-fifths of all the conifer-

ous timberland in the State is in the spruce-fir

forest type (3.3 million acres). The estimate of

all hardwood forest types increased from 2003

to 2005, from 10.4 to 10.6 million acres. The

estimate for all conifer forest types increased

from 4.3 to 4.4 million acres. 

2

Figure 2.—Area of timberland by inventory year (accuracy brackets represent 1 stan-
dard error), Minnesota, 2003, 2004, 2005. (Note: The accuracy bracket atop each bar
represents the 68-percent confidence interval (one standard deviation). In 2003, the
estimate of timberland area was 14,759,800 acres plus or minus 112,200 acres.)
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Figure 3.—Area of forest land by component and ownership, Minnesota, 2003, 2004, 2005.
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Volume

Live-tree volume on forest land

Live-tree volume on forest land can be divided
into three components (fig. 5): (1) growing-
stock volume on timberland; (2) cull-tree vol-
ume on timberland; and (3) live-tree volume
on reserved and other forest lands. Prior to
1999, only the first component, growing-stock
volume on timberland, was reported. How-
ever, there are volumes in cull (noncommer-
cial, rough, and rotten) trees that do not quali-
fy as growing stock but that often are used for
wood fiber and fuelwood; and trees on
reserved and other forest land make important
ecological contributions, e.g., wildlife habitat
and soil and water protection. 

With the introduction of the annualized inven-
tory system (implemented in Minnesota in
1999) and increased interest in FIA data from
an ecological perspective, a greater focus has
been placed on live-tree volume. In 2005,
Minnesota had 17.7 billion ft3 of live-tree vol-
ume (fig. 6) on its 16.3 million acres of forest
land (table 4), or 1,085 ft3/acre.

Only about 3 percent of the live-tree softwood
volume was classified as cull in 2005 com-
pared to nearly 11 percent of the hardwood
volume.
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Figure 4.—Area of timberland by forest-type group, Minnesota, 2003, 2004, 2005.
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Growing-stock volume on timberland

The net volume of growing stock on timber-
land in Minnesota was estimated at 15.1 bil-
lion ft3 on 15 million acres in 2005 (table 5),
or 1,009 ft3/acre (fig. 6). There also were 1.4
billion ft3 of cull trees on timberland.

In 2005, hardwoods comprised 68 percent of
the growing-stock volume and 63 percent of
the sawtimber volume in the State (figs. 7-8).
The cottonwood-aspen species group account-
ed for 39 percent of the hardwood growing-
stock volume, followed by eastern soft hard-
woods (14 percent); other ash (11 percent);

basswood, select white oaks, and select red
oaks (8 percent each); and hard and soft
maples (5 percent each) (table 8).

The volume of softwood growing-stock was
estimated at 4.8 billion ft3 in 2005. The
spruce and balsam fir species group accounted
for 35 percent of the softwood volume, fol-
lowed by other eastern softwoods (32 per-
cent), eastern white and red pines (25 per-
cent), and jack pine (8 percent).
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Biomass
The total aboveground live-tree biomass on
forest lands increased from an estimated 465
million dry tons in 2003 to 468 million in
2005. Biomass, measured as aboveground live-
tree biomass on timberland, was estimated at
439 million dry tons in 2005 (an average of
29.3 dry tons per acre) (table 9). Biomass esti-
mates are increasing in importance for analyses
on carbon sequestration, wood fiber availabili-
ty for fuel, and other issues. In 2005, 76 per-
cent of the total biomass was in growing-stock
trees, an additional 15 percent was in trees less
than 5 inches d.b.h., and the remaining 9 per-
cent in nongrowing stock trees. Three-quarters
of the total biomass was composed of hard-
wood species. Although total biomass was split
almost evenly between private (221 million
dry tons) and public (218 million dry tons)
timberland, softwoods comprised 35 percent
of the total biomass on public lands but only
15 percent on private lands.

Growth, Removals, and Mortaliy

Live-tree components of change on for-
est land

Components of change (growth, removals, and
mortality) provide trend information useful for
analyzing changes to the forest that have
occurred between inventories. Estimates of
growth, removals, and mortality for Minnesota
are based solely on annual inventory plots.

Annual inventory plots measured in 1999
were remeasured in 2004 and annual invento-
ry plots measured in 2000 were remeasured in
2005. Sampling errors are large since the sam-
ple includes only two of the five panels. See
the Appendix for additional information on
sampling errors. 

Net average annual growth between current
and previous inventories is equal to gross
growth over the period less mortality over the
period divided by the number of growing sea-
sons in the period. The net average annual
growth of live trees on forest land (based on
the two panels measured in 1999 to 2000 and
remeasured in 2004 to 2005) was 551 million
ft3, or approximately 3.1 percent of the cur-
rent live-tree volume on forest land.

Average annual removals of live trees on forest
land was 342 million ft3, or nearly 1.9 percent
of the current live-tree volume on forest land. 

Average annual mortality includes trees that
died over the period but did not die as a result
of timber harvesting (mortality due to timber
harvesting activities is included in removals).
Average annual mortality of live trees on forest
land was 302 million ft3, or 1.7 percent of the
current live-tree volume on forest land.
Average annual mortality is not presented in
figure 9 because it already has been removed
from gross average annual growth to compute
average annual net growth.
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Figure 8.—Sawtimber volume by major species groups, Minnesota, 2003, 2004, 2005.



Growing-stock tree components of
change on timberland

The net average annual growth of growing
stock on timberland (490 million ft3) was 3.2
percent of the current growing-stock inventory
on timberland (fig. 10, table 10). 

Average annual removals includes trees cut
and utilized (76 percent), trees killed as a
result of harvesting (9 percent), and trees
removed from the timberland base as a result
of land-use change (16 percent). Average

annual removals of growing stock on timber-
land was 311 million ft3 (table 11), or 2.1 per-
cent of the current growing-stock inventory on
timberland. 

Average annual mortality of growing stock on
timberland was 240 million ft3 (table 12), or
1.6 percent of the current growing-stock
inventory on timberland. Average annual mor-
tality is not presented in figure 10 because it
already has been removed from gross growth
to compute average net growth. 

6

Figure 9.—Average annual net growth of live trees on forest land and average annual
removals of live trees on forest land, Minnesota, 1999-2000 to 2004-2005.
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APPENDIX

Inventory Methods
The annual inventory system was implement-
ed in Minnesota in 1999. Under this system
about one-fifth of all field plots are measured
in any one year. In 2003, after 5 years, an
entire inventory cycle was completed. In sub-
sequent years, FIA reports and analyzes
results as a moving 5-year average. This 2005
report is the third year of the rolling average
and includes five panels of measurements col-
lected from 2001 through 2005. The results
presented in this report are estimates based on
sampling techniques presented by Bechtold
and Patterson (2005).

Estimates of growth, removals, and mortality
for Minnesota are based solely on annual
inventory plots. Annual inventory plots meas-
ured in 1999 were remeasured in 2004 and
plots measured in 2000 were remeasured in
2005. Sampling errors are large since the sam-
ple includes only those plots from two of the
five panels. Over the next 3 years, sampling
errors for growth, removals, and mortality will
be smaller as additional annual inventory
plots are remeasured. 

The following are sampling error estimates for
the 2005 inventory: area of forest land, 0.59
percent; area of timberland, 0.67 percent;
number of growing-stock trees on timberland,
1.19 percent; volume of growing stock on
timberland, 1.31 percent; volume of sawtim-
ber on timberland, 1.87 percent; average
annual net growth of growing stock on tim-
berland, 13.09 percent; average annual
removals of growing stock on timberland,
10.50 percent; and average annual mortality
of growing stock on timberland, 4.98 percent.

Sampling Phases
The 2005 Minnesota survey was based on a
three-phase inventory. In the first phase, classi-
fied satellite imagery was used to stratify the
State and aerial photographs were used to
select plots for measurement. The second
phase entailed measuring the traditional FIA
suite of variables; the third phase focused on a
suite of forest-health variables. 

Land that could not be sampled included pri-
vate tracts where field personnel were unable
to obtain landowner permission to measure
the field plot and plots that were inaccessible
because of a hazard or danger to field person-
nel. The methods used in preparing this report
were adjusted to account for such sites. There
were 23 denied access/hazardous plots in
1999, 58 in 2000, 64 in 2001, 66 in 2002, 74
in 2003, 75 in 2004, and 44 in 2005. Fewer
plots were denied access plots in 1999 because
only a single intensity sample was conducted
that year. The sampling intensity was doubled
in 2000 through 2005.

Phase 1
In Phase 1, computer-assisted classification of
satellite imagery was used 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 on
the forest side of a forest-nonforest boundary
were classified into forest-edge strata. Pixels
within 60 m of the boundary on the nonforest
side were classified into nonforest-edge strata.
All strata were divided into public or private
ownership based on information available in
the Protected Lands Database (DellaSala et al.
2001). Stratification and estimation were con-
ducted separately for the Chippewa National
Forest, Boundary Waters Canoe Area
Wilderness, Superior National Forest exclud-
ing the Boundary Waters Canoe Area
Wilderness, and Voyageurs National Park.
Stratification and estimation were conducted at
the FIA unit level for all other public lands
and also for private lands. In the national for-
est stratum, forest and forest-edge strata were
combined.

Phase 2
Phase 2 of the inventory consisted of the
measurement of the annual sample of field
plots in Minnesota. Current FIA precision
standards for annual inventories require a sam-
pling intensity of one plot for about every
6,000 acres. FIA has established a grid that
divides the United States into nonoverlapping
hexagons, each of which contains 5,937 acres
(McRoberts 1999). A grid of field plots was
established by selecting one plot from each
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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 a hexagon, the existing FIA plot
from the 1990 inventory nearest the hexagon
center was selected as the grid plot; and (3) if
neither FHM nor existing FIA plots fell within
the hexagon, a new FIA plot was established
in the hexagon (McRoberts 1999). This grid of
plots is designated the Federal base sample
and is considered an equal probability sample;
its measurement in Minnesota is funded by the
Federal government.

The total Federal base sample was divided sys-
tematically into five interpenetrating, nonover-
lapping subsamples or panels. Each year, the
plots in a single panel are measured, and pan-
els are selected on a 5-year, rotating basis
(McRoberts 1999). For estimation purposes,
the measurement of each panel of plots can be
considered an independent systematic sample
of all land in a state. Field crews measure veg-
etation on plots forested at the time of the last
inventory and on plots currently classified as
forest by trained photointerpreters using aerial
photos or digital orthoquads.

Phase 3
FIA has two categories of field measurements
(Phase 2 field plots and Phase 3 plots) to opti-
mize our ability to collect data when available
for measurement. Both types of plot are dis-
tributed systematically both geographically
and temporally. Phase 3 plots are measured
with the full suite of vegetative and health
variables collected 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 the additional
measurement of nonwoody understory vegeta-
tion, ground cover, soils, and other variables.
The complete 5-year annual inventory
includes 783 Phase 3 plots, of which 299 were
forested. On Phase 2 plots, only variables that
can be measured throughout the entire year
are collected. In Minnesota, the complete 5-
year annual inventory includes land invento-
ried on 17,883 Phase 2 plots. Forest land was
observed on 5,801 of these plots. Timberland
was measured on 5,405 plots, reserved forest

land on 243 plots, and other forest land on
182 plots. The number of field plots repre-
sents a double intensification for the standard
base Federal sample. This double intensifica-
tion was made possible by additional resources
provided by the State of Minnesota.

The national FIA 4-point cluster plot configu-
ration (fig. 11) was used for data collection
during the 2001-05 measurements of
Minnesota. The national plot configuration
requires mapping forest conditions on each
plot. 

The 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. Trees with a
d.b.h. of 5 inches and larger are measured on
a 24-foot-radius (1/24-acre) circular subplot.
All trees less than 5 inches d.b.h. are measured
on a 6.8-foot-radius (1/300-acre) circular
microplot located 12 feet 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 con-
ditions are changes in forest type, stand-size
class, land use, ownership, and density. Each
condition that occurs anywhere on any of the
subplots is identified, described, and mapped
so long as the area of the condition is at least 1
acre in size and 120 feet in width. Field plot
measurements are combined with Phase 1 esti-
mates in the compilation process and table
production. 

Figure 11.—Current NCFIA field plot 
configuration.
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For additional information, contact: Program
Manager, Forest Inventory and Analysis,
Northern Research Station, 1992 Folwell Ave.,
St. Paul, MN  55108 or State Forester, Division
of Forestry, Minnesota Department of Natural
Resources, P.O. Box 44, 500 Lafayette Road,
St. Paul, MN  55155
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The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on
the basis of race, color, national origin, age, disability, and where applicable, sex, marital status, familial
status, parental status, religion, sexual orientation, genetic information, political beliefs, reprisal, or
because all or part of an individual’s income is derived from any public assistance program. (Not all pro-
hibited bases apply to all programs.) Persons with 
disabilities who require alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA’s TARGET Center at (202) 720-2600 (voice and TDD).

To file a complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400 Independence
Avenue, SW, Washington, DC 20250-9410, or call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA
is an equal opportunity provider and employer.

Capitalizing on the strengths of existing science capacity in the
Northeast and Midwest to attain a more integrated cohesive
landscape scale research program


