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Michigan’s Forest Resources in

The North Central Research Station’s Forest
Inventory and Analysis (NCFIA) program
began fieldwork for the sixth forest inventory
of Michigan in 2000, in partnership with the
Michigan Department of Natural Resources.
This inventory initiates the new annual inven-
tory 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 and compiling the data
for all plots in all five panels. Once all panels
have been measured, each will be remeasured
approximately every 5 years. For example, in
Michigan, the field plots measured in 2003
will be remeasured in 2008.

In 2003, NCFIA continued the annual inven-
tory effort with the fourth panel of the sixth
Michigan forest inventory. Reports of previous
inventories of Michigan are dated 1935, 1955,
1966, 1980, and 1993. This sixth inventory
of Michigan’s forest resources will be complet-
ed in 2004. However, because each year’s
sample is a systematic statewide sample of the
Michigan’s forest and because timely informa-
tion is needed about forest resources, esti-
mates have been prepared from data gathered
during the first 4 years of the inventory. Data
presented in this report represent 80 percent
of the field plots (or four panels) for a com-
plete inventory and are a combination of the
first year’s panel from 2000, the second year’s
panel from 2001, the third year’s panel from
2002, and the fourth years panel from 2003.
Earlier reports for the 2000 panel (Leather-
berry 2002) and the combined 2000 and
2001 panels (Leatherberry and Brand 2003)
have also been published. No report was pub-
lished from the 2002 panel. The results

presented are estimates based on sampling
techniques; estimates were compiled assuming
the 2000, 2001, 2002, and 2003 data repre-

sent one sample.

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, sev-
eral changes in procedures and definitions
have been made since the last inventory of
Michigan in 1993 (Leatherberry and Spencer
1996). Although these changes will have some
impact on statewide estimates of forest area,
timber volume, and tree biomass, they may
also significantly impact plot classification
variables such as forest type and stand-size
class. For growth, removal, and mortality esti-
mates, the 1993 inventory (Schmidt et al.
1997) was processed using estimation/summa-
ry routines for the 2000-2003 panels.
Although these changes allow limited compar-
ison of inventory estimates among separate
inventories in this report, it is inappropriate to
compare all portions of the 2000-2003 data
with those published for earlier inventories. A
more in-depth analysis will be conducted fol-
lowing the completion of the fifth year in the
5-year cycle

RESULTS

Area
There are 36.4 million acres of land in
Michigan. Forest land totals 19.3 million

acres, or about 53 percent, of the State’s total
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land area (table 1). Michigan’s forest land has a
wide variety of tree species. The tree species
that form a plurality of composition within a
given area is designated the forest type (e.g.,
maple/beech/birch). Table 1 displays the vari-
ous forest type groups and “local” forest types

present in Michigan.

Forest land has three components:

1) Timberland'—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
per acre per year; 2) Reserved forest land—
land that is restricted from harvesting by
statute, administrative regulation, or designa-
tion (i.e., national parks and lakeshores, and
Federal wilderness areas); and 3) Other forest
land—Iand that is not capable of growing trees
at a rate of 20 cubic feet per acre per year.
Timberland area in Michigan totals nearly 18.7
million acres, accounting for 97 percent of for-
est land area in Michigan (table 2). From the
first statewide inventory of Michigan’s forest
resources in 1935 until the mid-19605, tim-

berland area hovered around 19 million acres

" Timberland 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 upon owner deci-
sions that consider economic, environmental, and social factors.

20.0

(fig. 1). The general stability in timberland
area for the first two-thirds of the 20" century
can be attributed to forest management activi-
ties dedicated to reforestation. For example,
between 1933 and the start of World War 11,
the Civilian Conservation Corps (CCC) plant-
ed about 500 million trees in Michigan. Also,
the significant amount of public ownership—
38 percent of forest is publicly owned—helps
maintain a stable base of timberland area.
However, between 1966 and 1980, the area of
timberland in Michigan declined to a historical
low of 17.5 million acres. Much of the decline
in timberland area was related to increased
tillage and the pasturing of livestock on mar-
ginal timberland. During the 1980s and early
1990s, the area of timberland rebounded to
about 18.6 million acres. The increase came
predominantly from abandoned cropland and
pasture, and marginal forest land that was pro-
ductive enough to be reclassified as timber-
land (Schmidt et al. 1997). Between 1993 and
2003, Michigan’s timberland area is estimated
to have increased by about 72 thousand acres
to 18.7 million acres (fig. 1). Although only a
modest increase, it is noteworthy nonetheless
considering that suburban development and
the construction of homes in rural areas con-
tinue. Also, resort communities or enclaves,
including golf courses, continue to expand
into timberland areas. Timberland that con-

verted to other land uses has been apparently
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Figure 1.—Area of timberland in Michigan, 1935-2003. The vertical lines at the top of

each bar represent the sampling error associated with each inventory.



supplanted by land, some of it agricultural

land, that reverted back to forest.

In Michigan, private owners hold 63 percent
of the timberland area (table 2). Private
owners hold timberland for a variety of
reasons. Among private owners, family forest
owners predominate, and recreation and
esthetic enjoyment are important reasons for
owning timberland in Michigan (Leatherberry
et al. 1998). Although family forest
landowners predominate, corporations hold
considerable timberland in Michigan.
Timberland owned by family and corporate
owners, as well as public timberland, provides
recreation opportunities, timber products,
wildlife habitat, watershed protection, and
other environmental benefits. The
conservation and restoration of the pine
resource in Michigan is an example of how
timberland owners in Michigan provide
environmental benefits. Before the extensive
logging of the late 1800s and early 1900s,
pines were an important component of the
State’s forests. Logging largely decimated the
pine resource, but some pockets of pines that
survived logging were placed in public
ownership. Places such as Hartwick Pines

State Park and Estivant Pines are remnant

old-growth pine forest. Extensive pine
restoration programs were carried out on
private and public land in the 1930s and again
in the 1950s to early 1960s. A little more than
a fifth of the timberland area in the softwood
type groups was planted, and half of that was
planted on public ownerships (table 2). The
restoration of the pine resource in Michigan
ensures a level of biological diversity that may

not exist otherwise.

Hardwood forests occupy about three-fourths
of the State’s timberland area. The
maple/beech/birch forest type group is the
most extensive forest type group in Michigan,
occupying an estimated one-third of the State’s
timberland area (table 3, fig. 2). The
aspen/birch forest type group occurs on about
16 percent of timberland area followed by the
oak/hickory group at 14 percent and the
elm/ash/cottonwood group at 8 percent of
Michigan’s timberland area. The most
extensive hardwood forest types are the sugar
maple/beech/yellow birch type (4 million
acres), the aspen type (2.5 million acres), the
hard maple/basswood type (1.2 million acres),
and the white oak/ red oak/ hickory type (1.1

million acres).

Oak/pine
3%
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1%

Elm/ash/cottonwood

8% P |
Spruce/fir .
13%
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Figure 2.—Area of forest land in Michigan by forest type group and percentage of

timberland area, 2003.
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Figure 3.—Stand-size class as a percentage of total timberland area in Michigan, 2003.

Under softwoods, the white pine/red pine/jack
pine forest type group and the spruce/fir group
cover almost one-fourth of the timberland area,
accounting for virtually all area in the softwood
forest type groups. The most extensive
softwood forest type is northern white-cedar

(1.3 million acres).

Forest stands are affected by natural and
human-caused events that often result in
changes in stand-size characteristics of the for-
est. Stand-size class is a measure of the average
diameter of the dominant trees in a stand.
There are three stand-size classes: sawtimber,
poletimber, and sapling/seedling. The area clas-
sified as sawtimber—stands with a plurality of
stocking in trees more than 11.0 inches in
diameter at breast height (d.b.h., 4.5 feet above
ground level) for deciduous species and 9.0
inches d.b.h. for conifers—accounts for 40 per-
cent (7.5 million acres) of the timberland area.
Poletimber stands also account for 40 percent
(7.5 million acres). Nineteen percent of the
remaining area (3.6 million acres) is sapling-

seedling-sized stands. About 1 percent

(147 thousand acres) of the timberland area in

Michigan is classified as nonstocked (fig. 3).

Volume

Total net volume of all live trees on forest land
in Michigan is 30.2 billion cubic feet, which
equates to 1,570 cubic feet per acre of forest
land (table 4). About 6 of every 10 cubic feet
of live volume are on privately owned forest
land. Slightly more than two-thirds (20.7 bil-
lion cubic feet) of net volume of all live trees
is contained in hardwoods, with 15 percent of
total volume in sugar maple trees and 12 per-
cent in red maple. In softwoods, northern
white-cedar accounts for 8 percent of net vol-
ume of all live trees on forest land in
Michigan. Net volume is computed from a 1-
foot stump to a 4-inch top diameter outside
bark for live trees at least 5 inches diameter at
breast height (d.b.h.).

Growing-stock volume on timberland is a
measure that has traditionally been used to
ascertain wood volume useful for commercial

purposes. Growing-stock volume is the



amount of solid wood on timberland in com-
mercial trees 5.0 inches d.b.h. and over from
1 foot above ground (stump) to a minimum
4-inch top diameter with deductions made
for poor form or defect. Growing-stock vol-
ume excludes rough, rotten, and dead trees
and noncommercial tree species. Michigan’s
growing-stock volume totals 27.3 billion
cubic feet, representing 93 percent of the total
live volume (table 5). Six percent of volume
of all live trees on timberland is in live cull
trees—1.9 billion cubic feet. Cull volume is
often used for commercial purposes. For
instance, rough trees are sometimes used for
making pallets or for chipping. Dead trees are
also used for commercial purposes—they are
an important source of firewood. Salvable
dead trees contain almost 977 million cubic
feet of wood volume. Salvable dead trees are
important for wildlife species such as cavity
nesting birds and mammals that require den

sites.

Total growing-stock volume has increased in
every inventory since 1955. Three-fourth of
total growing-stock volume is now

in hardwood species (table 6). In 2003, hard-
wood growing-stock volume stood at just less

than 19 billion cubic feet (fig. 4). It appears
that the steady increases in hardwood grow-
ing-stock volume over the years are beginning

to flatten

Sugar maple (4.1 billion cubic feet) and red
maple (3.3 billion cubic feet) account for the
largest part of the hardwood growing-stock
volume at 40 percent of total hardwood grow-
ing-stock volume. Other hardwood species
with significant growing-stock volume are
quaking aspen (1.5 billion cubic feet), north-
ern red oak (1.4 billion cubic feet), and big-
tooth aspen (1.1 billion cubic feet) (table 7).

Softwood growing-stock volume has increased
during every inventory since 1955 (fig. 5).
Slightly more than one-fourth of all softwood
growing-stock volume is in northern white-
cedar trees. Red pine and eastern white pine,
combined, accounts for a little more than one-
third of softwood volume (table 7).

Sawtimber volume, a subset of growing-stock
volume, is the volume of the saw log portion
of live sawtimber measured in board feet.
Sawtimber volume is generally measured with

the International 1/4-inch rule (Avery and
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Figure 4.—Hardwood growing-stock volume, Michigan, 1935-2003. The vertical line at the top

of each bar represents the sampling error associated with each inventory.
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Figure 5 —Softwood growing-stock volume, Michigan, 1935-2003. The vertical line at the top of

each bar represents the sampling error associated with each inventory.

Burkhart 1994). Sawtimber volume in
Michigan totals 79.1 billion board feet (table
8). Two-thirds of sawtimber volume is in
hardwood trees. Of total hardwood sawtimber
volume, 65 percent is in trees with diameters
less than 17 inches. About one-fifth of hard-
wood sawtimber volume is in sugar maples,
15 percent in red maples, and 13 percent in
bigtooth and quaking aspen combined.
Twenty-five percent of the 29.5 billion board
feet of softwood sawtimber volume is in red
pines, and 19 percent is in eastern white

pines.

Biomass

Live aboveground tree biomass in Michigan’s
timberland area was estimated to be 769 mil-
lion dry tons in 2003 (an average of 41 dry
tons per acre of timberland). All live above-
ground tree biomass is estimated for growing-
stock trees, non-growing-stock trees, and all
live 1- to 5-inch trees (table 9). Eighty-two
percent of the tree biomass is in growing-
stock trees, with an additional 8 percent in
non-growing-stock trees, and the remaining
10 percent in trees less than 5 inches d.b.h.
Seventy-seven percent (589 million dry tons)
of all live aboveground tree biomass is in

hardwood species. Biomass estimates are

increasing in importance for analyses related
to carbon sequestration, wood fiber availabili-
ty for fuel, and assessments of fuel loads in

forest stands.

Growth, Removals, and Mortality
The growing stock on Michigan’s timberland
grew, on average, by 930 million cubic feet
per year between 1993 and 2000-2003 (table
10). Hardwood growth accounted for slightly
more than two-thirds (68 percent) of the total
average annual growth of growing stock.
Softwood growth was 298 million cubic feet
per year. Maple species accounted for nearly
30 percent of the average annual net growth
of growing stock on timberland between
1993 and 2000-2003. Private timberland
accounted for 68 percent of total average

annual growth.

Average annual removals of growing stock on
timberland totaled 311 million cubic feet per
year (table 11). From 1993 to 2000-2003,
total average annual removals of growing
stock were 33 percent of net annual growth.
Hardwood removals were 218 million cubic
feet per year. Softwood removals were 93 mil-
lion cubic feet per year, or about 30 percent

of the total. The cottonwood and aspen group



had the highest average annual removals at 69
million cubic feet per year followed by hard
maple at 37 million cubic feet, soft maple at
29 million cubic feet, and eastern white and
red pine at 28 million cubic feet. Removals
from private ownerships totaled 213 million
cubic feet per year, accounting for 68 percent
of annual removals. Although removals from
public timberland account for about 32 per-
cent of average annual removals, in the case of
both eastern white and red pine, and jack
pine, average annual removals were greater on
public land than private land. Much of this
pine volume is from pine plantations estab-
lished on public land during the early to mid-
20th century.

Average annual mortality of all growing stock
on timberland from 1993 to 2000-2003 was
228 million cubic feet per year (table 12).
Sixty-nine percent of the total, or 158 million
cubic feet per year, was among hardwoods.
Average annual mortality of growing stock on
private timberland was 59 percent of total
average annual mortality. Across all species
groups, the cottonwood and aspen group
experienced the most mortality at 61.1 million
cubic feet per year, or 27 percent of total mor-
tality. The amount of mortality in the cotton-
wood and aspen species group is related to the
maturing of aspen stands. Mortality was high
in the species group “other eastern soft hard-
woods” that contains elm species, and this
mortality is probably the result of Dutch elm
disease expanding throughout the State. The
forest health discussion below provides more
information about the causes of tree mortality

in Michigan.

Forest Health

The information presented about pathogens
and insects affecting Michigan’s forests was
obtained from the National Forest Health
Monitoring (FHM) Program at:
http://www.na.fs.fed.us/spfo/thm/index.htm.
Several special issues were identified in 2003

and some are highlighted below. For more

Michigan faces several major forest health con-
cerns. The introduction of exotic organisms is
a serious health threat to the State’s native for-
est ecosystems. The introduction of the emer-
ald ash borer, native to China, Korea, Japan,
and Far East Russia, is threatening Michigan’s
ash resource. The emerald ash borer probably
found its way to Michigan in wooden crating
or other shipping material. The small, green
beetles have infested or killed 6 million trees

in 13 counties in southeast Michigan (fig. 6).

Evidence suggests that the insect has been
active in Michigan since at least 1997. All vari-
eties of ash trees appear susceptible, including
white ash, green ash, and black ash, as well as
several horticultural varieties. Forest health
managers identified several small populations
of emerald ash borer outside the quarantined
counties in 2003 and are evaluating and tak-
ing actions to eradicate them. Because of the
emerald ash borer infestation, we expect
future inventories to reveal continuing

declines in the total ash resource.

L—

information about forest health in Michigan, Figure 6.—Counties in Michigan quarantined by Michigan Depart-

contact the Michigan Department of Natural ment of Agriculture to eradicate the emerald ash borer, 2003.

Resources.



Beech bark disease is a serious threat to 6.5
million acres of maple/beech/birch forest land
in Michigan. The interaction of an exotic scale
insect (Cryptococcus fagisuga) and a native and
exotic canker-causing fungus (Nectria sp.) caus-
es beech bark disease. Once infected by the
fungus, trees usually decline and trunks may

break at canker sites.

The beech resource in areas infested with
beech scale for 10 years or more is greatly
impacted. Currently, the disease is concentrated
in two primary epicenters—Luce County in the
Upper Peninsula and Mason County in the
Lower Peninsula. In 2003, 2,000 acres of

beech forest in Luce County were salvaged.

The eastern larch beetle populations in the
eastern and the south central Upper Peninsula
declined in 2003. This bark beetle has killed
tamarack in stands ranging in size from a clus-
ter of a few trees to stands of 100 acres.
Because infested trees often enter the fall with

apparently healthy crowns, mortality is often

Figure 7.—Counties in Michigan with defoliation from gypsy

moth populations, 2003.

overlooked until trees fail to leaf out the fol-
lowing spring. Upon closer inspection, these
“green” trees are completely girdled with bee-
tle galleries. Both native tamarack and exotic
larch species are susceptible to this beetle.
Apparently healthy trees can be attacked and
killed by the bark beetle. However, many
infestations are associated with stressed trees.
Stresses from the drought of 2000-2001 and
repeated defoliation by the larch casebearer
are likely predisposing factors contributing to
the current epidemic. The larch casebearer is
an exotic insect introduced to the Lake States
in the early 1900s. It derives its name from
the “case” it constructs from a mined-out nee-
dle. Defoliation for two or more consecutive
years can cause tree decline and mortality.
Populations of larch casebearers generally col-
lapse after a single year of damage thanks to

two parasites imported from Europe.

Gypsy moth populations continue an upward
trend statewide. This follows a long period of
population decline that began in the early
1990s and culminated in 2001 when, for the
first time in over a decade, aerial surveys
detected no defoliation in the State. Since then,
egg mass numbers have been increasing steadi-
ly and defoliation was locally heavy in some

northern Lower Peninsula counties (fig 7).

Incidence of the vascular disease oak wilt con-
tinues to increase (fig. 8). To slow the over-
land spread of oak wilt, harvesting restrictions
are being exercised on State land. Forest
stands with oak trees are not being cut
between April 15 and July 15 in areas where
the risk of oak wilt is high. These dates mark
the period when the sap-feeding beetles
responsible for spreading oak wilt are most
active. These small (1/4-inch long) beetles are
attracted to fresh tree wounds and transmit
spores to oak trees that have been damaged

during logging operations.

Fewer acres were defoliated by the forest tent
caterpillar in 2003 than in 2002. Affected
areas were counties bordering Wisconsin in
the south central Upper Peninsula. Epidemics

occur about every 10-15 years in the Great



Lakes region, and last for 2-5 years. This is
the tail end of a 4- to 5-year epidemic that
defoliated nearly 12 million acres in its peak
year, 2001.

The jack pine budworm is considered the most
significant pest of jack pine. Stands older than
45 years that are growing on very sandy sites
and suffering from drought or other stresses
are very vulnerable to damage. Harvesting and
other management activities can avoid bud-
worm-caused tree mortality while providing
suitable conditions for jack pine regeneration.
A buildup of jack pine budworm populations
began in the eastern Upper Peninsula in 2000.
In 2003, nearly 132 thousand acres of jack
pine were moderately to heavily defoliated.
This epidemic is expected to spread westward
affecting most of the Upper Peninsula jack pine
resource in the next 2-3 years. In the Lower
Peninsula, jack pine budworm numbers
rebounded in 2003 after having declined from
2001. Stands that were defoliated previously
and show signs of heavy population buildup
are at risk of mortality.

The red-headed pine sawfly is an important
defoliator of young red and jack pines.
Heaviest infestations are in pines growing
under stress, particularly those at the edges of
hardwood forests, on poor soils, and with
heavy competitive vegetation. In general, the
sawfly infests and damages trees less than 15
feet tall. Moderate to heavy defoliation stunts
height growth of infested trees, and forking
may result from top kill. Complete defoliation
usually kills the tree. Building sawfly popula-
tions were detected in many areas of the east-
ern Upper Peninsula and the northern Lower

Peninsula.

SUMMARY

The estimated 18.7 million acres of timber-
land present in 2003 is only slightly higher
than the 18.6 acres of timberland present in
1983, which suggests a leveling off of increas-
es in timberland area since the low of the
1970s and 1980s. Sawtimber- and poletimber-
sized stands account for about 80 percent of

1]
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Figure 8.—Counties in Michigan with oak wilt, 2003.

timberland area, suggesting a relatively mature
forest. Over two-thirds of all live tree volume
is contained in hardwoods; however, it
appears that hardwood volume increases are
slowing. Growing-stock volume totals 27.3
billion cubic feet. Between 1993 and 2003,
Michigan forests averaged 930 million cubic
feet of net growth each year for growing stock;
310 million cubic feet per year of removals
from growing stock; and nearly 228 million
cubic feet per year of growing stock lost to
mortality. Because of the emerald ash borer
infestation, we expect future inventories to
reveal an increase in ash removals and loss to
mortality. In addition to the threat posed by
the emerald ash borer, other pests and diseases
threaten the forest resources of Michigan. For
instance, beech bark disease is expected to
increase in the future, affecting the American
beech resource. To control or eradicate forest
pests and diseases, forest health managers
have established quarantine areas, conducted
public education and awareness campaigns,
and implemented silvicultural approaches to

ameliorate the effects of pests and diseases.
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APPENDIX

Inventory Methods

Since the 1993 inventory of Michigan, several
changes have been made in NCFIA inventory
methods to improve the quality of the inven-
tory as well as meet increasing demands for
timely forest resource information. The most
significant difference between inventories was
the change from periodic inventories to annu-
al inventories. Historically, NCFIA periodical-
ly inventoried each State on a cycle that aver-
aged about 12 years. However, the need for
timely and consistent data across large
regions, combined with national legislative
mandates, resulted in NCFIA’'s implementa-

tion of an annual inventory system.

With the NCFIA annual inventory system,
about one-fifth of all field plots are measured
each year. After 5 years, an entire inventory
cycle will be completed. After the first 5
years, NCFIA will report and analyze results
as a moving 5-year average. For example,
NCFIA will be able to generate a report based
on inventory results for 2000 through 2005
or for 2001 through 2006. Although there are
great advantages for an annual inventory, one
difficulty is reporting before completion of an
entire cycle. With the 2003 annual measure-
ments, 80 percent of all field plots have been
measured. Sampling error estimates for the
2003 inventory results are area of forest land,
0.43 percent; area of timberland, 0.47 per-
cent; volume of growing stock on timberland,
0.89 percent; and volume of sawtimber on

timberland, 1.21 percent.

Other significant changes between inventories
include new remote sensing technology, a
new sampling design, a new field plot config-
uration, and additional remotely sensed and
field data. The advent of remote sensing tech-
nology since the previous inventory in 1993
has allowed NCFIA to use computer-assisted

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 the
precision of estimates. Inventories in
Michigan before 1993 used manual interpre-

tation of aerial photos to stratify the sample.

New algorithms were used in 2003 to assign
forest type and stand-size class to each condi-
tion 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 measured in the 1993
inventory when it is updated. This will be
done so that changes in forest type and
stand-size class will more accurately reflect
actual changes in the forest and not changes
in how values are computed. The list of rec-
ognized forest types, grouping of these forest
types for reporting purposes, models used to
assign stocking values to individual trees,
definition of nonstocked, and names given to
the forest types changed with the new algo-
rithms. As a result, comparisons between the
published 2003 inventory results and those
published for the 1993 inventory may not be
valid. For additional details about algorithms
used in both inventories, please contact
NCFIA.

Sampling Phases

The 2003 Michigan survey was based on a
three-phase inventory. The first phase used
classified satellite imagery to stratify the State
and aerial photographs to select plots for
measurement. The second phase measured
the traditional FIA 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 from the owner to

measure the field 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 2003 inventory used a computer assist-
ed classification of satellite imagery. 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 on the forest side of a forest/nonforest
boundary were classified into a forest edge
stratum. Pixels within 60 m of the boundary
on the nonforest side were classified into a
nonforest edge stratum. The estimated popu-
lation total for a variable is the sum across all
strata of the product of each stratum’s esti-
mated area and the variable’s estimated mean

per unit area for the stratum.

Phase 2

Phase 2 of the inventory consisted of the
measurement of the annual sample of field
plots in Michigan. Current FIA precision
standards for annual inventories require a
sampling intensity of one plot for approxi-
mately every 6,000 acres. FIA has divided
the entire area of the United States into non-
overlapping hexagons, each of which con-
tains 5,937 acres (McRoberts 1999). An array
of field plots was established by selecting one
plot from each hexagon based on the follow-
ing rules: (1) if a Forest Health Monitoring
(FHM) plot (Mangold 1998) fell within a
hexagon, it was selected; (2) if no FHM plot
fell within a hexagon, the existing NCFIA
plot from the 1990 inventory nearest the
hexagon center was selected; and (3) if nei-
ther FHM nor existing NCFIA plots fell with-
in the hexagon, a new NCFIA plot was estab-
lished in the hexagon (McRoberts 1999).
This array of plots is designated the Federal
base sample and is considered an equal
probability sample; its measurement in
Michigan is funded by the Federal

government. The State of Michigan provided
additional funds to intensify the sampling of
phase 2 plots. Instead of a single intensity
survey (1 plot for approximately every 6,000
acres), a triple intensity survey is being con-
ducted (1 plot for approximately every 2,000
acres). The 2000-2003 annual inventories
collected data from 8,301 phase 2 field plots.

The total Federal base sample of plots was
systematically divided into five interpenetrat-
ing, nonoverlapping subsamples or panels.
Each year the plots in a single panel are meas-
ured, and panels are selected on a 5-year,
rotating basis (McRoberts 1999). For estima-
tion purposes, the measurement of each panel
of plots may be considered an independent
systematic sample of all land in a State. Field
crews measure vegetation on plots forested at
the time of the last inventory and on plots
currently classified as forest by trained pho-
tointerpreters using aerial photos or digital

orthoquads.

Phase 3

NCFIA has two categories of field plot meas-
urements—phase 2 field plots (standard FIA
plots) and phase 3 plots (forest health
plots)—to optimize our ability to collect data
when available for measurement. Both types
of plots are uniformly distributed both geo-
graphically and temporally. Phase 3 plots are
measured with the full suite of forest health
monitoring vegetative and health variables
(Mangold 1998) 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 accommo-
date the additional measurement of non-
woody understory vegetation, ground cover,
soils, and other variables. We anticipate that
in Michigan the complete 5-year annual
inventory will include measurement of about
10,375 phase 2 forested plots. The
2000-2003 annual inventory results represent
field measures on 8,301 phase 2 forested
plots and 175 phase 3 field plots.
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Figure 9.—NCFIA field plot configuration.

The new national FIA plot configuration

(fig. 9) was first used for data collection in
Michigan in 2000, the first annual inventory
year. This configuration will be used in subse-
quent years. The national plot design requires

mapping forest conditions on each plot.
pping p

The overall plot layout for the new configura-
tion 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 sub-
plots 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 within
the sample unit. Trees with a d.b.h. 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 conditions are changes in
forest type, stand-size class, land use, owner-
ship, and density. Each condition that occurs
anywhere on any of the subplots is identified,
described, and mapped if the area of the con-

dition meets or exceeds 1 acre in size.

Field plot measurements are combined with
phase 1 estimates in the compilation process
and table production. The number of pub-
lished tables generated from less than five pan-
els of data is limited. However, at
www.ncrs.fs.fed.us/4801/fiadb/index.htm,

other tabular data can be generated.

For additional information, contact:

Program Manager

Forest Inventory and Analysis
North Central Research Station
1992 Folwell Ave.

St. Paul, MN 55108-1034

or

State Forester

Michigan Department of Natural Resources
Forest Management Division

Box 30452

Lansing, MI 48909-7952
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Leatherberry, Earl C.; Haugen, David; Brand, Gary J.
2005. Michigan’s forest resources in 2003. Resour. Bull. NC-245. St. Paul, MN:
U.S. Department of Agriculture, Forest Service, North Central Research Station.
39 p.
Reports the initial results of the first four annual panels (2000-2003) of the
sixth forest inventory of Michigan. Includes information on forest area; volume;
biomass; growth, removals, and mortality; and forest health.

KEY WORDS: Annual inventory, forest land, timberland, forest type, volume, bio-

mass, growth, removals, mortality, Michigan.
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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 qual-
ity of people’s lives.

For further information contact:

North Central
Research Station
USDA Forest Service
1992 Folwell Ave., St. Paul, MN 55108

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

The Forest inventory and Analysis web site is:

www.fia.fs.fed.us






