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Foreword

FIA is a continuing endeavor as mandated by the Renewable Resources Research
Act of 1978. Prior inventories were mandated by the McSweeney-McNary Forest
Research Act of 1928. The objective of FIA is to periodically inventory the
Nation's forest land. Up-to-date resource information is essential to frame forest
policies and programs. USDA Forest Service regional experiment stations are
responsible for conducting these inventories.

Fieldwork for the fifth forest inventory of Michigan was begun in April of 1991
and completed in August of 1993. Aerial photographs used were taken in 1986
for the Upper Peninsula, in 1987 for the Northern Lower Peninsula, and in 1988
for the Southern Lower Peninsula. More accurate survey information was ob-
tained during this survey than otherwise would have been feasible because of
intensified fleld sampling. Sampling intensity was increased to a triple intensity
level in the Upper Peninsula and to a double intensity level in the Northern Lower
Peninsula. Such sampling was made possible through the cooperation, assis-
tance, and additional funding provided by the State of Michigan and Michigan
forest industries and associations.

The fifth inventory of Michigan was directed by Neal Kingsley, FIA Program
Manager. Robin Bertsch, Forest Development Executive for the Michigan Depart-
ment of Natural Resources (MiDNR) Forest Management Division, was respon-
sible for all State contacts and activities during the inventory process. FIA staff
involved in this inventory effort included: Rose Berg, Beth Collins, John
DuPlissis, Barb Freund, Dan Goodman, Dale Gormanson, Ron Hackett, Mark
Hansen, Mary Jean Hanson, David Haugen, Barb Knight, Earl Leatherberry,
Dennis May, Pat Miles, Jerry Ostrom, Gerhard Raile, Mary Jo Resendez, Jay
Solomakos, Mark Springen, and Dan Wendt. FIA Field Crew Members were:
Todd Anderson, Kristen Bailey, John Benaszeski, Michelle Benedict, Avery Beyer,
Michael Burns, Charles Butler, Paul Castillo, Jeffrey Cronce, Paul Dashner, Mark
Dilley, David Duwe, Jay Flynn, Rodney Fonks, Nathan Goodrich, Kevin Hanstein,
Cheri Hartless, Patrick Hartless, Robert Haukereid, Doug Hecker, Glenda Hefty,
Thomas Huegerich, Jeffrey Hunteman, Gary Inhelder, Jason Jensen, Nicholas
Kestle, Peter Koehler, Kyle Lombard, Mark Majewsky, Melissa Mantel, Richard
McDonald, Paul McKenzie, Angela Milford, John Muhich, William Nelson, Eric
Oliphant, William Peters, Lawrence Plucinski, Theresa Reilly, Fritz Ritter, Brian
Schweiss, Patrick Shinners, Gary Stachowicz, Richard Stanford, James Stelick,
Jerry Van Cleve, Monica Van Cleve, Heidi Waymann, Kristen Weber, Linda Weidel,
Brad Witkin, Erin Witkin, and Christopher Yonkers.
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's Forests, 1993:

1alysis

Thomas L. Schmidt, John 8. Spencer, Jr., and Robin Bertsch

Michigan's forests are abundant, diverse,
healthy, productive, and expanding. These
forests make important contributions to the
quality of life by providing a wide array of
benefits, including wildlife habitat, biological
diversity, outdoor recreation, improved air and
water quality, and economic resources such as
the estimated $12 billion of value added and
200,000 jobs annually supported by forest-
based industries/tourism/recreation {Bertsch
1994).

Michigan's forests were inventoried for the fifth
time by the USDA Forest Service, North Cen-
tral Forest Experiment Station’'s Forest inven-
tory and Analysis Unit (NCFIA). This most
recent inventory is dated, and referred to, as
the 1993 inventory. Previous inventories of
Michigan’'s forest lands were conducted in
1935, 1955, 1966, and 1980. NCFIA forest
inventories are based on a statistical sample of
the overall resource, so the reported figures
are estimates. More detailed information was
obtained during this inventory than in previ-
ous ones because of intensified field sampling
made possible through the cooperation and
additional funding provided by the State of
Michigan and Michigan forest industries and
assoclations.

Thomas L. Schmidt and John 8. Spencer,
Jr. are Research Foresters in the Forest
Inventory and Analysis Program at the North
Central Forest Experiment Station, St. Paul,
Minnesota.

Robin Bertsch is the Forest Development
Executive in the Forest Management Division
of the Michigan Department of Natural Re-
sources, Lansing, Michigan.

Forest inventories of Michigan divide the State
into four units (fig. 1), based largely on topog-
raphy, other physiographic considerations,
climatic differences, and differences in land
use. Although the data in this report reflect
these units, the data may be aggregated in
many different ways to provide desired infor-
mation.

The 1993 Michigan forest resources inventory
consisted of classifying almost 200,000 aerial
photo plots, measuring about 10,750 ground
plots in the fleld, and modeling more than
7,700 forested fleld plots that were undis-
turbed between 1980 and 1993. The reader is
cautioned to consult the table of sampling
errors when using any data contained in this
report.

Eastern Upper
Peninsula

Wastern Upper
Peninsula

Northem Lower
Peninsula

Southem Lowsr l 2

Peninsula / I L (
[ 17

Figure 1.—Forest Survey Units, Michigan 1993
inventory.



HISTORICAL OVERVIEW OF
MICHIGAN'S FORESTS

Presettiement Conditions

Michigan’s pre-European settlement forests
were extensive, covering nearly all of the
State’s 36 million acre land mass. These
forests were estimated to consist of 10 million
acres of pine, 9 million acres of northern
hardwoods, 5 million acres of oak-hickory, 4.5
million acres of spruce-fir, and 7.5 million
acres of lowland hardwoods and softwoods
(Michigan Department of Natural Resources
1996).

Natural and human disturbances of the forest
occurred during this presettlement period.
Fires, started by lightning and native people,
altered the forest landscape, producing a
dynamic forest. These disturbances created
an environment in which a diverse forest of
many ages and a variety of plant and animal
species existed. The tribes of the Algonquin
Native American group, including the
Chippewa, Huron, Ottawa, Potawatomi, Miami,
and Menominee, inhabited these forested
lands.

The presettlement forest of southern Michigan
(generally acknowledged as being south of a
line drawn from Saginaw to Muskegon) prima-
rily consisted of broadleaf deciduous trees.
Oak, maple, hickory, beech, and basswood
were predominant on the uplands; numerous
species of elm, maple, and ash were present
on the lowlands. North of this line, the de-
ciduous tree species often mixed with conifer-
ous tree species on all but the driest, sandy
plains or the poorly drained, muck-type soils.
The Northern Lower Peninsula’s uplands had
tree species mixes that included beech, hem-
lock, white pine, yellow birch, and sugar
maple. Pine predominated on sandy sites.
The Upper Peninsula’s upland sites had a
greater abundance of balsam fir, white spruce,
yellow birch, and hemlock than in the North-
ern Lower Peninsula. Tamarack, black spruce
and northern white-cedar were the primary
tree species present on the poorly drained
soils.

Settlement/Post Settlement Conditions

European settlement of the Michigan territory

began soon after Etienne Brule's exploration in

2

the early 1600's. The fur trade was associated
with this perlod. The economy gradually
shifted to agriculture as settlers established
small farms to maintain their families and
sustain their rural communities. The late
1800’s and early 1900’s began another shift of
the economy to an urban-industrial complex.
These patterns of economic development
created significant impacts on the forested
landscape, which remain evident today. Ini-
tially, forests were cleared to permit farming
activities, to provide fuel, and to build and
sustain the local rural communities these
settlers established. Later, extensive commer-
cial logging of Michigan's forests occurred to
support the urban-industrial phase of develop-
ment. Cities such as Detroit and Chicago
relied on the lumber produced from Michigan
trees for their very existence.

The forest disturbances associated with this
development were harsh {fig. 2). Logging was
often followed by human-caused slash-burn-
ing fires to make way for agricultural activities
and by naturally occurring fires. The practice
of using fire to clear land ended in the early
1930’s. Unfortunately, many forest soils were
marginally productive for farming. As farms
were abandoned, natural successional pro-
cesses were unheeded. The Civilian Conserva-
tion Corps helped revitalize some of these
lands in the 1930's through its tree planting
efforts. Today's forests are a legacy of these
past practices. The logged and burned forest
acreages have been reforested. The extensive
red and white pine acreage of the presettle-
ment forest gave way to early successional tree
species such as aspen and birch on the more
productive soils, and oak and jack pine on the
less productive soils.

Figure 2.—An example of the “stumplands” that
were created from the extensive logging and
slash burning in the early 1900’s. Today,
many of these lands have been re-forested.



EXTENT OF MICHIGAN'S FORESTS

Michigan’s forest land totaled almost 19.3
million acres in 1993, representing 53 percent
of the total land area of Michigan. The forest
land consisted of 18.6 million acres of timber-
land, 575 thousand acres of reserved forest
land, and 90 thousand acres of other forest
land. In addition to the forest land, 1.6 million
acres of land had trees present, but not
enough to permit classification as forest land.
Examples of nonforest land with trees includes
windbreaks, wooded strips, cropland with
trees, marsh land with trees, and undeveloped
urban land with trees,

Ares of Timberland Increases

Area of timberland increased in Michigan by
more than 1.1 million acres between 1980 and
1993—the first increase since European
settlement. More than 90 percent of the
increase occurred in the Lower Peninsula.
This increase came predominantly from: (1)
abandoned cropland and pasture on which
trees became established so that the land
could be reclassified as forest land; and (2)
marginal forest lands, once classified as unpro-
ductive (nontimberland), that were reclassified
in the 1993 inventory as being productive
enough to be timberland.

Area of Timber Plantations Decreases

While the area of timberland increased, the
area of timberland in plantations decreased
from about 1.2 million acres in 1980 to less
than 1.0 million acres in 1993. Michigan has
been fortunate, from a reforestation and timber
production perspective, to have many acres of
tree plantations established (fig. 3). These
were established through the Civilian Conser-
vation Corps (CCC) in the 1930's and the Soil
Bank Program in the 1950’s; through various
tree planting incentive programs at the Fed-
eral, State, and local level; and by landowners
with the forethought and insight to plant trees
on marginally productive croplands and pas-
ture lands. These early tree planting efforts
are currently providing the benefits that were
envisioned by the thousands of people willing
to do the arduous, back-breaking task of
planting trees. As these plantations mature
and are harvested, some are replanted for
another rotation of trees, but some are con-
verted to other land uses, which has resulted
in the decrease in area of plantations. Tree

planting in Michigan continues; in fact, 45
percent of all timberland plantations are less
than 30 years old.

Tree plantations in Michigan primarily contain
conifers. In 1993, 90 percent of all timberland
plantations in Michigan were either red or jack
pine. Although tree planting occurs through-
out Michigan, the Northern Lower Peninsula
Unit accounts for more than 60 percent of all
plantations.

Figure 3.—Timber plantations that are inten-
sively managed are an important source of
wood products in Michigan. Plantations like
this red pine planting were found to have
some of the highest growth rates in the State.

Reserved Forest Lands

The area of reserved forest land decreased
from the previous inventory. In the 1980
inventory, public forest lands being considered
for designation as wilderness areas were
classified as reserved because NCFIA did not



know the final coutcome of that study. Some,
but not all, of these acres became wilderness
areas and continued to be classified as re-
served in the 1993 inventory. As an example,
six areas were added to the Hiawatha National
Forest as wilderness in 1987. The proposed
wilderness areas that were not designated
were reclassified as timberland and are the
reason the area of reserved forest land de-
creased between inventories. However, Michi-
gan still maintained a long-term increase in
the historical area of reserved forest land.
About 575 thousand acres were classified as
reserved forest land in 1993, compared to
about 311 thousand acres in 1966.

Nomforest Lands With Trees

Many of the additional 1.1 million acres of
timberland added between inventories came
from nonforest land with trees. For example,
the area of nonforest land with trees classified
as narrow wooded strips (less than 120 feet in
width) decreased from 241 thousand acres to
131 thousand acres from 1980 to 1993. Most
of the decrease was due to the narrow wooded
strips being reclassified as timberland because
they increased in width between inventories.
Some classifications of nonforest land with
trees increased in area from 1980 to 1993,
including marsh land with trees, idle farm-
land, and windbreaks. One would expect that
in the future, barring any major disturbances
or land-use changes, some of the areas cur-
rently classified as nonforest land with trees
would convert to timberland as more trees
become established.

Regions Differ in Forested Land Area

The Southern Lower Peninsula Unit had the
most land area but the least amount of forest
land in 1993. Approximately 20 percent of the
Southern Lower Peninsula Unit was classified
as forest land. Area of timberland in this Unit
increased from about 2.5 million acres in 1980
to more than 3 million acres in 1993 (fig. 4).

The Northern Lower Peninsula Unit was
approximately 65 percent forested. Represent-
ing almost 40 percent of all forest land in
Michigan, this Unit had 7.4 million acres of
timberland—an increase from the 7.0 million
acres reported for 1980.
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Figure 4.—Area of timberland by Forest Survey
Unit, Michigan, 1980 and 1993.

The Western Upper Peninsula Unit was the
third largest in total land area in 1993, but
had the highest percentage of land occupied
by forests, with almost 9 out of every 10 acres
forested. Marquette County, with more than a
million acres of timberland, was the most
heavily forested county in the State. Area of
timberland in this Unit increased by 3 percent
from 1980 to 1993, gaining 33 thousand
acres.

The Eastern Upper Peninsula Unit was the
smallest in land area, but 80 percent of the
land in this Unit was forested. There were
minor fluctuations in the Eastern Upper
Peninsula between area of timberland, re-
served forest land, and other forest land, but
in general, the forest resource base was stable
with little change over time in the total num-
ber of forested acres.

COMPOSITION OF MICHIGAN'S FORESTS

Michigan's forests are composed of a wide
variety of trees, shrubs, and understory veg-
etation. All the trees found in Michigan's
forests are grouped or classified into forest
types that reflect the combinations of species
that occur. The distribution of trees is based
on site characteristics, past history, and
climate. Each of these factors influences what
vegetation is currently found on the site and
what vegetation is potentially able to exist
there. As an example, swamp conifers prima-
rily grow on areas with wet, poorly drained
soils. However, past logging, drainage efforts,



or fires have influenced what species currently
exist on such soils. One swamp conifer site
might be typed as a black spruce forest and
another may be typed as northern white-cedar.
Both sites might have had the potential to be
either forest type, but due to previous influ-
ences each evolved into different forest types.
Forest types in Michigan range from early
successional types, such as aspen and jack
pine, to late successional types such as maple-
beech-birch and oak-hickory. In 1993, there
were eight conifer dominated forest types and
six hardwood forest types.

Forest Types in Michigan

Between 1980 and 1993, the area classed as
aspen, jack pine, paper birch, balsam fir, and
balsam poplar forest types decreased. The
declining area of these species reflects in part
a maturing of Michigan's forest resource,
improved fire protection, and changing man-
agement practices. Of the early successional
forest types, aspen decreased the most. While
early successional forest types were decreas-
ing, later successional forest types such as
white pine, oak-hickory, and maple-beech-
birch were increasing.

Michigan's forest composition has shifted
rather dramatically over time. Table A shows
the FlA-determined land classification changes
from 1980 to 1993. To use table A—for ex-
ample to find out what happened to the 588.2
thousand acres of red pine present in 1980—
simply read across the red pine row and find
that 558.3 thousand acres remained as red
pine, 2.3 thousand acres converted to white
pine, 20.3 thousand acres converted to oak-
hickory, and so on. To determine the source
of the 897.2 thousand acres of red pine
present in the 1993 inventory, read down the
red pine column. Of these acres, 558.3 thou-
sand acres were previously red pine, 78.4
thousand acres converted from jack pine to
red pine, 7.6 thousand acres converted from
white pine to red pine, and so on.

Hardwood forest types accounted for 75
percent of the timberland area in Michigan. In
1993, there were about 13.9 million acres of
hardwood forest types, an increase of about
830 thousand acres since 1980. Softwood
forest types accounted for 25 percent of the
timberland area. Michigan has three major
groups of softwood forest types: the pines
which include jack, red, and white pine;
swamp conifers which include northern white-
cedar, black spruce, and tamarack; and the
balsam fir/white spruce group.

Maple-beech-birch is the most extensive forest
type

In 1993, maple-beech-birch was the most
extensive forest type with more than 7.1
million acres of timberland statewide, an
increase of 0.9 million acres since 1980 (fig.
5). This was the largest increase in area for
any of the 14 different forest types found in
Michigan. The predominant tree species in
this forest type are sugar maple, yellow birch,
basswood, and beech, all of which are shade-
tolerant. As Michigan's forests continue to
mature, this forest type is expected to con-
tinue to expand in area.
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Figure 5.—Area of timberland by forest type
group, Michigan, 1980 and 1993.
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Aspen has an interesting history in Michigan

By most accounts, Michigan's area of aspen
was small prior to European settlement. The
limited forest area burned and cleared by
Native Americans did not permit large areas of
aspen to regenerate. Natural disturbances
such as wind storms and lightning-caused

wildfires resulted in clearings and opportunities

for re-establishment of forested areas, but,
these disturbances were generally not great
enough to result in large areas of aspen. After
Europeans settled Michigan, aspen proliferated
from the large areas of disturbed land cleared
for farming and other non-forest uses. This
time period represents the most significant
disturbance period in recent history that sig-
nificantly impacted the current forest types,
such as aspen, found in Michigan.

There were about 3.8 million acres of aspen
timberland in Michigan in 1935 (Findell et al.
1960). While many areas of aspen were con-
verting to other forest types during the mid-
1900’s, aspen was also invading cutover areas
of pine and fir as well as abandoned farmland.
In 1955, one-half the total area of aspen in the
Lake States showed a tendency to convert to
other species. Thus, while the total area of
aspen stayed about the same between 1935
and 1955, hundreds of thousands of acres were
moving into or out of the aspen forest type
classification. By 19686, the area of aspen had
grown to more than 4.2 million acres, the peak
in area of aspen for Michigan. Between 1966
and 1993, the area of forest land classified as
aspen forest type declined to 2.7 million acres.
This decline was the result of continuing forest
succession as the shorter lived aspen was
replaced in stands by more shade-tolerant
understory species such as maple, beech, and
yellow birch.

Based on this historical trend, one could pre-
dict that the area of aspen will continue to
decline. However, the current demand for
aspen from Michigan's forest industries is at a
historical high. If maintaining aspen is impor-
tant for Michigan, management will have to be
directed toward re-establishing this forest type.
The aspen forest type provides many economic
and environmental benefits. For example,
ruffed grouse prefer aspen stands as habitat.
To maintain the State’s population of ruffed
grouse, forest management will have to con-
sider means of maintaining aspen (fig. 6).

Figure 6.—This dense aspen sapling stand in
the Upper Peninsula is representative of most
young aspen stands in Michigan. Young
stands of aspen provide excellent habitat _for
many woodland-dependent wildlife species
such as ruffed grouse.

Other hardwood forest types increase

While the maple-beech-birch forest type was
perhaps the most volatile in terms of changes
in classification during the 13 years between
inventories, many forest types also showed
considerable change. The oak-hickory and
elm-ash-soft maple forest types both increased
by more than 200 thousand acres from 1980
to 1993, with 90 percent of the increase
occurring in the Lower Peninsula.

Conifers continue to increase in Michigan

There were about 4.7 million acres of conifer
forest types in 1993, an increase of almost 320
thousand acres from 1980. This represented
an average increase of about 25 thousand



acres each year. All softwood forest types,
except for jack pine and balsam fir, increased
in area between 1980 and 1993. Michigan
had about 2 million acres of pines in 1993
compared to 1.8 million acres in 1980, about
710 thousand acres of balsam fir-white spruce
in both inventories, and about 2 million acres
of swamp conifers in 1993 compared to 1.9
million acres in 1980.

Pine forest types

Red pine increased by more than 300 thou-
sand acres, with most of the increase coming
from acres of jack pine forest type being
reclassified as red pine. The jack pine forest
type decreased by about 118 thousand acres.
Both red and jack pine usually establish
themselves in almost pure stands, primarily
due to their need for bare soil in which to
germinate. The result is generally an even-
aged stand that shades out understory spe-
cies. For example, more than 80 percent of
the total red and jack pine growing-stock
volume in Michigan was in the red and jack
pine forest types in 1993.

White pine, while it often establishes itself in
almost pure stands, can also be found mixed
with other conifer and deciduous species.
Other forest types, such as maple-beech-birch
and oak-hickory, contain significant numbers
of white pine trees. The white pine forest type
increased by 17 percent (more than 34 thou-
sand acres) between 1980 and 1993. However,
white pine growing-stock volume increased by
45 percent during this same time period. Only
27 percent of the total white pine growing-
stock volume in 1993 was in the white pine
forest type.

Nonstocked timberland declines

Nonstocked timberland declined between
inventories. Nonstocked timberland is forest
land that is not developed for nonforest use
and that currently does not have enough live
trees established to meet the minimum stock-
ing requirements. Michigan’s “stumplands,” a
remnant of early logging, were a major compo-
nent of the State’s forest resources in the early
1900's. Since the first inventory conducted in
the mid-1930’s, the area of nonstocked tim-
berland has continued to decrease, primarily
due to improved land management, fire pro-
tection, natural reversion, and tree planting.
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In 1993, nonstocked timberland accounted for
less than 0.2 percent of the total area of
timberland.

Michigan's Timberlands Are Productive

The productivity of Michigan’s timberland is
evaluated through measures of potential wood
productivity and/or site index class. Potential
productivity is an estimate of the cubic feet of
growth per acre per year at culmination of
mean annual increment of a fully stocked
natural stand. Although this definition is
intended for industrial wood production, it is a
good measure of the potential for a forest to
produce a wide array of products/benefits.

Twenty-nine percent of Michigan's timberland
had a potential productivity of more than 85
cubic feet per acre per year in 1993, above
average for the Lake States. The level of
potential productivity increases as one moves
south in the State. Only 16 percent of the
timberland in the Eastern Upper Peninsula
Unit and 22 percent of the Western Upper
Peninsula Unit had a potential productivity of
more than 85 cubic feet per acre per year.
Thirty percent of the timberland in the North-
ern Lower Peninsula Unit and 52 percent of
the timberland in the Southern Lower Penin-
sula Unit had a potential productivity of more
than 85 cubic feet of growth per acre per year.
The Southern Lower Peninsula Unit contained
more than 60 percent of all of the timberland
with the greatest potential productivity (more
than 165 cubic feet of growth per acre per
year). This is an indication of the more pro-
ductive soils, longer growing season, and fewer
site restrictions (such as wetness) associated
with the southern portions of the State.

Site index is another measure of productivity
for Michigan's timberlands. Site index is an
expression of forest site quality based on the
average height of free-growing dominant or co-
dominant trees of representative species in the
forest type at age 50. In general, good produc-
tivity is expected on sites with a site index of
more than 50. In 1993, 80 percent of
Michigan’s timberland was rated as having a
site index of more than 50. Excellent produc-
tivity is expected on sites with a site index of
more than 80. In 1993, 13 percent of all of the
timberland in Michigan had a site index of
more than 80. In the Lake States, Michigan
has the highest percentage of what is generally
considered excellent productivity sites.



On a unit basis, the Eastern Upper Peninsula
Unit had only 3 percent of its timberland with
a site index of more than 80. This reflects the
lower site productivity associated with poorer
sites such as swamp conifers commonly found
in this Unit. Seven percent of the total timber-
land area in the Western Upper Peninsula
Unit, and 13 percent in the Northern Lower
Peninsula Unit were rated as having a site
index of more than 80. The Southern Lower
Peninsula Unit had 38 percent of its timber-
land with a site index of more than 80. This
high index again reflects the excellent growth
potential for timberland in this portion of
Michigan.

Stocking of Michigan'’s timberlands can be
improved

Based on the potential productivity and site
index measures, it should be understood that
Michigan has highly productive timberlands
that have the capability of producing a wide
variety of forest-related products at an above
average rate (fig. 7). But to do so, the timber-
lands must be well-stocked. Stocking is a
measure of how occupied the land is by trees
and is typically measured by basal area (the
area, in square feet, of the cross section at 4.5
feet of all of the trees in a stand, usually
expressed as square feet per acre). Full stock-
ing is the goal for most forest managers.

In 1993, about 8.3 million acres of Michigan's
timberland were fully stocked. With less than
45 percent of the timberland in a fully stocked
state, a number of opportunities exist in tnhe
State. Improving the stocking level on
understocked timberland would provide many
opportunities for increasing the productivity of
the forest resource without impacting other
land uses. Although the area of timberland is
increasing at the current time, it probably will
not continue in the long term due to ever
increasing pressures for conversion to other
land uses. However, forest productivity can
still be increased through improved stocking
on more than a million acres of timberland.

Another management opportunity exists for
Michigan in overstocked timberlands. As the
State’s timberlands continue to mature, their
stocking level will continue to increase as
evidenced by what has occurred with the area
of overstocked timberland. In 1993, there
were 5 million overstocked acres compared to

1.5 million acres in 1980. This tremendous
increase in only 13 years reflects the continu-
ing growth in diameter and height of the
maturing forest resource that was established
in the early- to mid-1900’s.

Figure 7.—There are many management oppor-
tunities for Michigan’s northern hardwood
stands. Proper management can improve the
production of woed fiber as well as increase
the quality of other forest-related products
such as recreation, as shown in this photo of
a productive hardwood stand that also
provides an excellent hiking trail.

Size Class

As expected with a maturing forest, the aver-
age stand size of Michigan’s timberlands is
increasing (fig. 8). Stand size reflects the
average diameter of the dominant trees and is
classified as either sawtimber, poletimber, or
sapling/seedling. Sapling/seedling stand size
generally represents a young, recently estab-
lished stand. In the case of swamp conifers,
with their associated slow growth rates and
poor site conditions, some older, more mature
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Figure 8.—Timberland area by stand-size class from Michigan

Jorest inventories, 1955 to 1993.

stands are classified as sapling/seedling. The
dominant trees in this stand-size class are less
than 5 inches d.b.h. The area of forest land in
Michigan in the sapling/seedling stand-size
class, about 4.4 million acres, remained
relatively constant between 1980 and 1993.
Many of the forest land acres that were in this
size class in 1980 grew into the poletimber
stand-size class in 1993. At the same time,
many of the sawtimber stands from 1980 were
disturbed, losing their overstory of larger trees,
and were reclassified as sapling/seedling
stand.

Area of Poletimber Declines Dramatically

The area of poletimber size stands decreased
significantly between 1980 and 1993—from
7.5 million acres to 5.5 million acres. In 1980,
poletimber stands were the dominant size
class in Michigan with more than 44 percent
of all timberlands in this classification. By
1993, poletimber stands accounted for only 30
percent of Michigan's timberlands. Most of
this change occurred as poletimber-sized
stands grew in diameter and thus were classi-
fied as sawtimber stands in the most recent
inventory.

The area of sawtimber-sized stands increased
by 55 percent, gaining 3.1 million acres be-
tween 1980 and 1993. By 1993, sawtimber
stands represented 46 percent of all timber-
land in Michigan. All of the conifer forest
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types increased in area of sawtimber from
1980 to 1993. Red pine showed one of the
most dramatic increases in area of sawtimber.
In 1980, an estimated 140 thousand acres of
red pine were classified as sawtimber. In
1993, more than 430 thousand acres of red
pine timberland were sawtimber. This in-
crease came from red pine stands continuing
to mature as well as other forest types, prima-
rily jack pine stands. Jack pine tends to die
out before red pine in a mixed stand due to its
shorter life expectancy. As the numbers of
jack pine decrease, the stand becomes domi-
nated by red pine and is reclassified to the red
pine forest type.

All of the hardwood forest types increased in
area of sawtimber and decreased in area of
poletimber from 1980 to 1993. In addition, all
of the hardwood forest types, except for maple-
beech-birch, decreased in area of sapling/
seedling sized stands. The increases in area of
sawtimber by forest type were dramatic; for
example, oak-hickory increased by 80 percent,
elm-ash-soft maple increased by 67 percent,
and aspen by 72 percent from 1980 to 1993.

As Michigan's timberlands continue to mature,
the area classified as sawtimber will continue
to increase at the expense of the poletimber
and sapling/seedling stand-size classes (fig. 9).
Presently, this offers many excellent opportu-
nities for management on these timberlands.
Having an economically viable product (like



sawtimber) available to cover annual costs of
ownership greatly enhances the probability of
management occurring. The occurrence of
vegetative management activities, such as tree
harvesting, helps to ensure that the next
generation of trees becomes established for the
long-term health and productivity of
Michigan’s forests.

Figure 9.—Sawtimber-sized stands are domi-
nated by larger trees, but they typically also
contain many smaller trees. This photo in
Newaygo County shows the wide range of
tree sizes found in most hardwood stands.

Largest Area in Stands 41 to 60 Years Old

More than 22 percent of all timberlands in
Michigan were in the 41- to 60-year stand-age
class. Michigan had an excellent distribution
of stand ages in 1993: 35 percent of its tim-
berland had an average stand-age of less than
40 years old, 41 percent had an average stand-
age of between 40 and 80, and 24 percent

were more than 80 years in age (fig. 10). As of
the 1993 inventory, more than 6 percent of all
timberlands in Michigan were more than 120
years in age.

Million Acres

1. 21- 41- 61- 81- 101 120+
20 40 60 80 100 120
Stand-Age Class (years)

Figure 10.—Timberland area by stand-age
class, Michigan, 1993.

Ownership of Michigan’s Timberlands

65 percent of all timberlands are privately
owned

Private landowners owned 65 percent of all
timberlands in Michigan in 1993, about 12
million acres (fig. 11). The private sector
component is comprised of non-industrial
private landowners, Native American tribes,
corporations without a primary wood process-
ing facility, and forest industries that have a
wood processing facility. The largest sector of
private land ownership was non-industrial
private individuals with more than 8.4 million
acres. This ownership group, with contrasting
backgrounds, goals, and management strate-
gies, tends to have smaller tracts. In 1980, 36
percent of the non-industrial private timber-
lands were in tracts of less than 50 acres. By
1993, more than half of all non-industrial
private timberlands were in ownerships of less
than 50 acres.

In 1980, 19 percent of the non-industrial
private timberland was in ownerships of more
than 500 acres compared to only 5 percent in
1993. This trend toward smaller parcels is a
reflection of individuals owning forest land for
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a wide variety of reasons beyond timber pro-
duction. As more private individuals own
smaller parcels of land, the result is a patch-
work of forest conditions, production of goods
and services, and forest sustainability. Man-
agement of these timberlands for any of the
goods and services demanded is more difficult
due to the inefficiencies associated with
smaller tracts and more diverse ownership
goals that complicate the overall effect of an
increasing fragmentation of the forest land
base. As the average size of holdings by
private landowners continues to decrease,
forest land managers will have to use practical
and effective means in reaching the desired
goals.

Misc. private
corporation 11%

(

Private

County /
municipal
1%
Forest
industry
8%

Figure 11.-——Magjor timberland ownerships,
Michigan, 1993.

Almost all of the forest industry owned timber-
land is in the Upper Peninsula. In the Western
Upper Peninsula Unit, forest industries owned
more than a million acres, which represented
24 percent of all timberlands in that Unit. As
one moves south in Michigan, the percentage
of timberland owned by forest industries
decreases and the percentage owned by private
individuals increases. In fact, non-industrial
private individuals own more than 80 percent
of all timberland in the Southern Lower Penin-
sula.
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35 percent of all timberlands are publicly
owned

Statewide, the public owns about 35 percent of
all timberlands. The largest public owner of
timberland is the State of Michigan with 3.7
million acres. In addition, National Forests
account for 2.5 million acres and local govern-
ments account for 256 thousand acres of
timberland. Public ownership of timberlands
increases as one moves north in Michigan. In
the Southern Lower Peninsula, the public
owns 12 percent of the timberland resource,
primarily as State ownership. Moving north,
public ownership represents 39 percent of the
timberlands in the Northern Lower Peninsula,
35 percent in the Western Upper Peninsula,
and 46 percent in the Eastern Upper Penin-
sula.,

Conifer timberlands tend to be on public lands

In 1993, 51 percent of all conifer forest types
were on public lands. About 64 percent of
Michigan's white-red-jack pine timberlands
and 41 percent of the spruce-fir forest types
were publicly owned. This was disproportion-
ate based on the public owning about 35
percent of the total area of timberland in
Michigan. National Forests were the largest
owner of red pine; in fact, there were more
acres of red pine on National Forests than on
all of the private lands combined. The State of
Michigan was the largest owner of jack pine
and black spruce. Private non-industrial
landowners owned the most acreage of white
pine, balsam fir, white spruce, northern white-
cedar, tamarack, and all of the hardwood
forest types.

Number of Trees

In 1993, almost 11.5 billion trees in Michigan
were more than I inch in d.b.h., of which
almost 10.4 billion were growing-stock trees.
The 1.1 billion non-growing-stock trees con-
sisted of non-commercial tree species such as
hawthorn and striped maple as well as rough
and rotten trees of commercial species.

Total number of big trees increases
Although the number of smaller trees de-

creased, the number of larger trees increased.
In 1980, there were 335 million growing-stock



trees between 11 and 21 inches d.b.h. com-
pared to 488 million in 1993. The number of
growing-stock trees more than 21 inches
d.b.h. almost doubled between inventories.
These changes in the number of trees reflect
Michigan’s maturing forest resource.

Northern white-cedar is a species of concern
in Michigan due to a lack of regeneration.
Between inventories, there was a decline of
more than 145 million northern white-cedar
trees less than 5 inches d.b.h. Some of the
difficulty in establishing northern white-cedar
is due to heavy browsing by unprecedented
populations of white-tailed deer. If estab-
lished, northern white-cedar tends to be able
to maintain itself, as shown by the increase in
the number of trees in all diameter classes
more than 5 inches from 1980 to 1993.

Hard maple followed the same pattern estab-
lished by red pine and northern white-cedar,
decreasing in the number of trees less than 5
inches d.b.h. and increasing in all other
diameter classes. The decline in small hard
maple trees was dramatic, moving from about
1.4 billion in 1980 to less than 1.0 billien in
1993. Other hardwood species that declined
in the total number of trees were select red
oak, hickories, basswood, birches, soft maple,
elm, black ash, willow, and butternut. Some
of these, such as elm and butternut, declined
due to pest-related problems while others
declined because of a lack of regeneration or
harvest.

Volume
Volume increases between inventories

The volume of growing stock increased from
almost 20 billion cubic feet in 1980 to nearly
27 billion in 1993, a 35-percent gain (table B).
Growing-stock volume is the volume of wood
on timberland in growing-stock trees at least 5
inches d.b.h., from 1 foot above the ground to
a top diameter of 4 inches d.b.h., less rot or
other defects that reduce the yield for forest
products. Sawtimber volume increased from
about 46 billion board feet (International 1/4-
inch rule) to 71 billion between inventories, a
56-percent gain.

Greatest volume in Northern Lower Peninsula

The greatest volume of growing stock was in
the Northern Lower Peninsula Unit; its 10
billion cubic feet represented 38 percent of the
State total (fig. 12). Although the Southern
Lower Peninsula Unit contains the smallest
volume of any unit (4+ billion cubic feet)}, its
growing-stock volume increased faster between
inventories than that of any other unit (63
percent).

Hardwood volume dominates

Hardwoods account for 72 percent of the
growing-stock volume, softwoods account for
28 percent. Hard maple (4 billion cubic feet)
and soft maple (3.5 billion) far exceed the 1993

Table B.—Net volume of growing stock and sawtimber by species group, Michigan,

1980 and 1993
Species group Growing stock Sawtimber
1980 1993 1980 1993
Million cubic feet Million board feet
Softwoods 5,648 7,572 15,035 22,692
Hardwoods 14,102 19,073 30,514 48,279
Total 19,750 26,645 45,549 70,971
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volumes of any other species. and together
make up 28 percent of the total for all species
{table C}. Aspen had the third largest volume
in 1993, followed by northern white-cedar, red
pine, and select red oaks.
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Figure 12.—Volurne of growing stoci by Forest

Survey Unit, Michigan, 1980 and 1993.
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Sugar maple has been a mainstay of
Michigan's forests since the earliest statewide
forest inventory. During the 1955 inventory,
the growing-stock volume of sugar maple was
second to the volume of aspen, but in each
successive inventory sugar maple volume was
greater than that of any other species. Sugar
maple is very tolerant of shade and thrives in
the understory of many stands in which less
tolerant species cannot survive.

Red maple, also shade-tolerant, is a major
component of the elm-ash-red maple forest
type. [t, too, grows well in the understory of
many forest types and is able to use sites that
are more moist than those generally used by
sugar maple. Red maple is short- to medium-
lived, compared with the much longer lived
sugar maple. Its aggressive sprouting. tenac-
ity, and early rapid growth have made it a
major species in the State and in much of the
Northeastern United States in terms of timber
volume.

Volume in every dinmeter class increases

The 8- and 10-inch diameter classes contained

the greatest growing-stock volumes in 1993,
as they did in 1980 {fig. 13}. But the volume

Table C.—Net volume of growing stock on timberland by selected species groups
and percent change between inventories, Michigan. 1980 and 1993

Species group

1980

1993 Percent change

Million cubic feet

Hard maple 2,818 4,043 43
Soft maple 2,350 3,452 47
Aspens 2,622 3,208 22
Northern white-cedar 1,410 1,833 30
Red pine 763 1,627 113
Select red oaks 1,135 1,605 41
Basswood 699 304 29
White pine 599 870 45
Paper birch 803 B45 5
Balsam fir 789 823 4
Select white oaks 573 820 43
White and green ash 440 814 85
Hemilock 561 862 18
Jack pine 624 603 ()3
Yellow birch 520 498 () 4
Black cherry 342 496 45
White spruce 388 494 27
Beech 354 477 35
All other species 1,860 2,571 35

19,750 26,645 35

All species
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Figure 13.—Net volume of growing stock on
timberland by diometer class, Michigan, 1980
angd 1993,

in every diameter class Increased between
inventories. The largest dlameter classes had
the greatest proportional volume Increases.

Compared to nardwood volume, a larger
proportion of softwood volume was in small
diameter trees. For example, the 6- and 8-
inch classes contained 43 percent of the total
softwood volume, but the same classes con-
tained only 26 percent of the hardwood vol-
ume. Conversely, the volume of hardwoods 18
inches and larger represented 17 percent of
the total hardwood volume, but only 13 per-
cent of the softwood volume. Species with the
greatest volume In the largest diameter classes
were white pine and soft maple.

Average volwme per acre increases

Further indication of the State's tmproving
forest condition is the increasing volumes per
acre on timberland. In 1980, the average
growing-stock volume per acre was 1,130
cubic feet, but by 1993 it had increased to
1,430 cublc feet, a 27-percent gain. Average
sawtimber volume per acre increased from
2.600 to 3,810 board feet between inventories,
a 46-percent gain.

The red pine forest type had the greatest
average growing-stock volume per acre in 1993
with almost 1,800 cubic feet, followed by white
pine, maple-beech-birch, and paper birch.
Forest types with the lowest volumes per acre
included tamarack, black spruce, and jack
pine, all types common on less productive
sites,

In 1993, private owners held two-thirds of the
growing-stock volume in the State, and public
agencies admindstered one-third {fig. 14).
Private owners held two-thirds of the timber-
land area as well, making them major influ-
ences on the environumental well-being of
Michigan's forests, as well as vital suppliers of
forest products to the State's citizens and
timber industries.

Forest
industry (3%
(5%) e )

Comorate
{12%)
‘ _ individuals
National 2 {46%)
forest
{13%)

Figure 14.—Volume of growing stock on timber-
land by ownership cluss, Michigan, 1993.

Private owners held 54 percent of the softwood
volume and 72 percent of the hardwood
volume In 1993, They also owned 73 percent
of the State's growing-stock volume of hard
maple, 71 percent of the soft maple volume,
and 68 percent of the aspen volume—species
with the greatest statewlde volumes.

Non-growing-stock trees: sometimes overlooked

The 26 billlon cubic feet of growing-stock
volume, including the 71 billion board feet of
sawtimber volume discussed earlier, does not
include the volume in rough, roften, short-log,
or dead trees (non-growing-stock trees}. Yet,
these trees provide valuable noncommodity as
well as commodity values to the State. They
furnish important habitat for songbirds,
wildlife. insects, and other plants and animals
that contribute to biological diversity. Non-
growing-stock trees provide visual relief from
the sameness of some stands and may be used
for fuelwood, pulpwood, pallets, and posts.
Future commodity use of these trees will
increase as the technology to use short sec-
tions of trees is more widely accepted.
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Fingerjoining short, high-quality pieces of
wood inte long, usable pieces is just one way
that these non-growing-stock trees can be
converted into profitable products. Non-
growing-stock volume amounts to 2.9 billion
cubic feet, 55 percent of which is in rough
trees (table D).

Table D.—Net volume of non-growing stock on timberland by class of timber and

softwoeds and hardwoods, Michigan, 1993

In million cubic feet

Class of timber All species Softwoods Hardwoods
Fough trees 1,596 301 1,295
Rotten trees 461 100 361
Short-log trees 581 100 481
Salvable dead trees 244 81 163
All classes 2,882 582 2,300

Greatest volume in stands aged 41 to 80 years

Half of the total growing-stock volume s in two

age classes—the 41- to 80-year class (26
percent) and the 61- to 80-year class (25
percent) (fig, 15). Between inventories, grow-
ing-stock volume increased In every stand-age
class except the 1- to 20-year class.
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Figure 15.—Net volume of growing stock on
timberland by stand-age class, Michigan,
1980 and 1993.
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In 1993, the maple-beech-birch forest type
provided the largest volumes in all age classes,
The aspen type contained the second largest
volume in the classes ranging from 40 to 70
years of age. However, 14 percent of the
volume in the aspen type (430 milllon cubic
feet} was In stands aged 81 years and older—
considered {o be mature/overmature for
aspen. Unless these stands are harvested or
disturbed in some way, many of them will
convert to another forest type by natural
succession.

Most sawtimber volume in lower grade classes

Sawtimber tree quality was assessed by the
field crews as they assigned a butt log grade to
every softwood sawtimber tree and a tree grade
to every hardwood sawtimber tree on about
one-third of the fleld plots. The grades used
were based on external characteristics of the
trees as indicators of internal quality, such as
diameter, number of clear faces on the bole,
presence of decay, and amount of sweep and
crook {See Survey Procedures in the Appen-
dix). The volume by grade from this sample
represents the volume in all trees in the State
with a similar log or tree grade.

Smaller diameter trees tend to be assigned the
poorer grades because the definition of grades
requires that a certain minimum diameter be



met. Because B4 percent of the total sawtim-
ber volume is in trees 14 inches in d.b.h and
smaller, tree quality {s weighted toward the
poorer end of the spectrum. However, as
average iree size continues to inerease, aver-
age tree guality will also increase. Grade 1
represents the highest gquality and grade 4
represents the lowest quality. In 1993, 86
percent of the softwond sawtimber volume was
in log grade 3 {fig. 16}

Log grade 1

i iy

v M/Lag grade 2

Log grade 4

k2

8%
Log grade 3
86 %
Figure 16.—Percent of softwood sawtimber

volivme by log grade, Michigan, 1983

Forty-five percent of the hardwood sawtimber
volume was in trees classed as tree grade 3
{fig. 17). (n 1980, hardwood trees were log-
graded, rather than tree-graded, so a compari-
son cannot be made between the past and
present inventorices.

Tie & Timber
10%

Tree grade 1
15%

J Tree grade 2

Tree grade 3 30%
45%
Figure 17.—Percent of hardwood scuptimber

solume by tree grade, Michigan, 1993.

CAUSES OF CHANGE IN
MICHIGAN'S FORESTS

Michigan's forests are dynamic. Changes in
area, volume, species composition, number of
specles, and size all pecur continuously from
plant succession, growth, natural mortality,
and/or environmental and human-caused
disturbances. Change factoers are discussed
separately even though they are inter-relatec.

Plant Buccession

Plant succession, the natural process of
gradually replacing one plant community with

another, confinues to change the forest,
S siom takes place as ploneer plant

communities, such as fack pine, become
established ollowing a disturbanece, These
intttal plant communitios modify thelr physical
environment, which enabsles other plant
communities to establish themselves, Ex-
amples of such medification lnclude changes
tr1 soil organtc matter, shade, soll motsture,
sofl temperatures, and soil nuirents.

Thie forest land of Michigan underwent exten-
sive disturbance during the carly European
settlement days as the forests were extensively
logged and burned. The forests responded
with ploneor species that modified the micro-
climate, enabling other forest types to estab-

lish themselves as understory plant communld-
tles. AS 5UCCCSS :

sional species are supplanted by more shade-
rolerant species and the forests convert (o
nther forest types. This is evident in the
results of the 1993 inventory, Biodiversity, in
the sense of a landscape mixture or species,
can derrease as climax forests become estab-
lished due 1o decreased disturbance,

Growth

Growth is an mportant consideration when
discussing forest resourcees because (Uis an
indication of not only the change in the volume
of wood but also the stability, vigor, and stage
of development for the stand. Growth i3
expressed as average annual growth and
current growth for both growing stock and
sawtimber, For the 1993 inventory of
Michigan's forest resources, average annual
growth is based on the average growth rate
between 1980 and 1992 and current growth is
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based on growth in 1992. In the tables, both
average annual and current are net growth.
Net growth is gross growth minus mortality.

Average net annual growth is a good indication
of the average growth rate over time because it
averages out periodic factors, such as weather,
that could alter the growth rate in a particular
year. If one year had significantly different
weather conditions and/or abnormal tree
mortality. its current growth would be quite
different from the average and would probably
not be a good indication of the true growth
rate. Therefore, average net annual growth is
an indicator of overall growth potential over
time. However, Michigan's forests changed
during the 13 years between inventories. With
the long time period between inventories,
factors occurring more than 10 years ago
affect the average net annual growth rate.
Thus, current net growth is an indicator of the
most recent stand conditions.

Growing-stock net growth has increased

Between 1980 and 1992, Michigan's forests
averaged 764 million cubic feet of net growth
cach year for growing stock. As a comparison,
growing-stock current net growth was 609
million cubic feet in 1979 and 825 million
cubic feet in 1992. This represented an
increase of more than 36 percent between the
two inventories, or a 2.4-percent compound
annual increase. Michigan averaged 35 cubic
feet of growth per acre on timberland in 1979,
compared to 45 cubic feet of growth per acre
in 1992.

Pine growth rate exceptional

Between 1980 and 1992, approximately 17
percent of the State total net annual growth in
growing stock was in pines. This growth rate
was important because pines accounted for
only 11 percent of the total acreage. Other
conifers represented 14 percent of Michigan's
timberland and 14 percent of its average net
annual growing-stock growth. In total, coni-
fers averaged 39 cubic feet of growth per acre
per year in 1979 and 55 cubic feet in 1992,

With most of Michigan's timberland being in
hardwood forest types, most of the average net
annual growing-stock growth was from hard-
woods. Soft hardwoods accounted for 37
percent and hard hardwoods accounted for 32
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percent of the State total for average net
annual growing-stock growth.

Growth rates high in the Lower Peninsula

On a regional basis, the Eastern Upper Penin-
sula Unit had the lowest, and the Southern
Lower Peninsula Unit had the highest, average
net annual growth for growing stock. In all
Units, conifers had higher rates of growth than
hardwoods. In 1992, current growth for
conifer growing-stock was outstanding in the
Northern Lower Peninsula Unit, averaging
more than 60 cubic feet per acre per year.
Another method of evaluating growth is to
determine growth as a percent of volume. In
1992, current net annual growth as a percent
of total growing-stock volume averaged 2.8
percent in the Eastern Upper Peninsula Unit,
2.5 percent in the Western Upper Peninsula
Unit, 3.4 percent in the Northern Lower Penin-
sula Unit, and 3.7 percent in the Southern
Lower Peninsula Unit. This reflects the better
growing conditions found as one moves south
in the State. Statewide, Michigan averaged a
net annual growth of 3 percent of its total
growing-stock volume in 1992.

Private individual ownerships accounted for
half of all growing-stock average net annual
growth between 1980 and 1992. This was
significant because as mentioned earlier,
private individuals owned about 45 percent of
all timberland. Public owners accounted for
slightly less total growing-stock growth than
their percent of timberland. For example,
National Forests owned 14 percent of the
State’s timberland but represented only 12
percent of its total growing-stock growth. In
Michigan, private individuals tend to own the
more productive lands.

Michigan's timberlands are growing at a much
faster rate than they are being cut. Between
1980 and 1992, Michigan's average net annual
growing-stock growth of 760 million cubic feet
far exceeded the State's average annual remov-
als of 274 million cubic feet. Thus, use of
Michigan's forests can be expanded without
endangering forest land sustainability.

Sawtimber growth rate rises
Between 1980 and 1992, Michigan averaged

2.7 billion board feet of sawtimber growth per
year. As a comparison, the 1979 and 1992



sawtimber current annual growth rates were
1.8 billion and 3.1 billion board feet, respec-
tively. Sawtimber growth increases as one
moves south in the State, is higher on private
lands, and, moving upward. The reader is
cautioned not to add growing-stock and saw-
timber growth because sawtimber growth is a
component of growing-stock growth.

On a per acre basis, Michigan timberland grew
about 145 board feet each year between inven-
tories—an impressive figure when one realizes
that this includes many acres of sapling/
seedling- and poletimber-sized stands. The
average annual removal rate was about 45
board feet per acre between 1980 and 1992.
Thus, on average, every acre of timberland in
Michigan added about 100 board feet of growth
after mortality and removals each year.
Michigan's sawtimber growth exceeded remov-
als by more than 300 percent over the period
1980 to 1993.

Estimated potential growth can be increased by
50 percent

In 1993, potential net annual growth on tim-
berland for Michigan was estimated to be 1.17
billion cubic feet, about 53 percent higher than
average annual growth measured over the last
inventory cycle. Potential net annual growth is
based on the potential annual volume of
growth per acre of fully stocked natural stands
at culmination of mean annual increment in
each potential productivity class. We multi-
plied the area in each productivity class by the
midpoint of the range of growth in that class to
estinate the potential growth in the State.
Spurr and Vaux (1976) discounted an estimate
of potential growth by 10 percent to adjust for

the differences between actual stand condi-
tions and the fully stocked, natural conditions
implicit in use of potential productivity data.
Thus, we discounted the potential productivity
data by 10 percent to more accurately reflect
Michigan’s current stand conditions (table E).

Michigan'’s timberlands have the potential to
increase their net growth by more than 50
percent based on an average net annual
growth of 765 million cubic feet and a poten-
tial net growth of 1.17 billion cubic feet. The
advantage of increasing net growth is that it
does not take additional acres of timberland to
increase the future availability of forest re-
sources. With ever-increasing global popula-
tions and ensuing pressures on our limited
land base for the multitude of land uses found
in Michigan, the potential for increased pro-
duction by expanding the timberland acreage
base is limited. The most efficient method of
meeting the increased demand for wood fiber
is through expanded production on the exist-
ing timberlands through more intensive man-
agement. With the potential for increasing its
net growth, Michigan is in an excellent posi-
tion to further enhance its standing as the
State of the Future for wood and wood prod-
ucts.

Potential growth can be even further advanced
if intensive forest management techniques,
such as thinning and planting genetically
superior trees, are applied. With the potential
growth, excellent site conditions, and industry
infrastructure, intensive forest management
could become an important investment for
Michigan's future that will provide many
widespread benefits.

Table E.—Estimation of potential net annual growth on timberland, Michigan, 1993

Potential Potential Unadjusted Adjusted total
productivity Timberland net growth total potential potential growth
class area per acre growth (discounted 10%)
(Feet3/ acre/year)
Thousand acres  Feet¥/ acre/year ~  ------ Thousand feet3/year - - - - - -
165 + 122.3 194.5 23,787.4 21,408.7
120-164 837.6 142.0 118,939.2 107,045.3
85-119 4,387.7 102.0 447 545.4 402,790.9
50-84 7,710.1 67.0 516,576.7 464,919.0
20-49 5,5658.2 34.5 191,757.9 172,582.1
18,615.9 1,298,606.6 1,168,745.0
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Mortality

Tree mortality is the source of vital compo-
nents of a stable forest ecosystemn. Many
insects, discases, and abiotic factors result in
snags {standing dead trees) or cracks, holes,
and crooks in the tree. This lowers the timber
value but can raise the value of the tree for
wildlife. For example, many species of wildlife
rely on decay fungi to create rotten pockets in
older trees which are then used as sites for
nesting, feeding, and roosting. Snags serve as
nesting and roosting sites for some wildlife
species. Coarse woody debris is important for
both terrestrial and aquatic species. It pro-
vides both habitat and food for the many fish
found in Michigan's streams and rivers.

Statewide, average annual mortality as a
percent of total volume was 0.8 percent for
growing stock and 0.6 percent for sawtimber
in 1993. Total mortality increased between
1980 and 1992 primartly duc to increased
timberland acreages and volumes: we prima-
rily use percentages rather than total numbers
when comparing mortality over time. Species
with an above average mortality, when com-
pared to total volume, were jack pine, balsam
fir, vellow birch, elm, balsam poplar, aspen,
and paper birch. Most of these are either
shorter lived. early successional species or are
being heavily attacked by pests/diseases.

Typicaily. more than onc factor is involved in a
tree's death, and the cause may be difficult to
determine. Often, one factor will weaken the
tree to the point where a second factor, unable
to cause mortality by itsclf, resulls in death.
Thus. causes for most of the mortality for both
growing stock and sawtimber are unknown.

Mcajority of Michigan's mortality related to
diseases

In 1993, the latest inventory. discases ac-
counted for 57 percent, weather 22 percent,
inscets 8 percent, humans 8 percent. and
animals 4 percent of the known causes of
growing-stock mortality. Roughly the same
percentages were found for sawtimber. Nota-
bly. fire accounted for less than | percent of
Michigan's average anaual mortality. Insects
were the leading cause of death for jack pine
and select red oak. Weather was the leading
cause of death for white and black spruce,
balsam fir, northern white-cedar, basswood,
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red maple, and black ash. Diseases were the
leading cause of death for all other species.

Red pine has extremely low mortality

Red pine morlality was less than 0.04 percent
of the species’ total growing-stock volume
between 1980 and 1992, much lower than any
other species. Other species with low mortal-
ity rates included white pine, northern white-
cedar, white oak, beech, and sugar maple. All
species with below average mortality rates are
late successional species with long life expect-
ancies. As Michigan’s forests continue to
mature, mortality rates will probably increase
because many stands will begin to reach
maturity or become overmature, which in-
creases their potential for mortality.

Removals
Timber removals increase

Annual timber removals from growing stock
increased from 275 million cubic feet in 1979
to 360 million in 1992, a 31-percent increase
{fig. 18}. Softwood removals increased from 56
to 85 million cubic feet during the same
period, a 50-percent gain. Hardwood removals
climbed from 218 to 276 million cubic feet, a
26-percent gain.

The greatest removals volumes in 1992 were
for aspen {109 million cubic feet) and for hard
maple (42 million cubic feet). However, red
pine removals tripled between inventories,
increasing faster than that of any species—
from 7.8 million cubic feet in 1979 to 23.7
million in 1992, Removals volumes also
increased rapidly between inventories for the
following species: balsam poplar, black wal-
nut, and paper birch. Removals volumes
declined for elins, hemlock, and balsam fir.

Timber removals is made up of three compo-
nents: roundwood products, logging residues,
and other removals (see Definition of Terms in
the Appendix}. The roundwood products
portion, which includes veneer logs, saw logs,
pulpwood, and others (firewood, posts, poles,
ete.}, accounted for 85 percent of the 1992
total removals. Logging residue made up 9
percent of the total, and other removals ac-
counted for the remaining 6 percent. Much of
the logging residues and "other removals” is
Jeft on site,



Figure 18.—Removals represent one of the
causes of change in Michigan's forests.
Harvesting operations, such as shown here,
play an important role in Michigan's economy.

Sawtimber removals for 1992 amounted to 1.1
billion board feet, a 20-percent gain from the
916 million board feet removed in 1979,
Softwood sawtimber removals increased 72
percent between inventories, but hardwood
removals gained only 9 percent.

The volume of timber removals can fluctuate
widely each year as a result of fast-changing
economic factors. Therefore, removals for a
single year may not be representative of the
entire period between inventories. A way of
leveling the peaks and valleys of demand is to
estimate average annual removals between
inventories. Average annual removals of
growing stock for the period 1980 to 1992
amounted to 274 million cubic feet, compared
to “current” removals of 275 million in 1979
and 360 million in 1992. Likewise, sawtimber
average annual removals for 1980-1992
amounted to 777 million board feet, compared
to current removals of 916 million in 1979 and
1,101 million in 1992.

Growth exceeds remouvals

In 1992, current net annual growth on grow-
ing stock (825 million cubic feet) was 2.3 times

greater than current annual removals (360
million) as shown in figure 19, Average net
annual growth of growing stock during 1980-
1992 also exceeded average annual removals
during the same period, 760 million cubic fect
to 274 million, or by 2.8 times. Sawtlmber
current et annual growth in 1992 (3.1 billion
board feet) was 2.8 times higher than current
annual removals (1.1 billion board feet).
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Figure 19, Comperison of growing-stock growth
and removals for 1992 and for 1980-1902.

The 1992 current growth ol most species was
greater than 1992 current removals, For ex-
ample, growing-stock growth of hard maple (117
million cubic foet) far exceeded removalbs (42
million). Soft maple growth {115 million cubie
feet) was substantially higher than removals (36
mitlion), and red pine growth {83 million cubic
feet) comfortably cxcecded removals {24 million).
Growth of aspens (112 mitlion cuble feetl was
much closer to removals {109 million), For jack
pine and paper bireh, removals were greater
than growth.

Biomass

The total aboveground biomass of all live trees
{green weight) on timberland amounted to 1,495
million green tons in 1993—an average of 80
green tons per acre. The maple-beech-birch
forest type accounted for 46 percent of the total.
The aspen forest type was sccond, with 12
pereent of the total, followed by the oak-hickory
type with 11 percent, and the elm-ash-soft
maple type with 8 percent.

-

In 1993, the maple-beech-birch forest type had
the greatest biomass of live trees per acre—97
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green tons per acre, The paper birch type had
the next largest biomass with 89 tons. followed
by the oak-hickory type {86 tons), and the
northern white-cedar type {80 tons). Tama-
rack, jack pine, and black spruce had the least
biomass per acre-—40, 42, and 44 tons, re-
spectively. The differences in biomass between
forest types are due Lo variations in the spe-
cific gravity of tree specics. moisture content,
and the mix of species in a type. The largest
proportion of live tree biomass was in the boles
of growing-stock trees, as shown in table F.

Table F—Bilomass components for Michigan
timberland, 1993

Biomass Weight Percent
component
Milliont green tons
Growing-stock
trees » 5in. d.b.ha:
Stumps 64.9 4
Boles 844.9 56
Tops and limbs 240.9 18
Non-growing-stock
trees » 5in. d.b.h.:
Stumps 8.9 1
Boles 115.9 8
Tops and limbs 32.9 2
Live 1- 1o B-inch trees 186.5 13
Total 1,494.9 100

The above blomass estimates are for all live
trees. In addition, we made estimates of shrub
biomass on timberland. Shrub biomass
includes live tree seedlings less than 1 inch
d.b.h. as well as the blomass in tall shrubs
and fow shrubs. The mean shrub biomass on
timberland in 1993 was 3,518 pounds per acre
green welght, of which 57 percent was in tree
scedlings, 39 percent was in tall shrubs, and 4
pereent was in low shrubs, The largest mean
shrub biomass was in the balsam poplar and
tamarack forest types with 13,149 and 7,298
pounds per acre green weight, respectively.
The smallest mean shrub biomass was in the
redd pine and jack pine forest types with 1,064
and 1171 pounds per acre green weight,
respectively.

Among species of tree scedlings, balsam fir
and hard maple produced the largest mean
biomass (381 and 326 pounds per acre green
weight, respectively). Among tall shrubs,
speckled alder dominated with a mean bio-
inass of 990 pounds per acre, followed by
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hazel with 113 pounds per acre. Blueberry,
among the low shrubs, had the greatest mean
biomass with 35 pounds per acre.

BENEFITS OF MICHIGAN'S
FOREST RESOQURCES

Michigan's Forest-Based Economy

Michigan's forests contribute significantly to
the social, econormnic and environmental well-
being of the State's citizens. Their economic
contribution includes employment opportuni-
ties, wealth creation, and production of com-
modities as well as non-market goods. Timber
products and forest-based recreation/tourism
are the two major components of the State's
forest-based economy {fig. 20). Recent re-
scarch completed by the Lake States Forest
Resource Assessment, sponsored by the Lake
States Forestry Alliance, indicates that the
strongest and most stable rural economies
have forest products industries existing along-
side strong tourism/recreation industries
{Michigan Department of Natural Resources
1996). During 1994, these combined sectors
had a total of more than 85 thousand jobs
with a total payroll of more than $3.5 billion.
The multiplier effect of employment {those jobs
that exist in service industries and other
businesses because of the forest-based indus-
tries) could boost total employvment to more
than 200,000 jobs with a total payroll ap-
proaching $7 billion.

Figure 20.—An example of a harvesting cpera-
tion that represents the two major compo-
nents of the State’s forest-based econormny—
current timber products harvested and im-
proved access for future forest-based recre-
ation/tourism such as snowmobiling and
hunting.



The timber products industries

The timber products economy consists of two
very different components: primary forest
products industries and secondary forest
products industries. Primary industries
produce or use logs, bolts, and chips to manu-
facture such products as lumber, woodpulp,
particle board, and veneer that become raw
material for further manufacturing. Most
wood used by primary processing plants in
Michigan is grown in Michigan. However.
inter-state/provincial shipments of logs, bolts,
and woodchips is not uncommon. These
shipments involve both Michigan-grown wood
going to other States or countries for process-
ing as well as wood grown in other States or
countries being shipped to Michigan for pro-
cessing. Secondary manufacturers reprocess
the products of primary manufacturers.

Michigan has three major segments of the
forest products industry assigned Standard
Industrial Classification (8IC) codes by the
U.5. Bureau of the Census to compile eco-
nomic data. The first segment, Lumber and
Wood Products (SIC 24), consists of loggers,
sawmills, planing mills, manufacturers of
prefabricated buildings, and slmilar indus-
tries. The second segment, Furniture and
Fixtures (SIC 25), consists entirely of second-
ary manufacturers who produce such prod-
ucts as wood household furniture, TV cabi-
nets, and wood partitions. Some establish-
ments in this segment are classified as non-
wood furniture manufacturers, although they
may use some wood components. The last
segment is the Paper and Allied Products (SIC
26). which consists of establishments that
produce everything from woodpulp to enve-
lopes and shoeboxes. The 1992, Census of
Manufacturers data have been updated to
1994 estimates using Michigan Employment
Security Commission data (Michigan Depart-
ment of Natural Resources 1996).

Lumber and wood products

In 1994, this industrial group was estimated
to have nearly 1,200 establishments that
employed an estimated 17,500 people and had
an annual payroll of more than $375 million.
These industries had a total value-added by
manufacture {the difference between the value
of raw materials and the value of goods
shipped) of $900 million. The total value of
shipments from these mills was estimated at
nearly $2 billion.

Of the 1,200 establishments in the lumber and
wood products industry, more than half were
classified as primary processors. These pri-
mary processors included independent logging
contractors, sawmills and planing mills, and
veneer and board mills. These primary proces-
sors employed close to 6,000 people with a
payroll of more than $100 million. The total
value-added by manufacture for these primary
industrics was almost $250 million. and the
value of shipments approached $550 million.

Although primary wood processors accounted
for rnost establishments in SIC 24, secondary
processors accounted for most employment
(11.500). payroll ($275 million), value added
($650 million), and value of shipments ($1.4
billion} in the industry {Chappelle and
Pedersen 1991). Thus. the more of the sec-
ondary or high value added industry that can
be retained in the State, the stronger the wood
processing industry will be.

Wood furniture and fixtures

This segment of the forest products industry
consists entirely of secondary manufacturers.
Michigan is a leader in furniture production,
particularly the office furniture industry. The
200 establishments in the furniture and
fixtures industry that are classified as wood
furniture establishments employed about
17,500 people and paid more than $600
million in wages and salaries in 1994, The
annual value added by manufacture was
estimated to be more than $1.3 billion, and
the total value of shipments was estimated at
more than $2.5 billion. Availability of wood
raw material from nearby sources is a key
factor in the economic success of Michigan's
wood processing sector. Just how much
Michigan-grown wood this industry uses is
unknown. However, it has been estimated
that about half of all wood processed by all
wood-using industries in Michigan was grown
in Michigan {Chappelle and Pedersen 1991).
Thus, it seems safe to conclude that a sub-
stantial share of the wood used in Michigan’s
furniture industry was grown in Michigan.

Pulp and paper products

The paper and allied products industry in
Michigan totaled 250 establishments in 1994
and employed an estimated 21,500 people who

earned wages estimated at more than $800
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million. Value added and the value of ship-
ments were $2.1 billion and $4.6 billion,
respectively. In the paper and allled products
industry, only woodpulp mills are classified as
primary manufacturers. Most woodpulp mills
are associated with a particular papermill.
Because of this, the Bureau of the Census
showed only one woodpulp mill in 1992, In
fact, the 1994 Lockwood-Posts Directory of
Pulp, Paper. and Allied Trades lists eight
woodpulp mills, all of which are integrated
with papermills. These eight mills produce
more than 5,000 tons of woodpulp per day.

Forest-based tourism/recreation

Michigan {s an important recreation destina-
tion for a large segment of the Nation's popula-
tion. The State provides a diverse mix of
recreational opportunities that include hunt-
irig, fishing. boating, snowmoblling. skiing,
camping, hiking, and sightseeing. In 1994,
the tourism and recrcation industry in Michi-
gan that can be attributed to forested arcas
was estimated to dircetly support more than
30 thousand jobs and to have contributed
nearly $2 billion to the State’'s economy. When
jobs created as a result of forest recreation
and tourism but not directly a part of this
industry are included, these estimates swell to
an estimated 50,000 jobs and more than $3
billion contributed to the State’s economy,

Biodiversity

Michigan's forested ecosystems are repre-
sented by a number of biotic and abiotic
components combined into a much broader
and diverse landscape. Michigan's statewide
forest inventory identified more than 75 ditfer-
it tree species present in the forests, Balsam
fir, northern white-cedar, hard maple. soft
maple, and aspen account for more than half
the number of trees. Woody shrubs totaled
approximately 90 species. Speckled alder,
blueberry, leatherleal, and labrador tea were
arnong the most commorn.

The forest also contains other biotic compo-
nents that are essential to its overall stability
and community functions. The relationship of
the many forests and their key attributes to
one another create different but important
habitats. Examples include the edge between
various forests or land uses and the presence
of aguatic systems.
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As Michigan's forests mature, their structure
changes continually. One measure of this
process was reflected in the statewide {orest
inventory. Since 1980, Michigan's forest
acreage of larger diameter trees (roughly,
greater than 10 inches d.b.h.) increased 55
percent; poletimber (5- to 10-inch trees)
acreage decreased 27 percent: and seedling/
saplings (under 5 inches) remained relatively
constant. The trend towards maturity in
Michigan's forests provides multiple manage-
ment opportunities. Cholces range from
managing for old-growth attributes to harvest-
ing the mature tees to lmprove structural
diversity or regenerate the forests.

Forest Health

Forest stressors such as drought, storms, late
spring frosts. diseases and insects, coupled
with the age of several forest types, have
played a significant role inn shaping Michigan's
forests. Generally. Michigan's forests are quite
stable and productive. However, some
localized problems have ocourred in types,
such as jack pine and aspen, that are beyond
pathological rotation age. especially in even-
aged stands. Recent events affecting the
overall vigor of Michigan’s forests included
significant statewide storm damage during
1995, an expansion of gvpsy moth defoliation
into more counties, and an outbreak of larch
cascbearer defoliation affecting tamarack. To
reduce the risk of unnecessary timber
resource loss and future scarcity, foresters are
attempting to adjust the current age-class
distribution in Michigan.

Michigan's Special Plants

Michigan has just over 1,800 species of native
plants {table G}. It has diverse habitats rang-
ing from prairic and southern forests to boreal
species with several endemic species of plants
assocviated with the Great Lakes shorelines.
The primary distribution of three threatened
endemic species—dwart lake iris {Iris
lacustris), Pitcher's thistle (Cirsium pitcher,
and Houghton's goldenrod (Solidago
houghtonid—is found in Michigan.

An additional 800 non-native species have
been introduced into the wild flora of Michi-
gan, some intentional and some unintentional.
Many of the introduced species are commonly



Table G.—Michigan plant species by origin

Piant type Quantity % of Native plants
Extirpated 34 1.9
Endangered 31 1.7
Threatened 209 1.6
Special concern 123 6.8
Secure plant 1,403 78.0

Total native plant species 1,800 100

Alien plants with established populations 800

Total plant species 2,600

known weeds. Some alien species. including
Eurasian millfoll, garlic mustard, spotted
knapweed, and purple loosestrife have become
serious problems in some wetlands and natu-
ral areas.

Development of uplands and shorelines,
wetland drainage, and conversion of wood-
lands and grasslands to agricultural purposes
have diminished Michigan's flora, Michigan
has lost 34 native plant species in recent
times; it currently has 31 endangered plants,
209 threatened plants, and 123 plants listed
as of special concern. About 22 percent of
Michigan's native plant species are at risk.
The most complete database for Michigan’s
special plants is maintained by the Natural
Heritage Program in the Department of Natural
Resources-Wildlife Division.

Forest Wildlife

Although white-tailed deer are the most easily
recognized of Michigan's forest residents, a
unique collection of wildlife species is sup-
ported by various forest ecosystems in the
State. Anyone who has spent much time in
Michigan's forests will recognize the important
role forests play in maintaining the State’s
wildlife diversity.

Southern Michigan forests host many species
that live there year-round, such as fox squir-
rels, turkeys, and white-tailed deer. These
forests also provide an important stopover for
fall and spring travelers. Neo-tropical migra-
tory birds, on their way to northern breeding
grounds, use the larger existing forest tracts
as resting sites. These forests provide the only
major resting opportunity between the Ohio
River and more northerly forests.

The mixed northern hardwood and aspen
forests are the mainstay of habitat for
Michigan's grouse and deer populations. The
vounger forests created from harvests or other
disturbances are also heavily used by several
species of warblers and ground nesting birds.

Travelers from all over the world visit the jack
pine forests of northern Michigan., This
unigue forest system is the only nesting site in
the world for the endangered Kirtland's war-
bler. Evolved over thousands of years, this dry
forest became dependent on fire for regenera-
tionn. Malatenance of this system requires
intensive forest management to regenerate
young jack pine stands needed to sustain
critical habitat for the warbler.

The forests of Michigan have supported the
return of gray wolves, which have expanded
their range from both Wisconsin and Ontario.
Their neighbors include bald eagles, pine
marten, beaver, and moose.

Small, annually temporary ponds and wet-
lands scattered throughout the forests are
essential for the reproduction of salamanders
and frogs. These flooded forest areas, as well
as other floodplain forests, provide habitat for
many waterfow! species and the State-threat-
ened red shouldered hawk. Cool waters
shaded by lowland forest also provide habitat
for wood turtles.

It is no wonder wildlife recreation significantly
contributes to both local and State economies.
Existing populations of deer, bear, turkey,
grouse, and furbearers generate more than
$600 million in revenue statewide, Wildlife
viewing and photography continue to grow in
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some areas, such as in northern Michigan
where elk viewing has become a popular
pastime.

In addition to the quantifiable values of the
forest’s wildlife resources are the intangible
benefits provided by just knowing that forests
are teeming with hundreds of species of mam-
mals, birds, insects, and amphibians.

Forest Recreation

Michigan’s forests provide a unique opportu-
nity to fill a recreation niche. They provide for
activities that depend on a large, lightly used
land base, and for smaller, more intensively
managed activities that are best enjoyed in a
forest setting.

Private forest lands provide day use opportuni-
ties on some of the larger corporate owner-
ships, and more intensively developed and
concentrated outdoor experiences on some of
the smaller ownerships. Public forest lands,
administered by local, State, and Federal
agencies, also provide similar experiences, but
generally on a more dispersed, broader scale.

Michigan’'s State Forests cover more than 3.7
million acres and are the largest State Forest
system in the Eastern United States. These
State Forests support one of the largest rustic
recreation systems in the United States while
providing opportunities for camping,. hiking,
hunting and fishing, snowmobiling, off-road
vehicle riding. and sightseeing. Boating,
picnicking, mushroom and blueberry picking,
horseback riding, and nature photography are
activities that round out the array of opportu-
nities available. Forest campgrounds and
rustic cabins are a mainstay of this system,
many providing access to lakes and rivers.

Urban and Community Forestry

Michigan's population of 9.3 million people
lives predominantly in the southern one-third
of the State: 3.9 million people live in Macomb,
Oakland, and Wayne counties alone. The
natural resource base in this area can be
improved through management, thus having a
positive impact on quality of life. This natural
resource base includes the soil, trees, shrubs,
open space, streams, air, plants, animals, and
birds that inhabit our suburban, urban and
rural communities. Urban and community

forestry deals with the interaction of people
and forest resources to ensure long-term
community and ecological sustainability,
improved environmental quality, and improved
quality of life.

Comununity tree resources provide a range of
environmental benefits: energy efficiency,
carbon sequestration, oxygen production,
erosion control, protection of water quality,
maintenance of biophysical diversity {plant
and animal). and noise reduction. They
improve people’s physical and mental health
and enhance spiritual, emotional, and cultural
well-being.

MICHIGAN'S FUTURE TIMBER RESOURCE

Projections Suggest A Great
Future Timber Supply

We made two sets of 30-year projections of the
State's supply of timber to gain an under-
standing of the possible outlook for Michigan's
forests and for the forest-based economy, and
to assess the role of the State in helping to
meet the Nation's timber demand. One of the
projections {consistent removals option) as-
sumes that growth and removals will follow
the same trends as occurred between the 1980
and 1993 inventories. The other projection
assumes an accelerated level of timber remov-
als {accelerated removals optionj. Separate
sets of projections were made for softwoods
and hardwoods.

Assumptions used in making the projections
are:

1. The total area of timberland will decrease
from 18.6 million acres in 1993 to 18.2
million in 2023, an average decline of 0.071
percent per year.

2. The availability of timberland for harvest
will rermnain the same as it was in the recent
past.

3. For the consistent removals option projec-
tions growth rates for softwoods {3.28
percent of inventory in 1992} and for
hardwoods (3.02 percent) will remain
constant at the 1992 level throughout the
projection period; for the accelerated
removals option, growth rates will increase
on a straight line from 3.28 percent in 1992
to 3.44 percent in 2023 for softwoods, and
from 3.02 percent in 1992 to 3.17 in 2023
for hardwoods.



4. For the consistent removals option projec-
tion removals rates for softwoods {1.11
percent in 1992) and for hardwoods {1.45
percent) will remain constant at the 1992
level: for the accelerated removals option,
the removals rate will increase in a straight
line to 2.61 percent in 2023 for softwoods,
and 2.50 percent for hardwoods,

5. There will be no change in the economie,
social. or political structure.
~
Consistent Remowvals Option Projection

In this projection for growing stock, total net
annual growth for both softwoods and hard-
woods rises from 825 million cubic feet in
1992 to 1,364 million in 2023, a gain of 65
percent (fig. 21). Timber removals increases
from 360 to 588 million cubic feet between
1993 and 2023, a 63-percent gain. Growth
remains higher than removals throughout the
projection period, and the difference between
the two continues to widen until by 2023,
growth exceeds removals by 776 million cubic
feet. As a result of this increasing disparity of
growth over removals, the inventory of all
species continues to expand from 26.6 to 43.9
billion cubic feet from 1993 to 2023, anin-
crease of 65 percent. Mortality, which has
been subtracted from gross growth to yield the
net annual growth shown above (825 million
cubic feet in 1992), rises from 200 to 360
million cubic feet between 1992 and 2023.
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If the consistent removals option projections
for softwoods are analyzed scparately from
those for hardwoods, they show a very strong
similarity to the all species projections. Soft-
wood growth Increases from 2489 to 463 million
cubic feet during the period 1993 to 2023.
Softwood removals increase from 85 million
cubic feet in 1993 to 157 million in 2023, but
remaln much lower than growth during the
entive period. This excess of growth results in
an expansion of the softwood inventory from
7.6 to 14,1 billion cubic feet during the projec-
tion period, a gain of 86 pereent.

Hardwood growth is projected to increase from
576 to 901 million cubic feet between 1993
and 2023. Hardwood removals lag behind
growth but increase from 276 to 431 million
cuble feet during the perifod. Hardwood inven-
tory responds by increasing from 19.1 to 29.8
billion cubic feet, a H6-pereent inorease,

Accelerated Removals Option Projection

The accelerated removals option shows grow-
ing-stock net annual growth increasing, but
less than in the consistent removals option—
from B25 to 1,234 million cubic feet from 1983
to 2023 {fig. 22). Growth remains greater than
removals throughout the projection period, but
removals increase faster than growth. Growth
and removals tend to approach each other,
although growth is projected to exceed remov-
als in 2023 by 274 million cubic feet. Remov-
als increase from 360 to 960 million cubic feet

50
40
Billion Inventory
cubic 30
feet
20 4
10 r
1980 2003 2023
1993 2013
Year

Figure 2 1.—Removals, net annual growth, and inventory of growing stock on timberland, Michigan,
1980 and 1993. and consistent remouvals option projections to 2023.
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from 1993 to 2023. Inventory responds to this
narrowing of the difference between growth
and removals by continuing to increase but at
a decreasing rate, from 26.6 to 37.9 billion
cubic feet between 1993 and 2023.

In this option, softwoods net annual growth
increases from 249 million cubic feet in 1993
to 401 million in 2023, a gain of 61 percent.
Removals of softwoods surge from 85 to 304
million cubic feet during the projection period,
a 260-percent increase. Growth and removals
move towards each other, but by 2023, growth
is greater than removals by 96 million cubic
feet. Inventory of softwoods builds from 7.6 to
11.7 billion cubic feet, a 54-percent increase.

Hardwoods growth increases from 576 million
cubic feet in 1993 to 834 million in 2023, a
45-percent gain. Removals of hardwoods
increases from 276 to 656 million cubic feet
during the same period, a 138-percent in-
crease. Growth exceeds removals by 300
million cubic feet in 1993, but by 2023, the
difference between the two shrinks to 178
million. Inventory increases from 19.1 billion
cubic feet in 1993 to 26.3 billion in 2023, a
38-percent gain.

The Outlock

These projections probably represent the high
and low bounds within which Michigan's
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Figure 99.—Removals, net annual growth, an

future forests may develop. The projections
represent the frue situation over the next 30
years only if our assumptions prove to be
reasonably accurate. Projections made for the
first decade are more dependable than those
for the last 2 decades because the fast-chang-
ing economic, political, and market conditions
tend to make long-range projections less
reliable.

Growing-stock inventory will continue to
increase, much as it has for the last 60 years,
as the average tree size increases, and as the
volume of net growth continues to exceed the
volume of removals. The inventories of indi-
vidual species will differ in their rate of change
based on differences in market demand, their
growth rates, the effects of plant succession,
their susceptibility to agents that cause large-
scale mortality, their accessibility and avail-
ability, and other factors. Hardwoods will
remain dominant, although the faster growing
softwoods will make up a larger share of the
inventory.

The intensive application of forest manage-
ment techniques such as the selection by
professional foresters of trees to be harvested,
tree planting {especially using genetically
superior seedlings), and stand improvement
practices could result in higher growth rates
and larger inventories than those projected. In
addition, inventories can be extended by
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d inventory of growing stock on timberland. Michigar,

1980 and 1993, and accelerated removals option projections to 2023.
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increased use of wood residues, tree tops and
limbs, the volumes of which are not included
in growing-stock tnventories. Greater use of
short-log, rough, and rotten trees, which are
part of the non-growing-stock resource, will
also stretch inventories

Many methods for using small diameter, poor
quality, or noncomuercial trees have heen
researched by the Forest Service's Forest
Products Laboratory, mcim‘iinﬁ finger-joining
small sawn sections to make standard size
lumber: using adhesives to manufacture
structural wood products from wood venesr,
flakes, and fibers: combining wood and plas-
tics or cement to ;muhac ¢ dimensionally
stable, decay- and fire-resistant products; and
producing laminated veneer lumber, As these
and other technologics are implemented more
widely in the future, demand will increase for
trees that are presently difficult to sell.

The area of the maple-beech-birch forest type,
which increased from 6.2 to 7.2 miiimn acres
between 1980 and 1993, is likely o continuy
to expand in the future. Sugar ma;n"«, one of
the mainstays of this type, is long-tived,
tolerant of shade, and can thrive in the under
story of other forest types. If those overstory
trees are removed by harvest or mortality, the
understory maples and associated species are
in a position to convert the site to the maple-
beech-birch type, already the most common
type in the State.

One of the forest types that has contributed to
the gains of the maple-beech-birch Lype is the
aspen type. This early successional type,
which declined from 3.1 to 2.7 million acres
from 1980 to 1993, is composed largely of
short-lived quaking and bigtooth aspens,
which are intolerant of shade. To zc,g)cm" ate
to aspen, these stands require major distur-
bances such as fire, harvest by clear-cutting,
or widespread natural mortality to open the
stand to full sunlight. If an aspen stand

survives these disturbances but dies of old age
{around 60 years), the stand will likely convert

to the tolerant species growing in the under-
story at the time. In many cases. these toler-
ant species are associated with the maple-
beech-birch type. The aspen type area is
expected to continue to decline as older aspen
stands reach maturity without disturbance of
any kind {fig. 23).
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seems likely that private forests will provide

more of the supply than they have in the past.

This greater reliance on private timberlands
indicates a need for an expanded forestry

extension and technical assistance program to

reach landowners who may not be aware of
forest management technigues that will help
them be more efficient and profitable.

The use of Michigan's forests, like the use of
forests around the country, is coming under

closer scrutiny from the public. Wildiife,
recreation, esthetic beauty, clean water,
biological diversity—commodity and non-
commeodity products of the forests—are
important now, but will be increasingly
important in the future. The mix of prod-
ucts we choose will significantly impact the
way forest lands are managed in the years
ahead, and will largely determine the future
issues that will be debated by commodity
and non-commodity users of the forest.

APPENDIX

ACCURACY OF THE SURVEY

Forest Inventory and Analysis information
is based on a sampling procedure designed
to provide reliable statistics at the State and
Survey Unit levels. Consequently, the
reported figures are estimates only. A
measure of reliability of these figures is
given by sampling errors (table H). These
sampling errors mean that the chances are
two out of three that if a 100-percent inven-
tory had been made. using the same meth-
ods, the results would have been within the
limits indicated.

For example, the estimated growing-stock
volume in the State in 1993, 26,856.5
million cubic feet, has a sampling error of
+ 0.67 percent {£ 179.9 million cubic feet).
The growing-stock volume from a 100-
percent inventory would be expected to fall
between 26,676.6 and 27.036.4 million
cubic feet (26,856.5 £ 179.9), there being a
one in three chance that this is not the
case.

As survey data are broken down into sec-
tions smaller than State totals, the sam-
pling error increases. For example, the

Table H.—Sampling errors_for 1993 inventory of Michigan's forest resources

Item

Growing stock
Volume {1993)
Average annual growth
{1980-1992)
Average annual removals
{1980-1992)

Sawtimber
Volume (1993)
Average annual growth
{1980-1992)
Average annual removals
(1980-1982)

Timberland area {1993}

State totals Sampling error
Million cubic feet Percent
26.856.5 0.67

764.5 0.91
275.7 4.02
Million board feet
72,015.6 0.94
2.690.3 1.06
783.8 4.73
Thousand acres
18.615.9 0.34
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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:

(SE) {State total volume or area)
- Y

/(Volume or area smaller than State total)

Where :
E = Sampling error in percent.

SE = State total error for volume or area.

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

1) Total statewide area of maple-beech-
birch type = 7,161.3 thousand acres,

2) Total statewide area of all timberland =
18,615.9 thousand acres.

3) The State total error for timberland area
= 0.34 percent.

4) Using the above formula:

0.0034°N 18,6159
'\/ 7,161.3

E = 0.0055 or 0.55 percent sampling error
for the maple-beech-birch forest type in
Michigan.

E-=

County Data

A standard FIA inventory is designed to pro-
vide sampling errors of no more than 3 percent
per million acres of timberland or an overall
error on Michigan's nearly 18,616 million
acres of about 0.7 percent. More accurate
survey information was obtained during this
survey than otherwise would have been fea-
sible because of intensified field sampling.
Sampling intensity was increased from a single
intensity level to a triple intensity level in the
Eastern and Western Upper Peninsula Units,
from a single intensity level to a double inten-
sity level in the Northern Lower Peninsula
Unit, and kept at a single intensity level in the
Southern Lower Peninsula Unit. The goal was
to provide a sampling error of less than 10
percent for total timberland area by county

from the increased sampling intensity in the
Units intensified. Such sampling was made
possible through the cooperation, assistance,
and additional funding provided by the State
of Michigan and Michigan forest industries
and associations. In addition. to aid in deter-
mining current timber removals, the Michigan
Department of Natural Resources (MiDNR] also
surveyed primary wood-using plants in the
State. Sampling errors for area, volume,
growth, and removals. for both growing stock
and sawtimber, for each county in Michigan
are shown in the last table in this publication.

The sampling error within a county depends
on county size and total area of timberland.
Many large. heavily forested counties in the
State have sampling crrors well below 5 per-
cent. However, in countles where timberland
area is less than 35,000 acres, the sampling
ervor for the total area in timberland will
generally exceed 10 percent. The sampling
error for total timber volume in a reporting
area containing 35,000 acres of timberland
will be about 20 perceat.

COMPARING MICHIGAN'S
FIFTH INVENTORY WITH THE
FOURTH INVENTORY

A new volume estimation procedure was
developed for the Lake States: this procedure
was used to compute the 1992 volumes and
also to recompute the 1980 volume for growth
calculations. Although the adjustment will
differ by Survey Unit and species, the recom-
puted 1980 growing-stock and sawtimber
volumes will generally be greater than those
shown in the 1980 report. Past surveys used
only growing-stock trees to determine stand-
size class. Current survey procedures require
that stand-size class be determined on the
basis of all live trees. Therefore. direct com-
parisons of current inventory data to old
inventory data by stand-size class may be
misleading.

The basic building block for estimating forest
area and timber volume has been changed
from the Survey Unit to the county. In the
past, the statistics were developed at the Unit
level and prorated back to the county on the
basis of photo-interpretation points. Direct
development of county-level data helps users
interested in more precise local data, but can
make the outcome of comparisons with past
estimates bmprecise.
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SURVEY PROCEDURES

The 1993 Michigan survey used a growth
model-enhanced. two-phase sample design.
Using this sampling scheme and associated
estimators is similar to sampling with partial
replacement, in that a set of randomly located
plots is available for remeasurement and a
random set of new plots is established and
measured. A feature of the new Michigan
design is stratification for disturbance on the
old sample and use of a growth model to
improve regression estimates made on old
undisturbed forest plots {tig. 24). Detailed
descriptions of the sampling and estimation
procedures are presented by Hansen (1980).
The growth model used in the Michigan survey
design was the Lake States Stand and Tree
Evaluation and Modeling System (STEMS)
{(Belcher et al. 1982).

Major Steps in the New Survey Design
1. Aerial photography (Phase 1)

In this phase, two sets of random points were
located on current aerial photography. The
first is a set of new photo plots and the second

integrated STEMSW
inventory design

Old inventory
plots
(transferred from
old photo grid)

v

prommsom.

is a set of relocated old ground plot locations
from the 1980 inventory. Aerial photographs
used were black and white, infrared taken in
1986 for the Upper Peninsula, 1987 for the
Northern Lower Peninsula, and 1988 for the
Southern Lower Peninsula at a scale of
1:15.840 (nominal). These photographs were
purchased by the MiDNR and loaned to the
Forest Service. The locations of the plots used
in the 1980 inventory were transferred to these
new photographs. The photographs were then
assembled into township mosaics, and a
systematic grid of 121 one-acre photo plots
{each plot representing approximately 190.4
acres) was overlaid on each township mosaic.
Each of these photo plots was examined by
aerial photo interpretation specialists and
classified stereoscopically based on land use.
If trees were present, forest type and stand-
size/density class were recorded. After this
examination, all the old “disturbed” sample
locations and one-third of the old "undis-
turbed” forested plots were sent to the field for
survey crews to verify the photo classification
and to take further measurements. All photo
plot locations for the 1993 inventory were
examined and were classified as shown in
table [:

New inventory plots —
{selected from new photo grid)

Remeasured
(1/3 of Undisturbed)
remeasure plot and

Undisturbed — ypdate with STEMS
plots

Not remeasured
(2/3 of Undisturbed)
update with STEMS
Disturbed —-—

] plots
remeasure plot

S

Figure 24.—OQverview of the Michigan sample design.
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Table I.—Photo plot classifications, 1993
inventory of Michigiaut's forest resources

Photo land class B

Timberland 97.8
Reserved forest land
Other forest land
Questionable
Nonforest with trees
Nonforest reserved
Monforest without trees
Water

All classes

2. Plot measurements {Phase 2)

On plots classiicd as timberland, wooded
pasture, or windbreak {at lcast 120 feet wide],
a ground plot was established, remeasured, or
modeled. Old plots sent to the field for
remeasurement that could not be relocated
were replaced with a new plot at the approxi-
mate location of the old one. Each ground plot
consisted of a 10-point cluster covering ap-
proximately 1 acre. At each point, trees 5.0
inches or more in d.b.h. were sampled on a
37.5 Basal Area Factor {BAF) vartable-radius
plot, and trees less than 5.0 inches d.b.h. were
sampled on a [/300-acre fixed-radius plot.
The measurement procedure for the new and
old sample locations were as foliows:

al New inventory plots

A systematic sample of the new photo plots
was selected for fleld measurcment. Ground
plots were established, and measures of
current classification such as land use, forest
type, and ownership as well as size and condi-
tion of all trees on the plot were recorded.
These locations were monumented for future
remeasurement.

b} Old inventory plots

These plots were established, monumented,
and measured as part of the 1980 field inven-
tory. The procedures for these old plots were
different from those for the new plots. Old
plots were classed as "undisturbed” or "dis-
furbed” in the aerial photo phase of the sam-
pling process, All disturbed plots and a one-
third sample of the undisturbed plots were

Photo plots

remeasured to obtain estimates of current
condition and changes since the last inven-
torv. All trees measured on these plots in
1980 were remeasured or othenvise accounted
for. and all new trees were identified and
measured.

All sample plots that were forested at the time
of the 1980 inventory and determined to be
undisturbed untd this inventory were pro-
jected to the currend tme using STEMS, This
procedure gives projected estimates of current
volumie and growth for these undisturbed
plots. The comparison of the projected and
obscrved values on the one-third sample of the
undisturbed forest plots that were remeasured
provided local calibration data to adjust the
projected values of the undisturbed plots that
wore not remeasured. The adjustment proce-
dure is a modified version of the method
described by Smith {1983).

The undisturbed forested plots that were not
remeasured play a crucial role in the new
survey design. These plots were determined to
be vndisturbed and had conditions that could
be sirmudated by STEMS. The STEMS growth
miodel was used o "grow” the old plot and tree
data to produce an estimate of current data,
Thus, these plots were treated as ground plots,
even though they were never visited., The plot
record for each modeled plot was sent to the
field for vertfication of current ownership
information.

All old plots classified as disturbed were sent
to the field for remeasurcment 1o assess and
verify changes since the last inventory. Dis-
turbance refers to any chaonge on a plot that
can be detected on aerial photos and that the
STEMS growth processor cannot predict, such
as catastrophic mortality, cuiting, seodling
stands, and land use change.

The estimation procedure for computing
statistics from this sampling design was more
complicated than the simple two-phase esti-
mation proceduce used in the past. In fact,
this procedure yicided wwo independent
samples, one coming from the new photo
soints and the other from the old photo points
that are remeasured or modeled. Table Jd
surniarizes the distribution of all ground
plots for the new inventory design by type of
plot:
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Table J.—Distribution of ground plots for the 1993 inventory of Michigan's forest resources

Ground land Old plots Oid plots New Dropped or Total
use class remeasured updated piots denied access plots
Timberland 4,180 4,021 2,023 2 10,226
Reserved forest land 87 3 472 0 562
Other forest land 46 1 16 1 64
Nonforest with trees 372 148 147 1 668
Nonforest without trees 1,997 3,254 1,160 1 6,412
Water 99 304 154 37 594
Other 0 0 0 58 58
Total 6,781 7,731 3,972 100 18,584
3. Area estimates
D.b.h. Scribner rule conversion factor

Area estimates were made using two-phase (inches) Softwoods Hardwoods
estimation methods. In this type of estima-
tion, a preliminary estimate of area by land 9.0-10.9 0.7830 —
use is made from the aerial photographs 11.0-12.9 0.8287 0.8317
(Phase 1) and corrected by the plot measure- 13.0-14.9 0.8577 0.8611
ments (Phase 2). A complete description of 15.0-16.9 0.8784 0.8827
this estimation method is presented by 17.0-18.9 0.8945 0.8989
Loetsch and Haller (1964). 19.0-20.9 0.9079 0.9132

21.0-22.9 0.9168 0.9239
4. Volume estimates 23.0-24.9 0.9240 0.9325

25.0-26.9 0.9299 0.9396
Estimates of volume per acre were made from 27.0-28.9 0.9321 0.9454
the trees measured or modeled on the 10-point 29.0+ 0.9357 0.9544

plots. Estimates of volume per acre were
multiplied by the area estimates to obtain
estimates of total volume. Net cubic foot
volumes are based on a modification of the
method presented by Hahn (1984) for use in
the Lake States, For the Michigan inventory,
the merchantable height equation presented in
Hahn (1984) was used in conjunction with
Stone’s equation (see Appendix I in Hahn
1984) to estimate gross volume. This estimate
was then corrected by species for variation in
bark and cull volume to yield an estimate of
net volume, using the coefficients presented in
Hahn (1984).

The Forest Service reports all board foot
volume in International 1/4-inch rule. In
Michigan, the Scribner log rule is commonly
used. Scribner log rule conversion factors
were derived from full tree measurements
taken throughout the Lake States (Michigan,
Wisconsin, and Minnesota) and an equation
developed by Wiant and Castenaeda (1977).
The factors (multipliers) used to convert board
foot International volumes to the Scribner rule
are shown in the following tabulation:
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5. Growth and mortality estimates

On remeasured plots, estimates of growth and
mortality per acre come from the remeasured
diameters of trees and from observation of
trees that died between inventories. Growth
reported as the average net annual growth
between the two inventories (1980 and 1993)
is computed from data on remeasured plots
and modeled plots using methods presented
by Van Deusen et al. (1986). Mortality is also
average net annual for the remeasurement
period. On new plots, estimates of growth and
mortality were obtained by using STEMS to
project the growth and mortality of trees for 1
year. Growth and mortality estimates for old
undisturbed plots that were updated were
derived in the same manner as remeasured
plots. The STEMS growth model was adjusted
by Survey Unit to meet local conditions, using
data from the undisturbed remeasurement
plots. As with volume, total growth and
mortality estimates were obtained by multiply-
ing the per acre estimates by area estimates.
Current annual growth for 1992 was com-
puted by using the adjusted STEMS model to

_grow all current inventory plots for 1 year.



6. Average annual removals estimates

Average annual growing-stock and sawtimber
removals {1980 to 1992) were estimated only
from the remeasured plots: new plots and
STEMS-projected plots were not used to
estimate removals. Thesc estimates are
obtained from trees measured in the last
survey and cut or otherwise removed from the
timberland base. Because remeasurement
plots make up about one-half of the total
ground plots, average annual removals esti-
mates have greater sampling errors than
volume and growth estimates.

7. 30-year projection estimates

We made a consistent removals option projec-
tion of Michigan's timber resource based on a
continuation of contemporary timber removals
rates, as well as an accelerated removals
option projection based on an Increase in
timber harvesting in the State. We made
separate projections for softwoods and hard-
woods, by using a spreadsheet technique.
Columns in the spreadsheet included:

Year (with rows from 1992 to 2023)

Area of timberland

Total growing-stock volume

Growing-stock volume per acre

Volume of growing-stock growth per acre

Volume of growing-stock removals per

acre

. Total volume of growing-stock growth

h. Growing-stock growth rate {growth
volume as a percent of inventory vol-
ume)

. Total volume of growing-stock removals

j. Growing-stock removals rate.

o a0 o

The first step was to assume the area of
timberland for each of the 30 years in the
projection period. For Michigan, we assumed
that timberland area would decline from
18,616 thousand acres in 1993 to 18,226
thousand in 2023, an average decline of
0.0698 percent per year. This rate of decline
was assumed for both the low and high remov-
als option projections. The assumed area of
timberiand for cach year was recorded In the
proper cell.

For the consistent removals option, we as-
sumed the 1992 growth rate {3.28 percent for
softwoods and 3.02 percent for hardwoods)

would remain constant throughout the 30-year

projection period. For the accelerated remov-
als option, we assumed the softwood growth
rate would rise evenly from 3.28 percent in
1992 to 3.44 percent in 2023, and that the
hardwood growth rate would rise from 3.02
percent in 1992 to 3.18 percent in 2023.

We assumed removals fates for the consistent
removals option would remain constant
throughout the period at the 1992 level (1.11
percent for softwoods, and 1.45 percent for
hardwoods). For the accelerated removals
option, we assumed that softwood removals
rates would increase evenly from 1,11 percent
in 1992 to 2.61 percent in 2023, and that the
hardwood removals rates would rise evenly
from 1.45 percent in 1992 to 2.50 percent in
2023, The assumed removals rates and
growth rates were recorded in their proper
cells,

Because the total growing-stock volume for
1983 was known {7.572.070 thousand cubic
feet for softwoods, and 19.072.815 thousand
for hardwoads). the total removals volume for
1993 could be estimated by multiplying the
1993 removals rate by the 1993 total growing-
stock volume. By dividing the total removals
volume for 1993 by the 1993 area of timber-
land, an estimate could be made of the 1993
removals per acre.

Similarly, the 1993 total volume of growing-
stock growth for both softwoods and hard-
woods could be estimated by multiplying the
1993 growth rate by the 1993 total growing-
stock volume. By dividing the 1993 total
growth volume by the 1993 area of timberland,
the 1993 growth per acre could be estimated
and entered into the proper cell. The 1993
growing-stock inventory volume per acre could
be estimated by dividing the 1993 total grow-
ing-stock volume by the 1993 area of timber-
tand.

When the last cell in the spreadsheet row for
1993 was completed, we instructed the
spreadsheet application to add the 1993
growth per acre to 1993 Inventory volume per
acre, then to subtract the 1993 removals per
acre, and to enter the resulting number in the
cell for 1994 inventory volume per acre. This
estimate, when multiplied by the 1994 area of
timberland, yielded the estimated total inven-
tory volume for 1994, The spreadshect appli-
cation followed the same procedure for cach
row, until estimates for all 30 years had been
completed.
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Tree and Log Grades

Log grades and tree grades are based on the
classification of external characteristics as
indicators of quality. Log grades and or tree
grades were taken on approximately one-third
of the sample plots in Michigan. Al sawtimber
softwood sample trees were graded for quality
and assigned a butt log grade. All sawtimber
hardwood sample trees were graded for quality
and assigned a tree grade. The volume yield
by log grade or tree grade for this sample was
used to distribute the volume of the ungraded
sample trees by species group.

Hardwood sawtimber trees were graded ac-

cording to "Hardwood tree grades for factory
lumber” (Hanks 1976). The best 12-foot
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section of the lowest 16-foot hardwood log was
used for grading. Hardwood sawtimber trees
that did not meet minimum tree grade specifi-
cations for grades 1 through 3 were assigned
grade 4 according to Forest Service standard
specifications for hardwood construction logs
described in "A guide to hardwood log grading”
{Rast et al. 1973}.

Red pine and jack pine sawtimber trees were
graded based on specifications described in
“Forest Service Log Grades for Southern Pines’
(Campbell 1964). White pine and other soft-
wood sawtimber trees were graded according
to specifications described by Ostrander and
Brisbin (1971). For all softwoods, the first
merchantable 16-foot log, or shorter lengths
down to 12 feet, was used for grading.

a



Hardwood Tree Grade for Factory Lumber 2

Grade factor Tree grade 1 Tree grade 2 Tree grade 3

Length of grading zone (feet) Butt 16 Butt 16 Butt 16
Length of grading section P (feet) Best 12 Best 12 Best 12
D.b.h.. minimum (inches) 16C 13 11
D.ib., minimum at top ot grading 13¢ 16 20 11d 12 8

section {inches)
Clear cuttings (on the 3 best faces)®

Length, minimum {feet) 7 5 3 3 3 2

Number on face [maximum) 2 2 3 Unlimited

Yield in face length (minimum) 5/6 4/6 3/6
Cull deduction {including crook and

sweep, but excluding shake) 9 f 50

maximum within grading

section (percent)

8 Hanks (1976)

b Whenever a 14- or 16-foot section of the butt 16-foot log is better than the best 12-foot
section, the grade of the longer section will become the grade of the tree. This longer
section, when used, is the basis for determining the grading factors such as diameter

and cull deduction.

C In basswood and ash, d.i.b. at top of grading section must be 12 inches and d.b.h. must

be 15 inches.

d Grade 2 trees can be 10 inches d.i.b. at top of grading section if they otherwise meet
surface requirements for small grade 1's.

€ A clear cutting is a portion of a face free of defects, extending the width of the face. A
face is one-fourth of the surface of the grading section as divided lengthwise.

f Fifteen percent crook and sweep or 40 percent total cull deduction are permitted in grade
2 trees, if size and surface of grading section qualify as grade 1. If rot shortens the
required clear cuttings to the extent of dropping the butt log to grade 2, do not drop the
tree's grade to 3 unless the cull deduction for rot is greater than 40 percent.
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Forest Service Standard Specifications for Hardwood
Construction Logs (tie and timber logs) @ b

Position in tree Butts and uppers

Minimum diameter, small end 8 inches

Minimum length without trim 8 feet

Clear cuttings No requirements

Sweep allowance One-fourth of the diameter at the small

end for each 8 feet of length.

Sound surface defects:

Single knots Any number, if no one knot has an average
diameter above the callus in excess of one-third
of the log diameter at point of occurrence.

Whorled knots Any number, if the sum of knot diameters above
the callus does not exceed one-third of the log
diameter at point of occurrence.

Holes Any number, provided none has a diameter
over one-third of the log diameter at point of
occurrence and none extends more than 3

inches into included timber®.

Unsound surface defects: Same requirements as for sound defects if
they extend into included timber.
No limit if they do not.

a Rast et al. (1973).

D These specifications are minimum for the class. If, from a group of logs, factory logs are
selected first, thus leaving only nonfactory logs from which to select construction logs.
then the quality range of the construction logs so selected is limited. and the class may
be considered a grade. If selection for construction logs is given first priority, it may be
necessary to subdivide the class into grades.

€ Included timber is always square, and dimension is judged from small end.



Eastern White Pine Saw log Grade Specifications &

Grading factor Log grade 1 | Log grade 2 Log grade 3 Log grade 4
1. Minimum scaling ]
diameter {inches) 14b 6 6 6
2. Minimum log
length {feet) 10¢ 8 8 8
3. Maximum weevil
injury {number) None None 2 injuries d No limit
4. Minimum face Two full NC GOOD FACES REQUIRED Includes all
requirements length or Maximum diameter of log knots logs not

four 50%¢
length good
faces (in
addition, log
knots on
balance of
faces shall
not exceed
size limit of

on three best faces:
SOUND RED KNOTS

not to exceed
1/6 scaling

| diameter and 37

maximum

not to exceed
1/3 scaling

diameter and
5" maxirmum

OVERGROWN/DEAD/BLACK
KNOTS

| not to exceed

not to exceed

{ qualifying for

No. 3 or better
and having at
least 1/3 of
their gross
volume in
sound wood
suitable for
manufacture
into standard

deduction (%)

grade 1/12 scaling 1/6 scaling
2 logs). diameter and diameter and | lumber
' 1 1/2" max. 2 1/2" max.
5. Maximuim sweep
| or crook {%) 20 30 40 66 2/3
6. Maximum total
scaling 50 50 30 66 2/3

After the tentative grade is established from face examination, the grade will be reduced
whenever the following defects are evident:

7. Conks, punk knots, and pine borer damage on bark surface. f
Degrade one grade if present on one face.
Degrade two grades if present on two faces.
Degrade three grades if present on three or more faces.

8. Log end defects: red rot, ring shake, heavy stain, and pine borer damage outside the

heart center of log. f' Consider log as having a total of 8 quarters (4 on each end) and

degrade as indicated.
Degrade one grade if present in 2 quarters of log ends.
Degrade two grades if present in 3 or 4 quarters of log ends.
Degrade three grades if present in 5 or more quarters of log ends.

Ostrander and Brisbin {1971)
12- and 13-inch logs with four full-length good faces are acceptable.
8-foot logs with four full-length good faces are acceptable.
8-foot Number 3 logs limited to one weevil injury.
Minimum 50% length good face must be at least 6 feet.

e a0 o

No log is to be degraded below grade 4 if net scale is at least one-third of gross scale.

Factors 7 and 8 are not cumulative (total degrade based on more serious of the two).
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Log Grades for Jack Pine and Red Pine 2

Grade 1: Trees with three or four clear faces on the 16-foot grading section.P
Grade 2: Trees with one or two clear faces on the 16-foot grading section.
Grade 3: Trees with no clear faces on the 16-foot grading section.

After the tentative grade is established from above, the tree will be reduced one grade for
each of the following, except that no tree can be reduced below grade 3, provided the total
scaling deductions for sweep and/or rot do not exceed two-thirds of the gross scale of the
tree.

Sweep. Degrade any tentative grade 1 or 2 tree one grade if sweep in the lower 12
feet of grading sections amounts to 3 or more inches and equals or exceeds one-
fourth of the diameter at breast height.

Heart rot. Degrade any tentative grade 1 or 2 tree one grade if conk, punk knots,
massed hyphae, or other evidence of advanced heart rot is found anywhere on the
main tree stem.

a Campbell (1964)

b A face is one-fourth of the circumference in width extending full length of the grading
section. Clear faces are those free of: knots measuring more than 1/2-inch in
diameter, overgrown knots of any size, and holes more than 1/4-inch in diameter.
Faces may be rotated to obtain the maximum number of clear on the grading section.

Log Grades for All Other Softwood Logs

Grade 1
1. Trees must be 16 inches in diameter or larger, grading section 12 feet in length or
longer, and with deduction for defect not over 30 percent of gross scale.

2. Trees must be at least 75 percent clear on each of three faces.

3. Al knots outside clear cutting must be sound and not more than 2-1/2 inches in
size.

Grade 2
1. Trees must be 12 inches in diameter or larger, grading section 12 feet in length or
longer, and with a net scale after deduction for defect of at least 50 percent of the
gross scale deducted for defect.

2. Trees must be at least 50 percent clear on each of three faces or 75 percent clear on
two faces.

Grade 3
1. Trees must be 6 inches in diameter or larger, grading section 12 feet in length or
longer, and with a net scale after deduction for defect of at least 50 percent of the
gross contents of the log.

Note: Diameters are diameter inside bark (d.i.b.) at small end of grading section.
Percent clear refers to percent clear in one continuous section.



METRIC EQUIVALENTS OF UNITS USED
IN THIS REPORT

1 acre = 4,046.86 square meters or 0.405
hectare.

1,000 acres = 405 hectares.

1 cubic foot = 0.0283 cubic meter.

1 foot = 30.48 centimeters or 0.3048 meter.

1l inch = 25.4 millimeters, 2.54 centimeters, or
0.0254 meter.

1 pound = 0.454 kilograms.

1 ton = 0.907 metric tons.

TREE SPECIES GROUPS IN MICHIGAN
{Little 1981)

Softwoods
Fastern white pine .................... Pinus strobus
Red pine ......coooiviiniiiiiin, Pinus resinosa
Jack pine ...... P Pinus banksiana
White 8pruce ........coocevneeniicnn, Picea glauca
Black spruce ... Picea mariana
Balsam fir .................. UTURR Abies balsarmnea
Eastern hemlock ................. Tsuga canadensis
Tamarack ..o Larix laricina
Northern white-cedar .......... Thuja occidentalis
Other softwoods:

Eastern redcedar........... Juniperus virginiana

NOTWAY SPIUCE .oovviiiiiiiiiieinnien Picea abies

Engelmann spruce ............ Picea engelmannii

Austrian pine ... Pinus nigra

Scotch pine ... Pinus sylvestris

Ponderosa pine .................... Pinus ponderosa

Blue spruce ..., Picea pungens

Douglas fir ................. Pseudotsuga menziesii
Hardwoods
Select white oaks!

White 0ak ..oooeviiie e Quercus alba

Buroak.....oocoocoiiiiiinnnns Quercus macrocarpa

Chinkapin oak........... Quercus muehlenbergii

Swamp white oak ... Quercus bicolor
Other white oaks!

Chestnut oak ... Quercus prinus
Select red oak!

Northernred oak .........cooeo 0, Quercus rubra
Other red oaks!

Scarletoak ............... s Quercus coccinea

Northern pin oak ........... Quercus ellipsoidalis

Pinoak....oooooooiiiiiinninenn, Quercus palustris

Black oak «.ooooriiiiiiiie Quercus velutina
Hickories!

Shagbark hickory ... . Carya ovata

1 This species or species group is considered a hard
hardwood, with an average specific gravity greater
than or equal to 0.50,

Shellbark hickory ................ Carya laciniosa

Bitternut hickory ............... Carya cordiformis

Mockernut hickory ............. Carya tomentosa

Pignut hickory .......................... Carya glabra
Hard maples!

Black maple ........oooiiiienniiniinnnn Acer nigrum

Sugar maple ... Acer saccharum
Soft maples?

Red maple .....o..ooovieiiniin e, Acer rubrum

Silver maple ... Acer saccharinum
American beech! ... Fagus grandifolia
Ashes

White ash!.................. Fraxinus americana

Black ash?............................ Fraxinus nigra

Green ash! ... Fraxinus pennsylvanica
Balsam poplar?................ Populus balsamifera
Aspens?

Bigtooth aspen ........... Populus grandidentata

Quaking aspen ............... Populus tremuloides
Eastern cottonwood? ............ Populus deltoides
American basswood?................ Tilio americana
Yellow-poplar? ............... Lirtodendron tulipifera
Black walnut! ... Juglans nigra
Black cherry?......o.ooo Prunus serotina
Butternut?................. Juglans cinerea
Sycamore? ..., Platanus occidentalis
Elms

American elm? .................... Ulmus americana

Siberian elm?..........ooevienn. Ulmus pumila

Slippery ¢lm?....... DTS U Ulmus rubra

Rock elm! ..., . Ulmus thomasii
Birches

Yellow birch! ................ Betula alleghaniensis

River birch? ...l Betula nigra

Paper birch? ...l Betula papyrifera
Hackberry? ... Celtis occidentalis
Black willow? ..o Salix nigra
Black tupelo? ... Nyssa sylvatica

var. sylvatica
Other hardwoods

Boxelder?..........ocooooiiiiL Acer negundo
Sweet birch? ... Betula lenta
Black locust! ..., Robinia pseudoacacia
Red mulberry? ... Morus rubra
Honeylocust! ................. Gleditsia triacanthos
Northern catalpa® ............... Catalpa speciosa
Ohio buckeye? ...................... Aesculus glabra
Flowering dogwood? ................ Cornus florida
Sassafras? ..., Sassafras albidum
Noncommercial species
Striped maple ................. Acer pensylvanicum
Mountain maple ... Acer spicatum

? This species or species group is considered a soft
hardwood, with an average specific gravity of less
than 0.50.
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Allanthus ...cooovveeiieeennnnn, Ailanthus altissima

American hornbeam ...... Carpinus caroliniana
Hawthorn ....ccocoovvviiininninennnn Crataegus spp.
Osage-orange .....ccoveveeeenennn. Maclura pomifera
ADPPIC .o Malus spp.
Eastern hophornbeam........ Ostrya virginiana
Pincherry .ccooovvevivvvinnns Prunus pensylvanica
Wild plum ..o Prunus spp.
Chokecherry......ocovviviinnes Prunus virginiana
Peachleaf willow .............. Salix amygdaloides
Diamond willow ........c.ccoeenuen. Salix bebbiana

American mountain ash .... Sorbus americana

DEFINITION OF TERMS

Average annual mortality of growing
stock.—The average cubic foot volume of
sound wood in growing-stock trees that died
in 1 year. Average annual mortality is the
average for the years between inventories
(1980 to 1992 in this report).

Average annual mortality of sawtimber.—
The average board foot volume of sound
wood in sawtimber trees that died in 1 year.
Average annual mortality is the average for
the years between inventories (1980 to 1992
in this report).

Average annual removals from growing
stock.—The average net growing-stock
volume in growing-stock trees removed
annually for roundwood forest products, in
addition to the volume of logging residues,
and the volume of other removals. Average
annual removals of growing stock are the
average for the years between inventories
(1980 to 1992 in this report) and are based
on information obtained from remeasure-
ment plots (see Survey Procedures in Appen-
dix).

Average annual removals from sawtimber.—
The average net board foot sawtimber vol-
ume of live sawtimber trees removed annu
ally for roundwood forest products, in addi-
tion to the volume of logging residues, and
the volume of other removals. Average
annual removals of sawtimber are the aver-
age for the years between inventories (1980
to 1992 in this report) and are based on
information obtained from remeasurement
plots {see Survey Procedures in Appendix].

Average net annual growth of growing
stock.—The annual change in cubic foot
volume of sound wood in live sawtimber and
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poletimber trees, and the total volume of
trees entering these classes through in-
growth, less volume losses resulting from
natural causes. Average net annual growing
stock is the average for the years between
inventories {1980 to 1992 in this report).

Average net annual growth of sawtimber.—
The annual change in the board foot volume
of live sawtimber trees, and the total volume
of trees reaching sawtimber size, less volume
losses resulting from natural causes. Aver-
age net annual growth of sawtimber is the
average for the years between inventories
(1980 to 1992 in this report).

Basal area.—Tree area in square feet of the
cross section at breast height of a single tree.
When the basal areas of all trees in a stand
are summed, the result is usually expressed
as square feet of basal area per acre.

Biomass.—The aboveground volume of all live
trees (including bark but excluding foliage)
reported in green tons (i.e., green weight).
Biomass has four components:

Bole.—Biomass of a tree from 1 foot above
the ground to a 4-inch top outside bark.

Tops and limbs.—Total biomass of tree
from a 1-foot stump minus the bole.

I- to 5-inch trees.—Total aboveground
biomass of a tree from 1 to 5 inches in
diameter at breast height.

Stump.—Biomass of a tree 5 inches d.b.h.
and larger from the ground to a height of 1
foot.

Commercial species.—Tree species presently
or prospectively suitable for industrial wood
products. (Note: Excludes species of typi-
cally small size, poor form, or inferior quality
such as hophornbeam, Osage-orange, and
redbud.)

Cord.—One standard cord is 128 cubic feet of
stacked wood, including bark and air space.
Cubic feet can be converted to solid wood
standard cords by dividing by 79.

Corporate.—Lands owned by a private corpo-
ration not in the business of operating
primary wood-using plants.

County and municipal land.—Land owned by
counties and local public agencies or mu-
nicipalities, or land leased to these govern-
mental units for 50 years or more.



Cropland.—Land under cultivation within the
last 24 months; including cropland har-
vested, crop failures, cultivated summer
fallow. idle cropland used only for pasture,
orchards, and land in soil immprovement
crops, but excluding land cultivated in
developing improved pasture.

Cull.—Portions of a tree that are unusable for
industrial wood products because of rot,
missing or dead material, form, or other
defect.

Current annual growth of growing stock.—
The annual change in volume of sound wood
in live sawtimber and poletimber trees and
the total volume of trees entering these
classes through ingrowth, less volume losses
resulting from natural causes, reported for a
single year (1992 in this report}). Current
growth is based on an estimate of the cur-
rent annual increment of each growing-stock
tree in the inventory.

Current annual growth of sawtimber.—The
annual change in the volume of live sawtim-
ber trees, and the total volume of trees
reaching sawtimber size, less volume losses
resulting from natural causes, reported for a
single year (1992 in this report). Current
growth is based on an estimate of the cur-
rent annual increment of each growing-
stock tree in the inventory.

Current annual removals from growing
stock.—The current net growing-stock
volume in growing-stock trees removed
annually for roundwoced forest products, in
addition to the volume of logging residues,
and the volume of other removals. Current
annual removals of growing stock are re-
ported for a single year (1992 in this report);
they are based on a survey of primary wood
processing mills to determine removals for
products and on information from remea-
surement plots (see Survey Procedures in
Appendix) to determine removals due to land
use change.

Current annual removals from sawtimber —
The current net board foot sawtimber volume
of live sawtimber trees removed annually for
roundwood forest products, in addition to
the volume of logging residues, and the
volume of other removals. Current annual
removals of sawtimber are reported for a

single year {1992 in this report); they are
based on a survey of primary wood process-
ing mills to determine removals for products
and on information from remeasurement
plots (see Survey Procedures in Appendix) to
determine removals due to land use change.

Diameter class.—A classification of trees
based on diameter outside bark, measured
at breast height 4.5 feet above the ground.
{Note d.b.h, is the common abbreviation for
diameter at breast height.) Two-inch diam-
eter classes are commonly used in Forest
Inventory and Analysis, with the even inch
the approximate midpoint for a class. For
example, the 6-inch class includes trees 5.0
through 6.9 inches d.b.h.

Diameter at breast height {d.b.h.}).—The
outside bark diameter at 4.5 feet (1.37 m)
above the forest floor on the uphill side of
the tree. For determining breast height, the
forest floor includes the duff layer that may
be present. but does not include unincorpo-
rated woody debris that may rise above the
ground line,

Farm.—Any place from which $1,000 or more
of agricultural products were produced and
sold during the year,

Farmer-owned land.—{See individual private
land.)

Forest industry land —Land owned by com-
panies or individuals operating primary
wood-using plants.

Forest land.—Land at least 16.7 percent
stocked by forest trees of any size, or for-
merly having had such tree cover, and not
currently developed for nonforest use. {Note:
Stocking s measured by comparing specified
standards with basal area and/or number of
trees, age or size, and spacing.) The mini-
mum area for classification of forest land is 1
acre. Roadside, streamside, and shelterbelt
strips of timber must have a crown width of
at least 120 feet to qualify as forest land.
Unimproved roads and trails, streams, or
other bodies of water or clearings in forest
areas shall be classed as forest if less than
120 feet wide. {See Tree, Land, Timberland,
Reserved forest land, Other forest land,
Stocking, and Water.)
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Forest type.—A classification of forest land
based on the species forming a plurality of
live tree stocking. The associated species for
each forest type are based on net volume of
growing stock and all live biomass by species
group. Major forest types in the State are:

Jack pine.—Forests in which jack pine
comprises a plurality of the stocking. Spe-
cies commonly associated with the jack pine
forest type in Michigan include red pine,
select red oaks, aspen, and eastern white
pine.

Red pine.—Forests in which red pine
comprises a plurality of the stocking. Spe-
cies commonly associated with the red pine
forest type in Michigan include eastern white
pine, jack pine, and aspen.

Eastern white pine.—Forests in which
eastern white pine comprises a plurality of
the stocking. Species commonly associated
with the eastern white pine forest type in
Michigan include red pine, aspen, red maple,
paper birch, red oak, white spruce, and
balsam fir.

Balsam fir—Forests in which balsam fir
and white spruce comprise a plurality of the
stocking. with balsam fir the most common.
Species commonly associated with the bal-
sam fir forest type in Michigan include white
spruce, aspen, northern white-cedar, paper
birch, red maple, black spruce, and eastern
white pine.

White spruce.—Forests in which white
spruce and balsam fir comprise a plurality of
the stocking, with white spruce the most
common. Species commonly associated with
the white spruce forest type in Michigan
include aspen, paper birch, balsam fir,
eastern white pine, red maple, and northern
white-cedar.

Black spruce.—Forests in which swamp
conifers comprise a plurality of the stocking,
with black spruce the most common. Spe-
cies commonly associated with the black
spruce forest type in Michigan include tama-
rack, balsam fir, eastern white pine, northern
white-cedar, aspen, jack pine, and paper
birch.

Northern white-cedar—Forests in which
swamp conifers comprise a plurality of the
stocking, with northern white-cedar the most
common. Species commonly associated with
the northern white-cedar forest type in
Michigan include balsam fir, paper birch,
black spruce, red maple, and aspen.
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Tamarack.—Forests in which swamp
conifers comprise a plurality of the stocking,
with tamarack the most common. Species
commonly associated with the tamarack
forest type in Michigan include northern
white-cedar, black spruce, balsam fir, and
paper birch.

Oalk-hickory—Forests in which northern
red oak, white oak, bur oak, or hickories,
singly or in combination, comprise a plurality
of the stocking. Species commonly associ-
ated with the oak-hickory forest type in
Michigan include red maple, aspen, and
black cherry.

Elm-ash-soft maple.—Forests in which
lowland elm, ash, red maple, silver maple,
and cottonwood, singly or in combination,
comprise a plurality of the stocking. Species
comrnonly associated with the elm-ash-soft
maple forest type in Michigan include north-
ern white-cedar, aspen, cottonwood, and
balsam fir.

Maple-beech-birch.—Forests in which sugar
maple, yellow birch, American elm, and red
maple, singly or in combination, comprise a
plurality of the stocking. Species commonly
associated with the maple-beech-birch forest
type in Michigan include basswood, eastern
hemlock, green and white ash, aspen, black
cherry, and select red oaks.

Aspen.—Forests in which quaking aspen or
bigtooth aspen, singly or in combination,
comprise a plurality of the stocking. Species
commonly associated with the aspen forest
type in Michigan include red maple, paper
birch, balsam fir, and select red oaks.

Paper birch,.—Forests in which paper birch
comprises a plurality of the stocking. Spe-
cies commonly associated with the paper
birch forest type in Michigan include aspen,
red maple, balsam fir, northern white-cedar,
sugar maple, and balsam poplar.

Balsamn poplar—Forests in which balsam
poplar comprises a plurality of the stocking.
Species commonly associated with the bal-
sam poplar forest type in Michigan include
balsam fir, aspen, northern white-cedar,
paper birch, black ash, and white spruce.

Growing-stock tree.—A live tree of commer-
cial species that meets specified standards of
size, quality, and merchantability. (Note:
Excludes rough, rotten, and dead trees.)

Growing-stock volume.—Net volume in cubic
feet of growing-stock trees 5.0 inches d.b.h.
and over, from 1 foot above the ground to a



minimum 4.0-inch top diameter outside bark
of the central stem or to the point where the
central stem breaks into limbs.

Hard hardwoods —Hardwood species with an
average specific gravity greater than 0.50
such as oaks, hard maple, hickories. and
ash.

Hardwoods.—Dicotyledonous trees, usually
broad-leaved and deciduous. (See Soft
hardwoods and Hard hardwoods.)

Improved pasture.—Land currently tmproved
for grazing by cultivating. seeding, irrigating.
or clearing trees or brush and less than 16.7
percent stocked with trees.

Indian land. —lLand held in trust by the United
States for tribes or individual Indians.

Individual private land —Privately owned
land not owned by forest indusiry. This
class includes the formerly used Farmer and
Miscellaneous private classes.

Industrial wood.—All roundwood products
except residential fuelwood.

Land.— (a) Bureau of the Census. Dry land
and land temporarily or partly covered by
water such as marshes, swamps, and river
flood plains (omitting tidal flats below mean
high tide); streams, sloughs, estuaries, and
canals less than one-eighth of a statute mile
wide; and lakes, reservoirs, and ponds less
than 40 acres in area.

(b} Forest Inventory and Analysis. The same
as the Bureau of the Census, except mini-
mum width of streams, etc., is 120 feet and
minimum size of lakes, etc., is 1 acre.

Live trees —Growing-stock, rough, and rotten
trees 1.0 inch d.b.h. and larger.

Log grade.—A log classification based on
external characteristics as indicators of
quality or value. Log grade was assigned to
a sample of softwood sawtimber trees
throughout the State during the 1993 inven-
tory. Also see Tree grade. (See Appendix for
specific grading factors used.)

Logging residue.—The unused portions of cut
trees, plus unused trees killed by logging.

Marsh.—Nonforest land that characteristically
supports low, generally herbaceous or
shrubby vegetation. and that is intermit-
tently covered with water.

Merchantable.—Refers to a pulpwood or saw-
log section that meets pulpwood or saw-log
specifications, respectively.

Miscellaneous Federal land.—Federal land
other than National Forest and land admin-
istered by the Bureau of Land Management
or Burceau of Indian Affairs.

Miscellaneous private land.—(See [ndividual
private land.}

National Forest land.—Federal land that has
been legally designated as National Forest or
purchase units, and other land administered
by the USDA Forest Service.

Net volume.—Gross volume less deductions
for rot, sweep, or other defect affecting use
for timber products.

Noncommercial specles.—Tree species of
typically small size, poor form, or inferior
quality that normally do not develop into
trees suitable for industrial wood products.

Nonforest land.—Land that has never sup-
ported forests, and land formerly forested
where use for timber management I8 pre-
cluded by development for other uses. {Note:
Includes areas used for crops, improved
pasture, residential arcas, city parks, im-
proved roads of any width and adjoining
clearings, powerline clearings of any width,
and 1- to 40-acre areas of water classified by
the Bureau of the Census as land.}) If inter-
mingled in forest areas, unimproved roads
and nonforest strips must be more than 120
feet wide and more than 1 acre in area to
qualify as nonforest land.

Nornforest land without trees.—Nonforest
land with no live trees present,

Nonforest land with trees.—Nonforest land
with one or more trees per acre af least 5
inches d.b.h.

Nonstocked land.—Timberland less than 16.7
percent stocked with all live trees.

Other forest land. —Forest land not capable of
producing 20 cubic feet per acre per year of
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industrial wood crops under natural condi-
tions and not associated with urban or rural
development. Many of these sites contain
tree species that are not currently utilized for
industrial wood production or trees of poor
form, small size, or inferior quality that are
unfit for most industrial products. Unpro-
ductivity may be the result of adverse site
conditions such as sterile soil, dry climate,
poor drainage, high elevation. and rockiness.
This land is not withdrawn from timber
utilization.

Other removals.—Growing-stock trees re-
moved but not utilized for products, or trees
left standing but “removed” from the timber-
land classification by land use change.
Examples are removals from cultural opera-
tions such as timber stand improvement
work and land clearing, and the standing
volume on land classified originally as
timberland but later designated as reserved
from timber harvesting (such as a newly
established State park].

Ownership size class.—The amount of tim-
berland owned by one owner, regardless of
the number of parcels.

Pasture.—Land presently used for grazing or
under cultivation to develop grazing.

Physiographic class.—A measure of soil and
water conditions that affect tree growth ona
site. The physiographic classes are:

Xeric sites.—Very dry soils where excessive
drainage seriously limits both growth and
species occurrence. Example: sandy jack
pine plains.

Xeromesic sites.—Moderately dry soils
where excessive drainage limits growth and
species occurrence to some extent. Ex-
ample: dry oak ridge.

Mesic sites.—Deep. well-drained soils.
Growth and species occurrence are limited
only by climate. Example: well-drained
terraces of loamy soil.

Hydromesic sites.—Moderately wet soils
where insufficient drainage or infrequent
flooding limits growth and species occur-
rence to some extent. Example: moderately
drained bottomland hardwood sites.

Hydric sites.—Very wet sites where excess
water seriously limits both growth and
species occurrence. Example: frequently
flooded river bottoms and black spruce
swamps.
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Plant byproducts.—Plant residues used for
products such as mulch, pulp chips, and
fuelwood.

Plantation.—An artificially reforested area
sufficiently productive to qualify as timber-
land. The planted species is not necessarily
predominant. Christmas tree plantations,
which are considered reserved forest land,
are not included.

Plant residues.—Wood and bark materials
generated at manufacturing plants during
production of other products.

Poletimber stand.—{See Stand-size class.)

Poletimber tree.—A live tree of commercial
species at least 5.0 inches d.b.h., but
smaller than sawtimber size.

Potential productivity class.—A classifica-
tion of forest land in terms of inherent
capacity to grow crops of industrial wood.
The class identifies the potential growth in
merchantable cubic feet/acre/year at culmi-
nation of mean annual increment of fully
stocked natural stands.

Reserved forest land.—Forest land withdrawn
from timber utilization through statute,
administrative regulation, designation, or
exclusive use for Christmas tree production,
as indicated by annual shearing.

Rotten tree.—Live trees of commercial species
that do not contain at least one 12-foot saw
log or two saw logs 8 feet or longer, now or
prospectively, and/or do not meet regional
specifications for freedom from defect prima-
rily because of rot; that is, when more than
50 percent of the cull volume in a tree is
rotten.

Rough tree.—{a) Live trees of commercial
species that do not contain at least one
merchantable 12-foot saw log or two saw
logs 8 feet or longer, now or prospectively,
and/or do not meet regional specifications
for freedom from defect primarily because of
roughness or poor form, and {b) all live trees
of noncommercial species.

Roundwood products.—lLogs, bolts, or other
round sections {including chips from round-
wood] cut from trees for industrial or con-
sumer uses. (Note: Includes saw logs,



veneer logs. and bolts: cooperage logs and
bolts: pulpwood: tuelwood: pitings: poles;
posts: hewn ties: mine timbers: and various
other round. split, or hewn products.)

Salvable dead tree —A standing or down dead

tree considered merchantable by regional
standards.

Sapling.—A live tree 1.0 to 5.0 inches dLb.h.

Sapling-seedling stand.—{Sce Stand-size
class.)

Saw log.—A log meeting minimum standards
of diameter, length, and defect. including
logs at least 8 feet long, sound and straight
and with a minimum diameter outside bark
{d.o.b.) for softwoods of 7.0 inches (9.0
inches for hardwoods) or other combinations
of size and defect specified by regional
standards,

Saw-log portion.—That part of the bole of
sawtimber trees between the stump and the
saw-log top.

Saw-log top.—The point on the bole of saw-
timber trees above which a saw log cannot
be produced. The minimum saw-log top is
7.0 inches d.o.b. for softwoods and 9.0
inches d.o.b. for hardwoods.

Sawtimber stand. —(See Stand-size class.)

Sawtimber tree.—A live tree of commercial
species containing at least a 12-foot saw log
or two noncontiguous saw logs 8 feet or
longer, and meeting regional specifications
for freedom from defect. Softwoods must be
at least 9.0 inches d.b.h. Hardwoods must
be at least 11.0 inches d.b.h.

Sawtimber volume —Net volume of the saw-
log portion of live sawtimber in board feet.
International 1/4-inch rule {unless specified
otherwise), from stump to a minimum 7.0
inches top d.o.b. for softwoods and a mini-
mum 9.0 inches top d.o.b. for hardwoods,

Seedling.—A live tree less than 1.0 inch d.b.h,

that is expected to survive. Only softwood
seedlings more than 6 inches tall and hard-
wood seedlings more than 1 foot tall are
counted.

Short-log (rough tree). —A sawtimber-size tree
of commercial species that contains at least
one merchantable 8- to 11-foot saw log but
not a 12-foot saw log.

Shrub.—A woody. perennial plant differing
from a perennial herb in its persistent and
woody stem(s) and less definitely from a tree
in its lower stature and/or the general
absence of a well-defined main stem. For
this report, shrubs were separated somewhat
arbitrarily into tall and low shrubs as fol-
lows:

Tall shrubs.—Normally talier than 1.6 to
3.2 feet,

Low shrubs.—Normally shorter than 1.6 to
3.2 feet. (Woody perennial vines, such as
grape, were included with low shrubs))

Shrub and tree seedling blomass.—The total
aboveground weight of trees less than 1.0
inch in diameter and all shrubs.

Site Index.—An cxpression of forest site
quality based on the height of a free-growing
dominant or codominant tree of a represen-
tative species in the forest type at age 50.

Soft hardwoods. —Hardwood species with an
average specific gravity less than 0.50, such
as cottonwood, red maple, basswood, and
willow,

Softwoods. —Coniferous trees, usually ever-
green, having needles or scale-like leaves.

Stand.—A group of trees on a minimum of 1
acre of forest land that is stocked by forest
trees of any size,

Stand-age class.—A classification based on
age of the malin stand. Main stand refers to
trees of the dominant forest type and stand-
size class.

Stand-size class —A classification of stocked
(see Stocking) forest land based on the size
class of lve trees on the area; that is, saw-
timber, poletimber, or seedlings and sap-
lings.

Sawtimber stands ~—Stands with half or
more of live tree stocking in sawtimber or
poletimber trees, and with sawtimber stock-
ing at least equal to poletimber stocking.
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Poletimber stands.—Stands with half or
more of live tree stocking in poletimber and/
or sawiimber trees, and with poletimber
stocking exceeding that of sawtimber.

Sapling-seedling stands.—Stands with
more than half of the live tree stocking in
saplings and/or secdlings.

State land.—Land owned by the State of
Michigan or leased to it for 50 years or more.

Stocking.—The degree of occupancy of land
by live trees. measured by basal area and/or
the number of trees in a stand by size or age
and spacing. compared to the basal area
and/or number of trees required to fully
utilize the growth potential of the land: that
is. the stocking standard. A stocking per-
cent of 100 indicates full utilization of the
site and 1s equivalent to 80 square feet of
basal area per acre in trees 5.0 inches d.b.h.
and larger. In a stand of trees less than 5
inches d.b.h., a stocking percent of 100
would indicate that the present number of
trees is sufficient to produce 80 square feet
of basal area per acre when the trees reach 5
inches d.b.h.

Stands are grouped into the following stocking
classes:

Overstocked stands.—Stands in which
stocking of live trees is 133.0 percent or
miore.

Fudly stocked stands.—Stands in which
stocking of lve trees is from 100.0 to 132.9
pereent.

Medium stocked stands.—Stands in which
stocking of live trees s from 60.0 to 99.9
percent.

Poorly stocked stands.—Stands in which
stocking of live trees is from 16.7 to 59.9
percent.

Nonstocked areas.—Timberland on which
stocking of live trees is less than 16.7 per-
«ont.

Timber products output.—All timber prod-
ucts cut from roundwood and byproducts of
wood manufacturing plants. Roundwood
products include logs. bolts, or other round
sections cut from growing-stock trees, cull
trees, salvable dead trees, trees on nonforest
land, noncomunercial species, sapling-size
trees, and limbwood. Byproducts from
primary manufacturing plants include slabs,
edging, trimmings, miscuts, sawdust, shav-
ings, vencer cores and clippings, and screen-
ings of pulpmills that are used as pulpwood
chips or other products.
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Timberland.—Forest land that is producing,

or is capable of producing, more than 20
cubic feet per acre per year of industrial
wood crops under natural conditions, that is
not withdrawn from timber utilization, and
that is not associated with urban or rural
development. Currently inaccessible and
inoperable areas are included. {Timberland
was formerly called commercial forest land.)

Tree.—A woody plant usually having one or

more perennial stems, a more or less defi-
nitely formed crown of foliage. and a height
of at least 12 feet at maturity.

Tree biomass.—The total aboveground weight

(including the bark but excluding the foliage)
of all trees from 1 to 5 inches in d.b.h., and
the total aboveground weight {including the
bark but excluding the foliage) from a 1-foot
stump for trees more than 5 inches in
diameter.

Tree grade.—A classification of the lower 16

feet of the bole of standing trees based on
external characteristics as indicators of the
quality and quantity of lumber that could be
produced from the tree. Tree grade was
assigned to a sample of hardwood sawtimber
trees during the 1993 inventory. Also see
Log grade. (See Appendix for specific grading
factors used.)

Tree size class.—A classification of trees

based on diameter at breast height, includ-
ing sawtimber trees, poletimber trees, sap-
lings, and seedlings.

Upper stem portion.—That part of the bole of

sawtimber trees above the saw-log top to a
minimum top diameter of 4.0 inches d.o.b.
or to the point where the central stem breaks
into limbs.

Urban and other areas.—Areas within the

legal boundaries of cities and towns; subur-
ban areas developed for residential, indus-
trial, or recreational purposes; school yards;
cemeteries; roads; railroads; airports;
beaches; powerlines and other rights-of-way;
or other nonforest land not included in any
other specified land use class.

Urban forest land.—Land that would other-

wise meet the criteria for timberland, but
that is in an urban-suburban area sur-
rounded by commercial, industrial, or



residential development and not likely to be
managed for the production of industrial
wood products on a continuing basis. Wood
removed would be for land clearing, fuel-
wood, or esthetic purposes. Such forest land
may be associated with industrial, commer-
cial, residential subdivision, industrial
parks. golf course perimeters, airport buffer
strips. and public urban parks that qualify
as forest land.

Water.—(«) Bureau of the Census.—Permanent
inland water surfaces, such as lakes, reser-
voirs, and ponds at least 40 acres in arca;
and streams, sloughs, estuaries, and canals
at least one-eighth of a statute mile wide.

(b) Noncensus.—Permanent inland water
surfaces. such as lakes, reservoirs. and
ponds {rom 1 to 39.9 acres in area; and
strearns, sloughs, estuaries, and canals from
120 feet to one-cighth of a statute mile wide.

Wooded pasture —Improved pasture with
more than 16.7 percent stocking in live
trees, but less than 25 percent stocking in
growing-stock trees. Area is currently
improved for grazing or there is other evi-
dence of grazing.

Wooded strip.—An acre or more of natural
continuous forest land that would otherwise
meet survey standards for timberland except
that it Is less than 120 feet wide.
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Table 1. -- Area of land by Forest Survey Unit, county, and major land-use class, Michigan, 1993

(In thousand acres)

Total ! Forest land
Forest Survey land Total Reserved Other Other?
Unit and county area forest Timbertand forest land forest land land
Eastern Upper Peninsula
Alger 587.5 531.6 471.4 53.6 6.6 55.9
Chippew:~ 999.1 749.0 707.7 271 14.2 250.1
Delta 748.9 602.2 595.5 1.5 5.2 146.7
Luce 578.0 472.7 463.4 3.2 6.1 105.3
Mackinac 653.8 555.4 522.2 26.1 74 98.4
Menominee 667.9 524.6 523.3 13 - 143.3
Schoolcraft 754.0 540.5 525.4 8.1 7.0 213.5
Total 4,989.2 3,976.0 3,808.9 120.9 46.2 1,013.2
Western Upper Peninsula
Baraga 578.7 508.3 486.7 19.3 23 70.4
Dickinson 490.5 398.2 398.2 - 92.3
Gogebic 705.2 635.3 608.4 26.9 - 69.9
Houghton 647.5 540.4 528.9 9.9 1.6 107.1
Iron 746.6 662.3 658.0 - 4.3 84.3
Keweenaw 346.4 312.1 198.5 1123 1.3 34.3
Marquette 1,165.6 1,027.4 1,005.1 14.3 8.0 138.2
Ontonagon 8394 752.5 705.6 46.9 - 86.9
Total 5,519.9 4,836.5 4,589.4 229.6 17.5 683.4
Northern Lower Peninsula
Alcona 431.7 333.0 321.9 9.0 2.1 98.7
Alpena 367.5 236.2 233.0 3.2 - 131.3
Antrim 305.2 189.7 189.7 - - 115.5
Arenac 234.8 121.1 12114 - - 113.7
Bay 284.3 44.2 43.3 0.9 - 240.1
Benzie 205.7 146.6 136.9 9.7 - 59.1
Charlevoix 266.8 172.2 170.4 1.8 - 94.6
Cheboygan 458.0 350.3 339.6 9.8 0.9 107.7
Clare 362.8 2455 245.5 - - 117.3
Crawford 357.2 308.1 290.0 18.1 - 49.1
Emmet 299.5 208.1 197.6 8.2 2.3 91.4
Gladwin 324.4 186.9 186.9 - - 137.5
Grand Traverse 297.7 175.8 170.9 2.7 2.2 121.9
losco 351.5 2444 2426 - 1.8 107.1
Isabella 367.6 101.6 101.6 - - 266.0
Kalkaska 359.1 27111 267.4 3.7 - 88.0
Lake 363.3 315.2 315.2 - - 481
Leelanau 223.0 126.9 88.4 38.5 - 96.1
Manistee 348.1 253.3 249.1 42 - 94.8
Mason 316.9 172.7 157.0 129 2.8 1442
Mecosta 355.7 163.4 163.4 - - 192.3
Midiand 333.6 175.6 175.6 - - 158.0
Missaukee 362.7 237.9 229.3 6.9 1.7 124.8
Montmorency 350.5 293.8 293.6 0.2 - 56.7
Newaygo 539.2 331.5 330.4 1.1 - 207.7
Oceana 345.9 186.9 182.0 4.9 - 159.0
Ogemaw 361.2 229.1 228.5 0.6 - 132.1
Osceola 362.3 185.6 185.6 - - 176.7
Oscoda 361.6 317.2 307.9 9.3 - 44.4
Otsego 329.3 239.6 239.6 - - 89.7
Presque Isle 422.4 311.4 298.8 1.6 11.0 111.0
Roscommon 333.7 258.0 254.8 1.5 1.7 75.7
Wexford 362.0 281.7 259.3 22.4 - 80.3
Total 11,345.2 7,414.6 7,216.9 171.2 26.5 3,930.6

(Table 1 continued on next page)



{Table 1 continued)

Total' Forest land
Forest Survey land Total Reserved Other Other®
Unit and county area forest Timberland forest land forest land land
Southern Lower Peninsula
Allegan 529.6 179.9 178.4 15 - 349.7
Barry 355.9 111.2 111.2 - - 244.7
Berrien 365.5 68.3 67.0 1.3 - 297.2
Branch 324.9 54.4 54.4 - - 270.5
Cathoun 453.7 111.0 110.6 0.4 342.7
Cass 315.0 76.9 76.9 - - 238.1
Clinton 365.7 55.4 53.8 1.6 - 310.3
Eaton 369.0 82.1 82.1 - - 286.9
Genesee 409.4 64.9 64.9 - - 344.5
Gratiot 364.9 49.2 49.2 - - 315.7
Hillsdale 383.3 74.1 74.1 - - 309.2
Huron 535.4 66.2 64.5 1.7 - 469.2
Ingham 357.9 62.0 62.0 - - 295.9
lonia 366.9 74.6 74.6 - - 292.3
Jackson 452.3 82.3 82.3 - - 370.0
Kalamazoo 359.6 79.0 75.0 4.0 - 280.6
Kent 548.0 155.5 155.5 - - 392.5
Lapeer 418.8 110.3 109.4 0.9 - 308.5
Lenawee 480.4 55.2 55.2 - - 425.2
Livingston 363.8 100.0 94.1 5.9 - 263.8
Macomb 307.5 61.4 60.6 0.8 - 246.1
Monroe 352.7 37.9 37.9 - - 314.8
Montcalm 453.2 133.0 133.0 - - 320.2
Muskegon 325.9 162.2 159.9 2.3 - 163.7
Oakland 558.5 1374 111.2 26.2 - 4211
Ottawa 362.1 79.1 79.1 - - 283.0
Saginaw 517.7 98.9 98.9 - - 418.8
St. Clair 463.6 79.7 78.3 1.4 - 383.9
St. Joseph 322.4 65.6 65.6 - - 256.8
Sanilac 616.9 79.9 79.9 - - 537.0
Shiawassee 344.9 50.2 50.2 - - 294.7
Tuscola 520.1 1155 115.5 - - 404.6
Van Buren 391.0 1223 122.3 - - 268.7
Washtenaw 454 .4 822 82.2 - - 372.2
Wayne 393.0 35.9 30.9 5.0 - 357.1
Total 14,503.9 3,053.7 3,000.7 53.0 - 11,450.2
All counties 36,358.2 19,280.8 18,615.9 574.7 90.2 17,077.4

'From U. S. Bureau of the Census, 1990.

?Includes 183.5 thousand acres of water according to FIA standards of area classification,
but defined by the Bureau of the Census as fand.
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Table 2. -- Area of timberland by Forest Survey Unit, county, and ownership class, Michigan, 1993

(In thousand acres)

Forest Survey All National Other County and - Forest
Unit and county ownerships forest federal State municipal Indian industry Individual Corporate
Eastem Upper Peninsula
Alger 4714 105.3 4.0 81.3 - - 336 90.8 156.4
Chippewa 7077 210.4 0.9 155.8 1.1 13 57.4 2279 52.9
Delta §95.5 218.9 1.5 61.7 4.9 - 68.4 220.0 20.1
Luce 463.4 - - 215.4 - - 84.0 115.6 48.4
Mackinac 522.2 123.6 - 165.1 17 . 20.6 166.6 44.6
Menominee 523.3 - - 726 23 6.9 118.1 303.8 19.6
Schoolcraft 525.4 105.7 14.1 185.3 2.7 - 40.3 117.2 60.1
Total 3,808.9 763.9 20.5 937.2 12.7 8.2 422.4 1,241.9 402.1
Westem Upper Peninsula
Baraga 486.7 33.7 10.1 57.9 1.3 6.4 252.4 101.0 239
Dickinson 398.2 - 1.6 195.9 4.0 - 386 123.3 34.8
Gogebic 608.4 267.1 - 2.7 57.7 - 123.7 91.0 66.2
Houghton 528.9 1415 - 40.3 5.8 . 89.6 150.1 101.6
Iron 658.0 169.0 - 73.8 3.1 - 95.9 162.8 153.4
Keweenaw 198.5 - 1.3 1.2 - - 160.3 19.7 16.0
Marquette 1,005.1 5.0 1.4 224.5 14.2 - 171.4 295.4 293.2
Ontonagon 705.6 2471 2.7 20.4 3.9 - 153.8 1334 1443
Total 4,589.4 863.4 17.1 616.7 90.0 6.4 1,085.7 1,076.7 833.4
Northem Lower Peninsula
Alcona 321.9 101.8 - 21 6.6 - - 164.3 47.1
Alpena 233.0 - - 36.8 24 - - 156.0 37.8
Antrim 189.7 - - 51.1 6.4 - - 121.7 105
Arenac 121.1 - - 34.3 1.8 - - 81.5 3.5
Bay 433 - - .- - - - 43.3 -
Benzie 136.9 - - 66.5 - - - 62.4 8.0
Charlevoix 170.4 . - 62.3 - - - 92.5 15.6
Cheboygan 339.6 - - 168.2 - - - 154.1 17.3
Clare 2455 - 4.1 53.3 - - - 158.1 30.0
Crawford 290.0 35.9 241 151.9 - - - 95.8 4.3
Emmet 197.6 - - 751 4.9 - - 108.1 9.5
Gladwin 186.9 - - 75.4 44 - - 104.0 341
Grand Traverse 170.9 - - 70.6 44 - - 89.3 6.6
losco 242.6 107.8 - 15.2 - - - 98.7 20.9
Isabella 101.6 - - 32 - - - 93.9 4.5
Kalkaska 267.4 - - 144.1 - - - 105.6 17.7
Lake 315.2 111.9 1.7 63.5 - - - 125.0 13.1
Leelanau 88.4 - - 5.9 - - - 772 5.3
Manistee 249.1 82.1 - 15.0 10.7 - - 1109 304
Mason 157.0 47.8 - 7.0 3.4 - 5.6 85.4 7.8
Mecosta 163.4 - - 20.7 7.1 - - 129.8 5.8
Midland 175.6 - - 47.0 16 - 0.6 119.3 71
Missaukee 229.3 - - 106.6 - - - 99.6 23.1
Montmorency 293.6 - - 148.1 - - - 123.9 21.6
Newaygo 330.4 107.0 - 4.0 2.3 - - 208.5 8.6
Oceana 182.0 52.7 - 18 2.3 - - 111.2 14.0
Ogemaw 228.5 20.1 - 65.9 5.1 - - 118.9 185
Osceola 185.6 - - 20.9 1.7 - - 149.4 13.6
Oscoda 307.9 141.2 - 42.4 - - - 7714 47.2
Otsego 239.6 - 1.9 82.2 - - - 130.1 25.4
Presque Isle 298.8 - 2.2 66.0 1.2 - - 183.9 45.5
Roscommon 254.8 - - 168.3 1.7 - - 52.8 32.0
Wexford 259.3 92.6 - 60.9 - - - 94.5 1.3
Total 7,216.9 900.9 12.0 1,936.3 68.0 - 6.2 3,726.8 566.7

(Table 2 continued on next page)



{Table 2 continued)

Forest Survey Al National “Other County and Forest

Unit and county ownerships forest federal State municipal Indian industry Individual Corporate

Southem Lower Peninsula
Allegan 178.4 - - 55.8 - - - 114.6 8.0
Barry 111.2 - - 19.8 - . . 91.4 -
Berrien 67.0 - - 27 9.6 - - 49.3 54
Branch 54.4 - - - 3.0 - - 51.4 -
Calhoun 110.6 - - - - - - 103.0 76
Cass 76.9 - - . - 68.8 8.1
Clinton 53.8 - - - 2.6 - - 43.8 7.4
Eaton 82.1 . - - - . . 53.2 28.9
Genesee 64.9 - - 3.7 . . 61.2 -
Gratiot 49.2 - 73 - - - 419 -
Hillsdale 74.1 - - - . - - 744 -
Huron 64.5 - - 9.7 2.8 - - 52.0 -
ingham 62.0 - - 3.6 - - - 54.7 3.7
lonia 74.6 - 4.0 3.8 - 66.8 -
Jackson 82.3 - 131 2.6 - - 58.5 8.1
Kalamazoo 75.0 - - 6.2 5.8 - - 63.0 -
Kent 155.5 - 15 - - - 145.7 8.3
Lapeer 109.4 - 158 2.9 - - 80.3 104
Lenawee 55.2 - - - - - - 53.0 2.2
Livingston 94.1 - - 56 - - - 709 17.6
Macomb 60.6 - - 24 9.0 - - 19.7 29.5
Monroe 37.9 - - 15 - - - 30.1 6.3
Montcalm 133.0 1.8 - 18.5 5.9 - - 96.5 10.3
Muskegon 159.9 12.4 - 8.8 218 - - 101.4 15.5
Oakland 111.2 - - - - - - 79.2 32.0
Ottawa 79.1 - - 5.1 - - 65.0 9.0
Saginaw 98.9 - 9.6 - - - 89.3 -
St. Clair 78.3 - 11.0 - - - 51.1 16.2
St. Joseph 65.6 - 46 - - - 61.0 .
Sanilac 79.9 - 2.9 - - - 68.3 8.7
Shiawassee 50.2 - . - - - 47.2 3.0
Tuscola 115.5 - 21.2 . - - 94.3 .
Van Buren 122.3 - - - 1.1 - - 117.9 3.3
Washtenaw 82.2 - - 124 35 - - 59.5 6.8
Wayne 30.9 - - - 24 - - 25.0 3.5

Total 3,000.7 14.2 - 238.0 85.6 - - 2,403.1 259.8
All counties 18,615.9 2,542.4 49.6 3,728.2 256.3 14.6 1,514.3 8,448.5 2,062.0
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Table 4. -- Area of timberland by Forest Survey Unit, county,
and stand-size class, Michigan, 1993

(in thousand acres)

Stand-size class

Forest Survey All Sapling-
Unit and county stands Sawtimber Poletimber seedling Nonstocked
Eastern Upper Peninsula
Alger 471.4 260.6 116.4 92.3 2.1
Chippewa 707.7 288.5 184.3 234.9 -
Delta 595.5 197.6 204.0 193.9 -
Luce 463.4 265.8 1011 93.8 2.7
Mackinac 522.2 189.6 186.6 143.6 2.4
Menominee 523.3 120.3 201.5 200.4 11
Schooicraft 525.4 231.0 136.1 158.3 -
Total 3,808.9 1,553.4 1,130.0 1,117.2 8.3
Western Upper Peninsula
Baraga 486.7 3105 80.6 95.6 -
Dickinson 398.2 151.2 155.4 91.6 -
Gogebic 608.4 299.1 223.2 84.4 1.7
Houghton 528.9 292.7 154.7 81.5 -
Iron 658.0 291.0 180.8 186.2 -
Keweenaw 198.5 124.6 43.2 30.7 -
Marquette 1,005.1 458.6 264.6 276.9 5.0
Ontonagon 705.6 346.9 191.0 167.7 -
Total 4,589.4 2,274.6 1,293.5 1,014.6 6.7
Northern Lower Peninsula
Alcona 321.9 173.5 1133 347 0.4
Alpena 233.0 77.5 N7 62.1 17
Antrim 189.7 74.9 79.8 35.0 -
Arenac 121.1 39.9 29.9 51.3 -
Bay 43.3 12.6 11.1 19.6 -
Benzie 136.9 67.4 38.5 31.0 -
Charievoix 170.4 106.7 57.5 6.2 -
Cheboygan 339.6 128.1 109.7 101.8 -
Clare 2455 116.7 64.1 64.7 -
Crawford 290.0 102.6 1137 73.7 -
Emmet 197.6 83.7 839 30.0 -
Gladwin 186.9 66.7 60.7 59.5 -
Grand Traverse 170.9 81.8 68.7 20.4 -
losco 242.6 110.4 85.6 46.6 -
Isabella 101.6 48.5 26.4 26.7 -
Kalkaska 267.4 99.7 106.2 59.0 2.5
Lake 315.2 151.1 95.5 68.6 -
Leelanau 88.4 56.3 223 9.8 -
Manistee 2491 100.6 89.8 58.7 -
Mason 157.0 88.9 42.9 252 -
Mecosta 163.4 59.9 51.7 51.8 -
Midland 175.6 822 39.7 53.7 -
Missaukee 229.3 86.4 75.5 67.4 -
Montmorency 293.6 107.2 85.9 96.6 3.9
Newaygo 330.4 202.3 93.2 34.9 .
Oceana 182.0 91.3 40.9 49.0 0.8
Ogemaw 2285 731 95.7 59.7 .
Qsceola 185.6 65.0 57.6 60.8 2.2
Oscoda 307.9 105.3 79.7 120.8 2.1
Otsego 239.6 86.8 109.1 41.6 2.1
Presque isle 298.8 98.9 122.6 76.1 1.2
Roscommon 254.8 120.1 72.3 62.4 -
Wexford 259.3 86.7 139.5 33.1 .
Total 7,216.9 30528  2,4547 16925 16.9

(Table 4 continued on next page)



{Table 4 continued)

Stand-size class

Forest Survey All Sapling-

Unit and county stands Sawtimber Poletimber  seedling Nonstocked

Southern Lower Peninsula
Aliegan 178.4 111.7 35.4 31.3 -
Barry 111.2 67.3 15.4 28.5 -
Berrien 67.0 61.2 4.0 1.8 -
Branch 54.4 30.4 11.5 125 -
Calhoun 110.6 67.8 30.8 12.0 -
Cass 76.9 50.7 22.2 4.0 -
Clinton 53.8 22.8 10.4 20.6 -
Eaton 82.1 48.5 33.6 - -
Genesee 64.9 27.2 8.1 29.6 -
Gratiot 49.2 29.3 5.5 14.4 -
Hillsdale 74.1 39.3 21.8 13.0 -
Huron 64.5 37.4 15.3 11.8 -
Ingham 62.0 43.1 7.9 11.0 -
lonia 74.6 38.4 36.2 - -
Jackson 82.3 66.0 8.0 8.3 -
Kalamazoo 75.0 42.7 18.3 14.0 -
Kent 155.5 83.7 34.7 37.1 -
Lapeer 109.4 51.6 21.9 35.9 -
Lenawee 55.2 33.2 13.3 8.7 -
Livingston 94.1 84.3 4.6 5.2 -
Macomb 60.6 19.1 19.1 22.4 -
Monroe 37.9 27.2 9.7 1.0 -
Montcalm 133.0 83.2 32.3 17.5 -
Muskegon 159.9 86.0 39.6 27.7 6.6
Oakland 1112 52.8 27.3 31.1 -
Ottawa 79.1 50.7 19.0 9.4 -
Saginaw 98.9 31.8 38.1 29.0 -
St. Clair 78.3 46.4 15.2 16.7 -
St. Joseph 65.6 48.2 9.2 8.2 -
Sanilac 79.9 19.1 19.9 40.9 -
Shiawassee 50.2 36.2 5.4 8.6 -
Tuscola 115.5 34.0 36.4 451 -
Van Buren 122.3 73.9 18.4 30.0 -
Washtenaw 82.2 60.0 6.7 15.5 -
Wayne 30.9 18.9 7.9 4.1 -

Total 3,000.7 1,724 .1 663.1 606.9 6.6
All counties 18,615.9 8,604.9 5,541.3 4,431.2 38.5
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Table 5. -- Area of timberland by Forest Survey Unit, county,
and potential productivity class, Michigan, 1993

(In thousand acres)

Potential productivity class (cubic feet of growth per acre per year)

Forest Survey All
Unit and county classes 165+  120-164 85-119 50-84 20- 49
Eastern Upper Peninsula
Alger 471.4 - 135 72.5 208.0 177.4
Chippewa 707.7 - 12.1 95.9 225.9 373.8
Delta 595.5 - 19.4 96.4 237.9 241.8
Luce 463.4 - 3.9 38.8 161.0 259.7
Mackinac 522.2 1.8 13.1 81.6 203.7 222.0
Menominee 523.3 2.4 31.0 86.9 196.5 206.5
Schoolcraft 525.4 - 15.9 44.2 199.6 265.7
Total 3,808.9 4.2 108.9 516.3 1,432.6 1,746.9
Waestermn Upper Peninsula
Baraga 486.7 1.2 8.8 65.9 215.6 195.2
Dickinson 398.2 2.2 17.8 95.0 180.2 103.0
Gogebic 608.4 1.2 43.8 103.6 262.4 197.4
Houghton 528.9 - 233 105.4 295.3 104.9
Iron 658.0 1.1 38.3 130.8 330.7 1571
Keweenaw 198.5 - 1.2 12.9 53.4 131.0
Marquette 1,005.1 1.3 299 122.7 402.9 448.3
Ontonagon 705.6 1.8 23.7 159.1 367.9 153.1
Total 4,589.4 8.8 186.8 795.4 2,108.4 1,490.0
Northern Lower Peninsula
Alcona 321.9 4.3 26.3 92.6 137.2 615
Alpena 233.0 2.3 10.0 63.9 70.4 86.4
Antrim 189.7 21 4.2 56.6 80.1 46.7
Arenac 121.1 1.8 5.0 441 48.7 21.5
Bay 43.3 2.7 - 20.8 14.2 5.6
Benzie 136.9 3.3 15.1 23.8 51.8 429
Charlevoix 170.4 - 3.9 49.8 77.4 39.3
Cheboygan 339.6 - 9.1 78.5 144.4 107.6
Clare 245.5 2.1 16.4 81.2 86.9 58.9
Crawford 290.0 - 43 29.7 106.9 149.1
Emmet 197.6 2.3 5.0 49.4 97.8 43.1
Gladwin 186.9 1.8 17.2 58.7 91.5 17.7
Grand Traverse 170.9 - 2.7 30.1 69.3 68.8
losco 242.6 - 47 57.0 77.9 103.0
Isabella 101.6 - 17.0 44.5 29.9 10.2
Kalkaska 267.4 - 7.9 70.0 99.6 89.9
Lake 315.2 - 25.2 75.4 114.7 99.9
Leelanau 88.4 1.1 9.6 12.4 36.5 28.8
Manistee 249.1 - 6.9 59.8 1195 62.9
Mason 157.0 - 143 35.9 72.2 34.6
Mecosta 163.4 1.9 11.9 56.4 72.9 20.3
Midland 175.6 - 4.1 49.5 93.4 28.6
Missaukee 229.3 - 225 68.3 77.3 61.2
Montmorency 293.6 - 5.2 55.6 154.2 78.6
Newaygo 330.4 0.9 18.2 82.0 162.8 66.5
Oceana 182.0 - 127 40.5 88.7 40.1
Ogemaw 228.5 1.8 84 59.4 76.0 829
Osceola 185.6 - 19.3 68.5 75.2 226
Oscoda 307.9 - 111 50.9 130.7 115.2
Otsego 239.6 4.4 4.1 60.0 125.1 46.0
Presque Isle 298.8 - 22 29.2 107.7 159.7
Roscommon 254.8 1.7 35 53.8 107.9 87.9
Wexford 259.3 0.5 11.8 82.6 99.3 65.1
Total 7,216.9 35.0 339.8 1,790.9 2,998.1 2,053.1

(Table 5 continued on next page)



(Table 5 continued)

Potential productivity class (cubic feet of growth per acre per year)

Forest Survey All

Unit and county classes 165+ 120-164 85-119 50-84 20-49

Southem Lower Peninsula
Allsgan 178.4 7.9 5.9 59.2 86.1 19.3
Barry 111.2 7.8 8.3 50.7 34.1 10.3
Berrien 67.0 6.9 6.7 38.4 15.0 -
Branch 54.4 - 6.1 20.3 19.0 -
Calhoun 110.6 3.8 7.5 60.7 38.6 -
Cass 76.9 4.3 9.1 37.7 20.8 5.0
Clinton 53.8 - - 25.7 17.1 11.0
Eaton 82.1 3.6 11.0 42.7 24.8 -
Geneses 64.9 - 3.7 37.7 18.5 5.0
Gratiot 49.2 - - 294 15.9 39
Hillsdale 74.1 - 129 314 244 54
Huron 64.5 - 8.6 17.3 27.0 118
Ingham 62.0 3.6 7.2 40.2 9.3 1.7
lonia 746 38 155 19.1 36.2 -
Jackson 82.3 5.4 8.0 35.2 23.9 9.8
Kalamazoo 75.0 5.9 9.6 259 23.8 9.8
Kent 155.5 5.1 14.0 53.1 61.8 215
Lapeer 109.4 - 9.7 47.7 37.7 14.3
Lenawee 55.2 44 2.2 246 24.0 -
Livingston 94.1 - - 54.8 36.3 3.0
Macomb 60.6 - 3.9 229 30.0 3.8
Monroe 379 - - 325 39 1.5
Montcalm 1330 - 9.4 48.1 49.7 25.8
Muskegon 159.9 - 3.4 42.1 70.7 43.7
Oakland 111.2 - 5.6 39.9 434 223
Oftawa 79.1 - 8.0 19.5 424 9.2
Saginaw 98.9 - - 238 71.8 33
St. Clair 783 - 4.8 47.8 25.7 -
St. Joseph 65.6 9.2 47 279 174 6.4
Sanilac 799 Co- - 40.4 395 -
Shiawassee 50.2 - 2.8 33.7 13.7 -
Tuscola 1155 26 - 43.1 63.7 6.1
Van Buren 122.3 - 1.2 448 61.7 46
Washtenaw 82.2 - - 38.2 39.6 4.4
Wayne 30.9 - 2.3 19.6 35 5.5

Total 3,000.7 74.3 202.1 1,285.1 1,171.0 268.2

All counties 18,615.9 122.3 837.6 43877 7,710.1 5,558.2




Table 6. -- Area of timberland by Forest Survey Unit, county,
and stocking class of growing-stock trees', Michigan, 1993

{In thousand acres)

Stocking class of growing-stock irees

Forest Survey All Poorly Moderately Fully Over-
Unit and county classas  Nonstocked? stocked  stocked stocked stocked
Eastemn Upper Peninsula
Alger 471.4 33 4.1 61.9 220.4 181.7
Chippewa 707.7 - 27.0 120.4 270.1 290.2
Delta 595.5 - 273 102.7 216.8 248.7
Luce 463.4 27 231 123.2 226.6 87.8
Mackinac 522.2 35 16.5 69.6 203.3 229.3
Menominee 523.3 38 14.0 913 234.2 180.0
Schoolcraft 525.4 1.2 23.7 93.8 206.7 200.0
Total 3,808.9 14.5 135.7 662.9 1,578.1 1,417.7
Waestem Upper Peninsula
Baraga 486.7 - 12.6 50.3 215.4 208.4
Dickinson 398.2 - 11.7 78.9 192.5 115.1
Gogebic 608.4 17 1741 163.1 272.5 154.0
Houghton 528.9 121 29.8 1121 231.1 143.8
iron 658.0 1.8 25.9 104.2 311.5 214.6
Keweenaw 198.5 - 5.4 298 94.0 69.3
Marquette 1,005.1 6.4 30.5 104.0 408.9 455.3
Ontonagon 705.6 - 18.4 98.0 250.6 338.6
Total 4,589.4 22.0 151.4 740.4 1,976.5 1,699.1
Northem Lower Peninsula
Alcona 321.9 04 13.1 722 164.3 71.9
Alpena 233.0 4.0 73 46.1 121.4 54.2
Antrim 189.7 - 13.9 33.8 9.1 50.9
Arenac 121.1 - 6.7 39.0 51.0 244
Bay 433 - - 15.2 18.2 9.9
Benzie 136.9 - 222 244 46.9 434
Charlevoix 170.4 21 8.3 10.2 80.9 68.9
Cheboygan 339.6 6.0 19.5 92.0 158.8 63.3
Clare 245.5 - 20.4 61.0 128.0 36.1
Crawford 290.0 4.0 15.0 102.9 1221 46.0
Emmet 197.6 2.0 34 33.6 98.0 60.6
Gladwin 186.9 - 21.0 60.0 92.1 13.8
Grand Traverse 170.9 14 124 40.7 76.8 396
losco 2426 25 248 54.9 105.6 54.8
Isabella 101.6 - 9.6 290.3 44.4 183
Kalkaska 267.4 36 326 57.6 116.9 56.7
Lake 315.2 - 76 58.7 170.7 782
Leelanau 88.4 - 6.0 9.9 41.9 30.6
Manistee 249.1 34 234 47.1 109.1 66.1
Mason 157.0 - 134 30.4 68.5 447
Mecosta 163.4 0.5 145 41.6 83.6 232
Midland 175.6 - 73 32.3 1134 226
Missaukee 229.3 - 6.2 57.8 109.6 55.7
Montmorency 293.6 39 242 751 128.2 62.2
Newaygo 330.4 - 17.2 62.4 158.3 925
Oceana 182.0 2.3 235 30.1 88.1 38.0
Ogemaw 228.5 - 275 48.4 102.0 50.6
Osceola 185.6 7.1 291 29.9 80.6 38.9
Oscoda 307.9 2.1 259 70.8 164.6 445
Otsego 239.6 21 120 60.2 108.3 57.0
Presque Isle 298.8 1.2 142 56.2 154.4 728
Roscommon 254.8 - 53 413 138.8 69.4
Wexford 259.3 2.9 10.4 53.8 126.4 65.8
Total 7,216.9 51.5 497.9 1,578.9 3,463.0 1,625.6

(Table 6 continued on next page)



(Table 6 continued)

Stocking class of growing-stock trees

Forest Survey All Poorly Moderately Fully - Over-
Unit and county classes  Nonstocked? stocked  stocked stocked stocked
Southern Lower Peninsula
Allegan 178.4 - 18.6 33.0 87.2 39.6
Barry 111.2 - 9.8 278 52.2 214
Berrien 67.0 - . 14.1 325 20.4
Branch 54.4 - 1.9 16.1 30.3 6.1
Calhoun 110.6 - 10.8 32.0 52.7 15.1
Cass 76.9 - 4.3 28.7 31.0 12.9
Clinton 53.8 - 11.8 240 18.0 -
Eaton 82.1 - 35.3 13.7 22.0 11.1
Genesee 64.9 - 18.0 19.6 14.9 124
Gratiot 49.2 . 6.5 14.8 279 -
Hillsdaie 741 4.4 12.1 24.5 246 8.5
Huron 64.5 - 115 16.3 28.2 8.5
Ingham 62.0 - 6.8 227 325 -
lonia 746 - 4.0 16.2 51.5 3.9
Jackson 82.3 - 10.7 28.7 34.8 8.1
Kalamazoo 75.0 1.3 341 11.8 41.3 17.5
Kent 158.5 1.1 17.2 48.4 63.7 251
Lapeer 109.4 - 219 62.5 15.1 9.9
Lenawee 55.2 4.4 2.2 88 32.8 7.0
Livingston 94.1 - 14.0 252 40.9 14.0
Macomb 60.6 25.7 1.4 11.3 15.9 6.3
Monroe 37.9 - 1.5 125 16.4 7.5
Montcaim 133.0 - 13.1 46.6 49.4 239
Muskegon 159.9 6.6 5.6 222 97.5 28.0
Oakland 111.2 2.6 21.4 429 35.6 8.7
Ottawa 79.1 7.7 7.0 234 32.6 8.4
Saginaw 98.9 - 52 26.7 52.2 14.8
St. Clair 78.3 - 1.9 19.8 39.4 17.2
St. Joseph 65.6 27 54 236 21.5 12.4
Sanilac 79.9 - 244 335 16.2 58
Shiawassee 50.2 3.0 - 11.0 21.7 14.5
Tuscola 115.5 - 24.0 29.2 §3.7 8.6
Van Buren 122.3 2.5 156 34.0 50.4 19.8
Washtenaw 822 52 123 241 30.1 10.5
Wayne 30.9 - 4.1 10.3 11.8 4.7
Total 3,000.7 67.2 363.4 859.0 1,278.5 432.6
All counties - 18,615.9 155.2 1,148.4 3,841.2 8,296.1 5,175.0

This table is based on the stocking percent of growing-stock trees,

rather than that of all live trees. For this table, to use the definition of

stocking found in the Appendix, replace the term "all live" by “growing-stock.”

Area of nonstocked in this table and in Table 8 differs from that in other tables in this
report because this table includes land stocked only with growing-stock trees,

rather than with all live trees.
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Table 9. -- Area of timberland by forest type group/local type and stand-size class,

Michigan, 1993

(In thousand acres)

Stand-size class

Forest type group/ All Sapling-
local type stands  Sawtimber  Poletimber seedling Nonstocked
White-red-jack pine
Jack pine 846.1 258.0 3496 238.5 -
Red pine 897.2 430.7 344.0 1225 -
White pine 233.8 173.8 30.5 29.5 -
Total 1,977.1 862.5 7241 390.5 -
Spruce-fir
Balsam fir 563.1 177.3 158.2 227.6 -
White spruce 146.9 471 489 50.9 -
Black spruce 465.1 49.5 141.1 274.5 -
Northern white-cedar 1,349.4 594.8 582.2 172.4 -
Tamarack 148.9 31.5 40.2 77.2 -
Total 2,673.4 900.2 970.6 802.6 -
Oak-hickory
Oak-hickory 1,981.8 1,230.0 4571 294.7 -
Total 1,981.8 1,230.0 4571 294.7 -
Elm-ash-cottonwood
Elm-ash-soft maple 1,626.9 756.5 469.8 400.6 -
Total 1,626.9 756.5 469.8 400.6 -
Maple-beech-birch
Maple-beech-birch 7,161.3 3,848.4 1,979.2 1,333.7 -
Total 7,161.3 3,848.4 1,979.2 1,333.7 -
Aspen-birch ‘
Aspen 2,675.7 850.7 720.6 1,104.4 -
Paper birch 2915 90.4 166.8 34.3 -
Balsam poplar 189.7 66.2 53.1 70.4 -
Total 3,156.9 1,007.3 940.5 1,209.1 -
Nonstocked 38.5 - - - 38.5
All types 18,615.9 8,604.9 5,541.3 4,431.2 38.5
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Table 19. -- Net volume of growing stock on timberland by forest type group/local type and
major species group, Michigan, 1993

(in thousand cubic feet)

Major species group

Forest type group/ All Other Soft Hard
local type species Pine softwoods hardwoods hardwoods

Softwood type groups
White-red-jack pine

Jack pine 730,408 623,723 18,041 42,701 45,943
Red pine 1,612,009 1,426,478 25,610 85,803 74,118
White pine 398,749 280,006 35,312 53,264 30,167
Total 2,741,166 2,330,207 78,963 181,768 150,228
Spruce-fir
Balsam fir 625,706 47,342 375,049 183,543 19,772
White spruce 164,440 14,875 100,129 46,271 3,165
Black spruce 325,813 46,252 243,038 35,970 553
Northern white-cedar 2,029,869 65,894 1,610,870 315,756 37,349
Tamarack 97,986 3,349 86,410 7,688 539
Total 3,243,814 177,712 2,415,496 589,228 61,378
All softwood types 5,984,980 2,507,919 2,494,459 770,996 211,606
Hardwood type groups
Oak-hickory
Oak-hickory 2,949,259 162,534 12,650 588,994 2,185,081

Elm-ash-cottonwood

Elm-ash-soft maple 2,046,580 32,702 240,246 1,422,208 351,424
Maple-beech-birch

Maple-beech-birch 11,805,898 327,567 135,495 4,452,403 5,890,433
Aspen-birch

Aspen 3,165,070 146,286 334,189 2,412,676 271,919
Paper birch 479,231 24,225 94,496 327,802 32,708
Balsam poplar 212,663 1,303 56,902 151,289 3,169
Total 3,856,964 171,814 485587 2,891,767 307,796

All hardwood types 20,658,701 694,617 1873978 9,355,372 8,734,734
Nonstocked 1,204 1,052 45 107 -
All forest types 26,644 885 3,203,588 4,368,482 10,126,475 8,946,340
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Table 20. -- Average net annual growth of growing stock and sawtimber on timberiand by Forest Survey Unit, county,

and major species group, Michigan, 1980-1992

Growing stock

Sawtimber

Major species group

Major species group

Forest Survey Al Other Soft Hard All Other Soft Hard
Unit and county species Pine softwoods hardwoods hardwoods species Pine softwoods hardwoods hardwoods
(In thousand cubic feet) (In thousand board feet) '
Eastem Upper Peninsula
Alger 19,075 3,522 3,849 4,266 7,438 74,644 18,766 17,227 13,238 25,413
Chippewa 23,302 5,420 6,081 7,488 4,313 84,349 20,776 22,055 28,896 12,622
Delta 21,143 3,479 8,019 6,734 2,911 68,816 13,087 24,563 20,170 10,996
Luce 14,122 3,842 2,385 3,936 3,959 58,552 18,110 10,975 14,328 15,139
Mackinac 17,046 2,855 5,116 5,293 3,782 65,205 14,175 21,672 18,144 11,214
Menominee 19,560 1,623 7,374 6,394 4,169 53,636 7,120 18,908 15,124 12,484
Schoolcraft 17,600 4,638 5,034 4,802 3,126 60,834 19,879 15,191 15,220 10,544
Total 131,848 25,379 37,858 38,913 29,698 466,036 111,913 130,591 125,120 98,412
Waestern Upper Peninsula
Baraga 16,583 896 3,541 4,390 7,756 65,259 4,220 16,224 18,367 26,448
Dickinson 15,053 1,364 3,715 6,184 3,790 55,520 6,798 15,700 23,050 9,972
Gogebic 22,246 1,633 4,368 6,637 9,608 79,429 6,561 24,240 24,595 24,033
Houghton 21,061 1,616 3,637 6,624 9,184 80,839 8,949 18,569 24,336 28,985
tron 21,850 2,073 4,223 6,847 8,707 86,179 8,703 19,824 30,773 26,879
Keweenaw 5,746 640 1,379 1,617 2,110 23,321 3,438 6,294 5,706 7,883
Marquette 37,826 5,630 8,921 13,582 9,693 136,146 26,447 34,723 43,684 31,292
Ontonagon 25832 1,678 4,638 10,144 9,372 95,231 7,119 24,019 39,301 24,792
Total 166,197 15,530 34,422 56,025 60,220 621,924 72,235 159,593 209,812 180,284

(Table 20 continued on next page)



{Table 20 continued)

Growing stock Sawtimber
Major species group Major species group
Forest Survey All Other Soft Hard All Other Soft Hard
Unit and county species Pine softwoods hardwoods hardwoods species Pine softwoods hardwoods hardwoods
(In thousand cubic feet) (In thousand board feet) '

Northern Lower Peninsula
Alcona 13,059 2,887 1,091 5,070 4,011 53,502 9,024 3,962 21,857 18,659
Alpena 8,793 1,037 2,631 4,020 1,105 27,192 3,953 6,253 13,108 3,878
Antrim 10,413 963 748 4,389 4,313 31,438 2,868 3,106 14,892 10,572
Arenac 4,684 352 237 3,122 973 18,850 2,233 704 11,338 4,575
Bay 2,021 - - 1,569 452 9,215 - - 7,524 1,691
Benzie 7,783 2,332 371 2,332 2,748 24,978 5,966 818 8,461 9,733
Charlevoix 8,870 817 2,051 2,172 3,830 33,631 4,375 5,891 10,819 12,546
Cheboygan 13,593 2,892 1,706 5,099 3,896 41,475 9,499 5,398 16,828 9,750
Clare 10,111 2,019 85 5,830 2,177 35,154 7,513 788 16,157 10,696
Crawford 8,700 2,936 357 2,252 3,155 32,323 13,963 1,432 5,628 11,300
Emmet 10,718 1,320 598 3,631 5,169 38,291 6,566 1,726 14,055 15,944
Gladwin 7,362 943 82 5,234 1,103 24,275 2,602 375 16,899 4,399
Grand Traverse 8,823 4,699 543 1,512 2,069 22,809 7,266 2,312 5,540 7,691
losco 8,836 3,185 990 3,302 1,359 36,899 14,426 3,173 13,765 5,535
Isabelia 4,926 273 150 2,895 1,608 19,919 648 674 11,643 6,954
Kalkaska 12,977 5,590 694 3,172 3,521 34,863 11,767 3,176 10,415 9,505
Lake 13,529 4,932 564 3,032 5,001 52,344 17,764 1,670 11,055 21,855
Leelanau 5,718 1,499 295 1,121 2,803 19,701 4,315 1,014 3,213 11,159
Manistee 11,185 3,418 314 3,549 3,904 37,914 9,834 1,145 12,035 14,900
Mason 8,196 3,038 112 3,110 1,936 30,615 8,721 414 11,573 9,907
Mecosta 8,307 1,286 647 4,497 1,877 23,908 4,669 2,136 12,025 5,078
Midland 7,467 442 107 5,217 1,701 27,728 2,032 646 19,527 5,523
Missaukee 11,808 2,705 1,343 5,453 2,307 30,441 7,099 4,099 12,399 6,844
Montmorency 10,502 2,197 549 4,596 3,160 34,439 8,371 1,747 12,155 12,166
Newaygo 15,606 4,464 205 5,371 5,566 61,067 15,205 1,829 18,918 25,115
QOceana 7,810 1,622 411 3,183 2,594 26,458 6,230 1,515 7,744 10,969
Ogemaw 10,016 2,560 662 4,467 2,327 28,499 3,305 1,686 15,253 8,255
Osceola 7,635 1,263 579 3,746 2,047 24,409 3,787 2,884 9,463 8,275
Oscoda 10,442 4,280 659 2,846 2,657 36,290 14,044 1,293 8,807 12,146
Otsego 11,390 2,348 959 3,270 4,813 33,205 6,438 1,937 10,815 14,015
Presque Isle 9,922 1,576 2,765 3,802 1,779 32,111 7,132 8,078 12,169 4,732
Roscommon 8,091 1,227 1,311 2,879 2,674 35,703 6,364 3,621 11,292 14,426
Wexford 15,053 6,458 1,067 3,606 3,922 41,732 16,391 3,291 9,815 12,235

Total 314,346 77,560 24,883 119,346 92,557 1,061,378 244,370 78,793 397,187 341,028

(Table 20 continued on next page)
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(Table 20 continued)

Growing stock

Sawtimber

Major species group

Major species group

Forest Survey All Other Soft Hard All Other Soft Hard
Unit and county species Pine softwoods hardwoods hardwoods species Pine softwoods hardwoods hardwoods
(in thousand cubic feet) (In thousand board feet) '
Southem Lower Peninsula
Allegan 9,057 812 34 3,591 4,620 34,946 4,188 110 12,872 17,776
Barry 5,860 340 245 2,381 2,894 23,728 1,759 791 6,963 14,215
Berrien 4,683 290 12 2,520 1,861 18,462 650 77 9,335 8,400
Branch 2,510 17 1 1,635 857 9,601 - 5 6,755 2,841
Calhoun 5,805 143 - 3,624 2,038 21,138 688 - 12,529 7,921
Cass 3,338 -10 10 1,577 1,761 12,779 251 57 5,715 6,756
Clinton 2,068 - - 1,433 635 7,152 - - 6,020 1,132
Eaton 4,794 50 - 2,331 2,413 13,770 218 - 6,413 7,139
Genesee 2,658 - - 1,259 1,399 9,071 - - 3,338 5,733
Gratiot 2,511 134 - 1,229 1,148 10,065 359 - 5,097 4,609
Hillsdale 4,401 741 8 1,507 2,145 15,108 3,896 - 3,718 7,494
Huron 3,044 - 55 2,217 772 11,829 - - 8,737 3,092
Ingham 3,152 52 53 1,690 1,357 11,567 116 374 5,636 5,441
lonia 3,926 133 367 1,887 1,539 10,728 845 241 3,501 6,141
Jackson 3,737 152 36 1,372 2,177 14,500 434 - 3,852 10,214
Kalamazoo 4,130 606 86 2,078 1,360 12,033 2,633 254 5934 3212
Kent 7,561 678 51 2,936 3,896 27,008 3,286 - 8,703 15,019
Lapeer 5,922 971 588 2,716 1,647 18,811 2,449 1,019 8,906 6,437
Lenawee 2,840 - 22 1,505 1,313 9,498 - 22 4,121 5,355
Livingston 4,884 497 - 2,148 2,239 17,880 2,488 - 6,680 8,712
Macomb 1,968 - 92 1,106 770 5,096 - 115 2,776 2,205
Monroe 2,045 - - 677 1,368 7,041 - - 2,713 4,328
Montcalm 6,482 974 -15 2,780 2,743 23,282 4,649 513 7,731 10,389
Muskegon 6,874 1,666 102 2,133 2,973 27,224 6,835 880 6,902 12,607
Qakland 4,733 74 73 2,362 2,224 13,673 390 - 4,701 8,582
Ofttawa 4,085 684 54 1,786 1,561 14,916 2,473 282 4,589 7,572
Saginaw 3,986 357 - 1,998 1,631 11,662 1,441 - 4,947 5,274
St. Clair 5,060 227 47 1,876 2,910 17,310 1,339 169 6,182 9,620
St. Joseph 3,227 70 254 1,428 1,475 11,785 261 395 4,163 6,966
Sanilac 3,037 138 58 1,971 870 7,495 212 480 3,610 3,193
Shiawassee 3,105 - - 1,567 1,538 12,746 - - 5,426 7,320
Tuscola 5,708 145 75 3,670 1,818 14,835 173 497 9,319 4,846
Van Buren 5,505 278 - 2,831 2,396 19,654 1,673 - 7,722 10,259
Washtenaw 3,321 - 53 1,210 2,058 12,832 - 315 3,516 9,001
Wayne 2,007 - - 1,025 982 6,625 - - 2,781 3,844
Totat 148,024 10,219 2,361 70,056 65,388 515,850 43,706 6,596 211,903 253,645
All counties 760,415 128,688 99,524 284,340 247,863 2,665,188 472,224 375,573 944,022 873,369

' International 1/4-inch rule.



Table 21. -- Average annual removals of growing stock and sawtimber on timberiand
by Forest Survey Unit, county, and major species group, Michigan, 1980-1982

Growing stock Sawtimber
Major species group Maior species group
Forest Survey All Other Soft Hard Al Other Soft Hard
Unit and county spacios Pine _softwoods hardwoods hardwoods species Pine _softwoods hardwoods hardwoods
(In thousand cubic feet) (in thousand board feet) '
Eastem Upper Peninsula
Alger 10,019 1,980 1,741 1,689 4,609 36,516 5,837 6,639 4,159 19,781
Chippewa 8,902 1,050 3,975 2,337 1,540 20,263 2,802 7,697 3,764 6,000
Delta 8,762 1,143 3,134 3,842 643 20,938 1,588 9,836 7,547 1,969
L.uce 7,353 330 1,523 1,906 3,594 27,663 1,483 4,726 4,413 17,061
Mackinac 6,551 1,776 1,480 2,213 1,082 13,280 3,840 3,075 2,950 3,315
Menominee 6,863 631 2,280 3,195 757 13,246 2,759 4,877 4,859 751
Schooicraft 6,512 1,385 1,827 2,494 806 18,079 4,736 4,591 6,602 2,150
Total 54,962 8,295 15,960 17,676 13,031 149,985 23,223 41,441 34,294 51,027
Westem Upper Peninsula
Baraga 11,271 194 2,217 3,707 5,153 44,502 851 10,490 10,427 22,734
Dickinson 4,090 72 821 3,166 31 4,372 200 1,423 2,749 -
Gogebic 6,590 545 285 3,174 2,586 21,618 2,193 1,154 9,822 8,449
Houghton 7,690 429 1,108 2,709 3,444 26,578 1,027 4,188 6,331 15,032
iron 15,248 1,404 3,573 7,474 2,797 47,918 7,593 10,225 19,678 10,422
Keweenaw 1,661 250 83 744 584 5,049 1,382 143 1,072 2,452
Marqustte 23,905 3,717 5,467 9,052 5,669 77,512 16,597 18,332 21,057 21,526
Ontonagon 12,075 86 645 6,691 4,653 36,811 427 2,252 16,236 17,896
Total 82 530 6,697 14,199 36,717 24,917 264,360 30,270 48 207 87,372 98,511
Northem Lower Peninsula '
Alcona 4,124 447 47 1,857 1,773 10,043 1,796 78 4,036 4,133
Alpena 4,654 65 521 3,563 505 9,889 368 1,723 7,118 680
Antrim 2,044 - - 584 1,460 5,505 - - 1,304 4,201
Arenac 1,020 21 62 762 175 2,111 - - 1,700 411
Bay 894 - - 807 87 2,175 - - 2,117 58
Benzie 3,081 19 19 1,792 1,251 9,520 - - 4,814 4,706
Charlevoix 4,314 1,495 906 1,680 233 11,168 4,944 1,164 4,216 844
Cheboygan 2,970 212 230 2,186 342 4,892 854 512 3,045 481
Clare 3,117 308 50 2,661 28 9,145 1,271 - 7,450 424
Crawford 3,501 545 - 1,342 1,614 4,913 1,697 - 1,903 1,313
Emmet 3,997 1,319 108 1,437 1,133 11,135 4,404 500 4,164 2,067
Gladwin 2,932 30 - 2,845 57 7,816 48 - 7,509 259
Grand Traverse 1,034 327 - 359 348 2,153 - - 466 1,687
losco 2,305 674 177 1,113 341 6,312 1,379 497 3,730 706
Isabella . 389 - 42 245 102 742 - 226 85 431
Kalkaska 2,616 1,624 106 631 255 8,979 6,390 237 1,366 286
Lake 5,817 1,620 13 1,879 2,305 9,824 2,086 - 3,522 4,216
Leelanau 1,172 192 136 311 533 4,367 1,042 320 942 2,063
Manistee 2,977 1,036 - 595 1,346 7,501 2,807 - 1,308 3,386
Mason 2,320 356 234 1,433 297 4,871 1,239 949 1,656 1,027
Mecosta 917 - 19 767 131 2,212 - 98 1,872 242
Midland 1,475 - - 1,440 35 1,921 - - 1,759 162
Missaukee 877 204 - 492 181 2,185 82 - 1,369 734
Montmorency 3,056 1,291 54 1,269 442 6,961 2,494 202 2,790 1,475
Newaygo 6,771 1,060 - 3,251 2,460 18,037 2,727 - 6,326 8,984
Oceana 2,507 308 18 1,140 1,041 8,046 768 94 3,263 3,921
Ogemaw 5,077 901 106 2,487 1,583 11,016 1,466 - 5,733 3,817
Osceola 4,026 240 - 3,605 181 9,077 - - 8,634 443
Oscoda 4,811 2,850 128 835 998 9,008 4,353 160 1,692 2,803
Otsego 4,643 834 13 1,825 1,971 11,714 2,145 67 2,837 6,665
Presque Isle 4,490 131 2,122 2,179 58 9,705 730 3,714 5,261 -
Roscommon 3,147 1,120 272 1,271 484 8,274 4,196 275 2,690 1,113
Wexford 4,843 1,828 6 2,261 748 8,525 2,664 - 3,992 1,869
Total 101,918 21,057 5,389 50,904 24,568 239,742 51,950 10,816 110,669 66,307

(Table 21 continued on next page)



(Table 21 continued)

Growing stock Sawtimber
Major species group Major species group
Forest Survey All Other Soft Hard All Other Soft Hard
Unit and county species Pine softwoods hardwoods hardwoods species Pine softwoods hardwoods hardwoods
(in thousand cubic feet) (In thousand board feet) '
Southem Lower Peninsula
Allegan ’ 2,377 1,482 - 323 572 9,598 6,547 - 1,265 1,786
Barry 2,061 71 - 226 1,764 8,761 393 - 579 7,789
Berrien 258 - - 258 - 1,318 - - 1,318 -
Branch 306 - - 306 - 812 - - 812 -
Caihoun 537 - - 478 59 1,912 - - 1,812 -
Cass 181 - - 181 - 203 - - 203 -
Clinton - - - - - - - - - -
Eaton 1,103 - - 552 551 3,448 - - 1,437 2,011
Genesee 410 - - 141 269 1,575 - - 513 1,062
Gratiot 1,164 - - 772 392 5,230 - - 3,721 1,509
Hilisdale 67 - - 32 35 181 - - - 181
Huron 581 - - 511 70 1,455 - - 1,455 -
Ingham 1,161 - - 650 511 4,474 - - 2,231 2,243
lonia 283 - - 152 131 1,231 - - 803 428
Jackson 627 - - 55 572 3,116 - - 277 2,839
Kalamazoo 238 - . - 238 1,107 - - - 1,107
Kent 1,520 . - 235 1,285 5,033 - - 203 4,830
Lapeer 988 - - 592 396 2,811 - B 1,899 912
Lenawee 245 - - 83 162 1,152 - - 401 751
Livingston 1,698 - - 667 1,031 5,553 - - 2,023 3,530
Macomb 293 - - 293 - 994 - - 994 -
Monroe 509 - - 419 20 2,400 - - 1,971 429
Montcaim 3,898 74 22 1,880 1,922 12,165 398 - 5,690 6,077
Muskegon 3,680 2,429 - 676 575 12,072 8,368 - 1,508 2,199
Oakland 532 - - 239 293 1,741 - - 581 1,160
Ottawa 2,243 430 30 570 1,213 7,620 1,108 79 2,102 4,331
Saginaw 563 - - 329 234 506 - - 506 -
St. Clair 476 - - 50 426 1,953 - - 214 1,739
St. Joseph 624 - - 45 579 2,797 - - 219 2,578
Sanilac - - - - - - - - - -
Shiawassee 2,120 - - 575 1,545 9,248 - - 2,479 6,769
Tuscola 2,063 - - 1,110 953 5,259 - - 1,977 3,282
Van Buren 487 - - 228 259 2,057 - - 768 1,289
Washtenaw 1,097 - - 454 643 2,797 - - 606 2,191
Wayne 516 - - 142 374 1,855 - - 541 1,314
Total 34,906 4,486 52 13,224 17,144 122,434 16,814 79 41,205 64,336
All counties 274,316 40,535 35,600 118,521 79,660 776,521 122,257 100,543 273,540 280,181

Intemational 1/4-inch rule.



Table 22. -- Average net annual growth and average annual removals of growing stock and sawtimber
on timberiand by species group, Michigan, 1980-1992

Growing stock Sawtimber
Average net Average annual Average net Average annual
Species group annual growth removals annual growth removals
(In thousand cubic feet) (In thousand board feet) '
Softwoods
Jack pine 12,211 13,276 55,552 28,863
Red pine 78,310 15,980 242,699 43,445
White pine 32,518 10,283 157,432 48,878
White spruce 19,649 6,037 80,833 23,813
Black spruce 3,410 3,566 5,797 5,702
Baisam fir 12,484 9,284 46,338 18,380
Hemilock 12,256 4,426 70,789 21,981
Tamarack 4,481 288 16,116 827
Eastern redcedar 230 - 409 -
Northern white-ced 46,202 11,999 154,262 29,840
Other softwoods 6,461 996 17,570 1,071
Total softwoods 228,212 76,135 847,797 222,800
Hardwoods
Select white oak 18,733 6,002 82,414 17,442
Other white oak 25 - - -
Select red oak 44,236 17,249 209,222 56,421
Other red oak 10,180 3,806 44,620 13,332
Select hickory 1,965 324 7,286 1,032
Other hickory 1,691 464 6,708 2,058
Basswood 20,084 5,903 88,004 21,742
Beech 13,694 5,660 54,064 23,163
Yellow birch 4,448 5,271 18,897 22,882
Hard maple 113,964 34,553 325,416 127,649
Soft maple 108,225 25,883 313,574 60,633
Eim 7,415 2,614 11,101 5,249
Black ash 8,383 2,252 13,625 3,623
White & green ash 33,068 5,536 110,735 15,328
Sycamore 456 133 2,735 732
Cottonwood 5,224 1,209 24,403 5,459
Willow 773 264 3,906 700
Hackberry 173 - 301 -
Balsam poplar 6,181 3,054 21,811 9,112
Bigtooth aspen 40,817 26,186 162,687 62,897
Quaking aspen 57,148 34,166 207,715 76,560
Paper birch 13,196 13,076 41,988 17,102
Tupelo 293 33 713 78
Black cherry 14,445 3,523 44,469 8,546
Black walinut 1,758 76 6,549 387
Butternut 195 - 954 -
Yellow-poplar 1,332 225 6,036 1,107
Sassafras 2,191 528 4,451 373
Other hardwoods 1,910 191 3,007 114
Total hardwoods 532,203 198,181 1,817,391 553,721
All species 760,415 274,316 2,665,188 776,521

International 1/4-inch rule.



Table 23. -- Average annual mortality of growing stock and sawtimber
on timberland by species group, Michigan, 1980-1992

Growing stock Sawtimber
Species group average annual mortality average annual mortality
(In thousand cubic feet) (In thousand board feet) ’
Softwoods
Jack pine 11,201 ' 23,515
Red pine 577 1,809
White pine 2,229 9,403
White spruce 5,302 20,782
Black spruce 7,841 12,537
Balsam fir 26,038 45,547
Hemlock 2,558 12,073
Tamarack 1,710 3,985
Eastern redcedar 1 8
Northern white-cedar 4,356 13,365
Other softwoods 432 112
Total softwoods 62,245 143,136
Hardwoods
Select white oak 984 3,166
Select red oak 6,664 13,412
Other red oak 1,879 4,445
Select hickory 444 1,376
Other hickory 290 799
Basswood 4,053 11,289
Beech 856 2,883
Yeliow birch 6,860 22,260
Hard maple 8,868 21,450
Soft maple 10,789 23,506
Elm 14,286 28,641
Black ash 3,188 4,549
White & green ash 2,832 5,729
Sycamore 26 44
Cottonwood 350 1,333
Willow 433 1,331
Hackberry 12 6
Balsam poplar 8,258 23,419
Bigtooth aspen 13,711 30,575
Quaking aspen 37,265 74,557
Paper birch 11,119 14,699
River birch 6 30
Tupelo 7 7
Black cherry 2,221 1,834
Black wainut 182 740
Butternut 71 174
Yellow-poplar 63 146
Sassafras 370 409
Other hardwoods 161 41
Total hardwoods 136,248 292,850
All species 198,493 435,986

'International 1/4-inch rule.



Table 24. -- Average net annual growth and average annual removals of growing stock and
sawtimber on timberland by ownership class and major species group,
Michigan, 1980-1992

Average net annual growth of growing stock

Maior species group
All Other it Hard
Ownership class species Pine softwoods  hardwoods hardwoogg
(In thousand cubic feet)
National forest 92,661 34,126 11,738 22,860 24,137
Other federal 2,158 584 364 661 549
State 141,963 34,255 21,045 51,2682 35,401
County and municipal 11,269 3,066 833 3,478 3,882
Indian 476 - 100 219 157
Forest industry 52,122 2,538 12,754 14,230 22,600
individual 379,665 44,959 41,127 161,911 131,668
Corporate 80,111 9,160 11,563 29,919 29,469
All ownerships 760,415 128,688 99,524 284,340 247,863
Average annual removals of growing stock
Major species group
All Other Soft Hard
Ownership class species Pine softwoods  hardwoods  hardwoods
(In thousand cubic feet)
National forest 40,376 11,662 6,909 13,776 8,029
Other federal 1,123 30 602 70 421
State 55,058 13,910 5,949 28,751 8,448
County and municipal 4,080 1,268 75 1,882 765
indian - - - - -
Forest industry 35,464 2170 8,218 11,475 13,601
Individual 101,068 7,959 10,041 50,160 32,908
Corporate 37,137 3,536 3,806 14,307 15,488
All ownerships 274,316 40,535 35,600 118,521 79,660
Average net annual growth of sawtimber
Major species group
All Other Soft Hard
Ownership class sSpecies Pine softwoods hardwoods hardwoods
(In thousand board feet) '
National forest 350,351 127,726 52,891 82,241 87,493
Other federal 8,146 2,044 1,617 2,417 2,068
State 479,807 132,922 76,167 158,312 112,406
County and municipal 39,930 9,617 3,848 12,635 13,930
Indian 1,605 - 306 601 698
Forest industry 184,360 11,089 54,246 48,708 70,317
Individual 1,303,738 153,992 134,221 534,819 480,708
Corporate 297,251 34,934 52,277 104,289 105,751
All ownerships 2,665,188 472,224 375,573 944,022 873,369
international 1/4-inch rule.
Average annual removals of sawtimber
Major species group
All Other Soft Hard
Ownership class species Pine softwoods hardwoods hardwoods
(In thousand board feet) '
Nationali forest 86,497 22,247 17,993 24,499 21,758
Other federal 3,991 167 1,958 286 1,580
State 119,293 41,006 14,861 45,980 17,446
County and municipal 10,044 3,095 284 5,101 1,564
Indian - - - - -
Forest industry 126,529 10,684 28,430 29,424 57,991
Individual 306,054 30,043 22,883 135,014 118,114
Corporate 124,113 15,0156 14,134 33,236 61,728
All ownerships 776,521 122,257 100,543 273,540 280,181

‘international 1/4-inch rule.
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Tabie 25. -- Average net annual growth and average annual ramovais of growing stock and sawtimber
on timberiand by forest type group/local type and major species group, Michigan, 1980-1992.

Avarag net annual growth of g_rowing stock

Average annual removals of growing stock

Major species group Major specles group
Forest type group/ All Other Soft Hard All Other Soft Hard
local type species _ Pine softwoods hardwoods hardwoods _ specles  Pine softwoods hardwoods hardwoods
(in thousand cubic faet) {In thousand cubic feet)
Softwood typs groups
White-red-jack pine
Jack pine 22,785 18,777 876 1,919 1,213 6,930 5,841 64 703 322
Red pine 73,594 67,521 1,032 3,057 1,984 23,498 18,250 729 3,012 1,507
White pine 11,962 9,515 332 1,365 750 3,630 2,729 202 457 242
Total 108,341 95,813 2,240 6,341 3,947 34,058 26,820 995 4,172 2,071
Spruce-fir
Balsam fir 17,032 1,768 10,336 4,479 449 6,177 230 4,566 1,338 43
White spruce 7.565 717 5,352 1,37 125 342 105 35 179 23
Black spruce 9,532 1,529 6,601 1,375 27 2,026 410 969 847 -
Northern white-ced: 32471 1,721 29,270 1,096 384 7,691 260 6.450 787 194
Tamarack 2,753 75 2,335 323 20 453 23 U7 83 .
Total 69,353 5810 53,894 8,644 1,005 16,689 1,028 12,367 3,034 260
All softwood types 177,694 101,623 56,134 14,985 4,952 50,747 27,848 13,362 7,208 2,331
Hardwood type groups
Oak-hickory
Qak-hickory 79,079 5,907 723 18,333 54,116 19,426 1,877 14 4.742 12,793
Elm-ash-cottonwood
Elm-ash-soft maple 61,290 851 5,160 42,184 13,095 12,961 438 1,183 9.954 1,386
Maple-beech-birch
Maple-beech-birch 315,925 12,855 21,801 117,137 164,132 119,529 5,953 9,147 48,738 55691
Aspen-birch
Aspen 109,888 6,478 11,567 81,276 10,567 68,317 3,959 10,785 46,188 7,385
Paper birch 10,922 839 2572 6,604 907 1,476 - 439 975 62
Balsam poplar 5,467 43 1,521 3,809 94 1,212 - 497 703 12
Total 126,277 7.360 15,660 91,689 11,568 71,005 3,959 11,721 47,866 7,459
All hardwood types 582 571 26,973 43344 269343 242911 222,921 12,227 22,065 111,300 77,329
Nonstocked 150 92 46 12 - 648 460 173 15 -
All forest types 760,415 128,688 99524 284,340 247,863 274,316 40,535 35600 118,521 79,660
Averagg net annual growth of sawtimber Average annual removals of sawtimber
Major species group Major species group
Forest type group/ All Other Soft Hard All Other Soft Hard
_'k‘)"cgl type species Pine softwoods hardwoods hardwoods species Pine softwoods hardwoods hardwoods
(In thousand board fest) ' (In thousand board feet) '
Softwood typs groups
White-red-jack pine
Jack pine 77,507 68,220 1,201 3,558 4,528 12,604 11,346 59 601 598
Red pine 226,704 206,801 4,917 7.034 7,952 53,044 43,250 2,714 4,322 2,758
White pine 58,295 48,218 2,630 3,512 3,935 14,752 13,104 340 459 849
Total 362,506 323,239 8,748 14,104 16,415 80,400 67,700 3,113 5,382 4,205
Spruce-fir
Balsam fir 61,461 9,526 39,050 11,967 918 16,240 1,106 12,868 2,215 51
White spruce 18,702 3,469 11,699 3,267 267 863 613 140 61 49
Black spruce 25,662 7.025 16,801 1,870 -34 6,215 1,895 2,913 1,407 -
Northern white-cedi 110,452 9,646 92,229 7.403 1,174 18,108 1,336 14,490 1,433 849
Tamarack 8,539 610 7,455 442 32 902 113 638 151 -
Total 224,816 30,276 167,234 24,949 2357 42,328 5,063 31,049 5,267 949
All softwood types 587,322 353,515 175,982 39,053 18,772 122,728 72,763 34,162 10,649 5,154
Hardwood type groups
Oak-hickory
Oak-hickory 327,425 22,455 1,265 58,149 245,556 53,617 4,159 70 10,499 38,889
Eim-ash-cottonwood
Eim-ash-softmaple___ 205626 5703 22492 137,185 40,246 34,649 2,120 2,262 25,845 4,422
Maple-beech-birch
Maple-beech-birch _ 1,116,031 50436 112,661 407,852 536,082 421,173 28,587 36,661 137,542 218,383
Aspen-birch
Aspen 370,156 26,947 45,923 267,625 29,661 137,760 13,200 25,774 85,656 13,130
Paper birch 37,340 3,286 9,958 21,466 2,630 2,173 - 419 1,599 155
Baisam poplar 20,589 216 7,259 12,692 422 2,904 - 1,106 1,750 48
Total 428,085 30,449 63,140 301,783 32,713 142,837 13,200 27,299 89,005 13,333
All hardwood types 2,077,167 118,043 199,558 904,969 854,597 652,276 48,066 66,292 262,891 275,027
Nonstocked 699 666 33 - - 1,517 1,428 89 . N
All forast types 2,665,188 472,224 375,573 944,022 873,369 776,521 122,257 100,543 273,540 280,181

‘'Intemational 1/4-inch rule.



(ebed xsu uo panuuod 9z ajqe])

mmmnm\.v EYE'0EL' L 120'621 069°'16£'C 160'8EL'2L  61£'606 11£802°2 9¥/'Gv6'02 [eloL
8¥S Lvg 02c'6€8 S8L'E9 cov'0e9’t toL’Lie’s 109716€ /897209 $06'986'8 spoompiey pienH
mmw,ot $6L'799 €£96'Cy goL‘0Le’t yeL'e610'v Sel'LL2 £08'056 919 LYE’L spoompiey Jog
L10'ge ero'est 0L} 18L'v62 SL¥'/80°L LOL'vLL 91E'L6E 168'G60°C SpooMyos 18410
60L'01 l8i'6L 2LL'S €.2'922 Lee'vig'L 9/t'921 196862 G/e'les’e auld
jediounw pue AjJuno)d
§80°2SL'S y¥6'0vP'81L Liv'6ov'L 225'8Ge' LY 910'215'051 022'vi6'LL 20.'L/2'6E 006'621'892 el
(WAKT- 4 CIVECHA) cev'Lsy 620709V 1 8G/29.'Sy 881 6/G€ 6.1'6GL9 €LV'SL2 6L spoompiey pley
z8Liec’e 662'G91'8 0L2'v9S S/L'120'LL GBE‘106'GS €0¥'026'c  LE€8°292'9L SH9'eeZ'v0L spoompiey Y4os
€L6'2vL 96L'evL'2 g89'see 689'008'9 6ELLLL'EC  SS9'6.9'C  SP6'S6ECH 6.8'L0V'6V SPOOMYOS 184l0
6SL'eSt €€1'80€°L 125'v6 620'026'2 pes'sel'se  vL6'VEL'L  Lbl'6S8'E £06'212'se o:_n_m
aje}
£09'vL 0v6'282 9€¢'61 L¥1'909 2ei'vee’e 8pe'eLL 182°69¢ £69'€58°C jelol
290°€e SPe'vLL 691'8 8/6'01¢ 186'¥99 29€'0S 18.°¢ 681°02t’L Spoompiey pieH
161°2¢ 906'621 yo2'L 86/'252 622'.98 0€5°'LS ysi'ovt 286'28v' L spoompiey §og
81, 6€€'/2 6£v'2 066'¥8 igz'ole 691'82 G/6'C6 0.2'eSS SPOOMYOS Jayl0
gLe'e 0S8'61 ver'l %A L] L0L' 18P 28e'9t 19£'86 2se'L69 suid
feiapej 12410
SSP'ELS'y 068°120'9L  0OlLE'EEe't 819'/92'62 L11'668°601 EV¥ELSS'8  ¢2l'020'9¢ GGH'€LG'S61 [eloL
woLI8l'e SPEPLL'L 2v6'25S g9gg'lel el 0G6'0G1'8E 291'096¢c  L12//8'S 268'656 89 spoompJey preH
0ge'9L8’L SL9'1L2'9 190'/2y 1S¥'066'6 6/9'6E€°2E 2S¥'18C'e  £69'S65'8 /181'22L°19 spoompiey }os
622'c6y 080'9€6'L £89'202 990'92¢‘¥ $GE'BGO'SL  0S8'LL9'L  6SL06V'L 120'seL'Le spoomyos Jaylo
gse'ze 052'669 819'0S siz'62s'e 9Z1'05L'e2  6.8'169'L  €£50°.S0'V S6E'99L°EE auld
1s810} jeuoieN
squiij pue sdoj sejog sdwnig squilj pue sdoj  sejog sdwnig sealj youi G-}  Siusuodiuod dnoib seioeds Jolew
S881] %00}S-BUIMOIB-UON 5991} %00}S-DUIMOID) Nl IV 1\ pue ssejd diysisumQ

jueuodwod sSewolq e8ai |

£661 ‘uebiyoiy ‘ueuodwod ssewolq eel} pue ‘dnoib seads Jofew

{suo} usaib uj)

‘ssepo diysieumo Ag puepeqiull Uo ssewolq eel) punoiBsaoqe aAl iy - '92 sjqelL

91



865'068'CE 00£'806'SLL  8S0'€/8'8 88l'v88'0ve 2E9'SL6'vY8 G6E'CZ6'VY  POE'6VS'98L SLY'vv6 PeY' L felol
SP0'081'GlL 069'6€9°0S 9G1'2r8'e LOL'091'E0} 912'2/9'62€ 990¢e8YZ 620 969'6F €0E'8L0°LLS Spoompiey pieH
2iv'ses'et y8S'SLY LY ceg'viz'e 015'260'06 2.8'169°L1E 9£9'GL0'22 £58'28.°'89 661'££6'895 spoompiey jos
L69'68Y'E oie'gsz'el €46'18%'L 02€'6286'0€ PPy L9v'0LL  968'2.8'LL  €29'1BE'FS €9¢'L 16'6ee Spoomyjos Jayio
yY'Seo 9LL'80S'Y L62'vEE L52'169'01 001'S80°L8  L6L'IYL'Q  66.'889'CL OL¥'180'€2) euid
sdiysiaumo |y
ELVehL'Y LIV'EBS VI 2589011 $52'629'82 80591266 208'L¥S'L +26'LeL'og G6¢'29€'SLL feiol
00£'590°2 L65°118'9 Ly6LLS 8G6'¥9.°CL 0£6'988°0Y ¥22 0S0'E  80S5'902'9 8Sy'e0e’e.L Spoompley pieH
Gez'198'tL €£8€'€2s's c18'tLe 058'+86'01 66V'20€'9€  L8P'GLS'Z  06.'€88'9 LYO'EPL'Y9 SpooMmpley }os
020°59p 205'968°} gis'e8l 26LEE0'Y 912'108'vL  LPL'SOS'L  S/2'961°9 6S6°Lv0'62 SPOOMYOS JI8YI0
82605 S66°'L0Y 06s'/2 $59°'sye €98'see’L 0S6'0L¥ 158'v¥8 1£8'298°6 euid
ejesodio)
988'v19'PL 132'229'LS £EE' VP8’ 800°691°GL1 662'682'S6€ €L0°L12.62 0LV'¥82'08 06295 069 jeiot
cOL'ELL'S 1887222 9%.'269'| 868'9¥8 05 L8010} Y91 ge8E'BLLCl ¢6L266€C ¥6¥'862 ¢8¢ Spoompley pieH
ozz'egv'e Lee‘seL'ee 219'9es’t 2sL'ssl'os 90S'€9¥' 291 01S'2IS'LL  €0L'vE0'LE 620°126'062 spoompley yog
£€8.°021°1 L9g'or L'y 6EY'SLY £26'ce501 €59'£00°L€  LE£'890'F eseelL8oe 8v.'G91'8L SpoOMYos JBUlo
181°L1E 2s9'zee’t Les‘evi SEV'209'E €S0°L1L'9C  +¥8'LS6'L E2EPIY'Y 6L0°LLL'6E 8uld
. [enpiAIpu|
91/'€£8'E L62'c2cl'El 260°¥90°L 698°L€2'22 12p'299'v.  8E0'ey0'9  L+8'280°8l 082'0€0°'6€1 jelol
€€0'650'2 6.¥'81L°9 26L'12S S£8'858°01 viveLr¥E  90L166¢C  SSCEQL'9 v15'98E'c9 Spoompiey pieH
5124 44 M1 ¥2e'206'c 2L8'142 G66°8€€’'9 12L'65¥'02  669'G8P'L LrL'veg'y 90c'es'se spoompley HJog
£€0ee9 6£8'cer'e £68°G9¢ 608'€28‘v 9S0'e9L°LL  Ipe'8¥8'L  ¥56'806'0 §28'ss9've SpOOMYjos Jayl0
zor's 6v9°LL GeE8'y oez'oie 0€Z'096°L 26ELLL l68'Gel Se9°P0S°2 auid
Asnpui }1se104
189'92 $61'8L 269 080°042 2v0°088 252’49 SL6'ELL 918205’} [eloL
G8p'Si 106'8¢ 6v6'€ CERETT 686 vy 9ey 0t $09'LS 61¥',89 Spoompiey pieH
L6¥'0L eve'oe 9292 192'90L g2L'ere ocv'se veL'0g 189'G5S spoompley yosg
G09S Lsee Lig yoz'ie oee'eel 96gE°L 1 Ly9'1L6 oLL'652 SpPOOMYos 1810
- - - - - - - - euld
ueipuj
squwi| pue sdoj ssjog sdwnjg squij pue sdo] sejog sdwnis S08Jj youi -1  sjueuodwos
S801] ¥00}S-DUIMOID-UON S90.] ¥00}S-DUIMOID) oAl IV v
Jusuodwiod SSBWOoIq 881 )
(penunuod 9z eiqe])

92



93

‘ymosB jfenuure Jou pieiA 0} YimoiB ssolb wioly pejoeligns usaq sey ANEUON
"pouad uogoeloid ey Inoybnosy Jueisuos urewes M (Juesied Gy L) Spoompiey Joj pue (juedied | |°L) SPOOMYOS 10} Sejes SeAowes 2661 Jeu (o) pue
‘poued uonosioid sy} Inoybnouyy Juesuod urews: M (jusdled 20'c) Spoompiey pue (Aiojueaut jo jueoled g2 g) SPOOMYOS 10 sejel ymolb 2661 1eul (q)
‘£202 Ul seioe Z'gL O} £66] Ul S8i0e UOIjiW g'8| WOI) 8ullosp |jIM puepequuy) Jo eale ey jey) (B) :suonduinsse Bumoyjo} ayj uo peseq ,

"PEsn pue INO Jequill 0} UOIPPE Ui ‘asn puej us sebueyd Jo ‘Bujuuiy) ‘Buipooy; ‘Bules|d puej 0} 8NP ,1SO|, BWINJOA BPNjOUl S[RAOWSE J8quILY |

L'€ee 29el 6'6S¢E 0€E86c €0l Pl EC6VBEY 0°'L06 0'€9v 0'yot’L VLEY 2°9G1L 1'88S €202
8°¢61L €201 0’662 PLOL'SS  CO0LP'LL  LLLLLE c9.LL c'9.E ¥'2stL 9'LLE 1 XA 6'86% €10¢
1’991 ciL £eve 0O'LyL'2c 86LE'6 8'09¥°LE 1’899 L'S0¢E Y'v.6 ¢0ce ¥'e0tL g'ecy €00¢
(A4t 188 ¥'00¢ 8'2/0'6L 1'245'L 6'v¥9'92 0'LS 0'6¥C 0'Ge8 6°'Gle 98 G'09¢ €661
SPOOMPIBH SPOOMIOS Seloeds |y SPOOMPIEL SPOOMIOS Seloeds fy  SPOOMPIEH SPOOMIJOS Soi0eds |y SPOOMPIE SPOOMIJOS Seleds Iy JEaA
¢ AifeLIOW KioIUBAU| GIM0I5) Seaowiey

(1e8} 21gNO UOKIW uf)

£202 0} ;suonssioid uondo sfeaowss moj pue ‘€661 ‘Uebiyoin
‘puepequil uo >oojs Bumosb jo Allfepow pue ‘Asojueaul ‘Ymaib fenuue jeu | sfeaowey--"/2 alqe L



‘yamouB fenuue 1eu pieiA o} ymoib ss04B wou} pejoesigns useq sey AeLon ¢

-£20z Ut uesied Gz O} 266} Ul Juedied Gy' | WOl SPoompIeY 10} pue €202 Ul usdled 192 01 2661 Ul juadied | 1"} WOl SPOOMYOS 10} 8ul|

WBreLs & U 8seaIoul [IM S[eAowsel Jey () '£202 Ut usdied £1°g 0} 2661 Ul eosed Zo'c woi auy Jybresls © uf 8SeaIdUl [IIM SPOOMPIEY 10} SBje)

moiB pue €202 Ul ueosed p°c 0} 2661 Ul Aiojuaaut jo jJusdiad g2'¢ WO} SPOOMYOS 0} Bul| 1yBress e Ut eseaoul |jim seres ymoib jeyl (q)
‘6202 Ul S8I0. UOI|IL Z'8L O} £66 | Ul SBIOE LKL 9'8 | WO} BUISP |IM puBpaquIl JO Bae B} Jeu} (e) :suonduinsse Bumoio} 8U} UO peseg ,

‘pesn PUE N0 Jequil O} UOHIPPE Ui ‘esn pue ul sebueyo Jo ‘Butuuiy ‘Buipooy ‘Buiiead pue| 0} 8np IS0}, SWNIOA 8PN|OUI S[eAOWSS JBqUILY ,

6'itl g'LS G684 269292 Ge99'hlL [L'l26.LE 6'ee8 9'00v Svee L 9'GS9 y'v0g 0°096 €202
Givt 9'L9 1'€0¢ £02e've  €LGS0F 9L/8'VE 0°09L v'/iSE vLLL'E 6'ies 8'¢ce Lyl €10¢
Lyl ¥'io 1'80¢ 265812 L'ivL'e  €000°LE c¢el9 6'#0¢€ 1216 gcee A4S 8'6E9 €002
gert 185 ¥'00Z 8206l 1'2.5'L  6¥¥9'9 0'9.S 0'6¥c 0'Ge8 6'GL2 9'v8 5'09¢ £661

SPOOMPIEH] SPOOMIJOS S6108dS [y SPOOMPIEH SPOOMHOS Seloads jly  SPOOMpIEH SPOOMIOS Se108ds Iy SPOOMPIEH SPOOMIOS Selads jiy  JBeA

- AITEHOW

FiojueAu] JIMOID) S[eAowey

(198} 21GN3 UOHjIW U})

€202 0} ;suonoelfoid uondo sjieaows! ybiy pue ‘ce61 ‘UebyOIN
‘pueplequuy Uo %o0}s Buimolb jo Alijepow pue ‘AiojusAul ‘ymolb [enuue jau ‘ sieAowsy--'82 a|qel

94



Table 29. - Sampling errors® for Forest Survey Unit and county totals of area of timberland, volums,
average net annual growth, and average annual removals on timberland, Michigan, 1993

{Sampling error in percent)

Growing stock Sawtimber
Average Average Average Average
Forest Survay net annual annual net annual annual
Unit and county Area Volume growth removals Volume growth removals
Eastemn Upper Peninsula
Alger 2.05 3.37 5.39 16.63 4.63 6.10 16.07
Chippewa 1.67 3.11 4.9 17.67 4.72 5.55 21.52
Delta 1.82 3.42 5.14 17.89 5.45 5.82 21.41
Luce 2.06 3.70 6.28 19.44 5.09 7.1 18.50
Mackinac 1.94 3.55 5.74 20.72 5.43 6.49 26.93
Menominee 1.94 3N 5.36 20.22 6.24 6.06 26.94
Schoolcraft 1.94 3.72 5.64 20.58 5.41 6.38 22.77
Total 0.72 1.32 2.06 7.12 1.97 2.33 7.95
Western Upper Peninsula
Baraga 1.66 3.05 5.00 20.62 4.10 4.43 21.86
Dickinson 1.83 3.71 5.32 34.66 5.81 4.90 70.96
Gogebic 1.48 2.88 4.33 27.29 4.21 4.04 31.88
Houghton 1.59 2.95 4.45 25.00 4.14 4.01 28.24
lron 1.43 2.96 4.41 17.95 4.30 3.92 2143
Kewsenaw 2.60 4.93 8.60 54.39 6.89 7.57 66.03
Marquette 1.15 224 3.34 14.25 3.18 3.10 16.67
Ontonagon 1.38 2.70 4.03 20.16 3.87 3.70 24.42
Total 0.54 1.05 1.59 7.68 1.50 1.45 9.05
Northern Lowsr Peninsula
Alcona 2.18 5.24 7.12 34.26 6.82 7.63 39.80
Alpsna 2.56 6.60 8.68 32.25 8.90 10.70 40.11
Antrim 2.84 6.32 7.95 48.67 8.87 9.91 53.76
Arenac 3.55 9.60 11.89 68.90 12.74 12.85 86.81
Bay 5.94 15.44 18.11 73.59 21.29 18.39 85.52
Benzie 3.34 7.70 9.21 39.57 10.20 11.13 40.88
Charlevoix 2.99 5.98 8.62 33.50 7.58 9.60 37.74
Cheboygan 2.12 5.54 6.98 40.38 7.58 8.66 57.02
Clare 2.49 6.40 8.10 39.41 8.52 9.42 41.71
Crawford 2.29 6.63 8.72 37.19 9.08 9.81 56.90
Emmet 2.78 6.01 7.85 34.80 8.10 8.99 37.80
Gladwin 2.86 7.96 9.49 40.64 10.91 11.33 45.11
Grand Traverse 2.99 7.00 8.63 68.43 9.88 11.66 85.96
losco 2.51 6.53 8.64 45.68 8.57 9.16 49.86
Isabella 3.88 9.69 11.55 108.80 12.1 12.46 136.40
Kalkaska 2.39 5.98 7.14 43.02 8.61 9.44 42.09
Lake 2.20 5.51 6.99 28.85 6.89 7.71 40.24
Leelanau 4.16 8.72 10.74 64.27 10.85 12.52 60.36
Manistee 2.48 6.03 7.68 40.33 7.83 9.05 46.05
Mason 3.12 7.55 8.99 45.59 9.91 10.08 56.86
Mecosta 3.06 7.93 8.90 72.43 10.48 11.36 84.10
Midland 2.95 7.62 9.40 57.29 9.90 10.57 91.00
Missaukee 2.58 6.72 7.48 74.30 9.17 10.09 85.33
Montmorency 2.28 6.27 7.94 39.80 8.47 9.51 47.80
Newaygo 2.15 4.97 6.51 26.74 6.08 7.12 29.70
Oceana 2.90 7.41 9.17 43.89 9.60 10.79 44.36
Ogemaw 2.59 6.83 8.13 30.88 9.70 10.46 38.00
Osceola 2.87 7.61 9.26 34.68 9.58 11.16 41.86
Oscoda 223 6.56 7.97 31.72 8.29 9.27 42.02
Otsego 252 5.95 7.62 32.28 8.58 9.68 36.82
Presque Isle 2.26 5.97 8.17 32.84 8.31 9.84 40.49
Roscommon 245 6.16 9.05 39.22 8.02 9.34 43.85
Wexford 2.43 5.69 6.63 31.62 8.12 8.62 43.20
Total 0.46 1.15 1.45 6.89 1.53 1.71 8.14

(Table 29 continued on next page)



(Table 29 continued)
(Sampling error in percent)

Growing stock Sawtimber

Average Average Average Average

Forest Survey net annual annual net annual annual
Unit and county Area Volume growth removals Volume growth removals

Southem Lower Peninsula

Allegan 5.29 8.39 9.70 45.42 10.89 11.13 46.68
Barry 6.70 10.37 12.07 48.78 13.30 13.53 48.86
Berrien 8.63 12.03 13.50 137.86 15.06 15.34 125.98
Branch 9.58 15.16 18.44 126.58 19.66 21.27 160.51
Calhoun 6.72 11.06 12.12 95.55 14.66 14.33 104.60
Cass 8.06 12.34 15.99 164.59 15.61 18.43 321.01
Clinton 9.63 18.66 20.31 - 27.78 24.64 -
Eaton 7.80 13.24 13.34 66.67 18.87 17.76 77.89
Genesee 8.77 16.54 17.92 109.36 21.53 21.88 115.256
Gratiot 10.07 16.83 18.43 64.90 22.71 20.77 63.24
Hillsdale 8.21 15.75 13.92 270.52 20.90 16.95 339.96
Huron 8.80 16.20 16.74 91.86 22.64 19.16 119.90
Ingham 8.97 15.98 16.45 64.99 21.06 19.38 68.38
fonia 8.18 14.91 14.74 131.63 20.71 20.12 130.36
Jackson 7.79 12.88 15.11 88.43 16.48 17.31 81.93
Kalamazoo 8.16 13.26 14.37 143.53 17.38 19.00 137.47
Kent 5.87 9.80 10.62 56.80 13.06 12.68 64.47
Lapeer 6.76 12.99 12.00 70.45 17.87 15.19 86.27
Lenawee 9.51 14.67 17.33 141.47 19.93 21.38 134.75
Livingston 7.28 12.08 13.22 53.74 14.99 15.58 61.38
Macomb 9.08 19.75 20.82 129.36 26.46 29.19 145.07
Monroe 11.48 17.53 20.42 98.15 22.76 24.83 93.36
Montcaim 6.13 10.45 11.45 35.47 14.07 13.62 41.47
Muskegon 5.59 9.45 11.13 36.50 12.20 12.61 41.63
Oakland 6.70 12.64 13.43 96.00 16.86 17.82 109.61
Ottawa 7.95 13.43 14.41 46.64 17.28 16.98 52.32
Saginaw 7.1 13.30 14.63 93.32 18.59 19.30 203.33
St. Clair 7.99 11.26 12.97 101.49 14.77 15.81 103.49
St. Joseph 8.72 13.99 16.26 88.64 18.13 19.20 86.48
Sanilac 7.91 17.15 16.76 - 27.23 24.07 -
Shiawassee 9.97 14.84 16.58 48.09 18.28 18.46 47.56
Tuscola 6.58 12.65 12.23 48.75 18.61 17.09 63.07
Van Buren 6.39 11.15 12.45 100.34 14.80 14.86 100.84
Washtenaw 7.79 12.80 16.03 66.85 15.69 18.40 86.48
Wayne 12.71 19.77 20.62 97.48 25.43 25.60 106.19
Total 1.29 2.19 2.40 11.85 2.89 2.90 13.07
All counties 0.34 0.67 0.91 4.02 0.94 1.06 4.73

'Sampling error is not caiculated when the estimated removals is equal to 0.
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