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Our job at the North Central Forest Experiment Station is discovering and
creating new knowledge and technology in the field of natural resources and
conwveying this information to the people who can use it. As a new generation
of forests emerges in our region, managers are confronted with two unique
challenges: (1) Dealing with the great diversity in composition, quality, and
ownership of the forests, and (2) Reconciling the conflicting demands of the
people who use them. Helping the forest manager meet these challenges
while protecting the environment is what research at North Central is all
about.
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irical Yield Tables for!

isconsin

Jerold T. Hahn and Joan M. Stelman

Empirical yield tables are useful to managers of
timber, wildlife, and other forest resources who are
interested in estimating current commercial forest
species composition and volume or in making
rough, short-term (20-30 years) projections of
future conditions. This paper provides empirical
yield tables for Wisconsin and demonstrates some
uses for them. If you are interested in comparing
conditions in the Lake States, similar sets of tables
are presented in “Empirical yield tables for Michi-
gan” (Hahn and Stelman 1984) and “Empirical yield
tables for Minnesota” (Hahn and Raile 1982). In
addition, unpublished empirical yield tables for
Missouri (1972) and lowa (1974) are available at
cost from the Forest Inventory and Analysis Re-
search Work Unit at the North Centrai Forest
Experiment Station.

We compiled yield tables for Wisconsin from data
gathered on 6,999 timberland plots established
during the 1983 inventory of Wisconsin's five
Forest Survey Units (fig.1)!. The tables give the
estimated merchantable cubic foot volume yield per
acre from growing-stock trees and the average
basal area per acre of all live trees 1 inch diameter
breast height (d.b.h.) and larger by stand-age class
for the 14 forest types defined in the Appendix. In
addition to the net cubic foot volume tables, we
present tables showing data generated from a 30-
year projection of the base year data and total
green weight of above-ground biomass for all live
trees. These tables provide a detailed picture of
stand composition as measured by growing-stock
volume or above-ground biomass.

Jerold T. Hahn is a Principal Mensurationist and
Joan A. Stelman is a Statistical Assistant with the
North Central Forest Experiment Station, St. Paul,
MN.

We constructed the tables by classifying the
timberland plots by forest type, stand-age class,
and site-index class. Then the per acre merchant-
able cubic foot volume or the total above-ground
biomass was tabulated by species group. The
merchantable volume standards used are minimum
5-inch d.b.h. to a 4-inch top diameter outside bark
(top d.o.b.) with a 1-foot stump. We computed
individual tree volumes using a formula developed
from “Composite volume tables for timber and their
application in the Lake States” (Gevorkiantz and
Olsen 1955) as described by Hahn {1984) and
Smith (1985).

The 30-year projections were made using the
STEMS growth projection system (Belcher et al.
1982) without management, following methods de-
scribed in Ek et al. (1985, 1987). The 30-year
projection provided additional plot volumes at three
10-year intervals. Therefore, in the projection
tables, an average 75 percent of the dataina
stand-age class is from projected data. This
procedure allowed us to smooth out some of the
abrupt changes in volumes common to empirical
yield tables and to provide estimates for age
classes not represented in the initial sample.

In this report, we present tables by forest type and
site-index class for the entire State and for each
Forest Survey Unit. State total tables for all sites
are printed. State total tables by site-index class
and Survey Unit tables are included as microfiche
inside the back cover. We have included only
tables having sufficient data, usuaily 3 or 4 plots, in
each of three adjacent age classes. We feel that
information based on smaller samples wouid not be

useful.

14 full explanation of the survey procedures and defi-
nitions can be obtained from “Wisconsin’s fourth forest
inventory, 1983" (Spencer et al. 1988).
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Figure 1.--Wisconsin's Forest Survey Units.
The tables can be used in several ways. For thatin 10 years the stand would yield approximately
example, they can be used to estimate future 1,904 cubic feet per acre. If users understand and
timber yield in the same manner as normal yield accept the assumptions and accuracy of the growth
tables—it is assumed that the volume shown in one processor, the same analysis can be made using
age class will increase in 10 years to the volume table 15 (for all sites of red pine) where the ex-
shown in the next older age class. For example, pected yield would be 4,030 cubic feet per acre.
red pine stands aged 61-70 years currently average However, we caution users that it would be much
1,904 cubic feet per acre (table 2). If you have a better to use the projection tables by site-index
stand of red pine 51-60 years old, you could expect class from the microfiche.



Annual

Rotatlon Area Merchantable
age harvested/ volume/ harvest
{Years) year? acre® volume
Million
Thousand Cubic cubic
acres feet feet
35 93.2 X 1,042 = 97.1
45 72.5 X 1,256 = 91.1
55 59.3 X 1,381 = 81.9

As a second exampile, these tables can be used in
conjunction with other published forest inventory
data to compare volume estimates for progressive
rotation ages. For instance, the aspen type
occupied 3,261,500 acres in Wisconsin in 1983
(Spencer et al. 1988). Assuming that you would
harvest an equal number of acres each year, esti-
mates of the annual harvest volume can be derived
using the vields shown in table 12.

These harvest volumes can also be broken down
by species group. (See Appendix for a detailed
breakdown of the species groups.) By using table
12, the annual harvest volume is further broken
down into softwoods and hardwoods.

According to this analysis, the greatest total yield
and the greatest softwood yield would be attained
by using a 35-year rotation for the aspen type.
However, more acres would have to be harvested
each year to obtain that volume. Currently, more
than 40 percent of the plots in the aspen type are
in stands older than 35 years. Therefore, consider-
able volume from older piots would have to be har-
vested to reach a 35-year rotation.

Rotation Harvest volume
age Total  Softwoods  Hardwoods
(Years)
----- Million cubic feet - - - - -
35 97.1 9.54 87.6
45 91.1 74 84.0
55 81.9 9.2 727

2Total type acreage (3,261,500 acres)/rotation age
(35 years).

3From table 12.

Finally, tables by basal area allow a comparison
between stand density and stand age that can be
used with other inventory data to determine the
stocking of existing stands. For example, in 1983
there were 404.9 thousand acres of aspen 51-60
years old in Wisconsin (Spencer et al. 1988).
Yields in these stands (all species) averaged 97
square feet per acre (table 12). Thus, the ratio of
volume to basal area was 14.2to 1. Schiaegel
(1971) predicted that such a ratio for fully stocked
stands of aspen in Minnesota would be 26 to 1. If
we view Schlaegel's prediction as an index of stand
potential, we can estimate that fully stocked aspen
sites should yield roughly twice what the stands in
the example are producing now. The comparison
is approximate because Schlaegel used different
standards of merchantability in computing his
volume.

The volumes shown in these tables were obtained
from plots located in stands with various histories,
from undisturbed stands to those that had been
repeatedly cut. Thus, the standard errors of mean
volume given in the tables indicate their variation.
Sampling error in percent can be determined by
dividing the standard error by the mean volume of
all species. For example, the sampling error for
jack pine in the 41-50 year age class for all sites
combined (table 1) is 33.5 percent (410/1,225) X
100.
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APPENDIX
Definition of Terms

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

Biomass.— 'he total above-ground weight, exclud-
ing foliage, of all live trees reported in green tons.
Biomass is made up of 5 componenis:

Growing-stock stumps.—Biomass of a grow-
ing-stock tree 1-foot stump.

Growing-stock bole.—Biomass of a growing-
stock tree from a 1-foot stump to a variable 4-
inch top.

Growing-stock top and limbs.—Biomass of a
growing-stock tree from a 1-foot stump minus
the growing-stock bole.

Cull stumps.—Biomass of a cull tree 1-foot
stump.

Cull bole.—Biomass of a cull tree from a 1-foot
stump to a variable 4-inch top.

Cull top and limbs.—Biomass of a cull tree
from a 1-foot stump minus the cull bole.

1- to 5-inch trees.~—Above-ground biomass of
all live trees 1- to 5-inches in diameter at breast
height.

Forest type.—A classification of forest land based
upon the species forming a plurality of live tree
stocking. Major forest types in Wisconsin are:

Jack pine.—Forests in which jack pine com-
prises a plurality of the stocking. (Common
associates include eastern white pine, red pine,
aspen, birch, and oak.)

Red pine.—Forests in which red pine com-
prises a plurality of the stocking. (Common
associates include eastern white pine, jack pine,
aspen, birch, and oak.)

White pine—Forests in which eastern white
pine comprises a plurality of the stocking. (Com-
mon associates include red pine, jack pine,
aspen, birch, and maple.)

Balsam fir—Forests in which balsam fir and
white spruce comprise a plurality of stocking with
balsam fir the most common. (Common associ-
ates include aspen, maple, birch, northern white-
cedar, and tamarack.)



White spruce.—Forests in which white spruce
and balsam fir comprise a piurality of the stock-
ing with white spruce the most common. (Com-
mon associates include aspen, mapie, birch,
northern white-cedar, and tamarack.)

Biack spruce.—Forests in which swamp coni-
fers comprise a plurality of the stocking with
black spruce the most common. (Common
associates include balsam fir, tamarack, and
northern white-cedar.)

Northern white-cedar—Forests in which
swamp conifers comprise a plurality of the
stocking with northern white-cedar the most
common. (Common associates include balsam
fir, tamarack, and black spruce.)

Tamarack.—Forests in which swamp conifers
comprise a plurality of the stocking with tama-
rack the most common. (Common associates
include black spruce, baisam fir, and northem
white-cedar.)

Oak-hickory —Forests in which northern red
oak, white oak, bur oak, or hickories, singly orin
combination, comprise a plurality of the stock-
ing. {(Common associates include jack pine,
elm, and maple.)

Eim-ash-soft maple.—Forests in which
lowland elm, ash, cottonwood, and red maple,
singly or in combination, comprise a plurality of
the stocking. (Common associates include
birch, aspen, and baisam fir.)

Maple-birch.—Forests in which sugar maple,
basswood, yellow birch, upland American elm,
and red maple, singly or in combination, com-
prise a plurality of the stocking. (Common
associates include white pine, elm, hemlock,
and basswood.)

Aspen.—Forests in which quaking aspen or
bigtooth aspen, singly or in combination, com-
prise a plurality of the stocking. (Common
associates include oak, pines, balsam fir, and
paper birch.)

Paper birch.—Forests in which paper birch
comprise a plurality of the stocking. (Common
associates include maple, aspen, and balsam
fir.)

Exotic—Forests in which species not native
to Wisconsin comprise a plurality of the stock-
ing. (Mostly Scotch pine plantations.)

Growing-stock trees.—Live trees of commercial
species that meet specified standards of size,
quality, and merchantability. (Note: Excludes
rough and rotten trees.)

Growing-stock volume.—Net volume in cubic feet
of growing-stock trees 5 inches d.b.h. and over,
from a 1-foot stump to a minimum 4 inch top
diameter outside bark of the central stem or to
the point where the central stem breaks into
limbs. Cubic feet can be converted to cords by
dividing by 79 cubic feet per solid wood cord
(rough standard cord excluding bark and air
spaces). ’

Live trees.—Growing-stock, rough, and rotten
trees 1-inch d.b.h. and larger.

Rotten trees.—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 prospec-
tively, and/or do not meet regional specifications
for freedom from defect primarily because of rot;
that is, when more than 50 percent of the cull
volume in a tree is rotter.

Rough trees.—(a) Live trees of commercial
species that do not contain at least one mer-
chantable 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.

Site index.—An expression of forest site quality
based on the height of a free-growing dominant
or codominant tree of a representative species in
the forest type at age 50.

Stand age.—Age of the main stand. Main stand
refers to trees of the dominant forest type and
stand-size class.

Stocking.—The degree of occupancy of land by
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 poteniial
of the land; that is, the stocking standard.

A stocking percent of 100 indicates full utilization
of the site and is equivalent to 80 square feet of
basal area per acre in trees 5 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 gf 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 trees is 130.0 percent or more.
Fully stocked stands.—Stands in which
stocking of trees is from 100.0 to 129.9 percent.
Medium stocked stands.—Stands in which
stocking of trees is from 60.0 to 99.9 percent.
Poorly stocked stands.—Stands in which
stocking of trees is from 16.7 to 59.9 percent.
Nonstocked areas.—Timberland on which
stocking of trees is less than 16.7 percent.

Timberland.—(This is a new term universally used
in Forest Inventory and Analysis reports and is
exactly equivalent to the term "commercial forest
land" previously used.) Forest land producing or
capable of producing crops of industrial wood
and not withdrawn from timber utilization. (Note:
Areas qualifying as timberland have the capabil-
ity of producing in excess of 20 cubic feet per
acre per year of annual growth under manage-
ment. Currently inaccessible and inoperable
areas are included, except when the areas
involved are small and unlikely to become suit-
able for production of industrial wood in the fore-
seeable future.)

Tree Species Groups in Wisconsin®

SOFTWQOODS
JacK PINe ..oocvveiriiriervireeencrieee Pinus banksiana
Red PINe ..ccccocvvviierieieiciacee Pinus resinosa
Eastern white pine ......ccccccoevrvenveneen. Pinus strobus
White SPruce ......ccceevveeeeiieieeverencceen. Picea glauca
Black SPruce ......ccccevevevmrmeenreanernnan Picea mariana
Balsam fir ..ccccceeeveevceviiiiinienieaes Abies balsamea
Eastern hemlocK ......cccccvveecennes Tsuga canadensis
TaAMABraCK ..cuveeeevceercerenninsavrcinresassnanes Larix laricina
Eastem redcedar ................... Juniperus virginiana
Northern white-cedar................. Thuja occidentalis
Other softwoods
NOIWay SPIUCE .......cccovvvevrrecrereeeannnens Picea abies
Scotch PiNe ...cccocvveveeriiinienerns Pinus sylvestris
HARDWOODS
White oak
WHhite 0aK....ccoveeeceeeccecciirirnennn Quercus alba
Swamp white 0aK........ccceeevenene Quercus bicolor
BUr0ak ..cooeeveeeeeeeneescnnes Quercus macrocarpa

5The common and scientific names are based on:
Little, Elbert L. 1979.Checklist of United States trees
(native and naturalized). Agric. Handb. 541. Washington,
DC: U.S. Department of Agriculture, Forest Service.
375p.

6

Select red oak

Northernred 0ak .....cocveeveernnennen. Quercus rubra
Other red oak

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

Black 08K ...veveveeecciiireeeneine Quercus velutina
Select hickory

Shagbark hickory ........cccceoeencee Carya ovata
Other hickory

Pignut hickory .....oovmeeeeemreicnn Carya glabra

Bitternut hickory .....ccccvvvveeencns Carya cordiformis
American basswood ........cccceerveenne Tilia americana
BEECh .. Fagus grandifolia
Yellow birch .....ccocceevvncnnnnnne Betula alleghaniensis
Hard maple

Sugar maple ......oceeeemeeiinnrenceneee Acer saccharum

Black Maple ...cccococeeiririieieeireceeeee Acer nigruim
Soft maple

Red maple ....ccovvveniieieereeee Acer rubrum

Silver maple ....cocceervecceiiienn Acer saccharinum
Elm

AmericanelM.....oorirnn, Ulmus americana

Slippery elm ... Ulmus rubra

Rock @Im ..o Ulmus thornasii
Black @ash ...occcovveerececeicciieieccnee e Fraxinus nigra
White and green ash

White ash ..ocooeecveeciienee Fraxinus americana

Green ash ..oooceeereecieennn. Fraxinus pennsylvanica
Eastern cottonwood .................... Populus deltoides
Black WIllOW ......ooevreeeeeiimiiiieceiireee Salix nigra
Hackberry ....oveeevvviiciiiinieieas Ceiltis occidentalis
Balsampoplar ........cceveeennenen. Populus balsamifera
Bigtooth aspen........ccc.......... Popuius grandidentata
Quaking aspen .........coceveeveenne Populus tremuloides
Paper birch ......ccoooovevvievennencee Betula papyrifera
River DIrCh ..o.coceeeiiieree Betula nigra
Black ChemY ..cccoverveiicireeiciieeces Prunus serotina
Black walnut .........ccoovvveemimvniieneenn Juglans nigra
Butternut .........ccceeveeevememmeienrirennns Juglans cinerea
Other hardwoods

BoXelder .....oceveeeeeeeeiiieeeeee Acer negundo

Black locust ....cceoccenvevennn. Robinia pseudoacacia

Honeylocust ........ccveeveeennee. Gleditsia triacanthos

Red MUIbermy ...ccoocevveeeecceiirierireeeeaes Morus rubra

Northern catalpa .......cccceeeeeneenee Catalpa speciosa
Noncommercial species

Mountain maple .....ccccocuvverreeennen. Acer spicatum

Eastern hophornbeam ............... Ostrya virginiana

Peachleaf willow ................... Salix amygdaloides

American homnbeam ............ Carpinus caroliniana

Hawthorn ....cocevevrrieeeeeeee Crataegus spp.

Striped maple .......ccccceevvenveeee Acer pensylvanicum

Mountain-ash ........ccceeeeeereenrinennccneens Sorbus spp.

Pincherry ...ccccovevveeneennnnen. Prunus pensylvanica

ChokeCherry .......cccvveveeeenenencns Prunus virginiana
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Hahn, Jerold T.; Steiman, Joan M.

1989. Empirical yield tables for Wisconsin. Gen. Tech. Rep. NC-131. St. Paul,
MN: U.S. Department of Agriculture, Forest Service, North Central Forest Ex-
periment Station. 46 p.

Describes the tables derived from the 1983 Forest Survey of Wisconsin and
presents ways the tables can be used. These tables are broken down accord-
ing to Wisconsin's five Forest Survey Units and 14 forest types.

KEY WORDS: Inventory, volume, growth.




