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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
conveying 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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Empirical Yietd Tabmesfor Wisconsin

Jerold 3".Hahn and Joan M. Stelrnan

Empirical yield tables are useful to managers of We constructed the tables by classifying the
timber, wildlife, and other forest resources who are timberlandplots by forest type, stand-age class,
interested in estimating current commercial forest and site-indexclass. Then the per acre merchant-
species composition and volume or in making able cubic foot volume or the total above-ground
rough, short-term (20-30 years) projectionsof biomasswas tabulated by species group. The
future conditions. This paper provides empirical merchantable volume standards used are minimum
yield tables for Wisconsin and demonstrates some 5-inch d.b.h, to a 4-inch top diameter outside bark
uses for them. if you are interested in comparing (top d.o.b.) with a 1-foot stump. We computed
conditions in the Lake States, similar sets of tables individual tree volumes using a formula developed
are presented in "Empiricalyield tables for Michi- from "Composite volume tables for timber and their
gan" (Hahn and Stelman 1984) and "Empiricalyield application in the Lake States" (Gevorkiantz and
tables for Minnesota" (Hahn and Flaile1982). in Olsen 1955) as described by Hahn (1984) and
addition, unpublished empidcaJyield tables for Smith (1985).
Missouri (1972) and Iowa (1974) are available at
cost from the Forest Inventory and Analysis Re- The 30-year projections were made using the
search Work Unit at the North Central Forest STEMS growthprojection system (Belcher et aL
Experiment Station. 1982) without management, following methodsde-

scribed in Ek et aL (1985, 1987). The 30-year
We compiled yield tables for Wisconsin from data projection provided additional plot volumes at three
gathered on 8,999 timberland plots established 10-year intervals. Therefore, in the projection
during the 1983 inventory of Wisconsin's five tables, an average 75 percent of the data in a
Forest Survey Units (fig.l) 1. The tables give the stand-age class is from projected data. This
estimated merchantable cubic foot volume yield per procedureallowed us to smooth out some of the
acre from growing-stock trees and the average abrupt changes in volumes common to empidcal
basal area per acre of all live trees 1 inch diameter yield tables and to provide estimates for age
breast height (d.b.h.) and larger by stand-age class classes notrepresented in the initial sample.
for the 14 forest types defined in the Appendix. in
addition to the net cubic foot volume tables, we In this report,we present tables by forest type and
present tables showing data generated from a 30- site-indexclass for the entire State and for each
year projection of the base year data and total Forest Survey Unit. State total tables for all sites
green weight of above-ground biomass for all live are pdnted. State total tables by site-index class
trees. These tables provide a detailed picture of and Survey Unit tables are included as microfiche
stand composition as measured by growing-stock inside the back cover. We have included only
volume or above-ground biomass, tables havingsufficient data, usually 3 or 4 plots, in

each of three adjacent age classes. We feel that
informationbased on smaller samples would not be
useful.

Jeroid T. Hahn is a PrincipalMensurationist and
Joan A. Steiman is a StatisticalAssistant with the 1Afullexplanationof thesurveyproceduresanddeft-
North Central Forest ExperimentStation, St. Paul, nitionscanbeobtainedfrom"Wisconsin'sfourthforest
MN. inventory,1983"(Spenceret al. 1988).
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Figure1.-- Wisconsin'sForest Survey Units.

The tables can be used in several ways. For that in 10 years the stand would yieldapproximately
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.
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Rotation Area _rchantabie Annual Finally,tables by basaJarea allow a comparison
age harvested/ volume/ harvest between stand densityand stand age that can be

(Years} year2 acre3 volume used with other inventory data to determine the
stocking of existing stands. For example, in 1983

Million there were 404.9 thousand acres of aspen 51-60
Thousand Cubic cubic years old in Wisconsin (Spencer et aL 1988).

acres feet feet Yields in these stands (all species) averaged 97

35 93.2 X 1,042 = 97.1 square feet per acre (table 12). Thus, the ratio of
volume to basal area was 14.2 to 1. Schlaegel45 72.5 X 1,256 = 91.1

55 59.3 X 1,381 = 81.9 (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

As a second example, these tables can be used in sites should yield roughly twice what the stands in
conjunctionwith other publishedforest inventory the example are producing now. The comparison
data to compare volume estimatesfor progressive is approximate because Schlaegel used different
rotation ages. For instance, the aspen type standards of merchantability in computing his
occupied 3,261,500 acres in Wisconsin in 1983 volume.
(Spencer et aL 1988). Assuming that you would
harvest an equaBnumber of acres each year, esti- The volumes shown in these tables were obtained
mates of the annual harvest volume can be derived from plots located in stands with various histories,
using the yields shown in table 12. from undisturbed stands to those that had been

repeatedly cut. Thus, the standard errors of mean
These harvest volumes can also be broken down volume given in the tables indicate their variation.
by species group. (See Appendix for a detailed Sampling error in percent can be determined by
breakdown of the species groups.) By using table dividing the standard error by the mean volume of
12, the annual harvest volume is further broken all species. For example, the sampling error for
down into softwoods and hardwoods, jack pine in the 41-50 year age class for all sites

combined (table 1) is 33.5 percent (410/1,225) X
According to this analysis, the greatest total yield 100.
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 LITERATURE CITED
eachyear to obtain that volume. Currently,more
than 40 percentof the plotsin the aspentype are
instandsolder than 35 years. Therefore,consider- Belcher,DavidM.; Holdaway,MargaretR.; Brand,
able volumefrom older plotswouldhave to be har- Gary J. 1982. A description of STEMS: the
vested to reacha 35-year rotation, stand and tree evaluation and modeling sys-

tern. Gen. Tech. Rep.NC-79. St. Paul, MN"U.S.
Departmentof Agriculture,ForestService, North
CentralForestExperimentStation.18 p.

Rotation Harvestvolume

age Total Softwoods Hardwoods Ek, AlanR.; Hoganson,H.M.; Hahn,JeroldT.
(Years)

..... Millioncubicfeet ..... 1985. Multi-product timber yields for long
term supply analyses. In: Mesnard,G., ed. Pro-

35 97.1 9.54 87.6 ceedings,International85 summerconference:
45 91.1 7.1 84.0 modellingandsimulation.Vol. 4. Environment
55 81.9 9.2 72.7 and chemistry,life,men, societies;1984 August

13-17;Minneapolis,MN. Tassin, France:AMSE
Press:207-218.

2Totaltypeacreage(3,261,500acres)/rotationage 4Cubicfeet ofsoftwoodsorhardwoodsin the
(35years), foresttypeof interest(102cubicfeet)X numberofacres

3Fromtable12. in theforesttype(93,200acres).
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Ek, Alan R.; Hoganson,Howard M.; Hahn, Jerold APPENDIX
T. 1987. Predicting muttiproduct timber yield
for long-term supply analyses. In:Achieving Definit_on of Te_s
wood energy potentials: evidence in northeast-
ern Minnesota.Gen. Tech. Rep. NC-114. St. Basal area.--The area in square feet of the cross
Paul, MN: U.S. Departmentof Agriculture, sectionat breast height of a single tree. When
Forest Service, NorthCentral Forest Experiment the basal areas of aHtive trees in a stand are
Station: 6-12. summed, the result is usually expressed as

square feet of basa_area per acre.
Gevorkiantz, S.R.; Olsen, L.P. 1955. Composite

volume tables for timber and their applica- Blomass.--The total above-ground weight, exclud-
tion In the Lake States. Tech. Bull. 1104. St. ingfoliage, of all live trees reported in green tons.
Paul, MN: U.S. Department of Agriculture, Biomass is made up of 5 components:
Forest Service, Lake States Forest Experiment
Station. 51 p. Growing-stock stumps.--Siomass of a grow-

ing-stock tree l-foot stump.
Hahn, Jerold T. 1984. Tree volume and biomass Growing-stock bole.--Biomass of a growing-

equations for the Lake States. Res. Pap. NC- stock tree from a 1-foot stump to a variable 4-
250. St. Paul, MN: U.S. Department of Agricul- inchtop.
ture, Forest Service,North Central Forest Ex- Growing-stock top and limbs.--Biomass of a
periment Station. 10 p. growing-stock tree from a l-foot stump minus

the growing-stockbole.
Hahn,Jerold T.; Raile, Gerhard K. 1982. Empirical Cull stumps.--Biomass of a cull tree 1-foot

yield tables for Minnesota. Gen. Tech. Rep. stump.
NC-71. St. Paul,MN: U.S. Department of Agri- Cull bo/e.--Biomass of a cull tree from a 1-foot
culture, Forest Service, North Central Forest Ex- stump to a variable 4-inch top.
periment Station. 212 p. Cull top and limbs.--Biomass of a cull tree

from a 1-foot stumpminus the cull bole.
Hahn,Jerold T.; Stelman, Joan M. 1984. Empirl- 1- to 5-inch trees.--Above-ground biomass of

cal yield tables for Michigan. Gen. Tech. Rep. all live trees 1- to 5-inches in diameter at breast
NC-96. St. Paul, MN: U.S. Departmentof Agri- height.
culture, Forest Service, North Central Forest Ex-

periment Station. 23 p. 4 microfiche. Forest type.--A classification of forest land based
upon the species forming a pJuralityof live tree

Schlaegel, BryceE. 1971. Growth and yield of stocking. Majorforesttypes in Wisconsin are:
quaking aspen in north centra| Minnesota.
Res. Pap. NC-58. St. Paul, MN: U.S. Depart- Jack pine.--Forests inwhich jack pine com-
mentof Agnculture,Forest Service,North prisesa pluralityof the stocking. (Common
CentralForest ExperimentStation.11 p. associatesincludeeastern whitepine, red pine,

aspen,birch,andoak.)
Smith,W. Brad. 1985. Factors and equations to Red pine.--Forests inwhich red pinecom-

estimate forest biomass in the North Central prises a pluralityof the stocking. (Common
region. Res. Pap. NC-268. St. Paul,MN: U.S. associatesincludeeastern whitepine, jack pine,
Departmentof Agriculture,ForestService, North aspen,birch,andoak.)
CentralForestExperimentStation.6 p. Whitepine.--Forests in whicheasternwhite

pinecomprisesa pluralityof the stocking. (Corn-
Spencer,John S., Jr.;Smith, W. Brad;Hahn, monassociatesincludered pine,jack pine,

JeroidT.; Raile,Gerhard K. 1988. Wisconsin's aspen,birch,andmaple.)
fourth forest Inventory, 1983. Resour.Bull. Balsam fir.--Forests inwhichbalsam fir and
NC-107. St. Paul,MN: U.S. Departmentof Agri- whitesprucecomprisea pluralityof stockingwith
culture,ForestService,NorthCentralForest Ex- balsamfirthe mostcommon. (Commonassoci-
perimentStation.158 p. aresincludeaspen,maple,birch,northernwhite-

cedar, andtamarack.)
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White spruceo--Forests in which white spruce Gtowingostock volume.--Net voJumein cubicfeet
and balsam fir compdse a plurality of the stock- of growing-stock trees 5 inches d.b.h, and over,
ing with white spruce the most common. (Com- from a 1-foot stump to a minimum 4 inch top
mon assodates include aspen, maple, birch, diameter outside bark of the centraJstem or to
northern white-cedar, and tamarack.) the point where the central stem breaks into

Black spruce.--Forests in which swampconi- limbs. Cubic feet can be converted to cords by
fers comprise a plurality of the stocking with dividing by 79 cubic feet per solid wood cord
black spruce the most common. (Common (rough standard cord excluding bark and air
associates include balsam fir, tamarack, and spaces).
northern white-cedar.)

Northern white-cedar.--Forests in which Mve trees.---Growing-stock, rough, and rotten
swamp conifers comprise a plurality of the trees 1-inch d.b.h, and larger.
stocking with northern white-cedar the most
common. (Common associates include balsam Rotten trees.---Live trees of commercial species
fir, tamarack, and Mack spruce.) that do not contain at least one 12-foot saw log or

Tamarack.reForests in which swampconifers two saw logs8 feet or longer, now or prospec-
comprise a pluraJityof the stocking with tama- tively,and/or do not meet regionaJspecifications
rack the most common. (Common associates for freedom from defect primarily because of rot;
incJudeblack spruce, balsam fir, and northern that is, when more than 50 percent of the cull
white-cedar.) volume in a tree is rotten.

Oak-hickoryowForests in which northern red
oak, white oak, bur oak, or hickories, singly or in Rough trees.--(a) Live trees of commercial
combination, comprise a plurafityof the stock- species that do notcontain at least one met-
ing. (Common associates include jack pine, chantable 12-foot saw log or two saw logs 8 feet
elm, and maple.) or longer, now or prospectively, and/or do not

Elm-ash-soft maple.reForests in which meet regional specifications for freedom from
IowUandelm, ash, cottonwood, and red maple, defect primarily because of roughness or poor
singly or in combination, comprise a plurality of form, and (b) all live trees of noncommercial
the stocking. (Common associates include species.
birch, aspen, and balsam fir.)

Maple-birch.--Forests in which sugar maple, Site index.--An expression of forest site quality
basswood, yeJlow birch, upland American elm, based on the height of a free-growing dominant
and red maple, singly or in combination,com- or codominanttree of a representative species in
prise a plurality of the stocking. (Common the forest type at age 50.
associates include white pine, elm, hemlock,
and basswood.) Stand age.--Age of the main stand. Main stand

Aspen.reForests in which quaking aspen or refers to trees of the dominant forest type and
bigtooth aspen, singly or in combination,com- stand-size class.
prise a plurality of the stocking. (Common
associates include oak, pines, balsam fir, and Stocking.--The degree of occupancy of land by
paper birch.) trees, measured by basal area and/or the number

Paper birch.--Forests in which paper birch of trees in a stand by size or age and spacing,
comprise a plurality of the stocking. (Common compared to the basal area and/or number of
associates include maple, aspen, and balsam trees required to fully utilize the growth potential
fir.) of the land; that is, the stocking standard.

Exotic.--Forests in which species not native
to Wisconsin comprise a plurality of the stock- A stocking percent of 100 indicates full utilization
ing. (Mostly Scotch pine plantations.) of the site and is equivalent to 80 square feet of

basal area per acre in trees 5 inches d.b.h, and
Growing-stock trees.---Live trees of commercial larger. In a standof trees lessthan 5 ir'_hes

speciesthat meet specifiedstandardsofsize, d.b.h.,a stockingpercentof 100 wouldindicate
quality,andmerchantability.(Note: Excludes thatthe presentnumberof treesis sufficientto
roughand rottentrees.) produce80 squarefeet _f basalarea per acre

whenthe trees reach5 inchesd.b.h.



Stands are grouped into the following stocking Select red oak
classes: Northern red oak .......................... Quercus rubra

Other red oak
Overstocked stands.---Stands in which Northern pin oak ..................Quercus ellipsoidalis

stocking of trees is 130.0 percent or more. Black oak ...................................Quercus velutina
Fully stocked stands.--Stands in which Select hickory

stocking of trees is from 100.0 to 129.9 percent. Shagbark hickory .............................. Carya ovata
Medium stocked stands.---Stands in which Other hickory

stocking of trees is from 60.0 to 99.9 percent. Pignut hickory .................................. Carya glabra
Poorly stocked stands.--Stands in which Bitternut hickory........................Carya cordiformis

stocking of trees is from 16.7 to 59.9 percent. American basswood ........................Tilia americana
Nonstocked areas.--Timberland on which Beech ...........................................Fagus grandifofia

stocking of trees is less than 16.7 percent. Yellow birch ...........................Betula alleghaniensis
Hard maple

Timberlland.--(This is a new term universally used Sugar maple ...............................Acer saccharum
in Forest Inventory and Analysis reports and is Black maple .......................................Acer nigrum
exactly equivalent to the term "commercial forest Soft maple
land" previously used.) Forest land producing or Red maple ........................................Acer rubrum
capable of producing crops of industrial wood Silver maple .............................Acer saccharinum
and not withdrawn from timber utilization. (Note: Elm
Areas qualifying as timberland have the capabiF .American elm............................Ulmus americana
ity of producing in excess of 20 cubic feet per Slipperyelm ......................................Ulmus rubra
acre per year of annual growth under manage- Rock elm ......................................Ulmus thomasii
ment. Currently inaccessible and inoperable Black ash ..........................................Fraxinus nigra
areas are included, except when the areas White and green ash
involved are small and unlikely to become suit- White ash ..............................Fraxinus americana
able for production of industrial wood in the fore- Green ash .......................Fraxinuspennsylvanica
seeable future.) Eastern cottonwood .................... Populus deltoides

Black willow ............................................Salix nigra

Tree Species Groups in Wisconsin s Hackberry ...................................Ceitis occidentalis
Balsam poplar .........................Populus balsamifera

SOFTWOODS Bigtooth aspen ..................... Populus grandidentata
Jack pine .....................................Pinus banksiana Quaking aspen ........................Populus tremuloides
Red pine ........................................Pinus resinosa Paperbirch ...................................Betula papyrifera
Eastern white pine ............................Pinus strobus River birch ............................................Betula nigra
White spruce .....................................Picea glauca Black cherry ....................................Prunus serotina
Black spruce ................................... Picea mariana Black walnut .......................................Juglans nigra
Balsam fir .....................................Abies balsamea Butternut .........................................Juglans cinerea
Eastem hemlock .......................Tsuga canadensis Other hardwoods
Tamarack ........................................... Larix laricina Boxelder .........................................Acer negundo
Eastem redcedar ...................Juniperus virginiana Black locust .......................Robiniapseudoacacia
Northern white-cedar .................Thuja occidentalis Honeylocust .........................Gleditsia triacanthos
Other softwoods Red muIberry.....................................Morus rubra

Norway spruce .................................Picea abies Northern catalpa .......................Catalpa speciosa
Scotch pine ................................Pinus sylvestris Noncommercial species

HARDWOODS Mountain maple .............................Acer spicatum
White oak Eastern hophornbeam ...............Ostrya virginiana

White oak .......................................Quercus alba Peachleaf willow .................... Salix amygdaloides
Swamp white oak .......................Quercus bicoior American hombeam ............ Carpinus caroliniana
Bur oak ..............................Quercus macrocarpa Hawthorn ......................................Crataegus spp.

5Thecommonandscientificnamesare basedon: Striped maple .......................Acer pensylvanicum
Little,ElbertL. 1979.Checklistof UnitedStatestrees Mountain-ash .....................................Sorbus spp.
(nativeandnaturalized).Agric.Handb.541. Washington, Pin cherry ............................Prunuspensylvanica
DC:U.S.Departmentof Agriculture,ForestService. Chokecherry .............................Prunus virginiana
375p.
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Hahn, Jerold T.; Stelman, Joan M.
1989. Empirical yield tables for Wisconsin. Gen. Tech. Rep. NC-131. St. Paul,

MN: U.S. Departmentof Agriculture,Forest Service, North Central Forest Ex-
perimentStation.46 p.

Describesthe tables dedvedfrom the 1983 Forest Surveyof Wisconsinand
presentswaysthe tables can be used. These tables are brokendown accord-
ingto Wisconsin'sfive ForestSurvey Unitsand 14 forest types.

KEY WORDS: Inventory,volume,growth.


