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EMPIRICAL YIELD TABLES FOR MINNESOTA

Jerold T. Hahn, Principal Mensurationist,
and Gerhard K. Raile, Associate Mensurationist

- Empirical yield tables are useful to forest resource
managers, timber managers, wild-life managers, and
'multi-resource managers who are interested in esti-
mates of current commercial forest species composi-
tion and volume or in rough, short-term projections of
future conditions. Examples showing each of these
uses are presented in this paper. A similar set of tables
is presented in “Empirical Yield Tables for Wisconsin”
(Essex and Hahn 1976) and can be used by persons
interested in comparisons between States. In addition
we are aware of unpublished empirical yield tables for
‘Missouri and Iowa based on the most recent forest
‘surveys of those States.

- Presented here are yield tables compiled from data
gathered on 8,807 commercial forest land plots estab-
. lished during the 1977 inventory of Minnesota’s four
Forest Survey Units (fig. 1). Tables for the entire State
and for each Survey Unit were compiled by forest type

*and site index class. Only tables having sufficient data,

usually 3 or 4 plots in each of three adjacent age classes,
~ are presented; we feel that less than this amount of
e infqrmation would not be useful.

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 by
" stand age class for the 14 forest types defined in the
Appendix. These tables provide a detailed picture of
stand ‘composition as measured by growing-stock
volume.

The tables were constructed by classifying the com-
‘mercial forest land plots measured in the 1977 invento-
ry by forest type, stand age, and site index class. Then
- the per-acre merchantable cubic foot volume was tabu-
lated by species group. The merchantable volume stan-
dards used are minimum 5-inch d.b.h. to a 4-inch top
diameter. Individual tree volumes were computed us-
ing a formula developed from “Composite volume ta-
bles for timber and their application in the Lake

States” (Gevorkiantz and Olsen 1955, Raile 1981). A
full explanation of the survey procedures and defini-

tions can be obtained from “Forest statistics for Min-
nesota 1977 (Jakes 1980).

The tables can be used in several ways:

1. They can be used to estimate future timber yield,
in the manner of normal yield tables, where it is as-
sumed that the volume shown in one age class will
increase in 10 years to the volume shown in the next
older age class. For example, from table 9 stands aged
51-60 years average 2,025 cubic feet per acre. If you
have a stand of red pine 41-50 years old, you could
expect that in 10 years it would approximate this
volume.

2. These tables, in conjunction with other forest
inventory publications, can also be used to compare
volume estimates for progressive rotation ages. For
example, the aspen type occupied 5,302,000 acres in
Minnesota in 1977 (Jakes 1980). For aselected rotation
and an equal number of acres harvested each year the
annual harvest volume estimates can be derived as
follows using the yields shown in table 50:

Annual

Rotation Area Merchantable harvest
age harvested' volume/acre? volume/year

(years) (thousand acres) (cubic feet) (million

cubic feet)

35 151.5 X 930 = 140.9

45 117.8 X 1,122 = 132.2

55 96.4 X 1,201 o= 115.8

In addition these volumes can be broken down by
species group. (See Appendix for a detailed species

15,302,000 acres/35 years = 151,500 acres/year.
2From table 50.
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Figure 1. — Forest survey units in Minnesota.

breakdown of the species group.) In
. rotations for example:

Rotation

the above three

Harvest
age * volume Softwood? Hardwood
(years) ... (million cubic feet)- - - - - - - -
35 - 140.9 15.9 125.0
45 132.2 15.1 1171
55 115.8 14.7 101.1

3From table 50. 105 cubic feet/ac X 51,500 acres

- 15,900,000 cubic feet.
g

According to this analysis, both the greatest total
yield and the greatest softwood yield would be at-
tained by using a 35-year rotation for the aspen type,
although more acres would have to be harvested each
year to obtain that volume. Currently, more than half
the plots in the aspen type are in stands older than 35
years. Therefore, some volume from older plots would
have to be harvested to reach a 35-year rotation.

3. Finally the basal area values in these tables
allow a comparison between stand density and stand
age that can be used to determine whether existing
stands are fully stocked. For example, in 1977 there
were 923 acres of aspen 51 to 60 years old in the 61- to
70-site index class in Minnesota (Jakes 1980). Yields
in these stands (all species) averaged 1,214 cubic feet



per acre, and basal areas (growing stock and cull
combined) averaged 94 square feet (table 46). Thus,
the ratio of volume to basal area was 12.9 to 1.
Schlaegel (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 generalize that similar aspen sites
that are fully stocked could be expected to yield
roughly twice as much. as these stands are producing
- now. The comparison can only be approximate as
- Schlaegel used different standards of merchantability
in computing his volumes.

The volumes shown in these tables were obtained
- from plots that ranged from stands in an undisturbed
state to stands that had been cut repeatedly. Thus
" standard errors of mean volume are given in the tables
to indicate this variation. Sampling errors in percent
" can be determined by dividing the standard error by
the mean volume; for example, the sampling error for
jack pine in the 41- to 50-year age class all sites
combined (table 5) is + 5.7 percent ((73/1,272) X
100).
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APPENDIX

~ FOREST TYPE DEFINITIONS

". A classification of forest land based upon the spe-
‘cies forming a plurality of live-tree stocking. Major
forest types in Minnesota are:

. Jack pine. — Forests in which jack pine comprises
a plurality of the stocking. (Common associates in-
clude eastern white pine, red pine, aspen, birch, and
maple.). ‘

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

White pine. — Forests in which eastern white pine
. comprises a plurality of the stocking. (Common asso-
ciates include red pine, jack pine, aspen, birch, and
~ maple.)

Balsam fir. — Forests in which balsam fir com-
prises a plurality of stocking. (Common associates
include white spruce, aspen, maple, birch, northern
white-cedar, and tamarack.)

White spruce. — Forests in which white spruce
comprises a plurality of the stocking. (Common asso-
ciates include balsam fir, aspen, maple, birch, north-
ern white-cedar, tamarack.)

Black spruce. — Forests in which black spruce
comprises a plurality of the stocking. (Common asso-
ciates include tamarack and northern white-cedar.)

Northern white-cedar. — Forests in which
northern white-cedar comprises a plurality of the
stocking. (Common associates include tamarack and
black spruce.)

Tamarack. — Forests in which tamarack compris-

es a plurality of the stocking. (Common associates

include black spruce and northern white-cedar.)
3



Oak. — Forests in which northern red oak, white
oak, or bur oak, singly or in combination, comprise a
plurality of the stocking. (Common associates include
elm, maple, and-aspen.)

Elm-ash-cottonwood. — Forests in which low-
land elm, ash, cottonwood and red maple, singly or in
combination, comprise a plurality of the stocking.

(Common associates 1nclude basswood and balsam

poplar )

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

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

Paper birch. — Forests in which paper birch
.comprises a plurality of the stocking. (Common asso-
ciates include maple, aspen, and balsam fir.)

Balsam poplar. — Forests in which balsam pop-
lar comprises a plurality of the stocking. (Common
associates -include aspen, elm, and ash.)

" PRINCIPAL TREE SPECIES
GROUPS IN MINNESOTA*

" Softwoods:

'Eastern white pine Pinus strobus
" "Red pine Pinus resinosa
Jack pine Pinus banksiana
White spruce Picea glauca
" Black spruce Picea mariana
Abies balsamea

Balsam fir

- 4The common and scientific names are based on:

- Little, Elbert L., Jr. 1953. Check list of Native and
Naturalized Trees of the United States (including
Alaska). U.S. Department of Agriculture, Agrzcul-
" ture Handbook 41, 472 p.

Tamarack

Northern white-cedar

Other softwoods:
Eastern redcedar

Hardwoods:
White oaks:
White oak
Bur oak
Select red oaks:
Northern red oak
Other red oak

Yellow birch

Hard maples:
Blackmaple
Sugar maple

Soft maples:
Red maple
Silver maple
Ashes:
Black ash
Green ash
Balsam poplar
Paper birch
Bigtooth aspen
Quaking aspen
Basswood
Elms:
American elm
Slippery elm
Rock elm
Select hardwoods:
Butternut
Black walnut
Black cherry
Other hardwoods:
Boxelder
Eastern cottonwood
Populus deltoides
Black willow
River birch
Hackberry

Larix laricina
Thuja occidentalis

Juniperus virginiana

Quercus alba
Quercus macrocarpa

Quercus rubra
Quercus elipsoidalis

Betula alleghaniensis

Acer nigrum
Acer saccharum

Acer rubrum
Acer saccharinum

Fraxinus nigra
Fraxinus pennsylvanica
Populus balsamifera
Betula papyrifera
Populus grandidentata
Populus tremuloides
Tilia americana

Ulmus americana
Ulmus rubra
Ulmus thomassii

Juglans cinerea
Juglans nigra
Prunus serotina

Acer negundo
Salix nigra

Betula nigra
Celtis occidentalis
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