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A NETVOLUME EQUATION FOR MICHIGAN'S
UPPER AND LOWER PENINSULAS

-.

• Gerhard K. Raile, Mensurationist,
W. Brad Smith, Mensurationist,

and Carol A. Weist, Computer Programmer

A net merchantable tree volume equation and coef- HOW THE EQUATION AND
ficients were developed for the Upper and Lower Pen- COEFFICIENTS WERE
insulas as part of the 1981 Michigan Forest Inven-
tory (fig. 1). The equation is suitable for use on digital DEVELOPED
computers by foresters, land managers, researchers,

• and others in need of net volume-per-tree estimates Equations developed by Robert N. Stone (see Ap-
over large forest areas. Both board-foot and cubic- pendix) based on Gevorkiantz and Olsen's (1955)
foot volume can be estimated for most tree classes, composite volume tables for the Lake States were

used to estimate the cubic-foot volume in each tree.

•_" ",,, Stone's equations compute gross volume in a tree
"'. ',, from three measurements: diameter breast height

', (d.b.h.), merchantable height, and top diameter out-
eASTeRN side bark (t.d.o.b.). This estimated volume was then

UPPERM_CH_aAN corrected for differences in bark thickness between

species and the field estimate of cull volume was
subtracted to arrive at net volume.

WeSTeRN Experience in working with volume-d.b.h, rela-UPPER , '"

, MICHIGAN , , tions suggests the following equation for this type

•q /, of data:
V = A-SIB (1-e'C'DBH)D

•ow. L"=':I.-.:J .....
MICHIGAN /---[ ...... I......... (_ where the dependent variable Vis net volume of the

, . • _'_[_/_'-_ _"1"_7:2_ 1___ tree, and the independent variables SI and DBH are

. tree site index and diameter at breast height, re-
spectively. The value of e is the constant base of the

: ,:'_o.,._"" i ,,___.___.. natural logarithm (2.71828). A, B, C, and D are theOUT.eRNLOW equation coefficients. The upper asympote, A.SIB,is
MICHIGAN a function of site index. A general form of this func-

tion can be seen graphically in figure 2.

. The equation coefficients were developed using field
............... data collected on 12,361 trees in the Upper Peninsula
_=__,o and 9,780 trees in the Lower. Data included d.b.h.,

merchantable height, t.d.o.b., site index, and tree
Figure 1._Michigan's forest survey units, class. For sawtimber-size trees, measurements were
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6oo Because the average site index may be used when
site index is Unknown, the only other data needed

soo " /I s,- 8o to determine tree volumes using this model are spe-

f/ s,=so cies, d.b.h., and tree class. Net volume per tree is

SI = 40

4OO
_///" highly variable, so these equations should be applied

° //• __ s,=_o to an adequate sample over a large forest area.

HOWUSETHE
.oo EQUATION

1. Select the appropriate species group and coef-
100

_ ficients from tables 1-14.
o

0 5 10 15 20 25 30

D.b.h. 2. Substitute these coefficients in the above equa-
tion.

i Figure 2.--Net board foot volume (International V4-
inch rule) of desirable and acceptable basswood 3. Solve the equation to obtain net volume.
trees by d.b.h, and selected site index levels.

• For example, to compute the board foot volume of
a 15-inch acceptable basswood tree with a site index

taken at both the sawtimber and poletimber limits of 60 in the Lower Peninsula, we would first obtain
of merchantability._ Field crews also estimated the the coefficients for basswood from table 11. Substi-
volume of board foot and cubic foot cull in each tree tuting into the general net volume equation:
(USDA Forest Service 1975).

Equation coefficients were developed for each of
three tree class categories: "desirable and accepta- V = A.SIB (1-e -C.DBH) D

ble," _rough and short-log," and "rotten" (see Ap- (.17993) -0.02575(15.0) 2.921
pendix for definitions). Equation coefficients were V = (2076.0)(60) (1-e )
also developed for board-foot and cubic-foot volumes.
Thegroupings of species for the equations were de- V = 156 board feet
termined primarily by the number of observations
and the similarity of bole form among species. Spe-
cies for which no observations were available were
assigned equations on the basis of bole form. (For

species and species groups, see Appendix). LITERATURE CITED
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APPENDIX

VOLUME EQUATIONS Reooak Ouercusrubrz.. - Quercusve/utina
Quercuspalistris

Stone's cubic foot volume equation uses the fo]- Quercusellipsoidalis
lowing dependent variables: diameter at breast height Hickory CaryacordiformisCaryaovate
(D), merchantable height (H), and diameter outside Caryaglabra
bark at merchantable height (T) to estimate cubic Basswood Ti/iaamericana

Beech Fagusgrandifolia
foot volume (CV). Yellowbirch Betulaalleghaniensis
CV = (3.0086 x 10 -3 + $1 + $2 + $3 + $4 + Hardmaple Acernigrum

• $5 +$6 _- $7 + $8). 79.0 Acersaccharum
where • Softmaple Acerrubrumvar.rubrumAcersaccharum

$1 = (2,0355 x 10-3)D Elm U/musamericana
$2 = (-3.0018 x 10- 3)T Ulmusrubra

Ulmusthomasii
$3 = (6.2381 x 10-5)D = Ash Fraxinusamericana
$4' (2.5705 x 10-5)D2"H Fraxinusnigra
S5 = (,7.0090x i0-6)H 2 , Fraxinuspennsylvanica

Cottonwood Populusdeltoides
$6 = (3.6708 x 10-5)H-T = Balsampoplar Populusbalsamifera
$7 = (8.1400 x 10- l°)D2.H3 Paperbirch Betulapapyriferavar,papyrifera
$8 = (-1.90000 x 10-9)D2"H2"T Aspen Populusgrandidentata

Populustremuloides
Blackcherry Prunusserotina

Stone's board foot volume eguation as modified by 0therhardwoods Acernegundo
Hahn (1975, 1976) is as follows: Betulanigra

BV 17.7488 + 7.3846|._CV-2.3523|.|D- Celtisoccidentalis

• 0.899455-_H + 2.0726|'|T Juglanscinerea• Juglansnigra
where Salixnigra

BV = board foot volume (International 1/4-inch Liriodendrontulipifera
rule). Noncommercialspecies

METRIC EQUIVALENTS
• SPECIES GROUPS AND

1,000 board feet (International Z/a-inch log rule)
SPECIES FOR MICHIGAN = 3.48 cubic meters.

TREES
Scientificnamesof Breast height = 1.37 meters above the ground.

.Speciesgroup includedspecies

SOFTWOODS 1 cubic foot = 0.0283 cubic meter.
• Jackpine Pinusbanksiana

Redpine Pinusresinosa 1 foot = 30.48 centimeters or 0.3048 meter.
• ' Whitepine Pinusstrobus

Whitespruce Piceaglauca
.Btackspruce Piceamariana 1 inch = 25.4 millimeters or 2.54 centimeters or
Balsamfir .Abiesbalsameavar,balsamea 0.0254 meter.

' Hemlock Tsugacanadensis
•Tamarack ' Larixlaricina
Northernwhite-cedar Thujaoccidentalis DEFINITION OF TERMS
Othersoftwoods Pinussylvestris

• Pinusnigra (USDA Forest Service 1975)
Juniperusvirginia
Larixdecidua Desirable trees. -- Live trees that have no serious

Piceaabies defects that limit present or prospective use and
• Pseudotsugamenziesii that have relatively high vigor and have no visible

HARDWOODS signs of pathogens that may result in death or
Whiteoak - Ouercusalba serious deterioration before rotation age. They

Quercusbicolor
.Ouercusmacrocarpa would be favored by forest managers in silvicul-
Ouercusmuehlenbergii tural operations.

o
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Acceptable trees. -- Live trees having no serious de-
fects that limit present or prospective use but that

- have pathogens or damage that may affect qual-
ity.

Rough trees. -- Live trees that do not contain at least
one merchantable 12-foot log, now or prospec-
tively, because of roughness, poor form, or non-
commercial species.

Rotten trees.--"Rough" trees in which more than 50
percent of the cull volume is rotten.

Short-log trees. -- Live sawtimber-size trees that
contain at least one merchantable 8- to l 1-foot

saw log but not a 12-foot saw log, now or pro- .
spectively. .

o ;.

Raile, Gerhard K.; Smith, W. Brad; Weist, Carol A.
A net volume equation for A net volume equation for Michigan's Upper

and Lower Peninsulas. Gen. Tech. Rep. NC,80. St. Paul, MN: U.S.
Department of Agriculture, Forest Service, North,. Central Forest ":

' Experiment Station; 1982. 12 p.
Describes a volume equation for Michigan's Upper and Lower

Peninsulas developed as part of the 1981 Michigan Forest Inventory.
Equation coefficients are presented by species groupings for both
cubic-foot and board-foot volumes for three tree categories.

• KEY WORDS: Inventory, computer, growing stock, cull, cubic foot, !
board foot.
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