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ABSTRACT

The report contains regression equations for
calculations of biomass of several mainly Canadian
forest species (trees, shrubs, lesser vegetation) and
their components (leaves, branches, bote, bark,
wood, roots, etc.).

The lists are arranged by plant species in
alphabetical order of common names. Glossaries
and a sketch define the tree components. Many
pertinent references are given.

Ce rapport contient des equations de regres
sion pour Ie calcul de la biomasse de plusiers especes
forestitres surtout canadiennes (arbres, arbustes,
veg6'tation basse) et leurs parties (feuilles, branches,
rut, ecorce. bois, racines, etc.).

Sont €num€res les noms communs des plantes
par ordre alphabetique. Des glossaires et un denin
d€finissent les parties des arbres, Maintes references
pertinentes sont inclU5eS.



INTRODUCTION

Forest productivity may be envisaged from
two distinct aspects: economic and biological (Duvi
gneaud in Anon. 1971b). The former evaluates the
volume of solid wood per unit area, the latter the
dry weight of tree components in kilocalories. Eco
nomic forest productivity is familiar to most foresters
and has long been an essential part of forest manage
ment. In contrast, biological forest productivity has
come into focus relatively recently, as a result of
advances in knowledge of the ecosystem (biogeo
coenosis) or concern with energy supply.

The foundations of the science of biological
productivity of forests were laid by Boysen Jensen
(1910 and 1932), who defined the concepts and
developed techniques and methods, though, in the
last century, considerable contributions were made
by pioneers such as Ebermayer in Germany or Henry
in France. Among other works, Ovington's (1957)
"Dry matter production of Pinus sylvestris" is a
classic, and Lieth's (t962) Proceedings of the Sympo·
sium "Stoffproduktion der Pflanzendecke" (produc·
tivity of the vegetal cover), held in Stuttgart·Hohen·
heim, is important in that it identifies problems
and methods.

The impetus for more research came in
1963 when, under the auspices of the International
Biological Program (lBP), the "Section PT" (Pro·
ductivity of Terrestrial Communities) met and
proposed a definitive 7·year program (Duvigneaud
in Anon. 1971bl.

Since then, several IBP meetings have taken
place and many findings have been published. Those
accessible to us have been listed under References.
Of special interest are the Proceedings of the Brussels
Symposium in October 1969 (Anon. t971b), which
is actually a &year IBP progress report and state·of·
art review of productivity of forest ecosystems.

In the latter report, primary biological forest
productivity (PBFP)11 is defined by Duvigneaud as
the rate of production by which energy is stored
through the activity of producing organisms, photo
synthetic or chemosynthetic, in the form of an
organic substance suitable for alimentary utilization.

- 3 -

The gross PBFP (total photosynthesis, total
assimilation) is the rate of total photosynthesis,
including the organic matter utilized for respiration
during the period of measuring. The net PBFP (appar·
ent photosynthesis, net assimilation) is the rate of
organic .matter production in the form of vegetable
tissues, less the matter utilized for respiration during
the period of measuring. The followers of Boysen
Jensen define the net PBFP as the gross dry matter
production minus the dry matter of lost leaves,
branches, roots, and through respiration of leaves,
branches, stem and roots. It is important to note
the basic difference between the two definitions.

The net primary biological productivity may
also be defined as the rate of biomass production
(energy storage). Newbould (1967) defined biomass
as the total amount of photosynthetic plants making
up a woodland stand and takes it to include heart·
wood and bark (which may no longer be alive) but
not dead roots and dead branches. In context,biomass
should be expressed in terms of dry weight, or ash·
free dry weight (=organic weight), and can be esti
mated d irecdy by weighi ng or indirectly from measure
ments of the volume and density of the various
components concerned.

The fundamentals for estimation of biomass
and its increment, as well as field sampling methods,
treatment of samples and evaluation of data have
been presented in many publications. Among them
are those by Boysen Jensen 1932; Kira et al. 1967;
Newbould 1967; Milner and Hughes 1968; Duvig
neaud in Anon. 197tb, pp. 111·140; Whittaker and
Woodwell in Anon. 1971b, pp. 159-175.

Of prime interest is the determination of
periodic biomass increment /). B during the time per
iod /). t or annual biomass increment (when the per·
iod amounts to 1 year).

Where B2 and B1 represent the biomass at the end
and beginning of the period, Pn stands for net pro
ductivity during /). t, l for plant losses by death and
shedding during lit and G for plant losses owing to
consumer during /). t.

Biomass data are essential for the Quantita-

1/ The secondary productivity is the rate of energy accumulation at trophic
levels of consumers and decomposers, and obviously will depend on vegetable
matter produced by primery productivity.



tive evaluation of renewable resource potential
(Keays in Anon. 1971). They have been used for
comparing plant communities, studying the biolo
gical and physical processes that affect productivitY,
and energy flow and utilization relationships in
nature. They are also important in forest fuel estima·
tions, and in determining fire behavior in terms of
both wildfire and prescribed burning on forest lands
(Brown 1965; Kiil 1967; Kurucz 1969; and others).

Biomass determinations may also provide
estimates of pulp yield and a basis for determining
the feasibility of complete tree utilization for such
purposes as wood products, ruminant fodder (Reid
1976; Young 1976; and others), chemicals and
fuel.

Fresh or oven-dry biomass of trees, shrubs
or lesser vegetation and the components thereof,
such as foliage, branches, roots and tree bole, etc..
can be determined by many destructive and non·
destructive methods. In studies referred to, rela
tionships were developed of biomass and easily
determinable characteristics (diameter at breast
height or at ground level, tree height. etc.) to facili
tate practical application.

The objective of this report is to compile,
for use at the PFRC, from available literature, regres·
sion equations for calculation of biomass of forest
communities and individual plants (trees, shrubs,
lesser vegetation) and their components (leaves,
branches by size class, bole, merchantable bole,
bark, wood. roots by size classes, etc.).

METHODS

Most of the publications concerned with
biomass, contain information on methods used by
the authors. It is not intended to review the many
approaches and techniques; instead, a list is presented
of regression equations found in the literature (Appen.
dix). The occurring variables, symbols of which have
been standardized, are defined in the "Glossary of
Independent Variables". The tree components (Fig.
1) for which the biomass equations were developed,
have also been given in standardized form and are
defined in the "Glossary of Equation Titles". The
glossaries are self explanatory and refer to notations
used in the Appendix.

The lists of regression equations (Appendilt)
are arranged by plant species in alphabetical order of
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common names. In the first column are given the
species, author. year of publication and equation
title. Question mark m In the equation title indicates
that this information was not given in the original
report. Biomass fresh weights (FW) or oven·dry
weights (ODW) are, with two exceptions, per individ
ual trees, and are shown in column "FW or ODW".
The pUblished regression equations are given in
the column "Prediction Equations". The numbers
of observations on which the equations are based
are contained in column "n" and the coefficient
of determination (R2) or the simple correlation
coefficient (r) under column "R2 or r'''. Where (r)
is not specified, values ares taken as denoting R2.
In all cases, R2 and r values were rounded up to two
decimals except where they approached 1.0, in
which instances they were taken as .99. The range
of diameters at !round level, or diameters at breast
height, is shown in the last column as "Range of
diameters at ground level in mm or diameters at
breast height in cm".

Scientific names of plant species are given in
the "Glossary of Species Names".

Glossary of Equation Tit~s

The names of variables used by the different
authors have been standardized and defined below
to facilitate comparisons. The individual tree com
ponents are shown in Figure 1 (based on Young et al.
19641, and are defined as follows.

1) Small roots· all roots or root portions
as a general rule less than 2.5 cm 11"}

in diameter.

2) Medium root5 - roots as a general rule
from 2.5-10 cm (1-4") in diameter.

3) large root5 - roots as a general rule larger
than 10 em (4").

401) Stump above ground level.

4b) Stump below ground - usually to where
large roots are apparent.

5) Bole - merchantable stem from the stump
to a merchantable tOP diameter.

6) Large branche5 - usually larger than 2.5
cm (1").



7a) Small branches· usually smaller than 2.5
em (''').

7b) leaves or needles.

8) Unmerchantable top.

The equations for individual components or
groups of compOnents have titles that can be defined
in the above terms as follows:
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The following additional abbreviations were
used mainly to save space: > = larger than, < = smal
ler than, + = plus, - = minus, & = and, " " inches,
cm '" centimeters, mm = millimeters, lbs '" weight in
pOunds, kg = weight in kilograms, g" weight in grams,
Dom = dominant, Codo = codominant, t = top
diameter of stem, s = stump height.

In the following cases, the dependent variables
were not precisely defined: Ribe (1973) did not

Equation Title

Tree tot.

Tree

Tree a.s. *
* known stump height

Stem

Stem a.s:
Ooknown stump height.

BoiesOotOoOo

Ooknown stump height
Hknown top diameter

Stump

Roots

Crown

Branch

Foliage

Bark

Wood

Slasht"Oo
"Ooknown top diameter

Dependent variables

Total or complete tree
or plant

Tree or whole plant
above ground level

Tree above stump

Stem above ground level

Stem above stump

Merchantable stem

Stump

Roots

Branches & foliage

Branches

Need les or leaves

Bark only

Wood only

Branches, foliage & top

Components
(shown in Fig. 1)

1,2,3,4,5,6,7,8

4a,5,6, 7,8

5,6,7,8

4a,5,8

5,8

5

, ,2,3

6,7a+b

6,7a

7b

6, 7a+b,a

All components and diameter measurements are
understood to include bark (outside bark, o.b.)
unless stated as inside bark (Lb.). Pertinent sizes
of branches and roots are indicated in the equation
title.

define stem, but probably means stem above ground
level. Kurucz (1969) did not define bole, but is
probably equivalent to stem.
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Figure 1. Diagrammatic sketch showing the components of a tree.
(adapted from Young et al. 1964)



GLOSSARY DF INDEPENDENT
VARIABLES
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DB .. (02H) '" diameter at breast height
squared (cm2) height (em)

List of notations used in Appendix. All dia
meters were measured outside bark.

09 • (02H) '" diameter at breast height
squared (em2) height (m)

.. Total age in years (O;I(ClEI Diameter at breast height
(in) multiplied by crown length (ft)

.. Reciprocal of increment core specific
gravity

(O;l(ClEI 2 The product to the square

of diameter at breast height linl and
crown length (ft)

BA .. Basal area at breast height (2 1T(cm2 j (DxC\N2) diameter at breast height (in)

multiplied by crown width squared (ft2)
SR .. Branchiness class (1-5)

CH .. Canopy height 1m)

CL '" Crown length (em)

eLm = Oown length 1m)

CR '" Crown ratio (CL/Height x 1()()%)

CS .. Crown surface'"' Tf/4 CN Jel2 + ()N2

CV Crown volume1T/12ICW2)Cl

ON Crown width (ft)

CNm .. Crown width (m)

g/m2 .. Grams per meter squared

ha • Hectare

H1 .. Height above ground (ttl

H2 '" Height above ground (em)

Height above ground (m)

l .. Geographic latitude

Jog .. Common logarithm

° .. Diameter at crown base (em) . just
below leaf bearing branch

In _ Natural logarithm

ME .. Average diffuse light intensity (micro
einstein m2 sec-1 .. 6.02 x 1017 photons)

01 Diameter at breast height (in)

02 - Diameter at breast height (em)

03 .. Diameter at breast height 1m)

04 .. Diameter at ground tevel (mm)

05 "" Diameter at ground level (em)

011 '" Diameter at ground level (in)

.. I02H) '" diameter at breast height
squared On2 ) height (ttl

MT .. Metric tons

n Number of observations

P .. Per cent

r '" Simple correlation coefficient

R2 • Coefficient of determination

51 Stump diameter (eml

51 .. Site Inde;l( at age 50

07 '" (02H) '" diameter at breast height
squared 1m2) height (m)

TA - Trees per acre

v • % vegetation cover
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GLOSSARY OF SPECIES NAMES

Alder- Speckled

-R""
Aspen· Trembling (Quaking)

Bayberry

Beech

Birch - Gray
- White (paper)
- Yellow

Blueberry· Lowbush

Cedar- Northern White
. Western Red

Cherry· Choke
• Pin

Douglas-fir - see Fir - Douglas

Fern - Sweet
• Bracken

Fir . Amabilis (Pacific Silver)

- Balsam
. Douglas
- Subalpine

Hemlock - Eastern
. Mountain
- Western

Hobblebush

Honeysuckle - American Fly

Holly - Canada
- False

Huckleberry - Black

lnkberry

Labrador Tea

laurel . Sheep

leatherleaf

- Alnus rugosa IDuRoil Spreng.
• Alnus rubra Bong.

• Populus tremuloides Mich.

- Myrica pensylvanica Loisel

-E.!9.Y! grandifolia Ehrh.

• Betula populifolia Marsh.

- Betula papyrifera Marsh.
- Betula alleghaniensis Britt.

- Vaccinium vacillans Torr.

· Thuja occidental is L.
· Thuja plicata Donn

- Prunus virginiana L.
- Prunus pensylvanica L.f.

- Comptoria peregrina (L.) Coult.

· Pteridium aguilinium (L.) Kuhn .

- Abies amabilis (Dougl.) Forb.

· Abies balsamea (L.) Mill.
· Pseudotsuga menziesii (Mirb.) Franco

· Abies lasiocarpa (Hook.) Nun.

·I1!:!..9! canadensis (L.) Carr
· Tsuga mertensiana (Bong.) Carr .

· Tsuga heterophylla (Raf.l Sarg.

• Viburnum alnifolium Marsh.

- Lonicera canadensis Bartr.

· lIex verticillata IL.l A. Gray

· Nemopanthus muaonata Tre1.

· Gaylussacia baccata Wang.

· Ledum groenlandicum Cedr.

· Kalmia aUQ\J5tifolia (L.)

· Chamaedaphne calyculata (I.) Moench.



Maple - Red
· Striped
· Sugar

Oak - Black
· Rod

- Scarlet
· Scrub
· White

Pine- Jack
- lodgepole
· Pitch
· Red
· Scots
· Slash
· White

Rhododendron

Salal

Spirea - meadowsweet

Spruce· Black
· Norway
. Rod

· White

Willow

Witch Hazel

Whithe· Rod

Species names for trees are according to: Harlow &
Harrar 1958.
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- Acer rubllJm ILl
- Acer pensylvanicum (L.)

- Acer saccharum March.

- Quercus velutina L1m.
- Quercus IlJbra (l.)
- Quereus coccinea Muenchh.
· Quercus ilicifolia Wang.
· Quercus alba Il.l

· Pinus banksiana lamb.
· Pinus oontorta Doug!.
- Pinus rigida Mill.
· Pinus resinosa Ait.
· Pinus sylvestris (l.)
- Pinus elliottii Engelm.
- Pinus strobus l.

· Rhcxlodendron canadense Marsh.

· Gaultheria shalloo Pursh.

- Spiraea spp. IToum.ll.

· Picea mariana (Mill.) 8.S.P.
· Picea abies (Ll Karst.
- Picea IlJbens Sarg.
· Picea glauca (Moench) Voss

- Salix spp. (Tourn.) L.

- Hamamelis virginiania IL.l

· Viburnum cassionoides (L)

Species names for lesser vegetation are according to:
Peck 1941 & Marie-Victorin 1964.
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