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introduction

Estimating tree biomass
{weight) based on parameters that
are easily measured in the field is
becoming a fundamental task in for-
estry. Traditionally, cubic-foot or
board-foot volume of merchantable
products, such as sawlogs or pulp-
wood, adequately described forest
stands. However, the intensity of
forest utilization has increased in re-
cent years because of whole-tree
harvesting and the use of wood for
energy. Branches, ieaves, bark,
small trees, and trees of poor form
or vigor are now commonly included
in the harvested product. Thus, bio-
mass of either the whole tree or in-
dividual components is a useful
stand parameter,

Numerous eguations predicting
tree biomass from dbh (diameter at
breast height — 1.37 m) or dbh and
height have been published during
the past 20 years. This paper sum-
marizes the equations for tree spe-
cies common to the northeastern
United States. The objectives are (o

@Present a general bibliography on
biomass estimation

@Show the equations for each spe-
cies in tabular form so that pre-
dicted biomass values may be
compared

@Discuss applicability of the equa-
tions

sDemonstrate application of the
equations by presenting estimates
of stand biomass published by
other authors

Methodology

Regression equations are used
to estimate tree biomass in both for-
estry and ecosystem studies. These
equations are typically ceveloped in
the following way: samples of major
tree species are chosen for study,
selected dimensions of each tree
are recorded, the tree is felled and
weighed either whole or in pieces,
and subsamples are oven-dried and
weighed again 1o determine tree
moisture content. (Tree green
weights are converted o dry

weights by using moisture content
values.) Because biomass is related
to tree dimensions, regression
analysis is used 10 estimate the
constants or regression coefficients
required for the actual calculation of
biomass. The resultant regression
equations may be used to estimate

the biomass, by species, of all irees
for which dimensional data are avail-
able.

We imposed certain constraints
on our review of biomass regression
equations, First, we included only
those references that applied to the
tree species of the northeast (Table

Table 1.—Nomenciature and number of sets of equations predicting
above-ground biomass for tree species reviewed.

Species name®

Common name

Number of

equation sets

Acer rubrum L.

A. saccharum Marsh.
Setula alleghaniensis
Britr.?

B.lenta L.

B. papyrifera Marsh.

B. populifotia Marsh,
Carya spp.

Fagus grandifolia Ehrh.
Fraxinus americana L.

Lirfodendron tulipifera L.

Picea spp.

Pinus resinosa Ait.
P.strobus L.
Populus spp.

Prunus pensylvanica L.
P. serating Ehrh.
Quercus atba \..

Q. coccinea Muench.
Q. prinus L.

Q. rubra H.

Q. velutinag Lam.

Tsuga canadensis {L..) Carr.

Balsam fir
Red maple
Sugar maple

Yeilow birch
Black birch
Paper birch
Gray birch
Hickory
Beech

White ash
Yeltow poplar
Spruce

Red pine
White pine
Aspen

Pin cherry
Black cherry
White gak
Scarlet aak
Chestnut oak
Northern red oak
Black pak
Hemiock

General Hardwoods
General Softwoods

6
21
10
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a From Fernald (1850},

5 From Britton and Brown {(1970).



1. Other workers have reviewed bio-
mass literature pertaining to differ
ent geographic regions {(Art and
tarks 1971, Hitchcook and McDon-
nell 18749, Keays 1971, Parde 1980,
Stansk and State 1978, Young 1978),
Because some species have broad
natural ranges, we arbitrarily select
ed studies confined to the geo-
graphic region that included Geor-
gia as the southern boundary, Min-
nesota as the western boundary,
and New Brunswick, Canada, as the
northemn boundary. Second, only
squations that predicted biomass
based on measuraments of dbh ora
combination of dbh and height were
included. Equations that use height
alone (Younyg and Carpenter 1967),
stand basal area (Frederick et al.
1879, or volume (Whittaker et al.
1974} as the independent variable
were excluded. Although not cone
sidered in this raview, regression
aquations for diomass of shrub spe-
cigs based on diameter at of near
the ground have bean developed by
Fawards (1978), Grigal and Ohimann
(1977, Dhmang ang otherg (1976),
Houssopouios and Loomis (18680,
Telfor (19691, and Whittaker and
Waoorwell (1968).

Thd, vvernedry weight was
chosen as the depandent variable
Because s a raphcable, constant
base for comparison within and
SIMON Species aan weight s
ungd in Some s s (Craft 1976,
Cralt and Baumygras 18978, Cualt and
Baumgras 1979, Steinhidb and Erick.
a0 1872, Steinhilb and Winsauer
19785, hut because it can vary with
envirgrmental moisture conditionsg
before cutting, we did not includs

gguations for green weaight in our re-

view. Fourth, only those squations
that predicted hiomass of the whole
free Laboveground) or the major
components of the whole tree were
used. Not all of the published analy.
sen ncivdad leaves but because
leaves are a small proportion of {6
ral trec weight they should not ac
count for major ditferences between
biomass estimates. Equations that
predicted complete tree weight
{aboveground and belowground)

{Young et al, 1980}, tup weights
(Cassens and Fischer 1980, Wartluft
1478y, or other tree componenis
(Timson 1972) were not used, Fifth,
each of the publications included
had to specify the form of each bio-
mass equation and list the appropri-
ate coefficients.

We have not attempted to eval
vate the accuracy of the statistical
techniques used {0 develop the
aquations included in this review.
Statistical and sampling problems
related to studies of tree biomass
are discussed in detall by Attiwill
and Ovington (1968), Baskerville
{19650, 1972), Beauchamp and Olson
{1973), Cunia {(1979a, 1979h), Kozak
(1970}, Madgwick (1970), Madgwick
and Satoo (1875). Swank and
Schreuder (1974), Wiant (1879, Wi
ant and Harner (1979}, and in the it
erature on volume tables (Furnival
w1

With these limits in mind, major
forastry, ecology and wood prod-
ucts journals, proceedings. notes,
rasoarch raports, theses, and ab-
stencls from the last 20 yoars weare
searched for iomass studies. In ad
dition, a computar search was made
hy the Nalional Agricuttural Library
(NAL)Y. Nexi, tables wers prepared
tor 25 tree species of the northeast
Hgting the location of the study, ref-
arancy, ree components meas-
ured, aguations, number of samples
{ry, units of measure used by the au
thor, and range of independent vari
abltes {dbh or both dbh and total
height) (Appendix AL We then used
the equations to calcutate biomass
astimates within the range of vailues
for the independent variable speci
fied by the author (Appendix B). To
compare estimates from different
sguations, we arbitrarity selected
dbh and height classes and convert-
oo all estimates 1o Kilograms. Siight
s Betwoon our values and
in the ariginal reference
may he aliribule 3 :
errors. Finally, we compiled a listing
of biomass values [or forest stands
of different ages and vegetalion
types (Appendix O

Results and Discussion

Equations of several different
forms were used to predict biomass
{y) from dbh or dbh and height {x).
The most common forms were allo-
metric (y = axb), exponentiai (y =
ae", and quadratic{y = a8 + Dx +
cx?). Several authors compare the
accuracy and suitability of these
forms and the logarithmic transfor-
mations of them (Baskerville 1972,
Beauchamp and Olson 1878, Gold-
amith and Hocker 1978).

When viewed together, the
equations provide a range of bio-
mass values for a given diameter
(Appendix B). Aed maple with its
wide geographic and ecological dis-
tribution itlustrates the range of bio-
mass values obtainable. Each of the
curves shown in Figures 1a and 10
was fitted to selected biomass
valyes for a particular red maple
aquation, and plotted over the exira
potated as well as actual range of
dih values for which the equation
was developed. The majority of
curves are close to one another, re-
flecting both the genetic constraints
on rad mapie, wherever 11 grows,
and the mathematical manipuwiation
ot the data, because regression
analysis smoothes the relationship
between weight and dbsh for the
trees measured in a panicular
stand, Qutliers also occur (Reynolds
at al. 1978, Mackean and Wein
1978}, most hkely dus to environ.
mental faciors. These oulliers are
gxciyded in Tabie 2 which shows
ihe means and ranges of the bio-
mass values in each diameler class
for three species, For a 15 om dbh
red maple. the mean of all prechicted
values is 72 kg, and the range 18
from 57 to 95 kg, Fora 40 cm dbb
tree, the maan is 750 kg and the
range is from 574 to 868 kg. The
rejative vanalion betweaen predicied
bigmass values for small rees s
about the same as that for large

rees,

Vanation among Diomass
vatues predicted by different equa-
tions is not explained by differences



0 - FIGURE 19 R?:,Ul HAPLE BIOMRSS €97 [MRTES L Table 2.—Mean and range of bio-
d mass estimates for selected dbh
values.
Dbhjem) n Mean Range
; Acerrubrum
g . kg
" i 2.6 12 1.1 DE- 1.4
Z 5.0 18 54 32 68
5 33 - 10.0 15 273 19.1- 306
o 15.0 12 72 57 - 95
e 250 11 244 BB - 313
21 e 40.0 8 780 574 - 969
e 50.0 4 1262 T3 -TEB
4 Guercus rubrg
2.5 B 16 0.8 27
5.0 10 6.2 4.0- A9
Pz 3 4 5 & 7 w3 oam g it —3{(} 9 92.9 ffb 3?"7
DimETER (o ;;g ; 3% . 226 : ;g;
“igure 18- Curves somass values obltainad by using rey e S - : -
;3;%50;1 f:érx r§:f?eir:3§<§!fs?htr;:g;ﬂfi:: ,7%,.‘1:3?121“{; “)Déj(g;;: d%ha%g% :n;:’_mge troes. 40.0 71034 831 -1182
50.0 & 1829 1641 2088
General Hardwoods
2.5 4] 11 1.0 12
5.0 56 51 63
10.0 7 323 278 378
1408 - FIGURE 185 RED MAPLE ATOMASS ESTIMATES ;- 15.0 & 90 g1 - 103
: ’ 25.0 5 312 270 - 326
40.0 4 968 gzz -1087
1o8% A » o em 50.0 41683 1394 1933
WY Hrennemsn en al., L7
Bl Holdge, LEVR - B I T
K¥3 Koy, LD
Wi wiant et ai., iWi?
o wy Touy BT Bl.. dERY
jo0m -
- in study site iocations. Two sepa-
g e rate sets of equations daveloped in
West Virginia (Brenneman et al.
b 1978, Wiant et al. 1977) predict simi-
% 685 ~ lar biomass values {(Figure 1a), and
@ vatues developed for New Hamp-
shire (Coldamith and Hocker 1978)
400 are nearly identical o those devel-
oped for West Virginia (Brenneman
et al. 1978, Wiant et al, 19771 How-
200 gyer, pradictions made from equa-
tions developed in Mamne (Ribe
1973, Young et al, 1964) differ by 68

percant for a 1%om dbh iree. Thus,
gruations from siudies done at
similar latitudes or in the same for
st type may or may not producs
similar biomass estimates.

Figure 1. —Curves fitled 1o biomass véx!i,:é“ei%}?bed%ﬁ&d oy g regrossio
aguations from different authors tor 2 8- 1o 50.0-cm dbh red mapie frees.

Height sometimes is used, to-
gether with dbh, as the indapendent
variable in biomass predictions.



However, the advantages (for exam-
ple, correlation with site type) of us-
ing height in the regression equa-
{ions have been questioned due to
the difficuities and time involved in
making accurate height measure-
ments in the field. The curves in
Figures 1a and 1b suggest that bio-
mass values obtained using height
with dbh (Monteith 1879, Wiant et
al. 1979, Young et al. 1964) may not
be different from those obtained us-
ing dbh alone (Brenneman et al.
1978, Goldsmith and Hocker 1978,
Wiant et al. 1977). Wiant and others
{1879) found that inclusion of height
does not necessarily improve the
accuracy of biomass predictions. At
present, not enough information is
available to evaluate fully the useful-
ness of height as an independent
variable.

Some attempts have been made
{o develop single biomass equa-
tions that fit several species (see
General Hardwoods and General
Softwoods in Appendixes A and B).
Wiant (1979 {found statistically sig-
nificant differences between general
and species-specific equations for
oaks and concluded that species-
specific equations are praferable.
Howaver, the ranges of predicted
valyes for the few general hardwood
squations available in our study
were close to those for red maple
and red oak (Table 2). This close
range suggests that general hard-
wood equations could be used to
provide a first approximation of
stand biomass.

Estimates of stand biomass
have been generated as part of sev-
eral forestry and ecosystiem studies.
We have summarized these values
{Appendix C) for stands with various
geographic locations, ages, site
types, and basal areas or densities.
However, not enough information is
available to determine if these
values may be accurately applied fo
new study sites.

Conclusions and
Recommendations

We conclude that the equations
already developed for the species
listed in Table 1 give similar esti-
mates of tree biomass. In instances
where expense and lack of time pro-
hibit development of new equations,
the pubiished equations may be
used to give general biomass esti-
mates. Possiblie applications in-
ciude estimation of standing crop,
chip weight, or nutrient removal that
results from tree harvest.

Several precautions should be
emphasized concerning the use of
published equations. First, the
equations of more than one author
should be used to make several es-
timates of the range of biomass
values obtainable. Second, the user
should carefully check the assump-
tions, procedurss and site charac-
teristics (species mix, soil type,
stand age, and stand history) stated
in the references used. Third, little
can be said about how closely the
actual and estimated values will
compare for a given site.

in instances where statistical
comparisons of the productivity or
the ecology of site types are re-
quired, the published equations
probably are not suitable and devel-
opment of site-specific equations
may be necessary. in such in-
stances, we recommend that fulure
work on biomass estimation include
the following information. First, the
bases for selection of sample trees
in the field should be carefully con.
sidered and specified in the publica-
tion, The trees that represent in-
creased utilization potential of for-
ests are often those which are of
poor form, diseased, or dead. Past
efforts to develop biomass equa-
tions often have omitted these
treas. Sscond, the site, forest type,
soil type, land-use history {tire, agri-
cultural usage, or silvicultural treat-
ment), and age should be carefully

described. Third, some attempt
should be made to use rigorous sta-
tistical procedures, including publi-
cation of the mean square error of
regression and the variance/covari-
ance matrix of the coefficients, to
facilitate cormnparison with other
equations. Also, we recommend
standardization of methods among
biomass studies (Clark 1979, Cunia
1979b, Ware 1979).

Acknowledgments

This research was carried out
by the Northeastern Forest Experi-
ment Station, and was supported in
part by the Biomass Energy Sys-
tems Division of the U.8, Depart.
ment of Energy through the inter-
agency agreement from Qak Ridge
National Laboratory under contract
W-7405-eng-26 with Union Carbide
Corporation. We would like to thank
the following people for their com-
ments: B. Brenneman, A. Clark §il,
G. Furnival, and T. Siccama.

Literature Cited

Alban, O. H.; Perala, D. A,
Schlaegel, B. E. Biomass and nu-
trient distribution in aspen, pine
and spruce stands on the same
soil type in Minnesota. Can. J.
For. Res. 8:290-299; 1978,

Art, HOW Marks, P. L. A summary
table of biomass and net annual
primary production in forest eco-
systems of the werld. /in: IUFRO
Biomass Studies. Orono, ME:
Univ. of Maine, Life Sci. and
Agric. Exp. 8t 1971, p. 3-32.

Attiwill, P. M.; Ovington, J. D.
Determination of forest biomass.
For. Sci. 14(1):13-15; 1968.

Baskerville, G. L. Dry-matter produc.
tion in immature balsam {ir
stands. For. Sci. Monogr. 9:142;
19652,



Baskervilie, G. L. Estimation of dry

weight of tres components and to-

tal standing crop in conifer
sfands. Ecology 46(6):867-869;
1965b.

Baskerville, G, L. Use of logarithmic
regression in the estimation of
plant biomass. Can. J. For.
2:49-53; 1972.

Beauchamp, J. J,; Olson, J. S. Cor-
rections for bias in regression es-
timates after logarithmic transfor-
mation. Ecology 54(6): 1403-1407,
1973.

Berry, A. B. Production of dry matter
from aspen stands harvested on
short rotations. Young, H. E., ed.
In: 1UFRO Blomass Studies: Nan-
cy, France, and Vancouver, B.C.,
Canada. Orono, ME: Univ. of
Maine, Coll. Life Sci. and Agric.;
1973, p. 207-218.

Bickethaupt, D. H.; Leaf, A. L.; Rich-
ards, N. A, Effect of branching
habit on aboveground dry weight
estimates of Acer saccharum
stands. Young, H. E. ed. In: IUFRO
Biomass Studies: Nancy, France,
and Vancouver, B.C., Canada.
Orono, ME: Univ. of Maine, Coll.
Life Sci. and Agric.; 1973. p.
219-230.

Bray, J. R.; Dudkiewicz, D. A. The
composition, biomass and produc-
tivity of two Populus forests. Bull.
Torrey Bot. Club 90: 298-308;
1963.

Brenneman, B. B,; Frederick, D. J;
Gardner, W. E.; Schoenhofen,
L. H.; Marsh, P. L. Biomass of spe-
cies and stands of West Virginia
hardwoods. Pope, P. E., ed. Pro-
ceedings Central Hardwood For-
est Conference 1l. West LaFay-
ette, IN: Purdue Univ.; 1978. p.
159-178.

Bridge, J. A. Fuelwood production
of mixed hardwoods onh mesic
sites in Rhode island. Kingston,
Ri: Univ. of Rhode Island; 1978.
M.S. Thesis. 72 p.

Britton, N.; Brown, A. An illustrated
flora of the northern United States
and Canada. Volis, I-l{l. New York,
NY: Dover Publications, Inc.; 1970.

Cassens, D. L.; Fischer, B.C. Top
weights for oak sawtimber. West
Lafayette, IN: Purdue Univ.; 1980;
Coop. Ext. Serv. Bull. No. 162, p.
10-12.

Clark, A, tii. Suggested procedures
for measuring tree biomass and
reporting tree prediction equa-
tions. Frayer, W. E., ed. Forest Re-
sources Inventories Vol. Il. Fort
Collins, CO: Colorado State Univ.;
1979. p. 615-628.

Clark, A., lil; Phillips, D, R.; Hitch-
cock, H. C. Predicted weights and
volumes of scarlet oak trees on
the Tennessee Cumberiand pla-
teau. 1980a; USDA For. Serv. Res.
Pap. S5E-214. 23 p.

Clark, A, Hll; Phillips, D. R,;
Schroeder, J. G, Predicted
weights and volumes of northern
red oak trees in western North
Carclina. 1980b; USDA For. Serv.
Res. Pap. 5E-209. 22 p.

Clark, A. UI; Schroeder, J. G. Bio-
mass of yellow poplar in naturat
stands in western North Carclina.
1977; USDA For. Serv. Res. Pap.
SE-165. 41 p.

Craft, E. P. Utilizing hardwood log-
ging residue: a case siudy in the
Appalachians. 1976; USDA For,
Serv. Res. Note NE-230. 7 p.

Craft, E. P.; Baumgras, J. E. Prod-
uets derived from thinning two
hardwood timber stands in the
Appalachians. 1978; USDA For.
Serv. Res. Pap. NE-422 8 p.

Craft, E. P.; Baumgras, J. E. Weight
and volume yieids from thinning
two cak-hickory stands. 1979;
USDA For. Serv. Res. Pap.
NE-488.7 p.

Crow, 7. R. Biomass and production
in three contiguous forests in

northern Wisconsin. Ecology
59(2).265-273; 1979.

Cunia, T. On tree biomass tables
and regression: some statistical
comments. Frayer, W. E., ed. For-
est Resource inventories Vol il
Fort Colling, CO: Colorado State
Univ, 1879%a. p. 629-642.

Cunia, T. On sampling trees for bio-
mass table construction: some
statistical comments. Frayer,

W. E., ed. Forest Resource Inven-
tories Vol. il. Fort Collins, CO:
Colorado State Univ., 1978b. p.
643-664.

Duniap, W. H.; Shipman, R. D. Rensi-
ty and weight prediction of stand-
ing white oak, red maple, and red
pine. University Park, PA: Pennsyl-
vania State Univ. Schoo! of For.
Resour. 1967; Res. Briefs
2(3):66~69.

Edwards, M. B., Jr. Weight predic-
tion for 10 understory species in
central Georgia. 1976, USDA For.
Serv. Res. Note. SE-235. 3 p.

Fernaid, M. L. Grays’s manual of
botany. New York, NY: D. Van
Nostrand Company 1850. 1632 p.

Frederick, D. J.; Gardner, W. E.; Kel-
lison, R. C.; Brenneman, B. B.;
Marsh, P. L. Predicting weight
yields of West Virginia mountain
hardwoods. J. For, 77(12).762-776;
1979,

Furnival, G. M. An index for compar-
ing equations used in construct.
ing volume tables. For. Sci. 7(4%
337-341; 1861,

Goldsmith, L. J.; Hocker, H. W., Jr.
Preliminary smali-tree, above-
ground biomass tables for five
northern hardwoods, 1978; New
Hampshire Agric. Exp. Sin. Res.
Rep. 68. 30 p.

Grigal, D, F.; Ohmann, L. F. Biomass
estimation for some shrubs from
northeastern Minnesota. 1971
USDA For. Serv. Res. Note
NC-226. 3 p.



Harris, W. F.; Goldstein, R. A.; Hen-
derson, G. S. Analysis of forest
biomass pools, annual primary
production and turnover of bio-
mass for a2 mixed deciduous for-
est watershed. Young, H. E., ed.
n; IUFRO Biomass Studies: Nan-
cy, France, and Vancouver, B.C.,,
Canada. Orono, ME: Univ. of
Maine, Coli. Life Sci. and Agric.;
1973, p. 41-64.

Henderson, G. S.; Swank, W. T,;
Waide, J. B.; Grier, C. C. Nutrient
budgets of Appalachian and Cas-
cade region watersheds: a com-
parison. For. Sci. 24:385-397;
1978.

Hitchcock, itl, H. C. Aboveground
tree weight equations for hard-
wood seedlings and saplings.
TAPPL 61(10):119-120; 1978.

Hitchcock, H. G Hl; McDonnell, J. P.
Biomass measurements: a synihe-

sis of the literature. Frayer, W E|
ed. Forest Resources Inventories
Vol I, Fort Colting, CO: Colorado
State Univ. 1879, p. 544-585.

Hornbeck, J. W. Nutrients: a major
consideration in intensive forest
management. Proceedings of the
Symposium on intensive culture
of northern forest types. 1977;
UsDA For. Serv. Gen. Tech. Rep.
NE-28. p. 241-250.

Keays, J. L. Compilete-iree utiliza-
tion; an analysis of the literature;
in five parts. Vancouver, B.C.: For.
Prod. Lab. Can. For. Serv.; 1971,

Ker, M. F. Tree biomass equations
for ten major species in Cumber-
land County, Nova Scotia. Freder-
icton, NB: Canadian For. Serv,,
Maritimes For. Res. Centre; 1980;
inf. Rep. M-X-108. 26 p.

Kinerson, R. S.; Barthclomew, 1. Bio-
mass estimation equations and
nutrient composition of white
pine, white birch, red maple, and
red oak in New Hampshire. 1877:
New Hampshire Agric. Exp. 8in.
Res. Rep. 62. 8 p.

fe2)

King, W. W_; Schnell, R. L. Biomass
astimates of black oak tree com-
ponents. Norris, TN: TVA Div. of
For., Fisheries and Wildlife Man-
agement. 1972; Tech. Note B1. 24
p.

Koerper, G. J.; Richardson, C. J. Bio-
mass and net annual primary pro-
duction regressions for Populus
grandidentata on three sites in
northern lower Michigan. Can. J.
For, Res. 10:92-101; 1980.

Kozak, A. Methods for ensuring ad-
ditivity of biomass components by
vegression analysis. For, Chron.,
Oct. 1970, p. 402-404,

Lang, G. E.; Forman, R.T.T. Detrital
dynamics in a mature cak forest:
Hutcheson Memorial Forest, New
Jersey. Ecology 59(3): 580-535;
1978.

Maclean, D. A, Wein, R. W, Bio-
mass of jack pine and mixed haryg-
wood stands in northeastern New
Brunswick. Can. J. For, Res.
6(4)441-4477 1976

Madgwick, H.A L Biomass and pro-
ductivity models of forest cano-
pies. Reichie, D.E., ed. Analysis
of temperate forest ecosystems.
New York, NY: Springer-Verlag:
1970. p. 47-54.

Madgwick, H.AL Satoo, T. On esti-
mating the aboveground weights
of tree stands. Ecology
56:1446- 1450, 1975,

Marks, P. L. The role of pin cherry
(Prunus pensylvanica L) in the
maintenance of stability in north.
e hardwood ecosystems, Ecol.
Monogr. 44:73-88: 1974,

Martin, C. W. Distribution of tree
species in an undisturbed north-
ern hardwood-spruce-fir forest,
the Bowl, N.M, 1977 USDA For.
Serv. Res. Note NE-244, 6 p.

Monk, C. D.; Child, G. L.: Nicholson,
S. A, Biomass, litter and leaf sur-
face area estimates of an oak-
nickory forest. Oikos 21:138-1471;
1870,

Monteith, D. B. Whole-tree weight
tables for New York. Syracuse:
Univ. of New York; 1979; AFRI
Res. Rep. 40. 67 p.

Myers, C.; Polak, D. J.; Raisanen, D.;
Schiesinger, R. C.; Storts, L.
Weight and volume equations and
tables for selected upland hard-
woods in Southern illinois. 1980;
USDA For. Serv. Gen. Tech, Rep.
NGC-60. 17 p.

Norton, S. A, Nutrient budgets of
complete tree harvesting versus
merchantable bole requirements.
Boston, MA: Annual Meeting
American Inst. Chem. Eng.; Sept.
1975. 28 p.

Ohmann, L. F.; Grigal, D. F.; Bran-
der, B. B. Biomass estimation for
five shrubs from northeastern
Minnesota. 1976, USDA For. Serv.
Res. Pap. NGC~-133. 11 p.

Ovington, J4. 0.; Heitkamp, D.; Law-
rence, . B, Plant biomass and
nroductivity of prairie, savanna,
oakwood, and maize field ecosys-
tems in central Minnesota. Ecol-
ogy 44:52-63; 1963,

Parde, J. Forest biomass. For. Abstr.
41{8):343-362; 1980.

Patric, J. H.; Smith, D, W. Forest
management and nutrient cycling
in eastern hardwoods. 1975; USDA
For. Serv, Res. Pap. NE-324. 12 p.

Philtips, D. B Total tree weights and
volumes for understory hard-
woods. TAPP! 60(61:68-71; 1977,

Post, L. J. Dry-matter production of
mountain maple and balsam fir in
northwestern New Brunswick.
Ecology 51{3):548-5580; 1970,

Reiners, W. A, Structure and ener-
getics of three Minnesota forests.
Eool. Monogr. 42{1%.71-94; 1972.

Reynolds, P. E. Carison, K. G
Fromm, T. W.: Gigliello, K. A Ka-
minski. R. J. Phyiosociology, bio-
mass, productivity and nutrient
budget for the tree siratum of a
southern New Jersey hardwood



swamp. Pope, P. E,, ed. Proceed-
ings Centra! Hardwood Forest

Conference i, Wast LaFayette, IN:

Purdue Univ,; 1978 123-139.

Ribe, J. H. Puckerbrush weight ta-
bies. Orono, ME: Univ. of Maine,

1973; Lite Sci. and Agric. Exp. Stn.

Misc, Rep. 152, 92 p.

Rolfe, G. L.; Akhtar, M. A.; Arnold,
L. E. Nutrient distribution and flux
in a mature oak-hickory forest.
For. Sci. 24(1):122-130; 1978.

Roussopoulos, P. J.; Loomis, R. M.
Weights and dimensional proper-
ties of shrubs and small trees of
the Greal Lakes Conifer Forest.
1980; USDA For. Serv. Res. Pap.
NC-178. 10 p.

Schiaegel, B. E. Yields of four 40-
year-old conifers and aspen in ad-
jacent stands. Can. J. For. Res.
5:278-280; 1975.

Schneli, R. L. Biomass estimates of
hickory free components. Norris,
TN:TVA. Div. For,, Fisheries and
Wildiife Management. 1878; Tech,
Note B30. 37 p.

Skeen, J. N. Biomass and productiv-
ity estimates for a temperaie mes-
ic slope forest. J. Tenn, Acad. Sci.
48(3):103-106; 1973,

Skeen, J. N. Composition and bio-
mass of tree species and maturity
estimaies of a suburban forest in
Georgia. Bull. Torrey Bot. Club
101:160-165; 1974.

Stanek, W.; State, D. Equations pre-
dicting primary productivity (bio-
mass) of trees, shrubs and lesser
vegetation based on current litera-
ture. 1978; Victoria, BC: Can. For.
Serv. Pac. For. Res. Centre Publ.
BC-X~183. 88 p.

Steinhilb, H. M.; Erickson, J. R,
Weights and centers of gravily for
red pine, white spruce, and bal-
sam fir. 1972; USDA For. Serv.
Res. Pap. NC-75. 7 p.

Steinhilb, H. M.; Winsauer, $. A. Su-
gar maple: tree and bole weights,

volumes, centers of gravily, and
logging residue, 1976; USDA For,
Serv. Res. Pap. NC-132. 7 p.

Swank, W. T,; Schreuder, H. 7. Com-
parison of three methods of esti-
mating surface area and biomass
for a torest of young eastern
white pine. For, Sci, 20:91-100;
1974,

Telfer, E. S. Weight-diameter rela-
tionships for 22 woody plant spe-
cies. Can. J. Bot. 47:1851-1855;
1969.

Telfer, k. 8. Understory biomass in
five forest types in southwesiern
Nova Scotia. Can. J. Bot.
50:1263-1267; 1972,

Timson, F. G.; Sawlog weighis for
Appalachian hardwoods. 1972;
USDA For. Serv. Res. Pa. NE-222.
29 p.

Tritton, L. M. Dead wood biomass in
a northern hardwood forest eco-
system. New Haven, CT; Yale
Univ.; 1980. 268 p. Ph.D. Thesis.

Ware, K. D. Statistical aspects in
sampling for biomass inventory.
Frayer, W. E., ed. Forest Re-
sources inventories Vol. Il Fort
Collins, CO: Colorado State Uni-
versity, 1979:745-756.

Wartiuft, J. L. Weights of small Ap-
palachian hardwood trees and
components. 1877; USDA For.
Serv. Res. Pap. NE-366. 4 p.

Wartiuft, J. L. Estimating top
weights of hardwood sawiimber.
1978; USDA For. Serv. Res, Pap.
NE-427. 7 p.

Weaver, G. T.; DeSelm, H. R. Bio-
mass distribution pattern in adja-
cent coniferous and deciducus
forest ecosystems. Young, H. E.,
ed. In: 1UFRO Biomass Studies.
Nancy, France, and Vancouver,
B.C., Canada. Orono, ME: Univ. of
Maine, Coll. Life Sci. and Agric;
1973, p. 411-427.

Weetman, G. F.; Webber, B. The in-
fluence of wood harvesting on the

nutrient status of two spruce
stands. Can. J. of For, Res.
2:351-368; 1972.

Whittaker, R. H. Net production of
heath balds and forest heaths in
the Great Smoky Mountains. Ecol-
ogy 44(1):176-182; 1963,

Whittaker, R. H. Forest dimensions
and production in the Great
Smoky Mountains. Ecology
47(1):103-121; 1966.

Whittaker, R. H.; Woodwell, G. M. Di-
mension and production relations
of trees and shrubs in the Brook-
haven Forest, New Yark. J. Ecol.
56:1-25; 1968.

Whittaker, R. H.; Bormann, F. H.; Li-
kens, G. E.; Siccama, T. G. The
Hubbard Brook scosystem study:
forest biomass and production.
Ecol. Monogr. 44:233-254; 1974,

Wiant, H. V., Jr. Are separate weight
equations needed for Appalachian
hardwoods? 1979, W. Va. For.
Notes 7:20.

Wiant, H. V., Jr.; Castaneda, F.;
Sheetz, C. E.; Colaninno, A.; De-
Moss, J. C. Equations for predict-
ing weights of some Appalachian
hardwoods. 197%; W. Va. For.
Notes 7:.21-28.

Wiant, H. V., Jr., Harner, E. J. Per-
cent bias and standard error in
logarithmic regression. For. Sci.
25(1):167-168; 1979

Wiant, H. V., Jr.; Sheetz, C. E.:
Colaninno, A.; DeMoss, J. C.; Cas-
taneda, F. Tables and procedures
for estimating weights of some
Appalachian hardwoods. 1877, W.
Va. Univ. Agric. and For. Exp. Stn.
Bull. 659T. 36 p.

Wood, G. W.; Hutnik, R, J. Biomass
production, and nutrient distribu-
tion in mixed-oak stands after
clear-cutting and fire. 1972; Pa.
State Univ. Sch. For. Resour. Res.
Briefs 6(1):18-21.

Young, H. E. & summary and analy-
sis of weight table studies. /n: Us-



ic Biomass Studies. XVith int.
Congr. of IUFRO. Orono, ME:
Univ. of Maine, Coll. Life Sci. and
Agric.; 1976. p. 251-282.

Young, H. E.; Carpenter, P. Weight,
nutrient element and productivity
studies of seedlings and saplings
of eight tree species in natural
gcosystems. Orono, ME: Univ. of
Maine; 1967, Maine Agric. Exp.
Stn. Tech. Buil. 28. 39 p.

Young, H. E.; Ribe, J. H.: Wain-
wright, K. Weight tables for tree
and shrub species in Maine.
Orono, ME: Univ, of Maine: 1980;
Life Sci. and Agric. Exp. Stn.
Misc. Rep. 230, 84 p.

Young, H. E,; Strand, L_; Alten-
berger, R. Preliminary fresh and
dry weight tables for seven tree
species in Maine. Orono, ME:
Univ. of Maine; 1964; Maine Agric.
Exp. Stn. Tech. Buil. 12. 76 p.



Appendixes

Key to Abbreviations
in Appendixes

Lf
Tw
Br

DdBr

St

-leaf biomass

-twig biomass
-branch biomass
-gead branch biomass
-stem biomass

St + Br-stem and branch biomass

Rt
WT

cT

LOG
LN

wit

dbh

but not foliage
-root and stump biomass

-whole tree biomass-—ali
above-ground components
including leaves, branches,
and stem

-complete tree bio-
mass—above-ground and be-
jow-ground cofriponents:
whole tree plus roots and
stump

-logarithm to the base 10

-natural logarithm to the base
e

-weight measured in pounds
(b}, grams (gm}, or kilograms
(kg)

-diameter at breast height
(1.37 m) measured in inches
(in), millimeters (mm), or cen-
timeters {cm)

ht

ODW

o0 o >

-tree height measured in feet
{tt) or in meters (M)

-oven-dry weight

-oven-dry weight above
stump greater than 5 cm in
diameter, excluding bark

-0ak forest
-cedar swamp
-southern red oak

-six regression equations of
this form were used for WT
gstimate

these two equations apply to
forked and nonforked stems,
respectively

-seven regressions of this
form were used for WT esti-
mate

-white spruce
-black spruce
-red spruce
-local
-regional

GA

KY
ME
Mt

MN
NB

. NC

NH
NJ
NS
NY
ON
PA
Qu
Rt
TN
WV
wi

-Georgia

-Hlinois

-Kentucky

-Maine

-Michigan
-Minnesota

-New Brunswick, Canada
-North Carolina

-New Hampshire
-New Jersey

-Nova Scotia, Canada
-New York

-Ontario, Canada
-Pennsylvania
-Quebec, Canada
-Rhode Island
-Tennessse

West Virginia
‘Wisconsin
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*Tr:tton Lou;se M., Hombeck Jamegw Bsemassequatmns fe;r,‘ :
major tree species of the Northéast. Bropmall PA: North- -
.east. For. Exp Stn 1982 USDA For Serv Gen Te i
NE~6Q 46p ‘ BN

: Lsterature on baomass ss revsewed and 178 seis et pubﬁshoc& LTI B
_equations for 25 species common . to the Northeastern United
"States are listed. On the basis of these equations, estemates of o
‘aboveground oven-dry weight of trees from 2. 5 o 500 cm dnh PRI
‘ foreach spec:es are presanted and dgscussed coe

| “‘Kaywords ‘whole-tree, . weight estsma‘smﬁ regreamon ecgua ST
R mns, stand btomass dimensaen anal sgs, Standmg




