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Estimating Sugar Maple Bark
|Thicknessand Volume

..

Charles L. Stayton and Michael Hoffman
J

Estimating bark thickness is a require- a function of D and obtained a constant _ ..........._:_
ment for tree quality assessment. Know- ratio with a straight line passing through :::
ing the volume or weight of bark within the origin of coordinates. Thus, the con-
the tree, log, or Cordwood pile is important stant k is determined by the equation ,_
because bark cannot be combined with _:_
'wood for many products. Bark is also be- _

coming a usable material, and thus the Ed ED- _2B
demand for accurate methods to estimate (3) k =- -- • :
its volume is increasing. Meyer (1946) _:D 5:D .
developed mathematical equations for esti- _
mating bark thickness and volume:

We tested Meyer's equations to see how
accurately they estimate bark thickness

(1) B- D/2 (l-k) and volume for sugar maple (Acer saccha-
rum Marsh.). In addition, we developed :

(2) Vb--V (1-k 2) , and tested the accuracy of equations that _ i;:::i_:i:_i
relate bark thickness and volume to aver-

where B is bark thickness, Vb is bark vol- age tree diameter outside bark, d.b.h.o.b., ::'_:_:_::_:_:___::_
ume, D is usually d.b.h.o.b., but could and total merchantable volume. Informa- _!:i!::_!::_:i:i
be d.o.b, at any point on the tree, tionis also presented on variation in bark
V is total stem volume including thickness and k up the stem, and weight
bark, and k is the regression coefli- and volume of bark as a percentage of total
cient for the relationship of d.i.b. (d) merchantable stem weight and volume.
to d.o.b. (D). _ Meyer plotted d as

PROCEDURE
1 The d.i.b, and d.o.b, measurementsare

usually taken at d.b.h. A Swedish bark gauge is Forty-five trees in each of two sample
used to measure double bark thickness, which areas, located approximately 200 miles
is subtracted from d.o.b, to obtain d.i.b, apart, were felled and bucked into 8-foot



logs. 2 Tree age ranged from 92 to 289 Because V was obtained for each tree by
years, averaging 192 years; d.b.h, ranged summing the log volumes, D is a good
from 11 to 26 inches, averaging 18 inches; representative average diameter.
and tree growth rate ranged from 6 to 23
rings per inch of diameter, averaging 13 In addtion, because published data 3• show that bark thickness of various hard-
rings per inch. woods and softwoods is related to tree size,

We measured d.i.b., d.o.b., and bark age, site, and height, we related measured
thickness on cross-sectional discs sawed bark thickness and volume of the 90 trees
from the butt end of each log. Bark thick- to tree stem characteristics. All possible
ness values were determined by averaging combinations of the following six indepen-
four measurements taken at 90 degree dent variables were tried: stem length,
intervals. Bark thickness, d.i.b., and d.o.b, average tree diameter (see Equation 4 for
were recorded at 8-foot intervals up the definition), d.b.h., tree age, merchantable
stem, ancl log bark volumes were totaled stem volume, and (stem volume/stem
to get bark volume per tree. length)'/2. The R2 values and residuals

The relationship of d.i.b, to d.o.b, was obtained for the regression runs were used
then plotted. The Y-axis intercept was not to evaluate the accuracy of the developed
equal to zero, but was close enough to as- equations.
sume k d/D, as reported by Meyer.
Values of k were calculated for each 8-foot To further test the accuracy of Meyer's
interval UP the Stem using the d/D ratios equations and those we developed, a field• test was made. Bark thickness and volume
obtained from each cross-sectional disc. An data were collected for 42 new trees located
average k Value was then calculated and
used in Equations 1 and 2 to estimate where Sample 1 trees were cut. A Swedish
average b_k thickness and bark volume bark gauge was used to obtain bark thick-
for each tree, which were compared to ness at 1 foot, 8 feet, and 16 feet above
measured values. The average k value is stump (fig. 1). Diameter outside barkmeasurements were also taken at these
different from that used by Meyer, be-
cause he did not take into account varia- tree heights. We then estimated average
tion of d/D up the stem; he measured this bark thickness and bark volume for these
ratio only at d.b.h. We also used a different trees using first our equations, then
value for D in Equation 1. Meyer used Meyer's Equations 1 and 2 (using the kvalue of Sample 1.) These estimates were
d.b.h.o.b, for D, but we calculated an then compared to the measured values.
average d.o.b, per tree.

D (4V_ ½ We also investigated the rate of change(4) of k and bark thickness with increased
\/_L ' height above stump to see if equations

where Vistotal merchantable volume in- could be developed to estimate bark
cluding'bark and L is merchantable length, thickness at any tree height. (Meyer's

2The top log was not always 8 feet because
total merchantable stem, based on a 6-inch d.i.b. 3 (Hale 1955, Klepac 1958, Krier and River
minimum top or where the tree separated into 1968, Miller 1961, Minor 1953, Myers 1964,
two or more distinct branches_ was utilized. Spada 1960). /

.



F-519661
Figure 1.-CoUection of field test data. Bark thickness was

obtained at various tree heights by using a Swedish bark
. gauge.
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Equatio n 1 and those we developed give thickness (r=0.73), and estimated bark
average bark thickness.) In addition, we volume was closely correlated with mea-
calculated the average weight and volume sured volume (r=0.95).
of bark for sugar maple.

Our method.- The equations we de-
veloped, using all combinations of six tree

ESTIMATING BARK THICKNESS stem characteristics as independent varia-
AND VOLUME bles, also gave good estimates of average

bark thickness and bark vohune. Average
tree diameter can be used to estimate bark

Meyer method.-The mean k values for thickness- R 2 was almost as high as that
Samples 1 and 2 were 0.929 and 0.934, re- obtained using all six independent varia-
speetively. These two k values, when used bles combined. Average tree diameter and
in Equations I and 2, where D and V were tree age combined do give a R 2value equal
mean averag e tree diameter and merchant- to that obtained using all variables. Tree
able stem volume for the 90 trees, give only volume, d.b.h., and age were also signifi-
slight differences for bark thickness and eantly related to bark thickness (table 1).
volume estimates. Thus, the average k Bark volume was closely related to total
value for the 90 trees, 0.932, was used in merchantable stem vohune (R 2 - O.91);
Equations 1 and 2 to estimate an average adding variables did not improve the re-
bark thickness and bark volmne for each lationship. Average tree diameter and
of the 90 trees. Estimated bark thickness d.b.h, were also related to bark volume

was closely correlated with measured bark (table 1).

Table 1.-Some tree stem characteristics that are significantly correlated
with bark thickness and volume

. . : : R 2 :
Dependent : Increases with : : Equation
variable : : Sample : Sample : All 90 : (All 90 trees)

: : i : 2 : trees :

Average a. Average tree diameter 0.65 0.46 0.51 Y = 0.1986+0.0206 (X)
i_ bark b. D.b.h. .55 .44 .49 Y - 0.2232+0.0153 (X)

thickness c. Total merchantable .57 .48 .44 Y ffi0.3759+0.0022 (X)
vofume

d. Tree age .28 .36 .29 Y = 0.3094+0.0010 (X)

e. Average tree diameter .66 .50 .57 Y = 0.1555+0.0170 (XI)
(X_) plus tree age + 0.0005 (X2)
(x2)

Bark f. Average tree diameter .81 .69 .75 Y --5.5267+0.8767 (X)
volume g. D.b.h. .79 .72 .74 Y = -4.6542+0.6601 (X)

h. Total merchantable .92 .92 .91 Y = 1.0614+0.1104 (X)
volume
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Field testing both methods.- Meyer's and that bark thickness decreases with
equations and those we developed (a and height in the first 30 percent of merchant-
h from table 1) gave almost identical accu- able stem length and then remains almost

i racy when they were used to estimate constant (fig. 3). If the trees are grouped
r average bark thickness and bark volume

for-each of the 42 new trees - r - 0.80 for
bark thickness, and r- 0.93 for bark
volume. These results indicate that both .60_
methods are acceptable. _ ,obJ

BARK THICKNESSVARIATION
. _ 73

Bark tNekness at a specific tree height _._o-
is often needed when appraising timber. _= _ _.'°° _,
However, we were unable to develop ac- _ r ___.._......_...._o

HEIGHT CLASSES (PERCENT)

curate equations that predict bark thick- ® o
0.1- 20.0

ness (or k, which can be used to calculate _ ,o.,-,o.o
kness) ight " ,o.,-_o.obark thic at a specific tree he . _.4o_ ,o.,-,o.o

We fOund, on the average, that k decreases >- ,o.,-,,.,100

with increased height, above stump(fig.2), o[ , , _ , , , , , _ , ,
0 I0 30 50 70 90 I00

STEM LENGTH ABOVE STUMP (PERCENT)

.94_ Figure 3.-Relation between bark thickness and90

•.... height above stump. Figures at each point
73 shownumberof observations.

92

100

104

.93 _

by age class, bark thickness decreases with
increased height above stump for the

=l _ younger trees, but remains almost constant
for the oldest trees (fig. 4). However, if
regression analysis is used to relate bark• . ._..=_

,_,o,,c_s_ (_c_) _o thickness or k to height above stump, the
o variation about the regression line is tre-

0.I - 20.0

_o.,-,o.o mendous (R 2 values range from 0.001 to
40.1- 60.0

_o.,-_oo 0.31). Therefore, general trends can be
,o.,- ,,., shown for change in bark thickness or k by' I00

• .91 _

i; height above stump, but the variation is too
great to establish usable equations.

I [, ,. ,.,, ,.,o , , , _ Our difficulty in predicting bark thick-0 I0 30 50 70 90 I00

STEM LENGTHABOVESTUMP(PERCENT) ness at specific tree heights may have been
due to differences in bark structure among
trees. Sajdak (1968) defined four barkFigure 2.--RelationbetweenK and height above

stump..Figures at each point show number of types for sugar maple- platy, shell, corm-
observations, gated, and ropy. We found bark structure

5



" differences during our field test (fig. 5).
.60_ Sugar maple trees Inay have to be grouped
• by bark types to improve bark thickness

estimates at different tree heights.

._o BARK VOLUME AND WEIGHT

For the 90 trees sampled, the average
amount of bark per tree was 7.38 cubic

_- feet, or 13 percent of the merchantable
40_ stem volume including bark. This percent-

_ age is less than a reported value of 18 per-
, cent for old growth sugar maple (Gevor-

•,-,_,,_c,.A_._(,,,_-,,_) kiantz and Olsen 1951). We cannot explain
,_, 92-144

_,_ A_ ,,_-,_, the difference, however, because the meth-
o ,_-_, od for calculating the 18 percent was not" 235-289.30 _

. given.

• The specific gravities (based on green
oT i i , , , , , , J i j volume and ovendry weight) of sugar0 lO ' 30 50 70 90 I00

STEMLENGTHABOVESTUMP(PERCENT) maple wood and bark have been deter-
mined previously (Lamb and Marden• Figure 4.-Relation between bark thickness and

height above stump by tree age classes. Per- 1968, 1969). Using these specific gravities
cent stem length classes are the same as those and our calculated bark and wood volumes,
given for Figures 1 and 2. we found that the weight of sugar maple

F-519662, 519663
Figure 5.-Sugar maple bark structure varies greatly. These two trees were

only 5 yards apart and had about the same diameter.
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bark is 12 percent of the merchantable nase vaznije listopadno drvece (the rela-
stem weight. Hardy and Wetland (1964) tionship between bark thickness and
gave an average-bark weight percentage d.b.h, for the more important Yugo-
of 15.5 for no.he,stem sugar maple. Their slavian hardwoods). Sumarski Listzag-
value, however, is based on the weight of neb 82 (7/9), p. 251-267.
the wood rather, than wood plus bark, and
they used green weight for both bark and
wood. we get a bark weight percentage of I_ier, J. P., and River, B. H. 1968. Bark

residues: a model study for quantitative14 when total merchantable weight ex-
cludes bark. determination. Bull. 35, Montana Forest

and Cons. Exp. Sta., Sch. Forest., Univ.
Mont. Reprint from Proc. 22nd North-

CONCLUSIONS ' west Wood Prod. Clinic, p. 101-118.

we found Meyer's equations (modified Lamb, F. M., and Marden, R. M. 1968.
by use of different k and D values) to be Bark specific gravities of selected Min-
accurate for estimating average bark thick- nesota tree species. Forest Prod. J. 18"
ness and bark volume for sugar maple 76-82.
trees. Our equations, based on direct re-

lationships between bark thickness, bark Lamb, Fred M., and Marden, Richard M.
volume, and tree stem characteristics, also 1970. Variation in density of sugargave accurate estimates. Both methods

maple sapwood and heartwood. U.S.D.A.
should be helpful in appraising timber Forest Serv. Res. Note N C-90, 2 p., illus.
and estimating the amounts of wood and N. Cent. Forest Exp. Sta., St. Paul,bark in standing timber. Minn.
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ABOUT THE FOREST SERVICE...

As our Nation grows, people expect and need more from their forests N more
wood; more water, fish, and wildlife" more recreation and natural beauty; more
special' forest products and forage. The Forest Service of the U.S. Department
of Agriculture helps to fulfill these expectations and needs through three major
activities:

• Conducting forest and range research at over
75 locations ranging from Puerto Rico to
Alaska to Hawaii.

• Participating with all State forestry agencies
" in cooperativi_ programs to protect, improve,

• and wisely use our Country's 395 million acres
of State, local, and private forest lands.

. • Managing and protecting the 187-million acre
National Forest System.

The Forest Service does this by encouraging use of the new knowledge that
research scientists develop; by setting an example in managing, under sustained
yield, the National Forests and Grasslands for multiple use purposes; and by
cooperating with all States and with private citizens in their efforts to achieve
better management, protection, _.nd use of forest resources.

Traditionally, Forest Service people have been active members of the commuo
nities and towns in which they live and work. They strive to secure for all,
continuous bene.fits from the Country's forest resources.

For more than 60 years, the Forest Service has been serving the Nation as a
leading natural resource conservation agency.
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