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Abstract

For a more efficient use of the hardwood forest resource, tables were de-
veloped for estimating the weight of sawtimber tops, a major portion of
logging residue. Regressions were developed for green and dry total treetop
weight and treetop weight in material greater than 3 inches dob (diameter out-
side bark) for each of three species groups: soft hardwoods, hard hardwoods,
and mixed hardwoods. Estimates of treetop weights (green) ranged from 763
pounds for an 11-inch dbh (diameter at breast height) tree to 4,165 pounds for
a 26-inch dbh tree. Moisture content averaged 62 percent (oven-dry basis),
and the average percent bark (green-weight basis) was 23,




THE CONCERN

AN INCREASING DEMAND for wood
products from our relatively stable forest resource
combined with public pressure to improve our for-
est land esthetically, has made it necessary for for-
est managers and wood processors to utilize more
of the wood from harvested trees. Logging resi-
dues, generally overlooked as potential raw ma-
terial, comprise a significant part of the unused
forest resource. For example, Craft (1976) found
that total residue weight was 1.8 times the weight
of sawlogs removed. His study also showed the
potential usefulness of the residues. These residues
yielded 4,700 board feet of sawed products and 52
tons of chips per acre.

The development of strategies for using logging
residues requires methods for making low-cost
estimates of the amounts available. Since much of
the potentially useful residue is in small branches,
weight is the most practical measurement. Chips
made from this material are sold on a weight
basis, too. Published information provides weight
estimates for whole trees (less than 10 inches dbh)
left in clearcuts or damaged during logging (Phil-
lips 1977, Wartluft 1977, Wiant et al. 1977), and
weight estimates of material left at woods landings
(Goho 1976). But for sawtimber tops—the other
major portion of logging residue—estimates are
available for only one species, black oak (King
and Schnell 1972). This report provides a practical

method for estimating sawtimber top weights for
the major Appalachian hardwoods under any har-
vesting situation.

We conducted the field work for this study on
three oak-hickory sawtimber logging operations in
southern West Virginia and southwestern Vir-
ginia. Red oak site indexes for the three stands
were 50, 60, and 80.

In each stand, we selected the sawtimber tree
closest to each intersection on a two-chain grid. A
total of 75 hardwood trees of nine commercially
important Appalachian species were included in
the sample (Table 4). For each sample tree, we re-
corded tree number, species, dbh to the nearest
1/10 inch, and total tree height to the nearest foot.
The commercial logger felled, bucked, and topped
the sample trees before logging.

After the tops (including limbs below the tops)
were on the ground, we cut them into manageable
pieces and weighed them to the nearest 5 pounds
with a 500-pound capacity, straight-spring scale
(Fig. 1). Weights were recorded separately for two
kinds of material: (1) pieces greater than 3 inches
dob, and (2) pieces equal to or less than 3 inches
dob. .
To determine moisture content and percent
bark, we cut a sample disk at random from each
size portion of each top (two disks per tree).



Figure 1. Weighing treetop residue in the woods
with lightweight portable equipment.
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ANALYSIS

To arrive at equations for predicting sawtimber
top weights from available tree measurements and
characteristics, we had to account for known
variations that affect weight: species, tree size
(dbh and total tree height), moisture content, tree
portion (<3 inches dob, >3 inches dob, and
leaves), site, and operator (logger).

Sample trees came from three different loca-
tions, each logged by different commercial
loggers. Therefore the site and operator variables
were confounded, which made it impossible to iso-
late the individual effects. Thus the data on these
variables were pooled.

Published information on leaf weights is scarce,

but indications are that less than 3 percent of tree-
top weight is in leaves (King and Schnell 1972). To
some extent, the effect of leaves was averaged out
as we weighed some trees with leaves and some
without. However, we did not consider leaf weight
in our prediction equations.

Since we chose our trees at random, several
species were represented by one or only a few
samples. Therefore, we grouped the data in two
categories according to the specific gravities of
species, which were based on weight when oven
dry and volume when green (U. S. Department of
Agriculture 1974). Specific gravities for the soft
hardwoods (yellow-popular, cucumbertree, and
blackgum) ranged from .40 to .46; the hard hard-
woods (white ash, hard maple, hickory, and all



oaks) ranged from .55 to .66. We developed sep-
arate equations for these two species groups, and
one for all hardwoods combined.

We accounted for the effects of moisture con-
tent and tree portion by developing separate
regressions for green and oven-dry material and
for different tree portions.

Results from a series of regression analyses and
stepwise regressions indicated that total tree height
made no significant contribution to the equations
as long as dbh (or a function thereof) was in-
cluded. Therefore, total tree height was eliminated
as a variable.

This left us with dbh as the best predictor for
use in the regressions. Dbh is a very practical
predictor since it is also used in estimating board-
foot volumes in the sawlog portions of the trees.

Plots of treetop weights versus dbh showed that
the variance of the weight was not homogeneous.
Therefore we tried a number of transformations
of the weight to get homogeneous variance. We
achieved this with the logarithm of the top
weights, and found that a single linear function of
dbh gave us the best fit. We developed regressions
for green and dry total treetop weight and treetop
weight in material greater than 3 inches for each of
the three species groups, which made a total of 12
separate regressions (Table 1). From these, we
constructed Tables 2 and 3 of treetop weights with

corresponding 95 percent confidence intervals for
mean estimates for sawtimber with a dbh range of
11 to 26 inches. Table values for the material less
than or equal to 3 inches were calculated by sub-
tracting the greater-than-3-inch regression esti-
mates from the total regression estimates. We cal-
culated moisture contents on an oven-dry basis,
and bark percentages on a green-weight basis
(Table 4).

RESULTS

All regression equations for estimating saw-
timber top weights are of the general form: In w
= by + bydbh (Table 1).

Estimates of sawtimber top green weight ranged
from 763 pounds for an 11-inch dbh tree to 4,165
pounds for a 26-inch dbh tree (Table 2); estimates
of oven-dry weight ranged-from 449 to 2,609
pounds (Table 3). The percent of treetop weight in
material greater than 3 inches dob steadily in-
creased from 56 percent to 75 percent as dbh in-
creased from 11 to 26 inches.

Moisture content averaged 62 percent (Table 4).
Hard hardwoods had a lower moisture content, 59
percent, than soft hardwoods, 81 percent.

The average percent bark was 23 (Table 4). The
3-inch or smaller material averaged 27 percent,
and the material larger than 3 inches averaged 20
percent bark. Soft hardwoods, with an average of

Table 1.—Regression statistics for equations® developed
in the study (all equations are highly significant)

w (pounds) bo b S.E. r
Soft hardwoods
Total treetop green weight 5.122  0.1090 0.400 0.51
Total treetop oven-dry weight 4.530 .1092 379 .53
>3 inch treetop green weight 4.320 .1300 .458 .53
>3 inch treetop oven-dry weight 3.746 .1301 .432 .56
Hard hardwoods
Total treetop green weight 5.506 L1129 .345 .70
Total treetop oven-dry weight 4.951 1174 .348 71
>3 inch treetop green weight 4.700 L1326 .402 .70
>3 inch treetop oven-dry weight 4.166 .1358 .403 .71
Mixed hardwoods
Total treetop green weight 5.392 L1132 .404 .60
Total treetop oven-dry weight 4.818 1173 428 .59
>3 inch treetop green weight 4.590 1331 .450 .63
>3 inch treetop oven-dry weight 4.038 .1360 463 .62

# All equations are of the form: Inw = by + b;dbh, where dbh is diameter
at breast height in inches and 1n is the natural logarithm function.
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Table 4.—Weighted average moisture content and bark percentage,
by species, species group, and treetop portion

Item No.trees  Moisture content®  Bark®

- - - Percent - - -
Mixed (all) hardwoods 75 62 23
Parts greater than 3-inch diameter 75 63 20
Parts 3 inches or less in diameter 75 60 27
Hard hardwoods 57 59 22
Soft hardwoods 18 81 27
Red oak (Quercus spp.) 31 67 20
Chestnut oak (Quercus prinus) 16 55 25
Yellow-poplar (Liriodendron tulipifera) 14 81 28
White oak (Quercus alba L.) 6 48 22
Blackgum (Nyssa sylvatica) 3 89 24
Hickory (Carya spp.) 2 40 26
Cucumbertree (Magnolia acuminata) 1 53 26
Ash (Fraxinus americana) 1 49 19
Hard maple (Acer saccharum) 1 46 28

* Oven-dry basis. Weighted according to proportion of treetop weight represented.
® Green-weight basis. Weighted according to proportion of treetop weight represented.

27 percent bark, had more than the hard hard-
woods at 22 percent,

USE OF RESULTS

A forest manager or logger can make a prehar-
vest prediction or postlogging estimate of the
weight left in the tops of hardwood sawtimber
once the sawlogs are removed. Knowing the dia-
meter distribution of sawtimber in the sale is all
that he needs. The number of trees in each dia-
meter class should be multiplied by the weight per
tree shown in Tables 2 or 3. The estimates can be
made in either green or oven-dry weights, and can
include the entire tops or portions of tops. If the
species distribution is also known, separate esti-
mates can be made for hard hardwoods and soft
hardwoods.

Suppose a forester wants to predict the total
green weight that would be left in treetops after a
sawtimber harvest.

The procedure is:

® Identify stand components (e.g., 22-inch dbh
hard hardwoods, 18-inch dbh soft hardwoods,
etc.)

® Find table value (Table 2) for each stand com-
ponent (e.g., 22-inch dbh hard hardwoods =
2,949 pounds per top).

® For each stand component, multiply the esti-
mated top weight from the table by the number
of trees in that component (e.g., 2,949 pounds
per treetop x 3 trees = 8,847 pounds).

® Sum the estimates for each stand component.

If the forester wants an estimate for only the
material greater than 3 inches or only the material
less than or equal to 3 inches, other columns in
Table 2 or 3 are consulted. To determine how
much wood fiber can be expected, Table 4 shows
the deduction in weight for the percentage of
bark. The original moisture contents in Table 4
can be used to estimate weights at any chosen
moisture content.

A sensitivity analysis showed that even in the ex-
treme case of a 5 percent error in dbh measure-
ment, the resulting differences in weight estimates
in all categories were well within the confidence
limits. A more typical error of 3 percent in an 18-
inch dbh hard hardwood would result in only a 6.1
percent difference in the total green top weight
estimate.

Estimates of whole tree (above ground) weights
for hardwood sawtimber can be made by use of
these treetop weight estimates in conjunction with
sawlog weight estimates presenied by Timson
(1972). For each tree, the dbh, species, and scaling
diameter and length of each sawlog must be
known to arrive at a whole tree weight estimate.
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