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ABSTRACT._SawtimUer harvesting in northern will eventually change as topwood harvesting be-
hardwood stands leaves behind a large amount of comes commonplace, but it presently provides an
residue in the form of tops and limbs. This paper economic ir_centive.
presents typical dimensional characteristics of res-

idue fo.r northern hardwood tops including data on Continuing research studies are investigating
lengths, widths, diameters, and complete branch methods to recover this topwoodresidue. A complete
details, recovery system would include schemes for:

1. Removing the residue from the forest to a landing
KEYWORDS: Wood energy, delimbing, biomass uti- or roadside,
lization, harvesting, topwood residue. 2. transporting it to a location for further process-

ing, or,
The abundant supply of Wood in the United States 3. processing it in the forest or at the landing and

has led to some wasteful practices, especially with then transporting it.
respect to sawtimber residue. Developing new tech-
nolbgy and markets will help encourage the utili- For the key elements--handling, transportation,
zation of these residues and thus reduce the needless and processing--certain facts must be known such

•waste of a natural resource, as volumes per acre, weights, number of pieces per
acre, and physical size of the material. Previot/s re-

USDA" Forest Service scientists have determined search studies have documented the volumes, weights,
that, after northern hardwood sawtimber harvest- and densities per acre of residue tops and limbs (Win-
.ing, between 40 and 50 percent of a tree's weight sauer and Steinhilb 1980, Steinhilb and Dye 1973,
above the stump is left as residue (Mattson and Car- Grantham and Howard 1980, Bradley et al. 1980).
penter 1975). For example, the average topwood res-
idue Weight from a 21-inch-d.b.h. sugar maple tree What has not been documented are the dimen-
is about 2,000 pounds (Steinhilb and Winsauer 1976). sional characteristics of topwood residue. To design
If this single l;op were recovered for energy° it would both efficient and economical equipment to handle,
be equivalent to one 42-gallon barrel of oil. In the transport, or process a top, researchers must know
Eastern U.S., an estimated 50 million dry tons of the actual diameters of the main stem and branches..,

hardwood residue in the form of tops and limbs re- Other details such as the number of branches and

main each year after harvesting (Carpenter 1980). their angle with the main stem are also necessary,
especially to design equipment to remove limbs. The

Whatmakes topwood residue rather unique is that results presented here will help to fill the gap in
itbec0mes "available" for essentially a zero prior engineering data by providing the dimensional char-
investmentbecause current practice in timber har- acteristics of hardwood top and limb residue. No at-
vesting depreciates the whole tree at time of harvest tempt was made to document the density of tops per

while utilizing.only the saw log portion. This practice a given area or estimate weights or board feet, etc.
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DESCRIPTION OF SITES 7. Branch data for those greater than 4 inches d.o.b.
The number of branches, the locati0n of their

. The topwood data presented in this paper came juncture with the main stem, their angle with the _
from a sample of 64 tops. To attempt to eliminate main stem, and their length to 4 inches d.o.b.
any bias due to logging practice or site differences, 8. Number of branches less than 4 inches d.o.b.
the tops were selected from three separate sites. All

three sites were mixed northern hardwood stands on DATA ANALYSIS
rolling terrain in the Upper Peninsula of Michigan:
oneinHoughton County, one in Keweenaw County, The first step in the analysis was to establish
and one in Baraga County. The sites in Houghton whether any site or. species differences existed. The
and Keweenaw Counties, located on land owned by data were grouped into the following variables by
the CopperRange Company, were marked by that site: Species; stump to top butt distance', stump di-
company for the sawtimber harvesting that took place ameter; top butt diameter; crown width; top length;
approximately 6 months before the topwood mea- number of branches in each of six branch classes by
suring..The Baraga County site, owned by Michigan diameter in inches, 0-3.9, 4-5..9, 6-7.9, 8-9.9, 10-11.9,
Technological University, was also marked and cut 12-15; and branch angle with the main stem of 0-29,
about 6 months earlier. All three sites were logged 30-59, or 60-90 degrees. From an engineering view-
by different loggers. These sites were managed and point, there are no" major site differences as evi-
marked for a selective sawtimber harvest which pre- denced by means and corresponding standard devia-
cludes the harvesting of trees under a certain min- tions of the variables. By comparing the results of
imum d.b.h. (.usually 12 inches). Houghton and Keweenaw Counties (pi'edominately

sugar maple) to those of Baraga County (predomi-The breakdown of species of tops for each site is:
nately red maple), there again proved to be no major

• species differences. Based on these results, all fur-
Baraga County-13 red maple (Aver rubrum) ther'analysis was done using all 64 residue tops

6 sugar maple treated as one group.(Aver saccharum)
' 1 elm (Ulmus americana)

Houghton County-23 sugar 'maple RESULTS AND
(Aver saccharum) CONCLUSIONS

1 yellow birch
(Betula aUeghaniensis) Figure 1 shows a typical northern hardwoods rcs-

Keweenaw County- 19 sugar mal_le idue top with mean dimensions and their correspond-
(Aver saccharum) ing standard deviations. In addition, the histograms

1 yellow birch in figures 2 through 6 give a more detailed break-
(Betula aUeghaniensis) down of the dimensions.

Topwood is available, but it cannot be just skidded
PROCEDURE outintact. Because of the average length (36 feet)

• and width (25 feet) of a top, skidding would seriously
• . At least 20 tops at each site were measured to damage the residual stand. Reducing the top by man-

provide representative data for a "typical" hardwood ual chain sawing is both costly and unsafe. What
, top. For each top measured, the following data were looks most promising is a mechanized scheme in which

recorded with all diameters %utside bark" (d.o.b.): the tops are first reduced and then transported to a1. Species.
2. Stump diameter, landing for further processing.

All stumps were identified for each top, and di- The details of branch sizes and lengthsare shown
ameters were measured at approximately 1 foot in table 1 and in figures 7 and 8. Table 1 and figure
above the ground. 7 include only data on the branches themselves, not

3. Stump to top butt distance (merchantable length), on the main stems. Figure 8, which presents infor-
Measured 1 foot from stump to butt of top along mation on the lengths of roundwood greater than 4
ground, inches d.o.b., includes data on both branches and

4. Butt diameter of top. main stems. The data presented in figure 8 strongly
5. Length of top. suggest that this material could be utilized for.higher

Length from top butt to top of foliage, value solid wood products rather than simply for
6. Crown width (maximum). chips for fiber and/or fUel.
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4o - Table 1._Branch details _
35.9

35" .

Numberofbranchespertop
3o- Branchsizeclass(inches) Range Mean

_- z5 25.0 0- 3.9 2-34 15.3
= I 4- 59 0-7 33
u 20 I= I 6- 7.9 0-7 1 9W

8- 9.9 0-2 5
15 -

,_._ 10-11.9 0-2 .2

L ,_,.7 ' 12-15 0-2 1
I0 • 7.e 7.e

'Doesnotincludemainstem.
5 . z.=

o . For branches greater than 4 inches d.o.b., the an-
zo z5 30 35 40 48 so 85 eo gle with the main stem is distributed as follows:

CROWN LENGTH (FEET)

0-30 degrees 33 percent
Figure 6.C--Distribution of crown lengths for 64 tops. 30-60 degrees 44 percent

Jr- 60-90 degrees 23 percent

_oo- A correlation matrix was calculated for all vari-
9o ables. There proved to be no relations that would be
eo useful from an engineering viewpoint. The largest

70.4 correlation .is stump diameter versus top butt di-70 -.

• ameter with an r value of 0.53. The next largest is
_- 60

z branch class six versus top butt diameter with an r• W

=" so of 0.51. All other correlations were negligibleh$
40

30 Further research is needed on various schemes

' zo . ,6.0 and devices to harvest northern hardwood top and
,0 " 9.3 limb residue. The results presented here have es-

2.6 ,., 0.6 tablished a representative set of engineering data too
0-3.9 4.0-5.9 6.0-7.9 " 8.0-9.9 I0.0-11.9 12.0-15.0 guide this research.

BRANCH SIZE CLASS (INCHES)

Figure 7.--Distribution of branch size classes for 64 LITERATURE CITED
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