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Conversion factors: English to metric

Multiply by To obtain
Inches 2.540 centimeters
Feet .3048 meters
Pounds .4536 kilograms
Cubic feet .02832 cubic meters
Pounds per cubic foot 16.02 kilograms per cubic meter

All English units of measure in this report can be converted to metric units by multiplying by the
appropnate conversion factor listed above.

July 1981

Southeastern Forest Experiment Station
Asheville, North Carolina
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PREDICTED TOTAL-TREE BIOMASS OF UNDERSTORY HARDWOODS

by
Douglas R. Phillips, Mensurationist
Forestry Sciences Laboratory
Athens, Georgia

ABSTRACT.—Prediction equations and tables are presented for estimating total-tree green and dry
weights and cubic-foot volumes of wood and bark of understory hardwoods | to S inches d.b.h. Eleven
species common in the Mountains and Piedmont of the Southeast are described. Of these. yellow-poplar and
sweetgum were lowest in green weights due to their low densities (specific gravity = 0.359 t0 0.459). while the
oaks, dogwood, and hickory were high in green weight due to high specific gravities (0.545 10 0.665). Total-
tree green weights rangec from 4 to 9 pounds for 1-inch trees to approximately 150 to 280 pounds for S-inch
trees. Total-tree green weight of wood and bark per cubic foot of wood ranged from 65.2 pounds per cubic
foot for yellow-poplar in the Mountains in North Carolina to 93.4 pounds per cubic foot for hickory in the
Piedmont in Georgia. The proportion of bark expressed as a percentage of dry weight ranged from 14.4 per-
cent for dogwood in the Mountains to 28.7 percent for hickory in the Piedmont.

Keywords: Weight, volume, specific gravity, moisture content, bark content, weight per cubic foot.

INTRODUCTION

Understory hardwoods less than 5 inches d.b.h., long
considered an unmerchantable forest component, are
now being harvested for fuel and fiber. Improved equip-
ment such as total-tree chippers and, more recently,
mobile chippers make such harvesting practical. This new
equipment was developed in part to meet the demand for
energy wood, but small hardwoods can also be converted
into fiber products.

Since understory hardwoods are essentially a new re-
source to the forest products industry, it is important to
know as much about them as possible. Previous research
on small hardwoods has been rather limited. Sollins and
Anderson (1971) summarized dry-weight yields for some
hardwood species. Barker (1974) and Jett and Zobel
(1975) examined the papermaking properties of young
hardwoods. The physical properties of understory hard-
woods were examined by Phillips and McClure (1976),
and green- and dry-weight prediction equations were
developed by Phillips (1977) and Wartluft (1977).

This Paper presents regression equations and green
and dry weight and cubic-foot volume tables for 11 of the
most important understory hardwoods in the Piedmont
and Mountain regions of the Southeastern United States.
These equations improve and thus effectively replace
those presented by Phillips (1977). This Paper also
describes wood and bark properties and weight per cubic-
foot factors for the 11 species. The information in this
report makes it possible to inventory existing stands to
determine the understory biomass that is available for
harvest.
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PROCEDURES

FIELD

Sample trees were selected from the understories of
mature hardwood and mixed pine-hardwood stands in
the Mountains and Piedmont Plateau. Six to eight of the
most prevalent species in each physiographic region (as
determined from Renewable Resources Evaluation data)
were sampled at each of four locations—two in the
Mountains in North Carolina, one in the Piedmont in
Georgia, and one in the Piedmont in South Carolina (fig.
1).

At each location, approximately 12 trees of each
species were sampled. Three trees were taken from each 1-
inch d.b.h. class from 1 to 4 inches. Diameter classes
were: 1-inch class (1.0 to 1.9 inches), 2-inch class (2.0 to
2.9 inches), 3-inch class (3.0 to 3.9 inches), and the 4-inch
class (4.0 to 4.9 inches). Average d.b.h., total height, and
age of understory hardwoods in the Mountain and Pied-
mont regions are given in table 1.

Trees were cut in winter when leaves were absent.
Each tree was felled, separated into stem and branches,
and weighed. Stems were measured from ground level to
the terminal bud. Cross-sectional disks were cut from the
stems of most trees at | foot, at 4.5 feet, and at 25, 50, 75,
and near 100 percent of total-tree height. In some small
trees, disks were taken only at 1 foot, 4.5 feet, and 75 per-
cent of total height. Three to nine branch samples were
taken from the lower, middle, and upper portions of the
crown and processed as a unit to determine wood and
bark specific gravity and moisture content of branches.
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Table 1.

DD.b.h.. total height, and age of understorv hardwoods sampled at four locations

).b.h. T i A
Sample D.b.h otal height ge
Species trees Mecan Range Mecan Range Mcan Range
Number — ----- Inches-----  —----- Feet------ —-o--- Years------
MOUNTAINS
Yellow-poplar 24 3.0 1.1 - 49 364 21 - 60 1%.9 12 - 26
Sourwood 11 kN 1.5 4.9 354 23 56 31.3 15 - 56
Blackgum 18 33 1.6 49 36.8 21 60 37.5 17 - 58
Red maple 24 29 1.2 4.6 38.0 19 - 59 336 12 - 70
White oak 18 2.7 1.1 49 26.9 14 - 45 37.7 12 - 60
Chestnut oak 24 3.0 1.5 4.7 34.0 19 - 51 332 12 - 56
Dogwood 24 29 1.0 49 26.0 15- 42 39.3 17 -75
Hickory 24 3.0 1.2 49 34.1 17 - 60 K7 16 - 57
PIEDMONT

Yellow-poplar 24 3.0 1.0 49 35.1 17 - 53 22.7 6 - 36
Sweetgum 24 33 1.3 - 48 30.6 15 - 48 26.7 9 -4
Red maple 23 2.9 1.3 45 344 22 - 49 324 14 45
White oak 23 29 1.2 49 29.8 15-49 337 I8 - 55
Post oak 12 3.0 .3 47 28.6 15-43 29.8 20 - 53
Southern red oak 25 3.1 I.1 4.6 32.5 13- 49 30.9 10 - 53
Dogwood 24 3.0 1.1 47 27.2 16 - 35 35.0 9-55
Hickory 22 29 1.0 4.7 3.4 16 - 48 338 13 - 56

using diameter at breast height squared (D) and diameter
at breast height squared times total height (D*Th)as inde-
pendent variables. Plots of residuals across the D and
D*Th scales showed that the variance of Y increased as
tree diameters and heights increased. Logarithmic trans-
formations of the data were performed to make the vari-
ances more homogeneous and thus satisfy this assump-
tion of regression. The resulting logarithmic equations
proved to be better predictors than the linear equations,
but Cunia (1964) cautioned that predicted values on the
logarithmic scale are slightly biased downward when they
are returned to the original scale. Baskerville (1972) pro-
posed a correction factor for natural logarithms which we
modified' to satisfy common logarithms. This correction
factor was not used, however, since the bias in any given
equation was less than 2 percent.

The final forms of the equations were:
LogioY = Logioa + b Logio (D) + ¢
Thus, Y = a(D?)® ¢
and
Logio Y = Logio a + b Logio (D’Th) + ¢
Thus, Y = a(D’Th)" ¢

(N

(2)

where: Y = total-tree weight or volume
a, b = regression coefficients
D’ = diameter at breast height squared

'Personal communications with H. ID. Muse, Mathematical
Statistician, USDA Forest Service, Southeastern Forest Experiment
Station, Asheville, N.C.
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Th = total-tree height
€ = experimental error

RESULTS

AVERAGE TOTAL-TREE CHARACTERISTICS

The average green weight of 148 soft hardwood trees
was 79.0 pounds, compared to 76.3 pounds for 196 hard
hardwood trees (table 2). The soft hardwoods weighed
more than the hard hardwoods because they were larger.
Average diameter and total height were 3.02 inches and
35.2 feet for soft hardwoods and 2.94 inches and 30.3 feet
for the hard hardwoods. Volume of the average soft hard-
wood was 1.372 cubic feet; that for the average hard hard-
wood was 1.220 cubic feet (table 2).

The higher density of the hard hardwoods shows up in
tree dry weights. The average dry weight of hard hard-
woods was 45.6 pounds compared to 39.4 pounds for soft
hardwoods, even though the soft hardwoods were larger.
Hard hardwoods contained more bark (23.7 percent)
than soft hardwoods (20.7 percent), and were older (35
years old compared to 28 years old for soft hardwoods).

Total-tree green weight, dry weight, and cubic-foot
volume increased steadily with increasing d.b.h. as would
be expected (table 2). Bark percentage decreased as tree
d.b.h. increased, while average age of the trees increased
with increasing d.b.h.

Specific gravity.—Table 3 gives the specific gravity
values of wood and bark and wood alone for stems,
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X = value of independent variable in logiw
form.

Cox’s method of approximation sufficiently estimates
actual confidence limits when applied to samples with
small variances, as occur in the total-tree weight and
volume equations in this Paper.
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Table 5.—Regression equations and associated statistics for predicting total-tree green weight

of understory hardwoods based on diameter squared times total height (D*Th)

Corrected Coeffi-

Number Standard | Sample sums of cient of

trees error of mean squares determi-

sampled estimate of x for x nation
Species (N) Regression equation (Sy.0)" (x)° (Z(x-%)%)" (RH

MOUNTAINS
Yellow-poplar 24 Y = 0.30860 (D°Th) "> 0.046 2.409 5.867 0.99
Sourwood 11 Y = 0.31997 (D*Th) > 046 2.449 2.025 99
Blackgum 18 Y =0.52910 (D*Th) **"*’ .086 2.554 2.971 95
Red maple 24 Y = 0.40005 (D?Th) ****° 054 2.421 5.659 99
White oak 18 Y = 0.43637 (D*Th) **76* 042 2.196 4.533 99
Chestnut oak 24 Y = 0.44567 (D’Th) **7* .040 2.410 4.859 99
Dogwood 24 Y =0.58180 (D°Th) *****° 062 2.247 6.060 98
Hickory 24 Y = 0.38728 (D*Th) %% 041 2.401 5.782 99
PIEDMONT
Yellow-poplar 24 Y = 0.37031 (D*Th) *#°° 050 2.404 7.075 99
Sweetgum 24 Y =0.34061 (D’Th) %% .082 2.353 5.567 97
Red maple 23 Y = 0.32119 (D?Th) ***°7 054 2.396 4.021 98
White oak 23 Y = 0.50057 (D*Th) ***? .084 2.300 5.678 96
Post oak 12 Y = 0.45540 (D°Th) %" 043 2.341 2.393 99
Southern red oak 25 Y = 0.55167 (D*Th) *8%° 079 2.400 6.181 97
Dogwood 24 Y = 0.37500 (D’Th) %> 050 2.300 4.794 98
Hickory 22 Y = 0.47978 (D*Th) **#!¢ 076 2.324 5.603 97
COMBINED EQUATIONS
Yellow-poplar 48 Y = 0.33899 (D*Th) >*'% 060 2.406 12.942 98
Red maple 47 Y = 0.36353 (D*Th) *?'°7° 053 2.409 9.687 98
White oak 41 Y = 0.46590 (D*Th) **¢'*° 062 2.254 10.320 98
Dogwood 48 Y = 0.48010 (D’Th) *%'™ 062 2.274 10.889 98
Hickory 46 Y = 0.43736 (D*Th) > 062 2.364 11.453 98
Soft hardwoods 148 Y = 0.35379 (D*Th) **7% 074 2.420 33.651 97
Hard hardwoods 196 Y =0.47221 (D’Th) 7% 071 2.328 46.815 97
All hardwoods 344 Y = 0.43247 (DTh) %% 079 2.367 81.178 97
®In loglo form.
9
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Table 7.—Regression equations and associated statistics for predicting total-tree cubic volume

of understory hardwoods based on diameter squared times total height (D’Th)

Corrected Coeffi-

Number Standard | Sample sums of cient of

trees error of mean squares determi-

sampled estimates of x for x nation
Species N) Regression equation (Sya)® (x)* (2x-x))" (RH

MOUNTAINS
Yellow-poplar 24 Y = 0.00678 (D’Th) %% 0.044 2.409 5.867 0.99
Sourwood 11 Y = 0.00527 (D*Th) %% 036 2.449 2.025 99
Blackgum 18 Y = 0.00945 (D*Th) %826%¢ .082 2.554 2.971 95
Red maple 24 Y = 0.00651 (D°Th) >** 044 2.421 5.659 99
White oak 18 Y = 0.00777 (D*Th) *#%8¢¢ .043 2.196 4.533 99
Chestnut oak 24 Y = 0.00733 (D*Th) **7'%* 037 2.410 4.859 99
Dogwood 24 Y = 0.00895 (D’Th) %! 059 2.247 6.060 98
Hickory 24 Y = 0.00735 (D*Th) **7*% .049 2.401 5.782 99
PIEDMONT
Yellow-poplar 24 Y = 0.00603 (D*Th) **%7* 042 2.404 7.075 99
Sweetgum 24 Y = 0.00648 (DTh) %868’ 065 2.353 5.567 98
Red maple 23 Y = 0.00512 (D*Th) *?°¢* 056 2.396 4.021 98
White oak 23 Y = 0.00839 (D*Th) **’*° .079 2.300 5.678 97
Post oak 12 Y = 0.00889 (D*Th) 32! 035 2.341 2.393 99
Southern red oak 25 Y = 0.00954 (D’Th) %% 076 2.400 6.181 97
Dogwood 24 Y = 0.00546 (D*Th) %" 061 2.300 4.794 98
Hickory 22 Y = 0.00787 (D*Th) %%¢°** 067 2.324 5.603 98
COMBINED EQUATIONS
Yellow-poplar 48 Y = 0.00635 (D’Th) 8% 048 2.406 12.942 99
Red maple 47 Y = 0.00587 (D*Th) **'¢* .050 2.409 9.687 99
White oak 4] Y = 0.00804 (D*Th) %844 059 2.254 10.320 98
Dogwood 48 Y = 0.00722 (D*Th) °%77% .063 2.274 10.889 98
Hickory 46 Y = 0.00760 (D*Th) **""" 054 2.364 11.453 99
Soft hardwoods 148 Y = 0.00632 (D’Th) %% 061 2.420 33.651 98
Hard hardwoods 196 Y = 0.00787 (D*Th) *%¢*¥ .064 2.328 46.815 98
All hardwoods 344 Y = 0.00729 (D*Th) **™%° 064 2.367 81.178 98
®In log10 form.
11
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Table 10.—Regression equations and associated statistics for predicting total-tree dry weight

of understory hardwoods based on diameter squared (D7)

Corrected Coeffi-

Number Standard Sample sums of cient of

trees error of mean squares determi-

sampled estimate of x for x nation
Species (N) Regression equation (Sy.x)" (X)* (3(x-%)")* (RY)

MOUNTAINS
Yellow-poplar 24 Y = 1.74524 (D?) 2% 0.073 0.869 3.226 0.98
Sourwood 11 Y = 2.37722 (D?) %% 081 961 1.222 97
Blackgum 18 Y = 2.56795 (D?) %% .083 1.002 1.553 95
Red maple 24 Y = 2.67148 (D) "¢ .060 .860 3.148 98
White oak 18 Y = 2.50124 (D?) """ 065 .787 2.384 98
Chestnut oak 24 Y = 2.93819 (D?) 1774 044 .892 2.555 99
Dogwood 24 Y = 3.37156 (D?) "% 065 848 3.780 98
Hickory 24 Y = 2.86238 (D?) 2% 085 892 3.066 96
PIEDMONT
Yellow-poplar 24 Y = 1.79951 (D?) "% 052 .880 3.904 99
Sweetgum 24 Y = 1.67422 (D) "'7¢77 .102 .888 2.988 95
Red maple 23 Y = 2.62288 (D?) "% 059 .870 2.446 98
White oak 23 Y = 2.54413 (D?) M'¥%° 113 851 2.870 94
Post oak 12 Y = 2.23774 (D) 12V 067 .904 1.217 98
Southern red oak 25 Y = 2.96156 (D?) "'7°%° 072 911 3.130 97
Dogwood 24 Y = 2.73676 (D?) "2'%% .064 878 2.944 98
Hickory 22 Y = 3.06011 (D% "'*'% .060 .849 3.027 98
COMBINED EQUATIONS

Yellow-poplar 48 Y = 1.76621 (D?) "2'% 064 875 5.295 98
Red maple 47 Y = 2.64377 (D?) M34% 060 865 5.595 98
White oak 41 Y = 2.49773 (D?) 1989% .085 823 5.295 96
Dogwood 48 Y = 3.08355 (D?) "' 067 863 6.734 98
Hickory 46 Y = 2.96561 (D?) ' 073 871 6.114 97
Soft hardwoods 148 Y = 2.10553 (D?) "3 117 .892 18.763 93
Hard hardwoods 196 Y = 2.79822 (D?) '’ 075 869 25.206 97
All hardwoods 344 Y = 2.50008 (D?) "'**" .108 .879 44.016 94

*In loglo form.

14
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Table 13.

Predicted total-tree green weight of yellow-poplar trees’

b

Total-tree height (feet)

D.b.h.
(inches) 15 20 25 30 35 40 45 50 S5 60
------------------------- Pounds ==-=--cmmme ...
1 4 5 6 7 8 9
2 13 17 21 24 28 31 35 38
3 27 35 42 50 57 65 72 79 86 93
4 45 58 71 83 96 108 120 132 143 155
5 87 106 124 143 161 178 196 213 230
6 146 172 197 222 247 271 295 319
‘Blocked-in area indicates range of data.
"Based on the equation Y = 0.33899 (D Th)"*""™".
Table 14. —Predicted total-tree green weight of sourwood trees* "
D.b.h. Total-tree height (feet)
(inches) 15 20 25 30 35 40 45 50 55 60
------------------------- Pounds ----- - oo
I 4 | s 6 | X 9 10
2 14 19 23 28 32 36 40
3 31 40 49 hD) 68 77 85 94 103
4 52 69 84 100 115 131 146 161 176 191
5 104 128 152 175 198 221 244 266 289
6 180 213 246 278 310 342 374 406
Blocked-in area indicates range ot data.
Based on the equation Y - 0.31997 (D7 Ty
Table 15. -Predicted total-tree green weight of blackgum trees*
D.b.h. Total-tree height (feet)
(inches) 15 20 25 30 35 40 45 50 55 60
------------------------ Pounds - -« - ccmmm e e
1 5 7 8 L9 10 12
2 16 21 25 29 3] 37 41 45
3 32 41 49 58 65 73 81 | 88 96 103
4 52 66 80 93 106 119 131 143 155 167
5 96 116 135 154 172 190 208 225 242
6 158 184 234 258 282 305 328

209

‘Blocked-in area indicates range of data.
"Based on the equation Y = 0.52910(D Th)"™' .

Go 3lc
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Table 16.-—Predicted total-tree green weight of sweetgum trees®

b

Total-tree height (feet)

D.b.h.
(inches) 15 20 25 30 35 40 { 45 50 55 60
---------------------------- Pounds === - oo
] 4 5 6 7 8 9
2 16 23 27 30 i3 37
3 26 33 4] 55 61 68 75 Kl 88
4 43 55 67 79 91 102 13 124 135 146
5 82 100 117 135 151 168 184 200 216
6 138 162 186 209 232 254 277 299
“‘Blocked-in area indicates range of data. B
"Based on the equation Y = 0.34061(D"Th) ™™
Table 17.--Predicted total-tree green weight of red maple trees* "
Total-tree height (feet)
D.b.h.
(inches) 15 20 25 30 35 40 45 50 55 60
---------------------------- Pounds -~-=---------emmmmmmoomm e
1 4 7 8 9 10 12
2 15 20 24 28 33 37 41 45
3 32 41 50 60 69 77 86 95 103 112
4 53 69 85 101 116 131 145 160 175 1RY
5 104 128 151 174 196 218 240 262 2K¥4
6 178 210 242 273 304 335 365 396
*Blocked-in area indicates range of data. ]
*Based on the equation Y = 0.36353(DTh)"*""".
Table 18.—Predicted total-tree green weight of white oak trees' °
D.b.h. Total-tree height (feet)
(inches) 15 20 25 30 35 40 45 50 55 60
--------------------------- Pounds ---------=--cccmimeee
1 5 6 7 l 9 10 11
2 16 20 25 29 33 37 41
3 32 41 49 58 66 74 82 |9 98 105
4 52 67 81 95 108 122 135 147 160 173
5 98 119 140 159 179 198 217 235 253
6 163 191 218 245 271 297 322 347

*Blocked-in area indicates range of data.

®Based on the equation Y = 0.46590(D*Th)***'*.
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Table 25. Predicted total-tree green weight of hard hardwood trees® "

Dbh. Total-tree height (feet)
(inches) 15 20 25 30 35 40 45 50 55 60
------------------------------- Pounds -==-----ccmmmmeme oo
! 5 6 8 9 10 12
2 17 22 26 3 a5 39 44 48
3 34 44 53 62 71 80 89 1 97 106 114
4 56 72 88 103 1% 132 146 160 174 188
5 106 129 152 173 195 216 237 257 277
6 178 208 238 268 297 325 353 8l

Blocked-in area indicates range ot data.
"Based on the equation Y = 0.47221(D*Th)" ™",

Table 26.-Predicted total-tree green weight of all hardwood trees* "

Dbh. Total-tree height (feet)
(inches) 15 20 25 30 35 40 45 50 55 60
l 5 6 7 9
2 16 20 24 29
3 32 41 50 59 100 107
4 53 68 83 97 165 178
5 100 122 143 164 184 204 224 244 263
6 168 197 226 254 281 309 336 362

‘Blocked-in area indicates range of data.
"Based on the equation Y = 0.43247(D Th)"™ "™,
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Table 27.— Predicted total-tree green weight of understory hardwoods based on d.b.h. alone’

Total-tree green weight by d.b.h. class

Species
1 inch 2 inch 3 inch 4 inch S inch 6 inch
---------------------------- Pounds - ==---ccceome oo
MOUNTAINS
Yellow-poplar 4 21 56 11 189 294
Sourwood 5 26 67 134 227 350
Blackgum 5 25 64 125 210 320
Red maple 5 29 77 153 261 404
White oak 4 22 58 115 196 303
Chestnut oak 5 25 67 134 229 is§
Dogwood 6 27 66 124 202 302
Hickory 4 24 64 127 219 340
PIEDMONT
Yellow-poplar 5 24 63 126 214 KRR
Sweetgum 4 18 49 97 166 257
Red maple 5 26 69 137 233 359
White oak 4 22 58 114 193 296
Post oak 4 20 54 108 184 RES
Southern red oak 5 25 65 128 217 338
Dogwood 5 27 71 142 244 380
Hickory 5 25 67 132 224 45
COMBINED PREDICTIONS

Soft hardwoods 4 24 62 123 210 324
Hard hardwoods S 25 64 127 214 328

‘Predicted values in this table are based on equations in table §.
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