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SUMMARY

Biomass data was recorded for 73 trees growing in mixed natural oak-pine stands on
Lower Piedmont sites near Auburn, Alabama, during a study of the feasibility of harvesting
southern hardwoods by extraction using a Rome TXH Tree Extractor. Harvested trees
included sweetgum, hickory (mockernut and pignut), southern red oak, and white oak
trees measured from 4 to 11 inches dbh. Collected biomass data included the portion of the
below-ground biomass (stump wood — including central root system) that was extracted
with the above ground (whole tree) biomass. The extracted below ground biomass averaged
18 percent (green basis) of the complete harvested tree weight. Whole tree above ground
biomass, green without foliage, ranged from 78 to 1,135 pounds for sweetgum, 174 to 711
pounds for hickory, 167 to 1,227 pounds for red oak, and 112 to 615 pounds for white oak.
Sweetgum had the highest moisture content at 110 percent for total tree wood component
and hickory had the lowest at 54 percent. The proportion of stem wood to branch wood
ranged from 59 to 89 percent with the larger trees having more stem wood. Specific gravity,
density, and moisture content of wood and bark for the four tree species are presented. The
proportion of trees in wood and bark and in stem wood and branch wood, both in green and
oven-dry conditions, are presented. Regression equations as a function of tree diameter and
total height are also presented for complete trees and their components. Tables have been
developed for complete tree, whole tree, and main stem biomass.




Biomass of Four Hardwoods From Lower Piedmont
Pine-Hardwood Stands in Alabama

Donald L. Sirois

INTRODUCTION

There is a growing interest world wide in more
complete utilization of forest resources for products
and as an energy source (FAO 1976). This interest
has created a need for predicting the total biomass
of the complete tree according to characteristics that

affect its use — what portion is in wood and bark,
and what portion is in stem wood and branch wood.
This paper presents statistics, prediction equations,
and tables for biomass characteristics of four south-
ern United States hardwoods — sweetgum (Liquid-

ambar styraciflua L.), hickory (mockernut, Carya

tomentosa (Poir.) Nutt. and pignut, C. glabra
(Mill.) Sweet), southern red oak (Quercus falcata

Michx. var. falcata), and white oak (Q. alba L.).

The tree data was collected in conjunction with a
field evaluation of the Rome TXH Tree Extractor
(Sirois 1977), and therefore the range of tree sizes,
4 to 11 inches dbh, was limited to the capacity of the
machine for harvesting hardwoods. The evaluation of
the tree extractor took place near Auburn, Alabama,
in natural uneven-aged pine-hardwood stands grow-
ing on Lower Piedmont sites.

Definitions of the tree components used in this
report are:

Complete Tree — All of the harvested biomass
including roots and stump wood extracted from the
soil, main stem, and all crown branches without
foliage.

Whole Tree — All of the harvested biomass above
a 6-inch stump height including main stem and all
crown branches without foliage. This portion of the
tree may also be called “total tree” in other reports,

Stem — That portion of the tree between a 6-inch
high stump and a 3-inch diameter top. This portion
of the tree may also be called “bole” in other reports.

Crown — All of the stem above a 3-inch top plus
all live branches above and below this point.

PROCEDURES

Field Test

A sample, stratified by dbh for each of the four
hardwoods, was selected from two sites. Selected
sample trees were dominant or co-dominant in crown
form, except that in the small tree size class, 4 to 6
inches dbh, it was necessary to include some inter-
mediate trees. Because the tree extractor was not
successful in harvesting all of the selected sample
trees, all diameter classes are not fully represented.
When additional extraction data was needed and
additional trees were available in the area, these
trees were harvested and measured. For the pur-
poses of the biomass portions of the study, the dbh
classes of the sample trees were:

Class Range in dbh
4 3.0 < dbh < 5.0
6 5.0 < dbh < 7.0
8 7.0 < dbh < 9.0
10 9.0 < dbh < 11.0
12 11.0 < dbh < 13.0

The mean and ranges of tree measurements are

" chown in table I .

The field test took place in April and early May
so all trees were harvested and the biomass data was
taken before leafing of the trees. Because of the time
of the year and the apparent bud swelling it can be
safely stated that sap flow had begun and tree mois-
ture contents were more representative of summer
conditions than winter dormancy. After extraction of
each tree, green weight by components were weighed
before the next tree was harvested. Weight data in-
cluded extracted root and stump weight as harvested
without soil, weight of the tree stem from a 6-inch
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Table L.—Means and ranges of tree measurements for each tree species by dbh class.

Dbh Sample Dbh Total height Crown ratio
class trees Average Range Average Range Average Range ' Age
inches number 0 s INChEs. eueeeeenene feet years
Sweetgum ) ’
4 3 4.1 3.8- 4.6 36 34-39 0.44 0.34-0.52 22
6 5 5.6 53- 6.0 44 30-56 0.50 0.16--0.67 28
8 6 7.7 7.0- 83 57 42-65 0.37 0.37-0.53 32
10 1 10.5 10.5-10.5 72 72-72 0.10 0.10-0.10 42
15
Hickory
4 7 4.5 4.0- 49 43 35-51 0.38 0.16-0.53 40
6 5 5.5 53- 5.7 48 45-51 0.32 0.22-0.41 39
8 6 7.8 7.1- 89 57 45-65 0.37 0.29-0.50 51
18
Red Oak
4 3 4.7 4.5- 49 36 3441 0.50 0.35-0.60 40
6 9 5.7 5.1- 6.9 42 32-55 041 0.12-0.68 42
8 5 8.0 7.5~ 8.6 49 39-59 0.32 0.21-0.60 50
10 6 9.7 9.0-10.9 54- 49-59 0.42 0.36-0.52 45
12 2 11.5 11.1-11.9 51 51-51 0.31 0.28-0.35 52
25
White Oak
4 2 3.9 3.8~ 4.0 38 38-39 0.28 0.18-0.38 45
6 4 6.3 ) 6.0- 6.5 43 38-56 0.35 0.16-0.53 34
8 8 7.7 7.0- 8.6 57 43-69 0.38 0.19-0.64 39
14

stump height to a 3-inch top without branches, and
crown weight including all branch wood. Measured
dimensions were length of extracted root to a 6-inch
stump height, total height, crown height (butt to
first live limb), and height to 3-inch top. Diameters
outside bark (dob) were taken at a 6-inch stump,
dbh, base of live crown and mid-height (one half of
total height). At the time of measurements, sample
disks were cut from the tree butt, midpoint, a 3-inch
top, and two branch samples (1 to 2 inches dob) for
determining moisture, density, and bark content of
the trees. The disk samples for subsequent lab tests
were sealed in plastic bags to prevent moisture loss.

Laboratory

The laboratory procedures for determining specific
gravity and moisture content were similar to those of
the Southeastern Forest Experiment Station at
Athens, Georgia (Clark and Schroeder 1977). Spe-
cific gravity was calculated using green volume and
oven-dry weight. For moisture content, samples were
dried to a constant weight at an oven temperature of
103°C. Moisture content was calculated on the oven-

dry basis. Documentation of additional equations
developed for calculation of other parameters and for
weighing of moisture, wood, and bark contents of the
whole tree for the computer analysis are presented
in Appendix III.

Analysis

Weighted least square regression equations were
developed for predicting the green and dry weights
of wood and bark for complete and whole trees and
their components. The independent variables used
in the final regressions were dbh and total height.
The predictions of tree biomass characteristics are
based on the following model.

Y =bX
where:

Y = predicted tree or component weight
X =DTh

D = dbh in inches

Th = total tree height in feet

b = coefficient




By employing a weighing factor of D2Th to the 1,227 pounds for the largest (red oak in the 12-inch

model to correct for heterogeneous variance about class). The proportion of whole tree green weight of
the regression line, it is felt that this simpler model wood versus bark averaged 95 percent for sweetgum,
retains the statistical advantages of more common 86 percent for hickory, 92 percent for red oak, and
linear models while overcoming their shortcomings 95 percent for white oak (table II). On the green

(Husch, Miller and Beers 1972 and Cunia 1964). weight basis the proportion of bark decreased with
. increasing tree size, and the proportion of wood in-
creased. On a dry weight basis the proportions

RESULTS changed only slightly from those of the green weight

' values.
Biomass In addition to reporting the wood and bark com-
' position of the sample whole trees, the proportion
Complete tree data, including harvested roots and of the above ground biomass in stems and branches
stump wood, was collected in addition to the normal- were also determined. These data are presented in
ly reported whole tree, above-ground biomass from a table III on both a green and dry weight basis. On
6-inch stump. The average values for complete trees a green weight basis, with data from all diameter
and the percent of stump biomass have been reported classes pooled, the proportion of the whole tree in the
earlier (Sirois 1977). Prediction equations and re- stem was 78 percent for sweetgum, 71 percent for

lated tables for complete tree green weight are in- hickory, 73 percent for red oak, and 72 percent for
cluded in Appendix 1. Whole tree biomass, both green white oak. For all of the four species, the stem pro-
and dry weights basis, are shown in table 1I for the portion of the tree increased with dbh. This trend

four hardwoods by diameter classes. The average was less definite for red oaks than for the other
green weight for whole trees ranged from 78 pounds species. This was due to the greater branching. of
for the smallest (sweetgum in the 4-inch class), to the crown with a less definite main or central stem.

Table I1.—Average whole tree wéights with proportions of wood and bark on both green and dry weigizt basis

Tree component Tree component
Dbh Total Sample Whole tree proportions (green) :lNhole tr;e _ proportions (dry)
. . ; ioht
class height trees green weight Wood Bark ry weig Wood Bark
inches feet number pounds percent A pounds percent
Sweetgum
4 36 3 78 92 8 41 93 7
‘6 44 5 240 93 ‘ 116 93 7 .
8 57 6 500 95 5 269 95 5
10 72 1 1135 95 5 674 95 5
15 ‘
Hickory .
4 43 7 174 83 17 111 - 85 15
6 48 5 254 84 16 161 84 16
8 57 6 711 92 8 458 92 8
18
Red Oak .
4 36 3 165 91 9 98 90 10
6 42 9 293 91 9 172 90 10
8 49 5 669 90 10 390 89 11,
10 54 6 1118 91 9 664 90 10
12 51 2 1228 . 95 5 658 94 6
- _
White Oak
4 39 2 112 94 6 69 94 6
6 43 4 336 96 4 197" 96 4
8 57 8 615 96 4 364 96 4
14




Table II1.—Average whole tree weights with proportions of biomass in stems and branches on

both a green and oven dry weight

basis
Tree component ‘Tree component
I?bh l’ll‘otzl Sample Whole treﬁ proportions (green) Whole tree proportions (dry)
ight t ight i
class eig) rees green weig| Stem Branches dry weight Stem Branches
inches feet number pounds percent- . ...... pounds = percent. ...
Sweetgum
4 36 3 78 57 43 41 59 41
6 44 5 240 82 18 116° 75 25
8 57 6 500 84 16 269 84 16
10 72 1 1135 88 12 674 89 11
Hickory
4 43 7 174 68 32 111 67 33
6 48 5 254 71 29 161 69 31
8 57 - 6 711 74 26 458 76 24
Red Oak
4 36 3 165 68 32 98 67 33
6 42 9 293 74 26 172 72 28
8 49 5 669 70 30 390 70 30
10 54 6 1118 72 28 644 69 31
12 51 2 1228 80 20 658 78 22
White Oak )
4 38 2 112 62 38 69 62 38
6 43 4 336 75 25 197 74 26
8 57 8 615 79 21 364 78 22

Wood and Bark Characteristics

The specific gravity, moisture content, and green
weight per cubic foot of both wood and bark for the
whole trees and their components are reported in
table IV. The values for moisture and green weight
per pound were very consistent for the two oak
species. Both sweetgum and hickory trees had a wide
difference in moisture content of the components for
wood and bark with associated high variability for
measured values. For sweetgum both the stem wood
and branch bark had high moisture contents, 162
and 148 percent respectively, while hickory experi-
enced only high moisture content in the branch bark,
148 percent, as compared to 67 percent for the stem
bark. Similar differences have been reported for other
species of both hardwood and pine (Clark and
Schroeder 1977, Taras 1980) and have been related
to differences in bark characteristics and sap flow
incipient to leafing. Our data was taken at probably
the most unstable time of the year for the moisture
content measurement, at least for sweetgum and
hickory, for our two site and stand conditions. The
more consistent results of the two oak species is
possibly because they were generally found within
a narrower range of site conditions within the two
stands and were less advanced in breaking of dor-
mancy. All four species were randomly harvested

4

during the same 2 month period, April and May, and
the same laboratory procedures were used in all
cases. Overall, the average whole tree values of
specific gravity, moisture content, and green weight
per cubic foot are in good agreement with other pub-
lished values for the four hardwood species (Mc-
Millin and Manwiller 1980).

PREDICTION EQUATIONS

Regression equations have been developed for pre-
dicting the green and dry weights of complete and
whole tree biomass and for the components of wood,
bark, main stem (tree length to 3-inch top), and
crown (including all live branches). These equations
are presented by species in tables 1 through 4 in Ap-
pendix I.

In comparing values of whole (total tree) weight
of southern red oak trees predicted by this equation,
developed from trees in south central Alabama, to
those predicted for southern red oaks growing on the
Highland Rim in Tennessee, using the equation
Y = 0.06632 (D?Th)!!2¢s developed by Clark, Phil-
lips, and Hitchcock (1980), we find that it predicts
higher weights by 7 to 23 percent depending upon
dbh. The percent difference decreases with increasing
dbh. This difference is due to difference in tree form
rather than differences in form of the equations. The




Table IV.—Average whole tree and component wood and bark specific gravity, moisture content, and

green weight per cubic foot for four hardwoods

Tree component

Specific gravity

Moisture content

Green wt. per cubic foot

Sweetgum
Wood
Whole tree 0.45 (0.05)
Stem 0.45 (0.08)
Branches 0.45 (0.04)
Bark
Whole tree 0.42 (0.07)
Stem 0.40 (0.07)
Branches 0.46 (0.07)
Hickory
Wood
Whole tree 0.67 (0.03)
Stem 0.67 (0.03)
Branches 0.69 (0.07)
Bark
Whole tree 0.52 (0.03)
Stem 0.53 (0.05)
Braches 0.60 (0.19)
Red Oak
Wood
Whole tree 0.61 (0.04)
Stem 0.59 (0.03)
Branches 0.64 (0.05)
Bark
Whole tree 0.64 (0.13)
Stem 0.61 (0.04)
Branches 0.72 (0.38)
White Oak
Wood
Whole tree 0.64 (0.03)
Stem 0.64 (0.03)
Branches 0.64 (0.04)
Bark
Whole tree 0.53 (0.05)
Stem 0.53 (0.05)
Branches 0.52 (0.14)

mean (SD)
percent pounds
110 (100) 57.6 (22.5)
162 (304) 58.7 (21.8)
96 (16) 545 (5.7)
103 (22) 53.2 (19.9)
96 (21) 48.5 (6.6)
148 (60) 69.5 (16.5)
54 (3) 654 (6.4)
66 (3) 655 (2.1)
51 ' (3) 65.0 (71.2)
69 (15) 65.7 (59.2)
67 (14) 53.0 (2.0)
148 (201) 93.3 (74.5)
74 (8) 65.7 (5.2)
79 (8) 659 (2.9)
64 (9) 65.1 (3.6)
57 (11) 65.6 (57.1)
55 (10) 589 (4.4)
85 (68) 83.6 (53.0)
69 (5) 67.4 (6.8)
71 (6) 67.8 (3.0)
63 (4) 65.1 (3.2)
73 (22) 58.4 (19.6)
71 (26) 569 (9.3)
111 (123) 62.2 (13.4)

Alabama trees were shorter, with a significantly
higher percent of wood in the crown, and had less
stem taper for equivalent dbh classes than the Ten-
nessee trees. Also, it should be noted that the Ten-
nessee trees were harvested during the dormant
winter months and the Alabama trees during the
spring, so the Alabama trees had a higher bark mois-
ture content and therefore higher bark green weight
per cubic foot.

The differences in predicted values for whole or
total green tree weights indicate the need for using
care in applying biomass equations from one region
to another, especially if the equations are developed
from trees harvested at different times of the year.

BIOMASS TABLES

Biomass tables for green and dry weights of com-
plete tree (including roots and stump), whole tree,
and tree length (main stem to 3-inch top) have been
produced from the equations of tables 1 through 4
for the four species of hardwoods. The biomass tables
5 through 16 are presented in Appendix II. As in-
dicated in the discussion under Prediction Equa-
tions, care should be used in applying these table
values to other regions that may have trees of dif-
ferent form or green weights per cubic foot of wood
and/or bark.
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Appendix I—Prediction tables and related equations

Table 1.—Sweetgum regression equations for estimating green and oven-dry biomass
for trees 3 to 12 inches dbh

Weight (Y) Coefficient of Standard

pounds Regression equations! determination error

Y Rz Syx

Complete tree (excluding leaves)

Green Y =.176557 D2 Th 0.99 0.0035

Dry Y =.10139D2 Th 0.99 0.0024
Complete tree wood

Green Y = .16823 D2 Th 0.99 0.0034

Dry Y = .09664 D2 Th 0.99 0.0023
Complete tree bark

Green Y = .00758 D2 Th 0.96 0.0004

Dry Y =.00433 D2 Th 0.97 0.0002
Whole tree (excluding leaves)

Green Y =.14360 D2 Th 0.99 0.0032

Dry Y =.08262 D2 Th 0.99 0.0021
Whole tree wood

Green Y =.13602 D2 Th 0.99 0.0031

Dry Y = .07828 D2 Th 0.99 0.0019
Whole tree bark

Green Y =.00758 D2 Th 0.96 0.0004

Dry Y =.00433 D2 Th : 0.97 0.0002
Stem-stump to 3-inch top no branches

Green Y =.12536 D2 Th 0.99 0.0028

Dry Y =.07281 D2 Th 0.99 0.0022
Stem wood

Green Y =.11909 D2 Th 0.99 0.0027

Dry Y = .06903 D2 Th 0.99 0.0021
Stem bark

Green Y = .00627 D2 Th 0.96 0.0003

Dry Y = .00378 D2 Th 0.96 0.0002
Crown—above 3-inch top plus branches .

Green Y = .01824 D2 Th 0.84 0.0021

Dry Y = .00981 D2 Th 0.88 0.0009
Crown wood .

Green Y = .01622 D2 Th 0.83 . 0.0020

Dry Y = .00926 D2 Th 0.87 0.0009
Crown bark

Green Y =.00132 D2 Th 0.93 0.0001

Dry Y = .00055 D2 Th 0.89 0.0000

1Y = bD2 Th, where Y equals weight in pounds, D equals inches dbh, and Th equals feet
of total tree height. ’



Table 2.—Hickory regression equations for estimating green and oven-dry biomass for
trees 3 to 12 inches dbh

Weight Coefficient of Standard
pounds Regression equations! determination error
Y R? Syx

Complete tree (excluding leaves)

Green Y = .22822D2Th 0.97 0.0101

Dry Y = .14676 D2Th 0.97 0.0064
Complete tree wood

Green Y = .20824 D2Th 0.97 0.0091

Dry Y = .13494D2Th 0.97 0.0058
Complete tree bark

Green Y = .01611D2Th 0.88 0.0016

Dry Y = .00937 D2Th 0.87 0.0009
Whole tree (excluding leaves)

Green Y = 0.189¢0 D2 Th 0.97 0.0084

Dry ) Y =0.12241 D2'Th 0.97 0.0053
Whole tree wood

Green Y = 0.17378 D2 Th 0.97 0.0079

Dry Y = 0.11304 D2 Th 0.97 0.0050
Whole tree bark

Green Y = 0.01611 D2 Th 0.88 0.0016

Dry Y = 0.00937 D2 Th 0.87 0.0009
Stem-stump to 3-inch top no branches .

Green Y = 0.14908 D2 Th 0.29 . 0.0042

Dry Y = 0.09407 D2 Th 0.99 0.0025
Stem wood .

Green Y = 0.13285 D2 Th 0.98 0.0043

Dry Y = 0.08576 D2 Th 0.88 0.0027
Stem bark

Green Y = 0.01417 D2 Th 0.87 0.0013

Dry Y = 0.00831 D2 Th 0.86 0.0008
Crown total—above 8-inch top plus branches

Green Y = 0.04705 D2 Th 0.80 0.0057

Dry Y == 0.03099 D2 Th 0.80 0.0040
Crown wood

Green Y = 0.04441 D2 Th 0.80 0.0057

Dry Y = 0.02960 D2 Th 0.81 0.0038
Crown bark

Green Y = 0.00257 D2 Th 0.67 0.0005

Dry Y = 0.00139 D2 Th 0.66 0.0003

1Y = bD2 Th, where Y equals weight in pounds, D equals inches dbh, and Th equals
feet of total tree height.



Table 3.—Red Oak—regression equations for estimating green and oven-dry biomass for
trees 3 to 12 inches dbh

Weight ’ Coefficient of Standard
pounds Regression equations! determination error
Y R2 Syx
Complete tree (excluding leaves)
Green Y = 0.23398 D2 Th 0.99 0056
Dry Y = 0.13033 D2 Th 0.98 .0041
Complete tree wood
Green Y = 0.21583 D2 Th 0.99 .0046
Dry Y = 0.11901 D2 Th 0.98 .0034
Complete tree bark
Green Y = 0.01547 D2 Th 0.83 .0014
Dry Y = 0.00987 D2 Th 0.81 .0010
Whole tree (excluding leaves)
Green Y = 0.20134 D* Th 0.99 0047
Dry Y =0.11308 D2 Th 0.98 .0036
Whole tree wood
Green Y =0.18587 D2 Th 0.99 .0039
Dry Y = 0.10321 D2 Th 0.98 .0029
Whole tree bark .
Green Y = 0.01547 D2 Th 0.83 0014
Dry Y = 0.00987 D2 Th 0.81 .0010
Stem-stump to 8-inch top no branches
Green Y = 0.14857 D2 Th 0.99 0015
Dry Y = 0.08112 D2 Th 0.99 0011
Stem wood
Green Y = 0.13534 D2 Th 0.99 _ 0017
Dry Y = 0.07258 D2 Th 0.99 0007
Stem bark
Green Y = 0.01323 D2 Th 0.84 .0012
Dry Y = 0.00854 D2 Th 0.82 .0008
Total crown—above 3-inch top plus branches
Green Y = 0.05177 D2 Th 0.84 .0046
Dry Y = 0.03197 D2 Th 0.83 .0031
Crown wood
Green Y = 0.05025 D2 Th 0.84 .0046
Dry Y = 0.03060 D2 Th 0.83 .0029
Crown bark
Green Y = 0.00232 D2 Th 0.77 .0003
Dry Y = 0.00137 D2 Th , 0.72 0002

1Y = bD? Th, where Y equals weight in pounds, D equals inches dbh, and Th equals
feet of total tree height.



Table 4.—White Oak—regression equations for estimating green and oven-dry biomass
for trees 3 to 12 inches dbh

Weight Coefficient of Standard
pounds Regression equations! determination error
Y R2 Syx
Complete tree (excluding leaves)
Green Y = 0.22314 D2 Th 0.99 .0048
Dry Y =0.13150 D2 Th 1.00 .0024
Complete tree wood
Green Y = 0.21466 D2 Th 0.99 .0046
Dry Y = 0.12645 D2 Th 0.99 .0023
Complete tree bark .
Green Y = 0.00693 D2 Th 0.97 .0003
Dry Y = 0.00415 D2 Th 0.95 .0003
Whole tree (excluding leaves)
Green Y = 0.17998 D2 Th 0.99 .0036
Dry Y =0.10633 D2 Th 0.99 .0019
Whole tree wood
Green Y = 0.17305 D2 Th 0.99 .0034
Dry Y = 0.10218 D2 Th 0.99 .0018
Whole tree bark
Green Y = 0.00693 D2 Th 0.97 .0003
Dry Y = 0.00415 D2 Th 0.95 .0003
Stem-stump to 3-inch top no branches
Green Y = 0.14856 D2 Th 0.99 0015
Dry Y = 0.08112 D2 Th 0.99 0011
Stem wood
Green Y =0.14208 D2 Th 0.99 .0023
Dry Y = 0.08315 D2 Th 0.99 .0012
Stem bark
Green Y = 0.00579 D2'Th 0.98 .0002
Dry Y = 0.00351 D2 Th 0.95 .0002
Crown total—above 3-inch top plus branches
Green Y =0.03211 D2 Th 0.80 .0044
Dry Y = 0.01966 D2 Th 0.81 0027
Crown wood
Green Y = 0.03097 D2 Th 0.80 .0043
Dry Y = 0.01902 D2 Th 0.81 .0026
Crown bark
Green Y =0.00114 D2 Th 0.78 .0002
Dry Y = 0.00064 D2 Th 0.75 .0001

1Y = bD2 Th, where Y equals weight in pounds, D equals inches dbh, and Th equals
feet of total tree height.



veme sven sece sone s090 Suhe avwa 0N Sred Sre Srt SRS SEO SmIE Lout sron Sese Seee 094 SivE Seed S18 +u4e B8 SINE Gess ombe e LEAE SmL UMY Shat Gund Gmwt e 1 1e e 4 e wesn saem sira savs soms Eove sevn svwe vovs SOV 88 S04 Soin Sms SAMN ase Abew 4sms vase 2ih SHID PIAS 4104 B SEE Sish Sevs SIND cesd THOS SHt GG FON6 GETS UNS GYOR FASE Ge-d S0Am SHWP G000 Geme o $Hnd tese Ssed Sees bece

(1HIT3H 4¢h0h X HAaa * Imav*««evmwrm.c = A 03I NOTSSANNIY
89 4%946c G0 45894 2vnose HL VALY @«.ﬂqa« as’ c«mn et
L2 58v2 ﬂ«.acac b6 CEAT a8 94971 4087 45 V011 v
v6 £50€ €458y 18744587 49%Y 807 TeEY 8 2v4 49 " v89 0t
04°£99% ¥8 84VY b6 TATY £1 4077 8 vab ab T ASA 25 ¥4 b
L8911 Tr 220V | S£°9/48 &2 024 AR A1 5 4 8
A
9
S
v
€

vere sane sren

19 v48 84 284 % 049 €T A5G AR By GEE
07 "S5 G4 2bY b4 0TY £9° 82¢ Ly 9%2 2E ¥9T
8C° 648 28 2be 42682 72 828 AIRTA: AN a1
40" 612 25 287 190 9v7 vS 407 | £0°€4
va eay 04°20% 91 28 29 19 80° Tt
(°SHT) LHOIAM NIIN9 AANL LTI

wvee cuss wors anms mvus se0s sves seae As8 ose oS 06 ©106 SMS 4104 Pewe Cive Sems 18 48 im0 & IE 9T Sees SUmS Gumy fese SmE SO0 SO0 S0 4§ U SIS G SRS HNID SO T8 S8 1SS 118 S48 S20U e by Sone 28 it one 1208 oes sous sy e oo

06 na 04 09 04 13 b i SAHINT
Amu ZH »IQHMI w0l HHd

ee +von 00 sove 45es <aee sume ien SRR FEsb roew Shie TS SHES L6k B L4 arar Sera Swme Geba eSn S7E Lu SS 4R Like s The 1SS SIS iAok et e reus boan sorn scon ases sove msss scte swe swam $o0% Sasm besR Sres TR mrte Seis Fere seb LB Shes Biee 1SN SE0E S UB fmp €304 Ol Wees SN Sei SUTC STRS GSEL Seeh s Jen Seme ce FSIN EeeR 200 Tems Tl biap dher 0% bon

Aazsbm+mmzuz¢zm+zqh YHAAL ILATNANOD 0 LNIANO AW
AYONIIH 83IJ3dS
9 9Lqel

e ae assa case s sume some Sesd G408 Sove Srva S408 GreS 5 5 UP8 4rbe s w6 mwe e ik Fi0n Sard S:n8 GNER HAS Sms ien e SESS ISR SSNY BT SB40 S0V e (L iy 30 Sind 408 Sren s nins omud e

APIQHMI JCPOF X 110 & HAG) kEA9GS94T 0 = A DI NOISSINIAY

87 882 bo 0002 69 64LT  SbOGETST YevaEt 4679107 27
T2 26T L0 A04Y LU G4VT 08 TBET  4Y 8907 vS vS8 13
10 6857 9b @IvT 06 GERT  VE4S0T 84298 S8 904 L9 6BS 0%
07 4821 &0 vbTT [ A0 vONT | 40°8s8 90 GV4 V0245 £0° 420 b
L6 £06 86 064 86 4.9 §4° V95 44 TGY b AEE 8

07 269 | 65 509 80615 9% " 35 S0 9vE vE 652 L

26 vvv 9€ " 198 08 43¢ TR AT 89 047 avLey 9
G

v

£

46808 LAE I A 04702 95940 ey 28y g a8
6¥ 697 3 TvY 0o "£%v73 G4 vE 04799
Pe Q6 Y YA Q5 a7 L9 LY 84718
A mmqv _:wHu3 zggzu uuzk FLATAWOD
RS nn :x =@ :m 1R 4 e e SHHINT
: L334 zq »I;HmI 4¢_DP . HAA

CAWMAS+SAHINVIT WA LS 3L LI TARGD 2 ANINDARND
WNaL3aMS 5310349

G 9|qel
se[qe) ssewroig—[] XIpuaddy



S 0T TSI USSR TN TS sSen i 410 0S¥ TS M0 TN NS SIS STME 05 SUN UL SN LD 8 SN Mne 0 SR dieh e Gl LSS 8000 1004 I04% 4RSS Gert s besw b ie 4w Gess S 4 4 Ed S4B Eee mere toss Soee 160 SRS S4we Seve S8 SENs Sms S Sres semw Sivd SHH 4NES So0B SEne eSS 1028 POS8 S0 <are SivS Sk bob <006 S4m2 408 ces Sras seve oos sons bobe 0o 50 Ame ese rre dubd avee

(LHII3H WI0L X ::a ¥ HAIQ)YXATGEYEEE 0 = A :"99F NOUSSIANIIN

e e e o T S TTms I 1077 700 1400 0500 74 (70 700 £330 TS0 4003 5005 TUE SE a7 Shes SR 470 SO 1t 004 G800 S MRS St 4mb Thnd lied 1ehe Sebe Sawe BSS Sem Shwd s Lise sees S8 Srmb Smp Seme Feee $VeS S0 e Reds G04F SURS FIRS F4eS Seme absk S0ew mese See% SHAS as S90s B S50 H04S {0 4506 aert Sbve Sees domm soae Sers 86 Avee S0s8 eve Sere Aaet mess

£8° 148C 25704582 0e Aved A8 L2678 hm.eceﬁ ?c°6821 . a2t
v6 4EvE 96 4512 G4 4887 96 A¥9T L6 4VET L6640 11
e '800e 80 5847 5471957 18 gecy 89 S¥T1Y vS 268 b 499 0y
99 9291 6 ShbY BY G927 | v¥ ¥R07 04°%04 LA A A AN 4 é
St 2viY S99 666 8 948 £0 " ¢V4 e VA4S et 8at 8
69 " ¥48 SE 594 a0 999 89 75 12 AN 4 10 8a¢ 4
0€°295 | 46 ¥8¢ 1 v9 1o0v 127188 66 0ve 292097 Q
&V 068 04°veg ab B vy eed SE°49Y LS VYT =
te vic 157847 18 27 R A Y 0oy 14 v
a4 02y W00y £e° 08 Q2709 2% 0% £
("S47T) LHITIIM NITYO A3ML ILITHW0D
06 08 04 09 0s 114 0e oe SAHINT
. P&m¢ zH JHIIIH 9101 Had
A&z:hm+meuz¢zaf2h_mv&Jm_ 4_4_&z:u : hzuzoazou
AVO JLTIHM :83I23dS
8 91qel
AFIUHMI JchOh X :HQ X :mav*ﬁ }han;d.c = A CTBH NOISSANDIY
LE2gos b¥ G492 L2005 553 wm.ﬁmcm me.¢m@ﬁ Nh.h¢nﬁ et
£0° 8v5a a6 vend 08 184AT | 6978697 LS GTVY Fv EETY . 1
18'so0tve £8° 1487 S8 4897 88 £0vY | 06 4937 36886 v6 104 0t
T4 5047 41 921S7Y 99 92LY A BRA NS A NA 2 60 "854 457895 b
Lé L6ETT £2°8v07 8% 848 £ 8va 46 84G LA 44 8
02 LY6 857208 06 489 | s g48 09 85¢% EL- RN 4 A
£2°685 | 0¥ 508 EATR T4 4 £6°92¢ 04 858 LV 89% 9
v 60t 467088 ] L¥ 242 86 ¢ 66°91% S
g9 ' vee 8% 487 SQL7AVY 48 ¥4 14
SE9cy 68 507 £ v ey ay £
C7SET) LHOIAM NIJA9 A2UL ALIdW0D
06 08 04 09 . 0s ot 0¢ 0 SHAHINI
hmum ZH ~ImeI 4¢ba_ . Hada

CdWNLS+SIAHINVATHWALE Y TINL AL TTAWNOD = LNIANO AWND
A0 a3y :53103dS
L °1qel

12




..-tl.!ll.lxl.l.i..l.\.cl.-h...l.....l..l-:x.l.l....t.....l....l..l...l.!.l-lu.t...x‘..xolt.!tt.l..!....I..!I..!t:l.\.!...!.....I-I.l..l........!...i..l.....llll...-.x......l!..:...l..lu.\-.l:l...li.l..!.l-.!.-l-ll.n.ll.l.ll.l.lll-ll.i

(LH9I3H WL0L X HIA X HAA)I *S096848F°0 A D3 NOTSSTNIFN

.Illl!‘.:klt.!...llll.l.ll.l.i.l.l.l...é..l!..!lllll.l!ll..l...l.l.l...l.l.l..t.ll.l.!l:l.l..l..xll..l.!.n.l..l....l..-..l.lli.l.!.l.l..!xll.'l-..ll..ll!l-l!..l.!&.\..l!l..(.!.l.!l.l.llll.\.

L e

S0°T9vT 09 4A8%E ST 14T 040691 YSRAY S 08°€607 et
4674908 AT 8E8Y &b 8097 99 84£71 (8°8¥1Y 0% 616 12
90 6047 AN YA L2 6257 |_BE 6LTY By oA 85654 494698 : 0t
v v8eT £5°0E77Y 14 °9/40% 48 226 |_80° 694 9 919 st 19¢v .
TAANAA £4°058 e 654 497409 £1°98v | 09 v9¢
68 bl ve 159 62 AGS Se a9 (| P A QY 442
4= IR-TA4 8T 0¥V 187 Ve Qb " €4Lc 60902 £4°9€Y
4 24 S v8 ' vac [AEAR 06 687 |_2v 2v? 896 vé
0L 287 26°18% | £5°12% Y 34 | 44709
rS 20t St S48 7¢°89 LS 1S 8y v
CSA7) TLHOIAM A¥d FA3AL IT0HM
06 0g B VA 09 0s 14 ne oe SZHINY
mem zq PIaHmI Jchch HAd
(SAHINY AT +WILG) FFAL IT0HM = LNTINOARDD
AYOAIDIH 8310148
0L @19el

MenONOK

wmee wome cuvs sove woan <:om bove sata Se0@ - <A Sodd S64n 4S4D SPRP Bite +S08 Seve Seme Gvwe SO S0 Bre4 S Beme SHRE STV 00 Sy S9S0 S0 % ST S0 S04 SIS S4 S1ee e Sme e S0 S sg b SmS 0w e Met e vt o un 508 sems aems $955 sme Sr0s FEE SH4S DISE SHeE WS ews S48 Bne vent FURP $i20 G- » erE S4OE TEOS EM0e Seu secd sden SH00 SIRF 1e0E SIS MG TEVD 14U $440 KEOT Shar Swee oo

CLHATAH YL0L ¥ HIa % HA %462009%¢T°0 = A 93 NOTSSTIIT

ee eom so0a so0m o Se08 Suve an 4300 sRRS < Gukn Scde Sohs S0 Sas Shan ovs Shre STOB ik S48 40 B4 SRew ke 18 Guke 4o 08 SIS R4NS NP SUUC AN 004 Cime 8 S IS ML CTUD IS S S22 0408 0008 40 g e aeme 08 ¢ o o0 0@ S8 ovet 4406 5 b AP = 8 oS S9EE FIeE HHIT FErH 1-mt VHES Sk PEOR biee Webe G0u G130 SHET SERS Feom 100U SHES FSe SUSH B0es mid SN 200 Rese TS St Cose

90" t9AY 32 4597 I3 ANA 44 T4 0vEY RN | 4 vy LE8 et
18 £9457 G0 04%Y 42 9LEY Yo avny 847898 £0° 567 Y
oy c6ay 08 8v7TY 02" s00% 09" ¥28 00°8v4 - 0b VAS 08 0%t . 0%
a8 '9t07? £5°0846 ) 04 449 85185 9" S9% 96" 8bL b
£2 584 RAA e’ 14848 A= 10% 4 a9 495 | Y- YA 8
T6 295 114 8% 22 =816t 9 18 60° Ve 4
Z8°19¢ |87 018 8 " 84e 84202 60 S8Y 48 20Y 9
0815 0t S%e 05" 64T 09 vl 0L 40y 08" 14 4
98 L7 88 " v1Y 0616 6 89 G4 Sv 14
vS 44 o9 ve 047 T% 447 BE H8 G pN

('837) LHOIAM >=a gmzw AT0HM

[4

e eem ose onbe it sons 450 G vebe S0 S Heve B4 S4dm e Ssie Lian oo S008 S6RS SEVR Shs S8 1036 GNES VR SO04 GUEG WP S S04 D RS P S0 IR guws s pery nene S ¢ 8 27 ©re <aes e ¢ o8 pess vove bave 46 & Best § o8 womw Gotn Seve & 8 'ip &3 - U SMP SN TEeh NS Bms ST MG G403 Hiue SOrS STTN 4900 SS08 SUTY SIS Sese S Sen

06 ne e e :a e 0g - e SIAHINI
1334 NI »IJH¢I JG_C_ Had

T GAMANY NHAWILE) TANL TIOHM ¢ LNINO W07
WN9LIING SITIIdS
6 91qe)

an



s ohoe =44 04 Sure e = oo wme smes WSS bms Sebe SRee Gr¥ Soe Sees Srbe teed Ties 108 et SHES Ewes AEAN Sbeh veem nie seve sams ew

95 2ree
00 0967
£8 6197
L0°STET

0é

6%

ee’

S8’
8d°
18
£5°

ng

WA F 12 e18Y

FA LA 12 2R 5 )
HEVT 48 AGDY
93911 ns o0t
14 cf 908

(LHII3H Tviol %

14!

A
68°

'S
g
6

Qa7
0ey
408

S04 | € 419

SSESY | 94
L6
84"
61"

L6 v IE

147
€1

at

12
¥
62

88¢

/8
69

N-s.
48
14

€47
b6

Q62T
8807
448
83/
YA

HIq X

HEEI XCSIH664T 0 =

49

Ty

vT

2¢0

"148
£6°

614

e84
84’

09V

|

14
=30

5

78

&

698
A

6

96
L6
a4
66°
K-I-N

144
PR
vae
b
08

94
41

AT

‘E8E
31+
86°

YA

S5V

LS

647

A nmJV FIGHMB >zQ Jer MJOIB

cb

089

ns

Fumu NI FIQHLI qcbOp

e 2008 S Core e Sese 2ue Gme SS 4o4S FITS SN0 G020 FEN 000 Bins cese MM § 0% S1eE Tebg Bs Bies Se0e Su 4Eb 4.8 SES R 406 SI4E MRS TS Sm saes G0se 4408 SHA Srus Seb Seta bive 00

o6 coue sreq sese sond sms term pume bes sese srie

9e 46078
- 65 261a
20 2187
L4 LYY

200 soak o0s Guss we0e Feus amya Sesn Bes ser imp b ARG Meat St merh eems Foeb it mmb =

124 A
Lb6
chL’
89"
78"
T

66

s snen se0s bare eew Sues seae - we ons wess

08

6182 05 6208
BYAT  SEG04T
0F9Y £ 4047
VOSY 09 TeTY
0£0F 00 206
8L 097049

85 405

vE 2SE

© 0 sems smes 4m S4eu st vers eure Biin et saes tece sobe it

ca

0

v

14

8¢’
667
68
09

495
AN 4
ave
“v9c
1 L)
Vel
28

524

9 140 Besn sais mens wbe (0 Gme S8 NG Seeb Gmt Smts Samd Saer B e HOS SENS BS40 b TS ees meie wren Beey b B

0¢

Amquz¢1m+zubmv_nxb m.OIB

A»IwHuI 4¢hob * Iga * Imav*&\arm«c

mm.

é

wse o o

mm« —

i
3

ki d}
0sy

'8
B>

46
LA

1

45 |

-

68"

4

PN 4

T6°
ée’
.J\.

1334 NI LHIIAH

ce

a0 |
£47
807
¢ mJV h:uHma >ga m&zb ugozz

Qe
Ty

| VA
18 A

Y

AT
REATA
00%
avs

AR 44
8-
132
49

Ay
a9t
LT

ad

8-
e
ve -~

o ot cate waow casy caer Seme Pms e aves sme Ses aers oms ey ome

vié
sSn8
259

a0

Fra

18

€9
)

918

o
688
1420

10s

45
L&
-3 2

06 4as smm 2t Sme ot bma smt H1es e been i

o=

07
4HBY
8L
S4c
412

A bl zo

65 42T

Ab 468
65745
0y =g

quxzumz

@m0 4008 2000 Soms Gomg oo oo G000 4008 Gece Suet Seas 0B SSse ive burd 1000 S PO 44 S0Se Beey sess ems Smee

27
{2
0t

<TUNONGT O

0e STAHINT
HAA

AY0 ILTHM

LNANOdWO)

8317348
¢l ?1qel

6 Sion mEe 430 S00s 0ees 16ts et “ase St Even St B9E S Sant thew Sab seas

A TB3 NOUSSINDIY

s €t ek GMT 0005 Sw0 Sms W SmE sase 1ees WIS Hea G460 SeNS Seas 4ms Sasr S0bs Seud tean wed bbe Sb asse Sese SRR Seee oust

65717

76 t¥Y

0o-

40
07"

A"
04

s

00 200 Sous wres sres tven cerw 0o

98

ﬂchoh

A
8t

YA

ot

| &9

[ 353
24

492°00%
Yy v?

¢

S

0¢

wu:wzcmm+zup.v4gzh

v 9g

oc

H40HM
AVD a3y

c¥
13
0y

MO NIOO

SEHAHINT
HI

_Z_z:;zcu
HATDAIS

Ll @L9eL

14




ete sese e so20 ~sn0 om0 suse F'eb ace SrLE 4438 seE e we 6 8 S0nq Wbe SIE T2RS S450 AR 518 SoeE oo 400 seme < 43 Te S $4ob Shog Siee B:18 B0 S1SR Shes Cesd Sme BT 6400 50 BUmp TS SANS 0ot GaSE Lt SNV Seme 1SS0 SN Ghud CSS 00 SRR s Shne ssss cune TS AR oS RS dend wtae ooms sens sese Srre Sise S2Lv Eses Lats Eers Seer Pie® Aas SmA WOD S0b G608 Sasa eb Tabs Tete guie

(LHOT3IH WL0L % HAA % HIA)X9308060T°0 = A DA NOLISSANIIY
80 2867 0% Z4T4Y €47 2087 G0 882T 88 €407 04 848 a1
8y ¢297 07 Svvd T4 A92Y BE2B0Y £46° 106 L -7 A 1A
2L TYEY Y9 26T 8b b8 0 Sb/ 2€ 945 3 Lby : 0%
62 9807 o 996 | 82 GvH A A L4 E0YT 20 £8b a8 29E

62 £94 88 499 LY BLS 90 LAY 59 188 £ 982
68 ¥8S e 114 I 4 G2 G9¢ 0e 242 Gy 4%¢e
89 SLE 10 228 ve R93 89 via T0°19% ve 40T
687092 29 ¢ee G¢ 97T 80 AbT 18 117 va Ve
2T°CbT 92 6% | Iv Sé R R YA A 4
05708 60 .49 L9 €5 Ge 0 £8° 92
(S971). LHOIAM NIFAD WALS
06 08 0/ 09 05 0t 0g 0 SIAHINT
1334 NI LH9I3H WL0L ‘ B
HId NIE OL WILS NIVW °  LNINDLWOD)
AONDIH S3IDAdS
pL @1qeL

MmaeinaoNoO

CLHOT3IH WL0L ¥ HId & HIQX02¥9ESET 0 = A DI NOISSIAIIA
89 a2y CABE 442 LA AR N T 21 eg0y 07 °206 80224 v <l
8% 9wt 05 " £THT 1R T90Y 2T 0TS v 854 Q47909 1Y
Qe 82ty 648°€00% £65° 448 LY %4 187929 12 200 % 1151 80 94 0%
88 €14 e 218 08" 0%4 9c 609 V4 A0S AYeav €92 voL
S8 T¢9 29 194 V3 ¥51 4 2T T0d LA AN 69 0k
54 2 73 4 66 &ev 926 °89% 3R A | N LY 4 82 ¢87Y
16 1L _ 84048 59 GEd G088 68 LET e 06
8 6%1c v0 887 04 947 ¢ LaY cl vé 8% =29
se0dy 4 001 08 4% 09 2Y 0v
0449 T 9% £y av S8 e LG ad
(577 LHOTAM NITIND WALS
06 08 07 0e 04 : 0t 0gE ne SAHINT
LA34 NI LHITAH WL0L Had

M NOND

AId NIC 0L WALS NIVW  LNANOARDD
WNSLAAMS 63TT48
€L 9198l

15



APIQHMI JcbOh *

400 vain ;s Ywe 4000 S0es 2esS sk SaBE SHSY NTed Sase OE Set bete “nep st Aeve ovs 410k SEes sebe TeEe S4e8 G4 Mewe Sewe 64 sren Sese ties Gese SEE Pe=E 008 ans pase Se0e 2000 S0d8 tmve sese

bh 9TAT  0G S04T 45 06VT €9 £A2Y
VEO0T9T R ISKT &b 2SET 95 €407
98 0£ET  46°28TT 21 Se0F  ve /84
00°8407 22 854 Vb 8E8 T 49 814

1A RV Ly 299 | £8° /495

69

v9

A
1
A WA

0

HAA % Imav*chmmmAQG.c =

0138 sesn ater sess waet sars anmm sere smB Sree Samn Gmb sven ent o

¥20%

Y48
Y.L
864

VA
BT
At

1T
25

148
S%4
144
ALY
848

g9
es

8 44
4GE
246288

99 4648 | 12 L0S YA TR

]

& 89¢

£8°

v ese | Tv 618 |
84 882 18 132e
6 THY

58 64

L3

¥

0g

14-0

‘99
vay
‘87%
99

vé

48"
Yo

48
ate
AR
Y4

L2 4%2
04° 657
Y6 01Y
846704

e

(S471) LHITIM NITAI WILS

o oo oams okt sine Sbus Smp Al orne Mate saaw Sae £48 S

04

08

e sree cans oot s ams comm 2ine

06 ne

1334 NI hIJHMI

0% 000 5020 1m0 @S mis 4tee Geab SIS SES TEES STU6 Le S AaS SO Sive sees bibs 4erS Swed Seos S48e 4618 S10b Beme sme fver siws dbep mmed beew RSSO PiBE Seve Nme Geve sont areb s

€456 $4me waee Shen G40 tees beme evs M 604 1SR G858 S208 Ses § 04 vans sebe Hme R Smd T4es Seed eme Bme Se0s mase sred neve B <o

490 2400 4204 S4ma 2008 S0eh Gte 0ae pebs Ged G140 BUT GE0E 4IND Seit Sitn vse Save Seen F1OR BORS G008 SieD GOE YOmS b Saes AESS eed SN SIS Pres HAre Sms Seve b & sk sese reon

vy S2467 0S ¥I34AY  9%° \aqﬁ £9° €827
06 4T9% vy acky £°8627Y [ 09 8407
TT LEET  $5°88TT 86 6807 Ty 348 |
90 £80F 24876 8e 28 Yo 2al
L9 094 86599 0S° 045
4% °28S 657608 AT
6e°vse [ V6 Dok
667652 sg gz |

4528 9500 ST BME 4ers bems Mime aree Seus Buse sese smet Sk sk sers

4 4210 2D G000 T10 044 a0ee sioe 1S Srs Gore Bt bt S $mt 1e 0 aens @ o

&9
L4
4
0s4-°
av-
667
ey’

14

04

848
av/,
109
VA 4
o
492
‘S87Y

4¢»Oh

Q4
40
L8
e

9Y

oy

£6° 6%

0%

A

HId NIE 0L W3LS

' 640 4000 40sp 1100 TS U0 iaee tems see ters 1N Sues bEeD aat SHAS aiee sats seme ares deoe

6707

68a8
Y YA
469
I8y

) =

04 Skd
<07 19¢

e
61
vé-

45

nge
148
£ia
87

ae See
AL 81e
St 097

A

' WO 5000 1000 B0u cabe Siem S0es anes < S-bh sere Seme sere Siss e ers

£V 1YY

£9°8¢7
ce 08

88
28"

8171
99

(547) LHOI3AM ZLJZQ WALSG

e c00d 1000 1ows S0na G4a ares stne Basn tive Suns wse burs e Seve b

046 08 04 09

T8 BSOS Ters S1AE Sa0s SmE T0% GemS Sebn end a8 LarD BE0e Gaew S0u0 Bee SMP SUSE 048 Gras maee seee (UPE Sesh Pebe Sems S8 $005 Sewe Seme Bt oo o

0%

80

8v-

L334 NI »IUHQI YLOL

"84
0

134

1 12 714

U0 acs m St Seas Mbee C8 Bie sets Bane sers ik 4rie dese

3& NOITSSAHOTY

A4
V6o
AN

a9’

70%
I
44
<

0e

NIYW
AVO ALIHM

0% saee bens eamp seue Bers vms 12w s n0 we 1008 aswe sene

0«

MmN osNDOS -
Rk ]

STHINI
HE

LNANO dWO D

$83103dS
9L @19eL

'S 9S4 SSO% S405 IHNT TR SIS MOV Bm4 Gim SAIL 1Ake G998 000 490 Scuu TES S00e Gees G40k Nien ese Hesd TS Thee Cest 40o4 10aw teew e e Seve SmE S Guch Babe 0md 200 Seus semt sers sues

(1HIT3H WLIOL ¥ HAA % ;&Qv*ﬂa\ef¢¢ﬁ

U NNISSHIDIY

L&

8¢

TT 0%

0g

1%

901
A

S 4b
veo

e

e

@100 bme woe S1ea et 4008 40 Sves Shen shee sesn

ol
1t
et

MmeingognNoO

SAHINI
HId

LNTINOAW0D
FSATINAS
GL @9Lqel

HIAG NIE 0L HW3LE NIWVW

AVD a3

16



Appendix ITI—Documentation

DOCUMENTATION FOR HARDWOOD
BIOMASS PROGRAM

1. The percent of wood (green) and bark (green)
are calculated for each section of the stem (butt,
mid, 8-in top) and for each branch, using the
weights obtained from lab samples.

_ total wood weight

% wood = g gk weight (wood T bark) <. 100
_ total bark weight

% bark = o Tk weight (wood + bark) X 100

9. The proportional weighting factor (FW), for
section of the stem, was calculated using the
equation:

W _ DIB%ection
section = TJTR% .~ + DIB?ma + DIB%op

The numerator is the square of the DIB at the
section for which the weighing factor is to be
calculated.

3. The weighted percents wood (green) and bark
(green) for the stem are determined by applying
the weighting factor of the section to the percent
of wood and bark for the section, as determined
in #1. The weighted percents for each section
are summed to get the weighted percent for each
stem. The weighted percent of wood and bark for
the branches are averaged, because only two
branches were sampled and no branch diameters
were recorded.

Weighted % wood = -
3122 FWiection X % W0Odsection (#1)

‘Weighted % bark =
Stor FWection X % barksection (# 1)

butt
Weighted % wood (Branches) =

% wood (Branch 1) + % wood (Branch 2)
2 .

Weighted % bark (Branches) =

% bark (Branch 1) + % bark (Branch 2)
2 .

4. The total green weight of wood and bark for each
tree is determined by using the equation:

Total weight of wood =

stem weight (Ibs) X % wood
100 +
branch weight X % wood
100

Total weight of bark =

stem weight X % bark + branch weight X % bark
100 100

5.The percent moisture (dry wt. basis) in the
wood, for each section of the stem and each
. branch are calculated:

%. moisture in wood =
green wt. of sample — dry wt. of sample % 100

dry wt. of sample
and can be greater than 100%.

6. The dry weight of wood in the stem is calculated
by:

Wll X Wdl

TM
1+ 300 .

Wwdl =

Where;

Wiwa = calculated dry wt. of wood in stem
W, = green wt. of stem

Wi = weighted % wood for the stem -+ 100
% M = weighted % moisture for the stem

7. The dry weight of the wood in the branches is
calculated by:

dry wt. of wood = green top wt. X

(weighted % wood\ .
100 ) ’

1 + weighted % moisture
( : 100

8. The percent moisture (dry wt. basis) for the
bark, at each section of the stem and for each
branch are calculated by:.

% moisture in bark =

green wt. of sample — dry wt. of sample 100
dry wt. of sample X




9. The weighted percent moisture (M) for the bark
on the stem and branches are calculated by:

weighted % M {in bark} =
[% Mbouee X DIB%ust + % Mumia X DIB%uia
+%M top X DIthop] ‘:“
[DIBZbutt'+ DIB2mld + DIthop]
weighted % M in {bark on branches} =

% M (Branch 1) + % M (Branch 2)
2

10. The dry weight of bark (Wa,) on the stem is cal-
culated by:
ng X Wbs
Wa = % M
1+ 950

18

Wa = Calculated dry wt. of bark on the stem

W = green wt. of stem

W = weighted % bark for the stem + 100

% M = weighted % moisture in bark on stem.
11. The dry weight of bark in the branches is cal-

cilated by:

dry wt. of bark = green top wt. X

weighted % wood
( 100 )

1 4 weighted 9% moisture
( 100 )
12. Total dry weight of each tree is the sum of the
components:
Total dry wt. of tree = dry wt. wood (stem) +
dry wt. bark (stem) + dry wt. wood (branches)
+ dry wt. bark (branches)



Use of trade, firm, or corporation names is for the reader’s information
and convenience. Such use does not constitute official endorsement or ap-
proval by the U.S. Department of Agriculture of any product or service to
the exclusion of others that may be suitable.




Sirois, Donald L. Biomass of four hardwoods from Lower
Piedmont pine-hardwood stands. Gen. Tech. Rep. SO-46.
New Orleans, LA: U.S. Department of Agriculture, Forest
Service, Southern Forest Experiment Station; 1983. 18 p.

Biomass equations for complete tree, whole tree, and stem
wood, with and without bark, both green and dry, are pre-
sented for four southern hardwoods — sweetgum (Liquid-
ambar styraciflua L.); hickory, both mockernut and pignut
(Carya tomentosa (Poir.) Nutt. and C. glabra (Mill.)
Sweet); red oak (Quercus falcata Michx. var. falcata); and
white oak (Q. alba L.). Weight tables are also provided for
the whole tree and stem wood of the four hardwoods.

Keywords: Whole tree, complete tree, prediction equations,
biomass.

#U.S. GOVERNMENT PRINTING OFFICE: 1983- 675-876/104



