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DERIVING BIOMASS ESTIMATION EQUATIONS FOR SEVEN
PLANTATION HARDWOOD SPECIESL/

8ryce £. Schlaegel and Harvey E. Kennedy, Jr.=
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AbDstract.--Trees of seven

mary tree components.

less of model form, aill

species sampied from a plantation
over 7 years were used to derive weight equations to predict pri-

The seven
different model forms to insure the greatest precision.
equations
diameter, tree height, age, and number of trees planted.

species required the use of five

Regard-
include variables for tree
The most

precise estimates are found by deriving a separate model and equa-

tion for each dependent variable of interest,

The modeling effort

" can be reduced by deriving a single model form for each species,

fitting this model to the primary components,
nent totals by summing predictions.

and finding compo-

While unbiased estimates are

produced, prediction variances are greatly increased.

INTRODUCTION

The allometric model Ln(Y) = b + b Ln(D*H)
is commonly used for predicting volumes and
weights of individual trees. It has been used
successfully for predicting both aboveground
component and total tree biomass of hardwoods
and conifers. It i{s a popular model in that it
accurately predicts a number of tree components,
has homoscedastic variance, and extrapolates
well in both directions, at least for short
distances. When predicting tree weights in
natural stands, or in plantations of a single
age and spacing with only dbh and height data
available, 1t 1is probably the most reliable
model to use.

Estimating volumes and weights of planta-
tion-grown trees where more than one age and
spacing are found is more complex. Initial
spacing influences crown development, bole form,
and growth rate of all tree components. Compon-
ent growth rate influences fiber content and
size, which directly correlate with specific
gravity. Specific gravity {s inversely related
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to moisture content, so components with rela-
tively nhigh specific gravity have relatively low
moisture content. A1l these variables are
dependent upon the species planted.

To account for these conditions in a tree
biomass model, tree characteristics in addition
to dbh and height must be measured. Tree diam-
eter and height alone, when used as biomass pre-
dictors, were I{nsufficient descriptors of
plantation loblolly (Pinus taeda L.) crown bio-
mass (Hepp and Bristér 198Z2), plantation syca-
more (Platanus occidentalis L.) {(Willson et al.
1982}, and natural lobtolly bay (Gordonia

lasianthus (L.) E11is) (Gresham 1982}.

If a prediction equation for only a single
component of the tree is desired, such as bole
wood weight or total crown weight, the number of
variables to consider is greatly reduceda. “hen
evaluating a singie component, concentration can
be placed on finding the best model to fit this
component. Problems with component prediction
additivity or a separate model for each come
ponent do not arise.

Choosing a model or models for sredicting
multiple components and component totals involve
a numober oOr questions. Jo you use the same
mode! form for fitting all <tree components?
Should a separate esquation e fit for 2acn com-
ponent and component total? [s it jest to fit
equations to oprimary components and then 1iad
predictions to get totals? Are the equations

mathematically additive (Kozak 1970)? Are c:hey
additive from a practical viewpoint? Ahicn
mode! or models should one choose? 3ased on

what criteria?



Schlaegel and Kennedy (1985) fit separate
models to indivzdual tree conponcn::(or pl;mt.a-
tion sweetgum (Liquidambar styraciflua L.) and
water oak (Quercus &n_gr_abt.! and found the foi-
lowing: (1)7n a on dh and total heignt,
tree age and initial planting density are impor-
tant variables for predicting biomass; (2) the
most precise predictions are obtained by fitting
a separate model to each prediction variable of
interest, requiring a large number of model
forms and prediction equations; (3) the number
of modeis and equations can be reduced by fit-
ting separate models to primary components then
adding predictions to obtain tree totals, cre-
ating unbiased estimates but possibly larger
variances; and (4) different tree species re-
quire different mode! forms.

The purpose of this paper is to extend the
work of Schlaege! and Kennedy (1985). The goal
is to produce individual tree equations in order
to estimate biomass on a per acre basis for both
primary tree components and for component sums.
Primary tree components are bole wood, bole
bark, limb wood, 1imb bark, and leaves. Compo-
nent sums are total bole, total 1limbs, total
tree wood, total tree bark, total tree (wood and
bark) without leaves, and total tree (wood and
bark) with leaves. Compromises were necessary
to satisfy all desired goals.

THE DATA

The data are from a 7-year-old hardwood
plantation growing in a minor stream bottom in
southeastern Arkansas, approximately 10 miles
south of Monticello. Seven tree species were
planted at five spacings in a randomized com-
plete block desfgn of four blocks. Each block
contains 35 plots representing the 35 factorial
treatment combinations. The species were: syca-
more (Platanus occidentalis L.), sweetgum, green
ash (Fraxinus pennsylvanica Marsh.), water oak,

cherrybark oak (Juercus fajcata var. pagodifolia
£11.), Nuttall 93k (4. nuttallif Pazrme' ri, ang

cow (swamp chestnut) oak TQ. michauxii Nutt.)

The five spacings and respective number of
trees per acre (in parentheses) were 2 by 8 feet
(2723), 3 by 8 feet (1815), 4 by 8 feet (1361),
8 by 8 feet (681), and 12 by 12 feet (303).
Spacings were chosen to span from the narrow
coppice spacings to the more usual pulpwood and
saw log spacings. The 8-foot distance between
rows was chosen to allow tending by standard
farm equipment.

Each plot consists of 169 trees nlanted in
a rectangular 3rid of 13 by 13 rows using i/0
seealings. The interigr 5 rows were designated
as Jermanent remeasurement rows with the outer 4
rows as a duffer.

Starting at age l, two trees from the sec-
ond iand third duffer rows representative of the
remeasurement plot were destructively sampled
each fall for a total of seven annual samoles.

Field measurements included bole diameter 6
inches above the ground, dbh, total height,
height to crown, total bole nei%ht. and total
crown weight. Individual bole, 1imb, and leaf
samples were taken and sealed in separate poly-
ethyiene bags for laboratory determination of
green and dry weights and volumes. One-inch-
thick disks were cut from the bole at a 6-inch
stump and at fintervals of 20, 40, 60, and 80
?ercent of total tree height. The branch and
eaf samples consisted of two representative
limbs selected from each quarter of crown length
that were consolidated into an eight-branch tree
sample; leaves were detached from the branches
in the field and bagged separately. Green
weights, dry weights, and volumes of bole and
branch components were determined in the labora-
tory by standard laboratory procedures.

Green weights of bole wood and bark for
each tree were obtained by multiplying the pro-
portion of each in the bole sample times the
total bole green weight measured in the field.
Green weights of branch wood, branch bark, and
leaves were derived by acding the leaf and
branch sample weights, finding the proportion of
each component in the sample, and applying the
proportions to the total crown weight obtained
in the field.

Total dry weight and volume for each com~
ponent were calculated using the consolidated
sample component moisture contents and specific
gravities. Moisture content and specific grave
ity were assumed to be uniform within each com~
ponent.

A1l seven species in this study had dif-
ferent growth characteristics. Sycamore and
sweetgum were rapid early growers. Sycamore
branches typically grow rapidly, spread widely,
and prune readily. In contrast, sweetgum
branches do not grow as rapidly, crowns close
more slowly, and pruning is less rapid. Thus
sweetgum tends to have about twice the number of
branches as sycamore.

Oaks generally are slower growers than the
above species. Of the three red oaks, water oak
is the most rapid early grower; it develops wide
spreading stout branches which make up about S51%
of average tree weignt. Cherrybark and Nuttall
oak branches are also wide spreading, but less
stout; they comprise about 40% of the tree
weight.

The seven tree species sampied were dif-
ferent in size, mean component moisture content,
specific gravity, dry weight, and comoonent ser-
cent of ctotal tree (table i). Species growth
characteristics arfect component values. Irown
oroportions vary from 26% rfor sycamore to 3i%
for water oak. Bole wood specific gravity
varies from J.39 for sycamore to J.70 for cow
oak, wnile bole wood moisture content ranges
from 56 to 102% respectively for Jreen asn ind
sycamore.
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Table l.--Primary component means of trees across all ages and spacings used to
construct biomass equations for seven plantation-grown hardwood species

Syca-= Sweet- Green Water Nuttall Cherry- Cow
more gum ash oak oak bark oak oak
Trees in model 229 215 226 190 167 183 143
Number of branches 26 46 21 3l 25 25 18
Stump diameter (in) 2.8 2.7 2.6 2.2 2.0 1.9 1.8
obh (in) - 1.7 1.7 1.5 1.3 1.2 1.1 0.9
Total height (ft) 17.0 15.2 14.4 12.1 10.0 10.6 8.4
Crown heignt (TE) 5.5 1.3 3.2 0.5 0.6 0.9 0.7
MOISTURE CONTENT
Bole wood 1.02 0.96 0.56 0.75 0.78 0.66 0.61
8ole bark 1.29 1.86 1.05 1.04 1.21 0.88 1.11
Limb wood 0.99 0.94 0.54 0.63 0.66 0.59 0.62
Limb bark 1.20 1.45 1.01 0.90 0.94 0.85 0.93
Leaves 1.62 1.76 1.33 1.03 1.11 1.01 1.12
SPECIFIC GRAVITY
Bole wood 0.49 0.51 0.50 0.63 0.61 Q.67 0.70
Bole bark 0.41 0.29 0.36 0.50 0.45 0.51 0.40
Limb wood 0.50 0.49 0.51 0.66 0.683 0.69 0.68
Limb bark 0.36 0.28 0.38 0.37 0.39 0.40 0.38
ORY WEIGHT (pounds)
8ole wood 8.8 7.2 5.7 4.7 3.7 3.6 2.3
Bole bark 1.1 0.9 0.8 1.1 0.6 0.8 0.4
Limb wood 2.8 2.4 2.2 5.0 2.4 2.4 1.0
Limb bark 0.6 0.8 0.5 0.9 0.5 0.5 0.3
Leaves 1.4 1.7 1.4 1.8 1.2 1.4 0.7
PERCENT OF TOTAL
DRY TREE W/Q LEAVES
Bole wood 0.66 0.64 0.62 0.40 0.51 0.49 0.58
Bole bark 0.08 0.08 0.09 0.09 0.09 0.11 0.10
Limb wood 0.21 0.21 0.24 0.43 0.33 0.33 0.25
Limb bark 0.05 0.07 0.05 0.08 0.07 0.07 0.07
Leaves 0.11 0.15 0.15 0.15 0.17 0.19 0.17

DERIVING AND EVALUATING THE EQUATIONS

The basic independent variables used to de-
velop the biomass models are bole difameter at an
approximate 6-inch stump (D6), total height (H),
age (A), and number of trees planted per acre
(N). Although additional measurements were ob-
tained for the felled sample trees, only these
four w~ere available for all trees on the study
remeasurement oiots. For the first year or two,
nany trees were less than 3.5 feet in heignt,
thus dbh neasurements were not available. The
Jrimary osurpose for developing the orediction
2quations is %0 estimate annual plot biomass
starting at ysear one. Transformation and com-
Jination of the 4 »nasic independent variables
jroduced 12 independent varianles that could be
isea 0 develop the equations (taple 2). These
{2 were cnosen after screening up to 25 vari-
agé? for each species (Scnhnlaegel and Xennedy
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To develop the models and equations, some
decisions and comprcmises were made. Predic-
tions for 1l dry weight variables for each spe-
cies were needed, but the number of separate
modeis needed to be kept to a minimum.
Schlaegel and Kennedy (1985) indicate that the
most precise estimates for each desired compo-
nent could be found by deriving a separate model
and equation for each component. However, un-
biased estimates could be found by finding a
single suitable model and fitting this model to
all primary components and then adding <these
predictions to obtain comoonent totals. This
technique increases the variance for some Jf *he
predictions, thus increasing the =rror for indi-
vidual tree estimates.

For this paoer, it was decided to iccept
the increased variance for some component pre-
dgictions and keep the number of 2quations 0 a
minimum. For each species, a singie moae! was



Table 2.--The 12 independent variables available
for use in developing the biomass eguation

Yariable Variable definition
D6 Bole diameter at a S-inch stump.
H Total height.
N Number of trees planted per acre.
A Tree age in years.
Ln(D6) Ln is the natural logarithm.
Ln(N)
1/A%
D62H
Ln(D62H)
(Ln(D62H) ]2
(Ln(NY]/A
N/A

found and fitted to the five primary component
dry-weight variables.

The stepwise procedure of Mniuol’ was
used to fit equations to predict the five dry-
weight variables. Ory weight was chosen since
it was believed to be more important to estimate
dry weight than either green weight or volume.
The stepwise procedure employs the technique of
forward selection/backward elimination, which
both adds variables to and eliminates variables
from the equation, with each varfable's contri-
bution to the reduction sum of squares being
tested at a = 0.05.

The five models found for each species by
this technique were then evaluated and a single
model selected for each species. Five different
mode! forms were found for the seven species
(table 3). These 5 models utilized 7 of the 12
available variables from table 2.

All component prediction modeis for the
seven species produced unbiased equations (table
4), evaluated by comparing statistics produced
by converting predicted values back to original
units (Schlaegel 1982). The most precise and
least variable equations for all species are the
bole wood equations followed by bole bark. Co-
efficients of variation for bole wood range from
16% to 25% and for bole bark from 23% to 40%.

Limb and leaf equations produce less pre-
cise estimates. Coefficients of variation range
from 37% for cow oak limdb wood to 72% for green
ash limp wood. These relatively poorer equa-
+ions reflect the difficulty in predicting crown
-omponents w~nen no neasures of crown size are
incorporated into the equation. [t is likely
+hat crown predictions could oe significantly
improved nad measures such as crown length and

2/ availaple from Minitao Inc., 215 Pond
Laporatory. Pennsylvania State University,
Jniversity Park, PA 16802.
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bole diameter at the crown base been included.
These crown varfables were not included since
they were not measured on the permanent sample
plots.

It must be pointed out that all these equa-
tions will produce unbiased per acre estimates.
But the relatively large coefficients of varia-
tion indicate that predictions. for specific,
individual trees will vary widely, and relative-
1y low confidence can be placed on these indi-
vidual estimates.

The regression coefficients for predicting
primary component dry weights for the seven spe-
cies are given in table 5 along with predictor
variable significance. when a single model form
is used to predict all primary components, pre-
dictor variables that are not significant are
sometimes included. Inclusion of a nonsignifi-
cant variable contributes little to the reduc-
tion sum of squares, increases the number of
parameters, increases equation variance, and
therefore reduces the reliability of estimating
a particular component for a specific tree. But
using the same mode! form and retaining nonsig-
nificant variables helps assure additivity of
components to total values (Kozak 1970).

It is interesting to note in table 5 the
pattern of the significant variables for each
species. The 06“H term {is always significant
when predicting both bole wood and bole bark for
all species; this variable is the volume
(weight) index variable of a conic section.
Measures of both age and initial planting densi-
ty are significant predictors of bole components
except for sweetgum, indicating the effect of
both age and spacing on bole form. When crown
closure takes place and 1imd mortality becomes
significant, the 06H index variable becomes
less important and the planting density and stem
dfameter measures increase in relative impor-
tance in predicting crown components.

TESTING EQUATION ADOITIVITY

The relative precision of adding predic-
tions from component equations to estimate tree
totals was tested for all seven species (tadple
6). For each species the predictions from the
primary component equations were added to pro-
duce tree totals and these totals compared to
the species model fitted to these tree totals.
For instance, predictions for bole wood and bole
bark were added to estimate total bole weight;
this total was then compared to the species
model fitted to total bole weignt. No species
showed any decrease in relative precision as
ingicated dy bias nor any increase in pregiction
variability, indicated by standard error and co-
afficient of variation. So, for a species, a
single model can be found to estimate separate
components and the estimates summed to predict
component totals. This allows the numper of
equations per species to be kept t0 a minimum.



Table 3.-=The independent variables used to develop biomass estimation equations
for seven plantation hardwoodsli/

Independent variabies?’/

Species Ln(D6H)  La(N)  [Ln(N)I/A  Ln(D6)  N/A  1/A¢ 06
Sweetgum X X X X X
Sycamore X X X X

Green ash X X

Water oak X X X

Nuttall oak X X

Cherrybark oak X X X

Cow oak X X X
1/ - P

= The basic mode! form for all species is Ln(Y) = bo + ‘zl byXq.

2/ D6 = bole dfameter at a 6-inch stump, H = total height, N = number planted
per acre, A = tree age in years, Ln = natural logaritham.

SUMMARY

Deriving a single model form for a species
and fitting this model to the primary tree bio-
mass components of bole wood, bole bark, limb
wood, limb bark, and leaves simplifies the
modeling effort when predicting a large number
of variables. Estimates are unbiased, but pre-
diction variance {s greater than if separate
models are fitted to each major component and
component total.

The most precise estimates are obtained by
fitting a separate model form to each green-
weight, dry-weight, and volume variable for
which predictions are needed. If this had been
done in this study, a total of 217 separate
models and equations would have to be derived
and fitted, J1 models for each of seven species.

is

The penalty for choosing a single model for each

species is decreased precision caused by in-
creased equation variation.

A further simplification would be to fit a
single model to all species. Again, estimates
woulid be unbiased, but prediction variance would
be further increased. Tree species vary suf-
ficiently in early biomass accumulation and
response to competition to eliminate the use of
this simplification. Tree and stand measures
included in the model should reflect the charac-
teristics of the species, but the user must be
able to obtain these measures. Inciuding tree
age and number of trees planted in the equations
does not require additional field measurements
since this information is already known.



Table 4.--Hardwood plantation tree dry-weight equation statistics after

transforming back to original units

Mean

Fit t for Std. Coef.
Component Sample Predicted index 8ias bias (df) error var.
(1bs) (1bs) (1bs) (1bs) (%)
Sycamore - Ln(Y) = by + b, Ln(D6*D6*H) + b, (1/A%) +
byLniN) + b,Ln(D6)

Bole wood 8.830 8.596 0.964 0.234 0.11 224 2.094 23.7
Bole bark 1.063 1.028 0.950 0.035 0.12 224 0.278 26.1
Limb wood 2.823 2.992 0.839 -0.169 -0.10 224 1.682 959.6
Limdb bark 0.595 0.624 0.874 -0.029 -0.11 224 0.279 47.0
Leaves 1.437 1.459 0.761 -0.022 -0.03 224 0.760 S52.9

Sweetqum - Ln(Y) = b, + b, Ln(D6*D6*H) + byLn(D6) +

b,Ln(N) * b, (N/A) + bg(D6)

Bole wood 7.238 7.358 0.982 -0.123 -0.11 209 1.170 16.2
Bole bark 0.918 0.935 0.930 -0.017 -0.07 209 0.269 29.3
Limdb wood 2.414 2.402 0.887 0.012 0.01 209 1.013 42.0
Limd bark 0.768 0.770 0.868 -0.002 -0.01 209 0.342 44.6
Leaves 1.696 1.703 0.836¢ -0.007 -0.01 209 0.776  45.7

Green ash - Ln(Y) = b, % b,Ln(D6*D6*H) + byLn(N)/A
Bole wood 5.712 5.723 0.973 -0.011 -0.01 223 0.996 17.4
Bole bark 0.801 0.779 0.858 0.022 0.07 223 0.317 9.6
Limb wood 2.240 2.203 0.753 0.037 0.02 223 1.621 72.4
Limdb bark 0.508 0.497 0.721 0.011 0.03 223 0.362 71.3
Leaves 1.364 1.328 0.602 0.036 0.04 223 0.971 7.2

Water oak - Ln(Y) = b, + b)Ln(D6*D6*H) + b,Ln(D6) + byLn(N)/A

Bole wood 4.698 4.670 -0.957 0.029 0.02 186 1.172  24.9
Bole bark 1.077 1.100 0.907 -0.023 -0.06 186 0.381 35.4
Limb wood 4.977 4.923 0.915 0.054 0.02 186 2.194 4.1
Limdb bark 0.901 0.893 0.892 0.008 0.02 186 0.401 44.5
Leaves 1.767 1.759 0.854 0.008 0.01 186 0.723 40.9

Nuttall oak - Ln(Y) = b, + b,Ln(D6*D6*H) + byLn(N)/A
8ole wood 3.698 3.717 0.966 -0.079 -0.09 164 0.884 23.9
Bole bark 0.636 0.630 0.940 0.006 0.03 164 0.206 32.4
Limdb wood 2.423 2.461 0.893 -0.038 -0.03 164 1.256 51.8
Limdb dark 0.538 0.542 0.914 -0.004 -0.02 164 0.222 4l.2
Leaves 1.249 1.238 0.830 0.011 0.02 164 0.609 48.3

Cherrybark oak - Ln{Y) = b, + b,Ln(D6*D6*H) + b,Ln(D6) + byLn(N)/A
Bole wood 3.583 3.615 0.955 -0.032 -0.04 179 0.858 23.9
Bole bark 0.816 0.821 0.928 -0.005 -0.02 179 0.246 30.2
Limb wood 2.394 2.535 0.877 -Q.141 -0.14 179 1.330 43.90
Limd bark 0.499 0.518 0.825 -0.019 -0.08 179 3.236 47.2
Leaves 1.413 1.431 0.816 -0.018 -0.03 179 0.528 37.4
Cow 0ak = Ln{(Y) = b, + b Ln(D6*D6*H) + b2(D6) *+ dyLn(N)/A

3ole wood 2.3215 2.323 3.966 -0.008 -0.02 139 0.405 17.5
3ole bark 0.308 0.412 0.933 -0.004 -0.03 139 0.094 23.0
Limo wood 1.028 1.071 0.398 -0.043 -0.11 139 0.385 37.5
Limp bark 3.269 0.277 0.358 -0.008 -0.07 139 0.113 d2.1
Leaves 0.599 0.706 0.744 -3.007 -3.02 139 0.364 52.3
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Table 5.--Regression coefficients for predicting tree component dry weight in
pounds for seven plantation-grown hardwood species

Component
b; Variable Bole wood Bole bark Limb wood Limb bark Leaves
Sycamore
bo -2.10436 -4.09308 0.78273 -0.57789 -0.30283
bx Ln(D6*D6*H) 1.33284~* 1.26052* -0.36171 -0.34113 0.21624
b2 1/A° -1.12969* «0.97473* -0.088921 -0.13560 1.24302*
53 Ln(N) -0.13154* -(.10050Q* -0.26767* -0.23383~* -0.29276*
b, Ln(D6) -1.54981* -1.49418* 3.37434* 2.99319* 1.20284
Sweetgum
b, -3.38351 -5.32810 0.096097 -1.08010 2.16531
bl Ln(D6*D6*Y) 1.49310* 1.42119* 0.26128 0.11456 -0.17235
bz Ln{D6) -1.40658* -1.54674* 2.37321* 1.95062* 2.34384~*
b3 Ln(N) -0.081033* -0.050261 -0.35283* -0.25856* -0.49199*
b“ N/A 0.000072042 0.00010883 0.00037494* 0.00017967 0.00055153*
b, 06 -0.069874 -0.0028038 -0.28159* -0.069110 -0.048175
Green ash
bu -2.09149 -3.40103 -4,51899 «5.23275 -4,30690
b; Ln(D6*D6*H) 0.83351* 0.70486* 1.03455* 0.89508* 0.83482*
bz La(N)}/A -0.16860* -0.15970* 0.084758* (0.073367* 0.28024*
water oak
bu -2.81133 -4.93776 ~1.84446 -3.63301 -1.96530
b‘ Ln(D6*06*H) 1.12749* 1.41682* 0.38177~ 0.50590* 0.17480
b‘ Ln(D6) -0.68999* -1.38680* 1.69820* 1.17682* 1.65964*
b, Ln(N)/A -0.070464* -0.064806* 0.018063 0.064855* 0.15496*
Nuttall oak
bu -1.65323 -3.25885 -3.30526 -4.66307 -3.12966
b‘ Ln{D6*D6*H) 0.81376~* 0.78939* 0.97743* 0.93023* 0.77146*
b‘ La(N}/A -0.29881~* -0.35473* 0.053885 0.11499 0.14695*
Cherrybark_oak
b, -2.50800 -4.56676 -1.05491 -2.89633 -1.50438
bl Ln{D6*D6*H) 1.19224* 1.38894~* 0.034858 0.22455 0.11061
b; Ln(D6) -1.00733* -1.46433* 2.39587* 1.70510* 1.65199*
b, Ln(N)/A -0.10479* -0.092130* -0.049771 -0.0027919 0.12258~*
Cow oak
b, -2.16114 -3.69396 -3.23207 -4.28720 -2.95046
b. Ln(D6*06*H) 0.96531* 0.92414~* 0.72805* 0.67825* 0.49936~*
5 D6 -3.18710* -0.19344~* 0.28610* 0.23169 0.32807~*
5] Ln(N}/A -0.070087* -0.081374* -0.013833 2.011919 0.071525

* This variable associated ~ith this coefficient is significant at a1 = 0.J25.
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Table §.—=Comparing fitted eguations t0 sumied predictions from compenent squations for seven plantstionsgrowsn hardwsed species

pre= Fit t for Std. Coef. pre= Fit t for sta. Coef.
Component dicted index Qfas Dbfas (df) error ver. dictad index Bfas blas (df) error var.
(1bs) (1ds) (o8} (3 (1bs} © {1bs) (1vs) (%)
Fitted equations ~=s Summed predictions from compoment equations ——
Sycamers
Total bele 9.613 0.965 0.279 0.12 (228) 2.29% A.2 9.62¢ 0,968 0.268 1.81 (219) 2.303 23.3
Total limes 3.603 0.855 -0.188 -0.10 (226) 1.887 95.2 3.616 0.883 -0.19¢ -1.60 (219) 1.923 56.3
Tres wooe 11.632 0.959 0.020 0.01 (224) 2.979 285.¢ 11.588 0.959  0.085 0.33 (219) 3.018 28.9
Tree darx 1.653 0.948 0.004 0.01 (224) 0.448  26.9 1.652 0.346 < 0.008 0.17 {(219) 0.486 27.5
Tree w/o leaves 13.269 0.961 0.041 0.01 (224) 3.308 24.9 13.240 0.960 - 0.070 0.32 (209) 13.435 25.3
Tree w/lesves 14.555 0.988 0.092 0.02 (224) 3.706 25.1 14,698 0.958 0.048 0.20 (204) 3.89¢ 28.4
Sweetqum
Total bele 8.288 0.960 -0.138 -0.10 (209) 1.370 16.8 8.293 0.980 -0.141 -1.53 (203) 1.386 17.0
Totai lisss 3.166 0.889 0.016 0.01 (209) 1.J07 4l.1 3.172 0.890 0.009 Q.11 (203} 1.32¢ 41.6
Tree wood 9.720 0.980 -0.071 -0.04 (209) 1.612 16.7 9.761 0.978 <0.112 -0.98 {203) 1.714 17.8
Tres dark 1.693 0.946 -0.008 -0.02 (209) 0.438 26.0 1.705 0.942 <0.020 -0.64 (203} 0.480 27.3
Tree w/o leaves 11.402 0.979 -0.067 -0.04 (209) 1.2 17.0 11.468 0.977 «0.131 -0.%6 (191) 2.12§ 18.7
Tree w/lesves 13.103 0.977 +0.073 -0.03 (209) 2.291 17.6 13.169 0.975 -0.138 -0.87 (188) 2.498 19.2
Sreen ash
Total dele 6.493 0.971 0.019 0.02 (223) 1.167 17.9 6.502 0.971 0.011 0.14 (220 1.172 8.0
Total limes 2.69¢ 0.754 0.053 0.03 (223) 1.44 70.8 2.700 0.757 (0.048 Q.37 (220) 1.948 70.9
Tres weod 7.881 0.9 0.071 0.03 (223) 2.l 2.0 7.925 0.944 0,026 0.18 (220) 2.i59% 27.2
Tree dark 1.268 0.876 0.040 0.08 (223) 0.507 38.8 1.276 0.878 |0.032 0.97 (2200 0.506 38.7
Tree w/o leaves 9.131 0.93% 0.129 0.08 (223) 2.592 .0 9.201 0.940 0.058 0.34 (214) 2.616 28.2
Tree w/icaves 10.360 0.918 0.263 0.08 {223) 3.2 3.8 10.529 0.925 [0.09¢ O.44 (211) 3.323 i3
Water osk
Total dele 5.767 0.966 0.008 0.01 (186) 1.291 22.4 $.770 0.%8 0.006 O0.06 (182) 1.303 22.6
Total liubs §.802 0.913 0.077 0.03 (186) 2.562 43.6 S.816 0.915 0.083 0.34 {182) 2.571 43.7
Tree wooe 9.557 0.943 0.119 0.04 (186) 3.097 -0 9.593 0.944 0,083 0.37 (182) 3.097 3.0
Tree bart 1.979 0.943 0.000 0.00 (186) 0.576 29.1 1.993  0.942 «0.014 <0.34 (132) 0.585 29.6
Tree w/o leaves 11.537 0.9%0 0.117 0.03 (186) 3.447 29.¢ 11.586 0.951 0.068 0.28 (1764} 13.523 30.2
Tree w/lesves 13.188 0.947 0.237 0.06 (186) 3.922 2.2 13.3¢8 0.95¢ 0.076 0.29 (170) 3.847 28.7
Nuttall osk
Total dele 4,406 0.968 -0.072 -0.07 (164) 1.008 23.2 4.408 0.968 072 <0.93 (161) 1.01¢ 23.4
Total limes 2.99¢ 0.899 -0.033 -0.02 (164) 1.461 49.3 3.004 0.899 042 <0.38 (161) 1.472 9.7
Tree wood 6.212 0.9%9 -0.091 -0.05 (164} 1.717 28.1 6.238 0.959 117 -0.88 (161) 1.737 28.¢
Tree bark 1.169 0.952 0.005 0.02 (164) 0.3458 29.3 1.172 0.953 [0.002 0.08 (161) 0.346 29.5
Tree w/0 lsaves 7.375  0.961 -0.079 <0.06 (164) 1.986 27.2 7.410 0.961 114 «0.75 (1S5) 2.046 28.0
Tree w/leaves 8.520 0.983 0.025 0.01 (164) 2.481 29.0 8.649 0.954 .104 -0.55 (152) 2.538 29.7
Cherrydark osk
Total deole 4,435 0.957 -0.036 -0.08 (179} 1.028 23.4 4.437 0.957 -0.038 -0.51 (17S) 1.040 23.6
Total ltmes 3.045 0.875 -0.181 <0.12 (179) 1.233 4&2.5 3.083 0.875 -0.160 -1.78 (175) 1.2%1 43.2
Tree wood 6.058 0.939 -0.081 -0.05 (179) 1.710 28.6 §.151 0.938 40.173 -1.38 {175} 1.743 29.2
Tree Dare 1.32¢ 0,911 -0.009 -0.02 (179) 0.43¢ 133.0 1.360 0.910 -0.025 <0.77 (175) Q.42 33.8
Tree w/o leaves 7.380 0.938 -0.087 0. (179) 2.068 28.3 7.490 0.937 <0.195 -1.30 (167} 2..61 29.5
Tree w/lecaves 8.708 0.932 <0.003 <0.00 (179) 2.478 28.§5 8.921 0.933 -0.216 -1.20 (163) 2.579 29.5
Cow cak :
Total dole 2.733  0.969 -0.009 -0.02 (139) 0.449 16.5 2.734 0,969 011 0,29 (135) 0.356 16.7
Total limbs 1.345 0.301 -J.048 -0.10 {119) 0.473 6.5 1.J48  0.900 081 -1.31 (135) 0.382 37.2
Tree wood 3.364  0.959 -0.020 -0.03 (139) 0.683 20.4 3.39¢ 0.958 051 -0.90 (135) 0.4%7 20.3
Tree Dark 0.68% 0.926 -0.008 -0.05 (139 0.176 26.0 0.688 0.926 011 <0.75 (135) 0.178 26.3
Tree w/0o leaves 4,047 Q. 0,026 -0.03 {139) o0.801 19.9 4.082 0.959 062 -0.93 (127) 0.863 21.0
Tree w/leaves 4,748 0.949 0.028 -0.03 (139) 1.048 22.2 4.789 0.949 -0.069 -0.79 (123} l.i21 23.3
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