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EXTENDED ABSTRACT
Data from 36 shortleaf pine trees, sampled from thinning 
study plots in even-aged naturally regenerated shortleaf pine 
forests in Southeast Oklahoma, were used to fi t tree branch 
and foliage biomass equations. In 1989 sample plots were 
thinned to 50 percent stocking or 70 percent stocking, with 
the remainder as unthinned controls; basal areas ranged 
from about 16 m2/ha to 44 m2/ha. Three hundred seventy 
branches sampled on the basis of one branch per whorl, 
and the terminal branch, on the 36 trees, were used to fi t 
regression equations to predict branch wood and branch 
foliage biomass. The best equations are shown in Table 1, 
with parameters fi tted by weighted nonlinear regression 
using SAS PROC NLIN (SAS Institute). The variables in 
these equations were selected from the log-transformed 
form of the model 

w = b0d
b1Rb2 Sb3

using stepwise selection procedure of SAS PROC REG 
(SAS Institute). In this model, w is the branch or branch 
foliage dry weight in grams; d is the diameter at the base of 
the branch in centimeters; R is the relative branch height, 
in meters, obtained as (H – h) where h is height to the 
branch and H is the total height of the tree; S is the ratio 
(H/D) where D is the DBH of the tree in centimeters, and 
H is the total height of the tree, in meters; b0, b1, b2, and b3 
are parameters. The model is that proposed by Ek (1979) 
for estimating branch weight and branch foliage weight in 
biomass studies.

Tree level estimates of branch and foliage biomass, obtained 
by summing up individual estimates obtained using the 
equations in Table 1, were regressed on tree dendrometric 
variables to obtain tree level branch and foliage biomass 
equations. Using stepwise selection procedure of SAS 
PROC REG (SAS Institute), to select variables from the 
log-transformed form of tree biomass models of the form 
w = b0X1

b1X2
b2…Xn

bn, DBH alone was found to be the best 

predictor of tree foliage biomass. Stand density was found 
to have an effect on the b1 parameter. DBH and crown 
width were found to be the best predictors for tree branch 
biomass; stand density appeared not to have an effect on 
the parameters. DBH and crown width together were also 
observed to be good predictors of foliage biomass. The tree 
level biomass equation forms are shown in Table 2.

In the equation forms in Table 2, w is the tree level biomass 
in kilograms, D the DBH in centimeters, CW the crown 
width in meters, and X1 a dummy variable—1 if the tree is 
from an unthinned stand and 0 otherwise. The parameters b0, 
b1, and b2 are fi tted by weighted nonlinear regression using 
SAS PROC NLIN (SAS Institute). 

The model: 

w = ξdobβCh
τ[2(1-e-γl)-γl(γl+2)e-γl], 

developed by Zhang et al. (2004) for predicting tree foliage 
biomass, was found to provide the best fi t to the foliage 
biomass data, with a Fit Index of 0.940. The model was 
slightly modifi ed by replacing dob (diameter at crown base) 
with D (DBH):

w = ξD(β+δX1)Ch
τ[2(1-e-γl)-γl(γl+2)e-γl] 

The model was fi tted to the pine data by weighted nonlinear 
regression using SAS PROC NLIN (SAS Institute). In the 
modifi ed form, w, D, and X1 are as in Table 2 above; Ch is 
the height of the crown while l is the length of the crown, 
both of them in meters; ξ, β,δ,τ, and γ are parameters; e 
is the base of the natural logarithm. These models will be 
used to predict individual tree biomass components on the 
thinning study plots to obtain per-unit area biomass values. 
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Table 1.—Equations for predicting branch and branch foliage biomass in shortleaf pine.

 Branch Foliage
Stand Type Equation form Fit Index Equation form Fit Index

Thinned to 50 percent stocking w = b0d
b1 0.8876 w = b01d

b11Rb21 0.6354

Thinned to 70 percent stocking w = b0d
b1Sb3 0.9687 w = b02d

b12Rb22 0.6220

Unthinned w = b0d
b1 0.9670 w = b03d

b13Sb3 0.3746

Table 2.—Equations for predicting tree level branch and 
foliage biomass in shortleaf pine.

Tree part Equation Fit Index

Branch w = eb01Db11CWb21 0.956

Foliage w = eb02Db12CWb22 0.894

Foliage w = eb03D(b13+b22X1) 0.919
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