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COMPARISON OF REGRESSION METHODS FOR RIOMASS ESTIMATION
OF SAGERRUSH AND RUNCHGRASS
Robin

J.

Tausch

—

Regression analyses for plant biomass estimation from physical measurements of individual plant
Abstract.
dimensions that are nonlinear have generally used some form of the allometric equation. Use of this equation has most
often involved logarithmic transformation of the variables (power regression). Transformation, however, introduces
systematic bias into the analyses. Power regression was compared with a bias correction technique and with nonlinear
regression for the prediction of the total foliage biomass (phytomass). Crown volumes of one sagebrush and one
perennial grass species were used for these evaluations. The bias correction factor was uniformly applied to all the
predicted values from power regression. Nonlinear regression avoided this bias by not requiring logarithmic transformation. It was also consistently less variable than either power regression or the correction factor method in estimating
actual total phytomass by the allometric equation and equivalent or better in accuracy. The correction factor technique
consistently gave the poorest predictions of the methods evaluated. Standard linear regression worked as well for the
bunchgrass as the best method based on the allometric equation. Predictions were generally better when sample sizes
used to derive the regression equations represented the range of plant size and variability in the data for which the

phytomass was estimated.

Chivenda and Kozak 1982). Any correction
method should be simultaneously applied
along with power regression. The results
should be compared using independent data
to test for the presence and correction of bias
(Schlaegel 1981, Brand and Smith 1985).
Tests for bias correction have focused on

Biologists often find it necessary to estimate
the biomass or productivity of plant species on

(Payandeh 1981). Because
and expensive to collect, it
is often estimated based on regression relationships between biomass and physical measurements of the individual plants (Tausch
1980, Tausch and Tueller 1988). Because
specific land areas

biomass

is

difficult

the estimation of the weight of individual
plants. When these tests are used by biologists, however, individual plant weights are

these relationships are generally nonlinear,
logarithmic transformation of the variables

(power regression) has traditionally been used
(Sprugel 1983). Transformation greatly simplifies the calculations because standard leastsquares techniques for linear regression can
be used. Systematic bias, however, is intro-

often

for

determination of total plant
basis.

The

objectives of this

study were to compare the standard power
regression with corrected power and with
nonlinear regression for estimating the total
phytomass on sample sites. Total phytomass
was estimated from crown volume for one
sagebrush and one perennial grass species.

duced into the results (Baskerville 1972,
Payandeh 1981, Lee 1982, Sprugel 1983).
Transformation also results

summed

weight on an area

in difficulties in

evaluating the usual measures of goodness
of

fit

(Payandeh 1981, Chivenda and Kozak

Study Site Description

1982).

The study site is in a sagebrush-bunchgrass
community located on the east flank of the

Several techniques for correcting the bias
introduced by transformation have been proposed, but two have been the most commonly
applied. The first is an upward correction
factor uniformly applied to all the predicted
values from power regression (Lee 1982,
Sprugel 1983). Second is the use of nonlinear
regression not requiring logarithmic transformation of the data values (Payandeh 1981,
'Department of Range,
Research Station,

USDA

Wildlife,

and Forestry, University of Nevada

at

Needle Range, southwestern Utah,

at

an ele-

vation of 2,000 m. Topographically, the site is
on a nearly level, occasionally dissected, relict

fan-piedmont (Peterson 1981). The site slopes
two degrees east-northeast. Low sagebrush
(Artemisia arbuscula Nutt.) is the dominant shrub species, and squirreltail (Sitanion
Reno, 1000 Valley Road, Reno, Nevada 89512. Present address: Intermountain

Forest Service, 920 Valley Road, Reno, Nevada 89512.
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hystrix [Nutt] J. G. Smith) is the most abundant bunchgrass. A soil profile on the site has a
24-cm deep A horizon over an argillie horizon.
A calcium-carbonate cemented Bkm horizon
starts at 38 cm and extends to 50 cm. The soil
is a fine-loamy, mixed, frigid Xerollic Paleargid. There was no evidence of grazing at the
time of sampling (Tausch 1980).

Methods
Data-collection
All

Methods

data used were collected on a

single

sample area. This concentrated the analysis
on variation among the individuals of each
species on the site. The 8-m-wide by 20-mlong sample area was divided into 10 subplots,
2
each 4 m on a side (16 m ). The entire area was
sampled in 1 x 2-m microplots with eight
microplots per subplot. All low sagebrush and
squirreltail bunchgrass plants with their trunk

more in a microplot were
sampled. Each shrub was measured for its
longest crown diameter, the diameter per-

mass) was

individually

Schlaegel (1981)
statistics

estimation equations.

mination

2

(r

)

and

mate were computed
sion results.

A

coefficient of deter-

a standard error of the estito

compare the regres-

Also computed was a relative

deviation. This

was the difference between

the estimated total phytomass and the actual

crown contain-

of the estimates by the different regression

its

crown

foliage (phy to-

collected

for

each

were individually mea-

sured for the longest diameter of their basal
area, the diameter perpendicular to the longest, and culm height (Johnson et al. 1988).
Grass phytomass was also collected by individual plant. A total of 474 low sagebrush and
122 squirreltail bunchgrass were sampled.
Crown volume for the shrubs was computed using the formula for one-half of an
ellipsoid (Tausch 1980). Crown volume for the
grass plants was computed with the formula
for the volume of a cylinder using the basal
area and the average culm height. This is the
shape for bunchgrass that generally gives the
best results (Johnson et al. 1988).

total

Confidence

two were comparisons of how
were to the actual sampled
total phytomass. All four statistics were computed from untransformed data as recommended bv Pavandeh (1981) and Brand and
Smith (1985).
Ten data or equation sets were used to compute the crown volume to phytomass regression tests for low sagebrush. Data from 2 randomly selected subplots out of the 10 were
models. The

Methods

Nonlinear regression analyses were based
on the allometric equation (Y = aX'). For
power regression both the X and Y variables
were logarithmically transformed before analysis by linear regression (Payandeh 1981). Results from power regression were converted

last

close the estimates

combined

for each equation set. Regression
equations from each equation set were used to
estimate total phytomass for the combination

of the remaining 8 subplots (test sets) not used

each equation. Ten random groups
were used in the equation
sets to compute the crown volume to phytomass equations for the squirreltail bunch-

to derive

of 4 subplots each

grass.

Analysis

recommended that several

be used when comparing biomass

longest vertical

and

shrub.
Squirreltail plants

back to arithmetic form (antilogarithms) for
most of the additional analyses. For nonlinear
regression the parameters a and b were determined by an iterative technique. The correction factor (CF) for power regression was
based on the square of the standard error of
the estimate (SEE") computed from logarithmically transformed data (Sprugel 1983). The
CF equaled the exponential of the SEE 2 di2
vided by two (CF = exp [SEE /2]). The CF, a
number greater than 1.0, was then multiplied
by all the estimated phytomass values before
summing for the total phytomass.

divided by actual total phytomass (%).
limits for the relative deviations
were computed using the chi-square technique from Freese (1960). The first two statistics permitted comparisons of the variability

or basal area half or

pendicular to the longest,
height. Crown height was the
measure of the portion of the
ing green foliage. The green
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The

were used

resulting 10 regression equations
to estimate the total

phytomass

for

the combination of the 6 remaining subplots
(test sets) associated with each of them. The
random selections provided 10 estimates of
total phytomass for each species using independent test sets (groups of 8 or 6 combined

subplots, respectively).
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size, maximum crown volume, and average foliage density in the plant crowns for Artemisia
equation sets (pairs of subplots randomly selected from 10) and in 10 test sets (combined 8 remaining
subplots) associated with each equation set.

Table

1.

arbuscula

Sample

in 10
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2.

Sample

size,

maximum crown volume, and average foliage
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density in the plant crowns for Sitanion hystrix

10 equation sets (groups of 4 subplots randomly selected from 10) and in 10 test sets (combined 6 remaining subplots)

associated with each equation set.
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July 1989
Table

4.

Sita
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Table 6. Comparison of three allometric regression methods for determination of Artemisia arbuscula phytomass
from crown volume. Equations were derived from combined data for equation sets of 2 random subplots (Table 3) out of
10 and used to estimate total phytomass for test sets of the combination of the remaining 8 plots.

July 1989
Table

8.

Tausch: Biomass Estimation
Linear regression prediction of Sitanion hys-

phytomass from crown volume. Equations were
derived from combined data for equation sets of 4 random
subplots (Table 5) out of 10 and used to estimate total
phytomass for test sets of the combination of the remaintrix

ing 6 plots.
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