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TECHNICAL NOTES 

Increasing Sampling Precision 
for Some Herbage Variables 
Through Knowledge of the 

Timber Overstoryl 

Warren P. Clary 
Associate Range Scientist 

Rocky Mountain Forest and Range 
Experiment Station? Flagstaff, Ariz. 

Highlight 

The relative precision of estimates 
made from an original sample of 
herbaceous understory can sometimes 
be doubled by using auxiliary infor- 
mation about the timber overstory to 
obtain a regression estimate. Improve- 
ments can be made in the estimates 
of total herbage production, total 
perennial grass production, and total 
forage consumed. 

Sampling of herbaceous vegetation 
on timbered rangelands is often com- 
plicated by a high degree of variation 
due to effects of numerous environ- 
mental factors. A major influence on 
hcrbage is the timber overstory, a fact 
which is documented in numerous re- 
ports. 

Timbered areas usually have a range 
of densities. Since the degree of in- 
fluence over the herbage varies with 
the amount of timber overstory, it is 
obvious that sampling variance can 
be reduced by accounting for the 
effect of the overstory. 

This paper describes a use of re- 
gression sampling methodology (Freese, 
1962) in which auxiliary timber over- 
story information is used to improve 
the precision of herbage sampling. The 
study was made in the ponderosa pine 
type on the Beaver Creek watershed, 
on the Coconino National Forest, in 
north-central Arizona. 

Regression sampling, often used in 
a double sampling technique, is well 
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known (Cochran, 1963; Schumacher 
and Chapman, 1942). Most applica- 
tions of the regression technique in 
range sampling have been restricted to 
the use of estimated herbage weights as 

an auxiliary variable to clipped weights. 
Here the herbage weight is double 
sampled. There have been a few tests 
involving estimates or rapid measure- 
ments of other plant characteristics that 
have been correlated with actual weight 
of the same plants. These characteris- 
tics have included height, cover, diam- 
eter of stems or clumps, number of 
plants, and electrical capacitance (Rep- 
pert, Hughes, and Duncan, 1963). 

Largely overlooked have been the 
possibilities for major gains in sampling 
precision of herbage weight, for in- 
stance, by using auxiliary data on the 
timber overstory that are already avail- 
able at little or no cost. Examples of 
data sources on National Forests in- 
clude crown cover information from 
recent aerial photographs, and basal 
area data from Continuous Forest In- 
ventory plots. In addition, information 
may be available from independent 
timber overstory inventories (Ffolliott 
and Worley, 1965). 

Procedure 

Data collection .-Data were collected 
from portions of six ponderosa pine 
(Pinus ponderosa Laws.) watersheds 
ranging in size from 450 to 1,800 acres 
(Worley, 1965). These lay inside a 
summer-use allotment for cattle on the 
Coconino National Forest. Forty-seven 
herbage sample areas were used in the 
study of crown cover as an auxiliary 
variable, and 36 areas were used in a 
study of basal area and pine needle 
litter depth. 

Each herbage sample area consisted 
of a cluster of five 9.6-ft2 plots distrib- 
uted over a 100 x 300-ft area. Pro- 
duction and utilization were estimated 
by the methods of Pechanec and Pick- 
ford (1937a, 1937b). The herbage sam- 
ple areas were located on aerial photo- 
graphs of 1: 15840 scale. The percent 
crown cover of a 400-ft diameter circle 
was determined on each area with a 
crown density scale (Moessner, 1954). 
Overstory basal area at the plots was 

200 

determined by point sampling tech- 
niques (Grosenbaugh, 1952), and pine- 
needle litter depth was measured di- 
rectly. 

Office procedure.-To obtain an im- 
proved estimate of a primary variable, 
its relationship with the auxiliary vari- 
able was first calculated. The auxiliary 
variable was transformed to obtain a 
linear relationship with the primary 
variables. The model used was Y = 
a + b log X. 

Formulas from Cochran (1963) were 
used for estimating the relative pre- 
cision of the regression sampling pro- 
cedure that may be achieved, as com- 
pared with simple random sampling 
when using auxiliary data in limited 
and unlimited amounts, but available 
at negligible cost. The formula for 
relative precision of a regression esti- 
mate, when there is no data limitation 
for the auxiliary variable (that is, the 

1 
population mean is known), is -, 

1 -p2 

where p is the correlation coefficient. 
The formula for estimating the rela- 

tive precision of regression sampling, 
when the sample size of the auxiliary 
variable is limited, is 

x= n’ 

V&l=) n’ - p2(n’ - n) ’ 

where n equals the sample size of the 
primary variable and n’ equals the 
sample size of the auxiliary variable. 
This formula is derived from double 
sampling with regression, except that 
the cost of the sample of size n’ is 
negligible. 

The sample size of the primary and 
auxiliary variables should exceed 30 
to provide a reliable estimate, r, of p. 

Results and Discussion 

Crown cover as an auxiliary variable. 
-Percent crown cover proved to be a 
valuable auxiliary variable. The rela- 
tionships between percent crown cover 
and total herbage production, total 
perennial grass production, and total 
forage consumed (Fig. 1) were all 
highly significant. 

Listed below are estimates r2 of p2 
between three primary variables and 



TECHNICAL NOTES 201 

PERCENT TIMBER CROWN COVER 

FIG. 1. Relationships of herbage produc- 
tion, perennial grass production, and 
forage consumed to percent timber 
crown cover. 

crown cover, and the relative precisions 
when sampling for the individual pri- 
mary variables. 

Primary Relative 
variable r” precision 

Herbage production 0.53 2.1 
Perennial grass 

production 0.47 1.9 
Forage consumed 0.40 1.7 

The increase in total costs incurred 
by determining crown cover from avail- 
able aerial photos is negligible, and can 
be ignored in a practical situation 
when compared with the gains in pre- 
cision. The cost to measure each herb- 
age sample area is 0.5 man-day, while 
only 0.001 man-day is required to esti- 
mate crown cover of each sample unit. 

Timber basal area and pine needle 
litter depth as auxiliary variables.- 
Basal area and needle depth were also 
significantly related to the primary 
variables. Estimates of p2 were: 

Auxiliary variables 
Basal Needle 
area depth - - 

Primary variables: 
Herbage production 
Perennial grass 

production 
Forage consumed 

0.63 0.50 

0.53 0.43 
0.37 0.27 

Because the assumptions of costs ap- 
proaching zero and unlimited data will 
virtually never be met with basal area 
or needle depth, increases in sampling 
efficiency will be smaller. Given a 
fairly large sample of available data on 
the auxiliary variable, however, sam- 
pling precision can often be increased. 
For instance, if 100 sample units of an 
auxiliary variable were available at no 
cost, as from continuous forest in- 
ventory plots or watershed inventories 
the relative precision for sampling 
herbage variables would be: 

Auxiliary variables 
Basal Needle 
area depth -- 

Primary variables: 
Herbage production 1.7 1.5 
Perennial grass 

production 1.5 1.4 
Forage consumed 1.3 1.2 

Conclusions 

The relative precision of estimates 
made from an original sample of 
herbaceous understory can sometimes 
be doubled by using a regression sam- 
pling procedure with auxiliary informa- 
tion about the timber overstory. This 
increase in relative precision is practical 
if the auxiliary data are obtained at a 
negligible cost and are available in un- 
limited amounts. Valuable improve- 
ments in precision can be gained when 
estimating total herbage production, 
total perennial grass production, and 
total forage consumed. 

Percent crown cover determined from 
existing aerial photographs is the aux- 
iliary variable that comes closest to 
attaining the maximum relative pre- 
cision, because of the very low cost per 
sample unit of crown cover and lack 
of data limitations. Timber basal area 
and pine needle litter depth can also 
be used as auxiliary variables, but 
their use is more restricted due to limi- 
tations in data availability. 
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