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The Most Efficient Size and Shape of Plot to
Use for Cruising in Old-Growth Douglas-
Fir Timber

A STUDY CONDUCTED in an old-
growth Douglas-fir stand in Ore-
gon has indicated that a 1-chain
by 3-chain (3/10 acre) rectangular
plot is the most efficient size and
shape of sample plot to use for in-
tensive cruise work in old-growth
Douglas-fir timber. This conclu-
sion was reached after 12 different
kinds of plots were tested.

In general, rectangular plots
were more efficient than circular
plots, and plots 1/5-acre to 1/2-acre
in size were more efficient. than
either larger or smaller ones.
Among circular plots alone, the
3/4-acre size was found to be most
efficient.

This information on the relative
efficiencies of various kinds of plots
should be looked upon only as evi-
dence and not as proof. The find-
ings could differ considerably in
other forest types where the num-
ber of stems per acre, tree size,
brush cover, and other factors are
different. It should also be noted
that if cruising techniques other
than those used for this study were
adopted, the order of the relative
erileiencies of the various kinds of
plots might have been altered.
However, the cruising conditions
were quite typical for the Douglas-
fir subregion of Oregon and Wash-
ington, and the techniques em-
ployed were standard ones used in
cruising national forest timber.

The general purpose of this
study was to increase the effective-
ness of intensive cruise work in
old-growth Douglas-fir timber. A
more specific purpose and the sub-
ject, of this report was to deter-
mine which of several kinds of
plots is the most efficient to use in
eruising old-growth Douglas-fir
timber.

The Study Area
A 40-acre tract of old-growth

Dou glas-fir timber on the Blue
River Experimental Forest within
the -Willamette National Forest. in

'Field work I Otto lianel and Roy A.
Silen.

Lane County, Oregon, was selected
for the study. This area lies about
50 miles east of Eugene and just
north of the McKenzie River. The
topography on the 40 acres varied
from level to steep, and the ground
was relatively free of brush. The
average volume per acre for all
species was 91.000 board feet. Ex-
cept for a small amount of hem-
lock, sugar pine, and cedar, the
volume was almost entirely in
Douglas-fir trees which had an
average diameter of about 45
inches.

Basic Data
Two kinds of data were obtained

for the study:

	

1. Cruising time data 	 Two
time studies were conducted on
the 40-acre study area. One of
these time studies was made to de-
termine the average time required
per chain of travel between plot
boundaries. A two-man crew travel-
ing 40 chains over various degrees
of slope and using the staff com-
pass and trailer tape was used for
this study. The average time per
chain of such travel was 1.84
minutes.

The other time study resulted in
averages of the times required to
take ten kinds of plots (Table 11.
For this second time study there
were ten lines of plots, each line
containing all the plots listed in
Table 1. The different kinds of
plots were located at random with-
in each line.

The average times required for
two additional plots, the circular

	

TABLE 1,—AVERAGE CRUISING	 T IME
REQ UIRED ON PLOTS OF VARIOUS K INDS

Average time
required

Kind of plot	 on one plot
Minutes

Circular .100-acre	 	  5.413
Circular .225-acre	 0,603
Circular .400-acre 	  16.0S3
Rectangular 1/2-chain by 1-chain	 2.360
Rectangular 1.4-chain by 2•chain	 5.369
Rectangular 1A-chain by 4-chain 10.224
Rectangular I _-chain by 6-chain 15.837
Rectangular 1-chain by 2-chain	 8.202
Rectangular -elm in by 3-•- pain 11.582
Rectan gular 1-chain by 4-chain  16540

Floyd A. Johnson,
and Homer J. Nixon'

Pacific Northwest Forest and Range Ex-
periment Station, and Regional Office,
IT. S. Forest Service, respectively, Port-

land, Oregon.

3/4-acre and the eireulai 1/5-acre
plots, were obtained from the data
of the other circular plots by eurv-
iir plot time over plot area. These
averages were 10.6 minutes for the
circular 3/4-acre plot and 8.8 min-
utes for the circular 1/5-acre plot.

Less time was required on the
average to cruise the 1-chain by 2-
chain rectangular plot than the
?/)-chain by 4-chain plot, although
both kinds of plots have the same
area. Apparently a compact rec-
tangular plot is more efficient from
the standpoint of cruising time
than a longer and narrower rec-
tangular plot.

Similarly it took less time to
cruise 3/10-acre in the form of a
1-chain by 3-chain plot than in the
form of a 1/r-chain by 6-chain plot.

2. Coeflicients of variation.--
The 40-acre study area was divided.
into 1600 square 1/40-acre units
( 1A-ehain by 1 :,-chain) by stretch-
ing string alow! compass lines in the
woods. A 100-percent cruise was
then made to determine the total
net saw-timber volume- in each of
the 1600 units (Fig, 1). Later. in
the office, the volumes on the 1/40-
acre units were combined in ten
different ways (Fig. 2) to provide
ten different universes of plots.

For example, they wen, com-
bined by twos to provide a universe
of 800 rectangular plots (1A-chain
by 1.-chain), and they were com-
bined by fours to provide a uni-
verse of 400 square 1/10-acre plots.
Ten coefficients of variation s one
for each of the ten universes of
plots, were then ealeidated (Table
2).

It will be noted that the coeffi-
cients of variation listed in Table
2 are for rectangular and circular

"This is the so-called "woods" net.
It excludes volume in live cull trees and
the cull logs of merchantable saw-timber
trees. It includes all other volume in
merchantable saw timer trees which are
12 inches tl.b.h. and over.

'Standard deviation divided by aver-
age plot volume.
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plots, although coefficients of vari-
ation were calculated only for rec-
tangular and square plots. Since a
100 percent cruise by circular plots
could not be made, and since the
issue was considered to be between
rectangular and circular plots, it
was necessary to assume that the
variation among circular plots of
a given area is the same as the vari-
ation among square plots of the
same area.

It will also be noted that 12
kinds of plots are listed in Table
2. whereas only 10 universes were

established and only 10 coefficients
of variation were calculated. The
two additional plots are the %-
acre and 1/5-acre circular plots.
They were included because they
are so commonly used in cruising.
Their coefficients of variation were
taken from a curve of coefficient of
variation over plot area which was
established from the data of the
other three circular plots.

The coefficients of variation
listed in Table 2 show a tendency
to decrease as the plot area in-
creases, and for different rectang-

ular plots of equal area there is a
tendency for the longer and nar-
rower plots to have smaller coeffi-
cients of variation.

How the Most Efficient
Plot was Picked

An estimate of the total net saw-
timber volume, which is obtained
by measuring and otherwise observ-
ing trees on a portion of the entire
tract for which the estimate is re-
quired, is exposed to two princi-
pal types of error ; sampling error
and technique error. Sampling er-



JANUARY 1952 19

COMBINATION

ror is the difference between the
total volume of the tract as esti-
mated from the sample and the
total volume that would have re-
sulted if a 100-percent cruise of
the tract had been made. Tech-
nique error is	 the difference be-
t weer the total volume that would
have resulted from a 100-percent
cruise and the true total volume on
the tract.

The ainwint of technique error
depends upon the accuracy of the
cruiser's measurements and obser-
vat ions and on the reliability of his
volume tables .	 It is not usually

CORRESPONDS TO CIRCULAR 1/10-ACRE

CORRESPONDS TO CIRCULAR I/4-ACRE

CORRESPONDS TO CIRCULAR 2/5-ACRE

RECTANGULAR 1/2 CH. BY I CH.

RECTANGULAR 1/2 CH. BY 2 CH.

RECTANGULAR 1/2 CH. BY 4 CH.

RECTANGULAR 1/2 CH. BY 6 CH.

RECTANGULAR I CH. BY 2 CH.

RECTANGULAR I CH. BY 3 CH.

RECTANGULAR 1 CH. BY 4 CH.

possible to provide an objective
estimate of the amount of tech-
nique error to which the estimate
of total volume is exposed.

The amount of sampling error,
on the other hand, can be estimated
by using the appropriate statistical
methods and by leaking certain
minor assumptions. It varies in-
versely with the square root of
the number of plots which have
been included in the sample: di-
rectly Nvith the square root or the
proportion a 'ow total number Or

possible lelutS /if)/	 11!

sample : and directl y with	 an in-

dcx of the variation among the
volumes recorded for the various
plots of the sample. These relation-
ships are expressed in symbols as
follows:

E	 C	 ,/");
Where E	 Samplin o. error of an

estimate of total volutue
on a given tract expressed
in	 percent	 of the	 total
volume and in terms of
one standard error_

C	 The coefficient of vari-
ation appropriate	 to	 a
particular kind of plot.

N = Total number of pos-
sible plots of a given kind
in the tract of timber for
which an	 estimate	 of
total volume is required.

n = Number of plots of a
given kind in a sample.

Obviously if plots of one kind
vary greatly among themselves,
that kind of plot is likely to be in-
efficient. But it is not necessarily-
true that the kind of plot with the
least amount of variation is the
most efficient. One kind of plot
might. for example, have the small-
est coefficient of variation and yet
he so difficult to take that.	 for a
given amount of work. o n ly a few
plots could be included in a sample.
it is apparent front the formula
given above	 that the amount of
sampling error will he small if the
sample is	 large. For maximum
efficiency,	 therefore,	 a plot	 must
provide the best com promise be-
tween variation and time.

The most efficient kind of plot
may be defined as the one which
will give	 the smallest sampring
error for a giren amount of work.
and in order to determine the most
efficient kind of plot for this stmt.-,
it was necessary to calculate 	 a
sau►plinc error for	 c'a'll kind	 of
plot.

The time st udy information was
used to ealettlate. for ea,.11	 kind
of plot. the number of systereatie-
ally spaced	 plots NV111,41 (N.IIM	 1■••

tak en iii it	 -11101111'	 :I -PL.

;101'1' tract (0 . 	I iluber.	 Thy	 ;t'• t!!‘.
values	 2.
Both tilt'	 ...pent on	 t he pl,,t
h110 Npollt	 'Zi,11112" i t wt'cli	 plots

■vere taken	 into ‘.onsideration

TYPE OF PLOT

BASIC 1/40-ACRE PLOT

Flu. '2.— Basic 1/40-acre plot and various combinations.



TABLE 2.----SAMPIANG ERRORS FOR 12 KINDS Or PLOTS

Kind of plot
Percent	 Percent

Rect. 1-ch. by 3-ch 	 50.09 13.18 133 13.10
Rect. 1-ch. by 2-ch. 	 58.40 16.50 200 13.77
Circ. 1/4-acre 	 56.001 14.21' 160 11.15
Rect. 1/2 by 6-ch 	 48.95 10.83 133 14.26
Rect. 1/2 by 4-eh 	 57.56 14.87 200 14.36
Circ.	 .225-acre	 	 58.05 14,93 178 14.38

7. Circ. 2/5-acre 	 49.00 10.25 100 14.50
S. Circ. 1/5-acre	 	  60,001 15.6S' 200 14.55

Rect. 1-ch. by 4-ch 	 48.84 9.89 100 14.74
Circ. 1/10-acre 	 71.09 21.16 400 15.04
Rect. 1/2 by 2-ch. 	 74.58 21.62 400 15.60
Rect. 1/2 by 1-ch. 	 96.08 31.99 800 16.64

'Not computed directly from basic data but determined from curves of values
from other plots.

C.-Population coefficient of variation in percent.
n.-Number of systematically spaced plots which can be taken in a 4-hour cruise

of 40 acres.
N.-Total possible number of plots in 40 acres.
E.-Sampling error resulting from 4 hours' work.

TABLE 3.-SAMPLING ERRORS FOR 3- AND FOR 5-HOUR CRUISES OF 40 ACRES

Kind of plot
For 3-hrs. work

on 40-acres
For 5-hrs. work

Kind of plot	 on 40-acres
Percent Percent

Rect. 1 X 3-ch 	 16.31 Rect. 1 X 3-ch. 	 11.03
Rect. 1 X 2-ch. 	 17.30 Rect. 1 X 2-ch. 	 11.54	 -
Rect. 1/2 X 6-ch 	 17.46 Circ. 1/4-acre 	 11.93
Circ.	 1/4-acre	 	 17.70 Circ.	 .225-acre 	 12.10
Rect. 1/2 X 4-ch 	 17.86 Rect. 1/2 X 4-ch.__ 12.16
Circ. 2/5-acre 	 17.93 Rect. 1/2 X 6-ch. 	 12.17
Cire. .225-acre 	 17.98 Circ. 1/5-acre 	 	 12.28
Rect. 1 X 4-ch. 	 18.17 Cire. 2/5-acre 	  12.29
Cire. 1/5-acre	 	   18.26 Circ. 1/10-acre 12.53
Circ. 1/10-acre 	 19.05 Rect. 1 X 4-ch.	 	 12.53
Rect. 1/2 X 2-ch. 	 19.77 Rect. 1/2 X 2-eh. 13.03
Rect. 1/2 X 1-ch. 	 21.70 Rect. 1/2 X 1-ell. 13.57

20
	

JOURNAL OP FORESTRY

calculating "n." A 40-acre tract
was specified because that is a typ-
ical cruising unit, and 4-hours were
specified because that is a reason-
able average time for cruising 40
acres of old-growth Douglas-fir
timber.

Values for "C," "n," and ''N''
were substituted in the formula for
sampling error given above, and 12
sampling errors, one for each kind
of plot were calculated (Table 2).

The plots in Table 2 are listed
in the order of their efficiency. It
may be noted that three kinds of
plots had lower coefficients of vari-
ation than the rectangular 1-chain
by 3-chain plot which was the most

efficient. In each of these three
cases the advantage resulting from
decreased variation was more than
counterbalanced by the disadvan-
tage arising from the fact that few-
er plots were available for the
sample.

Eight kinds of plots had an ad-
vantage over the rectangular 1-
chain by 3-chain plot in that it was
possible to include more units in
the sample for a given amount of
work. In these eases the advan-
tage in terms of sample size could
not compensate for the disadvan-
tage in terms of variation.

The rectangular 1-chain by 3-
chain plot provided the best comp-

'

romise between variation and time.
New values of "n" and "N"

were determined for a 3-hour
cruise of 40-acres and also for a 5-
hour cruise of 40-acres. They were
substituted in the formula and new
values of sampling error were cal-
culated. In each ease' (Table 3)
the 1-chain by 3-chain rectangular
plot retained its lead, but the or-
der of efficiency for the remain-
ing plots was changed somewhat.
This change, of course, results di-
rectly from the influence of total
cruise time on the total travel time
among systematically spaced plots.

The foregoing discussion on how
the most efficient plot was picked
requires an additional qualifying
statement which is made necessary
by the fact that the "n" used in
the formula for calculating' sam-
pling errors for Tables 2 and 3 was
determined from samples of sys-
tematically spaced plots. The form-
ula applies only to random samples,
since systematic samples have a
tendency to give biased estimates
of universe coefficients of vari-
ation. 4 In order to defend the su-
periority of the 1-chain by 3-chain
rectangular plot-, therefore. it is
necessary to assume that the 12
kinds of plots tested in this study
would he affected in the same do-

• ree by this tendency toward bias.
This is believed to be a reasonable
assumption.

The results of this study suggest
that similar studies in other re-
gions and in other forest types may
show ways of stretching the cruise
dollar under different circum-
stances. For old-growth Douglas-
fir the evidence favors use of a 1-
chain by 3-chain rectangular plot.

'Hasel, A. A. 1938. Sampling error
in timber surveys. Jour. Agric. Research
57:713-736.
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