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INTRODUCTION

The STX system is a revolutionary method for estimat-
ing the volume and quality of standing timber. The system
is based on use of the STX computer program. STX
methods are more accurate, more efficient, more flexible,
and more consistent than earlier methods. The system
uses sampling and measuring techniques that have be-
come feasible only since the advent of high-speed binary
computers.

The simplest use of STX is for estimating volumes
segregated into grade or quality classes. Options provide
for translating grade or quality class volumes into various
products and estimated values, based on mill studies.

The STX system has been tested and applied for sales
of a number of timber types throughout the United States.
Since its invention and introduction in 1963 by L. R.
Grosenbaugh,! the system has been a subject of interest
among foresters. Thus, there has been a demand for a
guide for use of the system and for comparing its results
with those obtained by other methods. This handbook is
intended to fill the need for such a guide.

STX (5-1-67) is programmed for use when it is feasi-
ble to enumerate each tree in the population being mea-
sured. A companion program—beyond the scope of this
handbook—has been developed to adapt the procedures
for area-sampling of large tracts, or stands composed of
numerous small trees.

*L. R. Grosenbaugh. STX-Fortran-4 program for estimates of
tree populations from 3P sample-tree measurements. U.S. Forest
Service Research Paper PSW-13. Pacific Southwest Forest and
Range Experiment Station, 1967.



WHAT'S DIFFERENT ABOUT STX?

The STX system differs from conventional timber
estimating systems in several ways:

(1) STX uses 8P sampling, a method in which the
probability that a tree will be selected as a sample is
proportional to a prediction of volume or value made for
each tree in the population being sampled; it thereby
favors the selection of large or valuable trees. Rapid
ocular estimates of tree volume or value are used to re-
duce the number of sample trees needed to obtain esti-
mates with a given degree of accuracy. The nature of
these estimates and why they are more efficient than
conventional sampling methods are discussed later under
“3P sampling.”

(2) STX provides for use of optical dendrometers to
measure out-of-reach stem dimensions on standing trees
(or direct measurements on felled or wind-thrown trees) ;
this eliminates the chance for bias that occurs with con-
ventional systems.

(3) STX estimates are expressed by a trio of measure-
ments (cubic-foot volume, square feet of log surface area,
and linear feet of log length) that are more descriptive
than single units of measurement, such as board feet,
cords, or pounds. This trio of measurements can be con-
verted directly to estimates of potential for producing
primary products (such as lumber and plywood) or
secondary products (such as chips produced from slabs,
edgings, and peeler-bolt cores). Conversions to dollar
values of any products can similarly be made.

(4) This trio of measurements are additive without re-
gard to log size. This permits aggregating contents of
similar stem sections in several quality-defect classes so
that estimates may be adjusted to reflect differences be-
tween stands. Conventional solutions to this problem
require a massive job of sorting (by log-sizes within
quality classes) to achieve the same objective because
single units of measure are nonlinear with respect to
product outturn.
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THE STX SYSTEM
Field tally

The predicted volume is listed on a tally sheet for each
tree as it is marked for cutting or is otherwise encoun-
tered in the population being sampled. Each prediction
is then paired with a random number in a list generated
for that particular sampling job. When the random num-
ber equals or is less than the prediction with which it is
paired, the tree qualifies as a 3P sample to be marked for
conventional measurement or for measurement with a
dendrometer. The list of random numbers can be gen-
erated so that approximately any desired number of trees
will qualify as samples. The field tally consists of a list of
predictions for all trees and measurement data for those
that qualify as samples.

Sample blow-up

The procedure used to expand the sample information
to a total estimate consists of aggregating the predicted
volumes of the samples, comparing with the individual
predicted volume of each measured tree, and adjusting
accordingly the measured volume of each tree. Each sam-
ple tree is expanded individually, then totaled for the
population estimate. The blow-up factor for any given
sample tree, called frequency (i.e., the number of trees
in the population represented by that tree), is obtained
by dividing the sum of the predictions of all trees by the
product of the total number of samples and the prediction
for that particular sample tree. For example, if predic-
tions for a 10,000-tree timber sale total 1,200,000 bd. ft.,
125 trees are drawn as 3P samples, and predicted volume
for one of the samples is 150 bd. ft., the frequency for that
particular tree is computed to be:

_. 1,200,000
~ 1256 x 150

If the actual scaled volume of the sample tree was found

to be 175.2 bd. ft. (International 14 in. log rule), its

= 64.0
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contribution to the total estimate is 175.2 x 64.0 = 11,213
bd. ft.

When tree content is expressed in cubic volume, surface
area, and length—as it is by the STX program—the ex-
pansion is made similarly, but volume, surface area, and
length are each multiplied by the frequency factor. Thus,
if the program showed that the sample tree with F — 64
contained 27.1 cu. ft., 103.6 sq. ft., and 32.0 linear ft., the
contribution of the sample tree to the total estimate would
be 64 x 27.1 = 1734.4 cu. ft., 64 x 103.6 — 6630.4 sq. ft.,
and 64 v 32.0 = 2048.0 linear ft. Other samples are ex-
panded in similar manner and summed for totals of
cubic volume, surface area, and length. These totals are
then converted to estimated product units. For example,
assuming that Int. 14 bd. ft., gross volume = 9.1236 cu.
ft. — .70846 sq. ft. + .04222 linear ft., the expanded con-
tribution of the sample tree is computed to be:

9.1236 X 1734.4
— .70846 X 6630.4
+ .04222 x 2048.0 = 11,213 bd. ft. Int. ¥

Similar equations for converting cubic volume, surface
area, and length are available, or can be derived from mill-
scale studies, to show expanded volumes in other units of
measure, such as dry or green lumber tally, dollar value
of products, weight and value of chips produced, green
weight of logs, ete.

Accommodating differences in quality and defect

In STX procedure, the coefficients are not prepared for
the entire tree contents as shown in the example above,
because to do so would give the same volume to defective
material as to sound, and the same value to low-quality as
to high-quality material. Instead, the formulas include
a trio of coefficients for each of 11 quality-defect classes.
A conversion formula may therefore contain as many as
33 coefficients, rather than 8 as shown for the illustrative
Int. 14, equation.
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The procedure used to account for differences in value
and yield resulting from differences in grade and defect
is as follows:

(1) Sample trees are divided ocularly into segments
according to the 11 quality-defect classes.

(2) Program computations of cubic volume, surface
area, and length are made for each segment and expanded
by the computed tree frequency.

(3) The expanded segment estimates are subtotaled
by species and grade-defect classes.

(4) The sums in each category are converted to esti-
mates in other units of measure, as desired.

Data processing

The STX program is operational at a number of com-
puter centers that serve processing sections of each of the
Forest Service regions. Only two data card forms—a tree
card and a dendrometer card—are needed; both are
punched from an STX tally sheet. The tally sheets are
sent to the regional center with data statements for five
contro]l cards that must precede each set of data cards
to be separately processed.

The control cards offer a wide selection of outputs, both
in print and on cards, if the program is compiled with
appropriate constants. Controls discussed herein are
those required for appraisal data, but suggestions are
also made for alternative objectives.

Output reports include (1) preliminary report of tree
counts and predictions, (2) stem dimensions and com-
putations for individual sample trees, (3) summary re-
ports of expanded estimates and sampling error, (4)
tabulations of expanded estimates of volume, surface
area, and length by grade-defect classes, and (5) con-
versions of class subtotals to other units of measure. In
addition, processing statistics and error messages signal
input flaws and suspicious data.

Output reports contain far more information on di-
mensions, contents, and quality of sample trees than was

5



previously available; this feature should appeal to pro-
spective timber purchasers. By simple substitution of
conversion constants, bidders can also use the program
to estimate product yields and returns for their particular
operations.

PREPARATION FOR STX ESTIMATES

These input items are required for the STX system to
estimate volume and value for tree-measurement timber
sales:

Planning

During sale area reconnaissance:
(1) Estimate:
(a) Total sale volume
(b) Total number of trees
(c) Volume of the largest tree.
(2) Decideon:
(a) Sampling accuracy objectives
(b) Species or species groups
(¢) Products on which appraisal will be based
(d) Measurement units needed by purchasers
and for management planning and business
records
(e) Identification of size classes
(f) Subareas, such as payment units or any
other, for which separate volume or value
information will be needed.
(3) Calculate the number of sample trees needed for
the total estimate.
(4) Obtain a computer-generated list of random
integers for selecting 8P sample trees so as to approxi-
mate the desired number of samples.

Field work

(1) Prepare a short work plan to show organiza-
tion of field work; necessary equipment, tools,
and aids; methods of making volume predic-
tions; and specifications for dendrometry.



(2) Provide cruiser training to develob estimating
skills.
(3) Arrange for check dendrometry.

Data processing (field level)

(1) Prepare data statements for STX control cards.
(2) Check card listings.
(3) Debug program output as required.

Data processing (processing center)

(1) Punch and verify data cards.

(2) Arrange for machine processing, as required.

(3) Furnish coefficients for converting volume, sur-
face, and length to estimates of product yield
and value.

3P SAMPLING

Determining number of sample trees

Equations used in conventional random sampling are
applicable to 3P sampling. For large populations

N = (CV in percent 2
~ \'sampling error in percent
where N = estimated number of samples and CV = the
coefficient of variation of the ratio of measured-tree gross
volume to predicted-tree gross volume. Thus, 100 sample
trees are needed for a + 2% accuracy if CV is = 20%.

How 3P samples differ from conventional samples

The difference in meaning of CV distinguishes 3P
sampling from conventional random sampling. In con-
ventional sampling CV refers to the dispersion of in-
dividual tree volumes around the average volume per tree.
In 3P sampling CV refers to the dispersion of the ratios
of (measured volume/predicted volume) for individual
trees around the average of these ratios.

With conventional sampling, the estimator is at the
mercy of volume dispersion as it happens to exist. The
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range in tree volumes is usually wide and—even with
stratification by diameter classes—he cannot reduce CV
much below = 35%. For an estimate with a sampling
error of = 2%, he therefore needs at least (35/2)2 =
307 sample trees. With 3P sampling, by contrast, CV
depends on the estimator’s skill in holding as constant as
he can the ratio of measured gross volume to predicted
gross volume. Beginners may be expected to achieve a CV
of =+ 25%; this drops the number of samples to 156.
Trained cruisers can readily attain a CV of = 15%, which
reduces the required number to 56 sample trees instead of
307 for a 2% sampling error.

Sampling efficiency with 3P also increases because
probability of sample selection increases with tree size,
while the cost of dendrometry increases very little as tree
size increases. In an east Texas pilot sale, for example,
trees ranged from 20 to 1600 bd. ft. per tree; frequency
of samples in the smallest size group was 1 in about 90,
whereas for the largest group, the probability of sample
selection was 1 in about 6. Consequently, the average
volume of 3P samples is likely to be disproportionately
greater than that of the average tree.

Accuracy of the estimate is not affected by prediction
bias. A cruiser who is erratic in his predictions but who
averages out ‘“on the button” will cause greater error
in the final estimate than will a cruiser who is severely
but more uniformly biased one way or the other.

It is important to keep the ratios as uniform as possible.
This is more difficult with small than with large trees.
In the east Texas pilot sale, for example, CV increased
from + 12.4% for the largest tree sizes to = 20.9% for
the smallest. A factor in this disparity of CV among size
classes is complacency in making predictions for small
trees since so few are found to qualify. Although the odds
for sample selection are against the small trees, small
sample trees contribute as much to the total volume
estimate as large trees. Thus, for the east Texas sale,
a sample tree with a measured volume of 23 bd. ft. had
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a frequency of 240.878, thereby contributing 23 x 240.878
= 5540 bd. ft. to the estimate. For the same sale, a sam-
ple with measured volume of 1146 bd. ft. had a frequency
of only 4.866, thereby contributing 5576 bd. ft. In com-
putation of CV the ratio (measured/predicted) for a
small tree similarly counts just as much as the ratio for
alarge tree.

Basis for making predictions

Predictions are made directly in terms of gross volume
and may be weighted by relative value. Normally, it is
sufficient to use volume tables based on diameter and
height for the species being appraised, but form class
tables are preferable when they are available. Predictions
should not be reduced for breakage and cull.

Training estimators

A group of conveniently located trees should be mea-
sured with a dendrometer and used as a practice range.
At first, volume estimates should be made with table
lookup, based on estimates of diameter and other para-
meters, such as height and form class, required by the
volume table. As soon as the operation becomes familiar,
measurements should be preceded by a quick guess of
volume, however “wild,” based on a visual impression
of tree size without recourse to measurements or tables.
In this manner, and with practice, only a modicum of skill
appears to be needed to make acceptable predictions (both
in speed and consistency) by cruisers having some apti-
tude for the work.

Estimators who base their impressions of tree volume
on practice with form class volume tables generally ac-
quire a better knack for making consistent predictions
than those trained with diameter-height tables or tables
based solely on diameter.

Computing CV of predictions

As will be shown later, sampling error for an STX
cruise appears in the computer output and CV may be
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derived by multiplying the sampling error in percent by
the square root of the number of 3P samples. Thus, CV
is #= 20% if sampling error is = 2.0% with 100 3P
sample trees. For practice sessions, however, CV must be
calculated with whatever facilities are available. A con-
venient formula for this is:

NxX
ov =100/ (N—l) (o (ZX)? )
where CV = coefficient of variation in percent
N = the number of samples
X = (measured volume/prediction).
For example, if 3 sample trees have prediction ratios,
respectively, of 1.440, 1.032, and 1.291

v — 100 ~/ (_3 3 (1440° 4+ 1.032° 4 1201
~(531) (Bt Toss  oons 1)

= + 16.4%.

ldentifying sample trees in the field

Since a list of the trees in a sale area or a map showing
their locations is rarely available in advance, the identifi-
cation of qualifying sample trees and determination of
their locations present practical and statistical problems.
The object is to select, without bias, one sample tree for
each accumulation of predictions that totals to

sum of all predictions
designed number of sample trees.
For example, for a sale of 1,000,000 bd. ft. where sample
design calls for 100 sample trees, one sample must be
drawn for any accumulation that totals to 1,000,000/100
= 10,000 bd. ft. This problem of sample selection is solved
by use of either of two computer programs. One is called
THRP,? the other is adapted to a wider variety of com-
puters and is called RN3P, both prepared by Grosen-

*L. R. Grosenbaugh. Three-pee sampling theory and program
THRP. U.S. Forest Service Research Paper PSW-21. Pacific South-
west Forest and Range Experiment Station, 1965.
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baugh. These computer programs furnish lists of positive
random integers and nulls fitted to any particular sale or
sampling job. After predictions of volume are made, they
are compared with successive numbers in the lists. A
tree qualifies as a sample when the random number is
equal to or less than the prediction with which it is paired.
Trees paired with nulls are nonsamples.

The theory developed for this selection system is com-
plex, but its application is very simple. The estimator
does not need to keep track of the accumulated predictions
and his tally may proceed in any order.

Obtaining a list of random integers

A list of random numbers and nulls must be obtained
for each sale and requires some advance information
about the sale area, based on data that is usually available
from field reconnaissance and diagnostic tallies made for
compartment prescriptions. Two control cards are needed
to obtain computer outputs of random integers:

For either THRP or RN3P, the first control card is left
blank in Columns 1-4, full identification of the sale area
is shown in Columns 5-64, and a brief coded identification
of the sale area is shown in Columns 73-76 (same as will
be used in program STX later).

For THRP, the second control card contains:

Column
1-4 Blank
5-16 = any 12-digit identification number that

lacks eights or nines, different for each sale
18-22 [LIM — total number of trees to be included
in the 3P estimate of volumes.* This number
should be a multiple of 500
24-27 K = volume of the largest tree that is to be
included by the 3P estimate 2

2 All trees larger than K are sure-to-be-measured trees; their

volumes will be automatically added to the sample estimate based on
the 3P-measured trees.
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29-33 KZ — total volume to be 3P-estimated divided
by the number of 3P sample trees that are
desired

For RM3P, the second control card contains the same
information arranged as follows:
Column
1 Blank
2-10 Any positive integer (0 through 999999999),
different for each sale

14-20 LIM (as for THRP above)

24-36 K (as for THRP above)

34-40 KZ (as for THRP above)

Figure 1 shows how data sheets are prepared for punch-
ing the control cards that are needed. Note that a job-end
card punched 9999 in Columns 1-4 must follow the last
card of each pair of control cards.

Some 3P design considerations

The value of LIM is not critical. Overestimates or
underestimates do not affect the 3P estimate. Always try
to overestimate the total number of trees. Excess random
numbers are cheap and are much cheaper than another
list. If an additional list is needed, change the number
shown as L in Columns 5-16 to provide a different set of
random numbers.

Overestimates or underestimates of KZ will affect the
number of samples that will be drawn, resulting in more
or less accuracy than planned. The volume estimate, how-
ever, will not be biased.

Setting the value of K may need consideration in some
situations because occurrence of trees larger than the
value of K will require the estimator to either (1) reduce
the prediction to K, a decision that will increase the CV
of his predictions, or (2) place the tree in a sure-to-be-
measured category, separate from the population being
3P-sampled, and thus increase expense of sample tree
measurement and subsequent computations.

In general, the value of K can be set high enough to
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rule out the occurrence of numerous trees with a predic-
tion higher than K. For some estimates, however, it may
be advantageous to set K low enough so that a stratum
of the largest and most valuable trees is measured 100%.

When species vary considerably in value, weighting the
predictions by relative value will give high-value species
a better chance of being picked as samples. This is ad-
visable if the high-value species form a minor component
of the stand.

Take, for example, a stand composed of 25,000 bd. ft.
of a high-value species (HIVA) and 90,000 bd. ft. of a
low-value species (LOVA). If HIVA is worth three times
the MBF value of LOVA, the volume estimate, weighted
by the relative value, is (3 x 25,000) + (1 x 90,000) —
165,000. Assume also that the largest HIVA tree has 400
bd. ft. (unweighted) and the largest LOV A tree has 1000
bd. ft. and that both species combined include fewer than
500 trees. To obtain an appropriate list of random num-
bers for drawing a sample of 25 trees assuming we wish
a sampling error of 5% and estimating the CV to be 256%
((25/5)2), parameters for the second data card needed
by THRP or RN3P will include:

LIM =500
K = 3 x 400 = 1200
KZ —=165,000/25 = 6600

Program statements needed for punching an RN3P
parameter card are shown by figure 1. Values of K and
KZ are in tens of bd. ft. Figure 2 shows the RN3P out-
put of random numbers, also in tens of bd. ft. The figure
-99999 indicates a null, automatically a nonsample, unless
it is paired with a sure-to-be-measured tree.

With this design the number of LOVA samples that
can be expected is 90,000/6600 — 14, and the number of
HIVA is 75,000/6600 — 11.

Preparing random numbers for field use
For convenient field reference with a method that pre-
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THREE-PEE SAMPLE-TREE
L= 192348613r LIM=

91
~99999
=99999
-99939
=99999
~99999
~99999

40
-99999
-99999
=99999
=99999

38
-99999
=99999
=99999

31
=99999
=99999
=99999
=99999
=99999
=99999
-99999
=99999
=99999
=99999
~99999

21
=9995%
~99999
-99999

68
=99999
=999959
-99999
=99999
=99999
~99999

1e

6
=99999
-99999
=99999
-999959
-99999
119
~99999
=99999
=99999

TEST

-99999
-99999
-99999
-99999
-99999
-99999
-99999
-99999
5
-99999
-99999
19
-99999
-99999
50
-99999
~99999
65
-99999
-99999
-99999
-99999
-99959
-59999
-99999
-99999
110
-99999
-99999

x

-99999
~99999
32
-99999
-99999
-99999
~99999
~99999
=99999
-9999¢
=99999
=99299
=999%9
-99999
=39999
4
=99999
-99999
~93999
~99999

TEST

60
-39999
=99999
=99999
~99999
~99999
~99999

93

50

101

73

106
=99999
=99999
=99999
=99999
=99999
-99999
~99999
5
=99999
=59999
~99999
~59999
=39999
=99999
=99999

35

28
~99999
=99999
-99999

61
~99999
~99999
~99999
=9959%
-99999
=59999
=99399
=95999
~99999
~99299
=99999
=399999
~99999

75
~99999

6!

9
~99999
TEST

MEASUREMENT AND APPRAISAL
500 = 660

=99999
-99999
=99999
=99999
56
=99999
=99999
«99999
=59999
=99999
=99999
=99999
=99999
=99999
=99999
108
=99999
=99999
=99999
108
=99299
~99999
=99999

4
-99999
TEST

K=

=99999
=-99999
95
=39999
74
=99999
65

84
-99999
-99999
=99999
109
~99999
~99999
=99999
=99999
=99999
=99999
72
=99999
51

24
=99999

-
3

47
=99999
=99999
=99999

20, KZ=

103
=99999
-99999

59
=~99999
-99999

o

-99999
=99999

21
=99999
-99999
-99999
-99999
-99999
-99999
~99999
-~99999
-99999
~99999
-99999
-99999
-99999
-99999
~99999
-99999

51
~99999
-99999
~99999
~99999
-59999
-99999
=99299

44

B

=99999
=99999
-%9999
=99999

23
=5$9999
~99399
~99999
~99999
=99999
=99999

9 =99999

=-99999
TEST

-99999
TEST

=99999
-99999
=99999
=99999
~99999
=99999
=99999
-99999
-99999
~99999
101

w7
=99999
~99999
=99999
~99999
=99999
=99999
95
=99999
=99999
=%$9999
=99999
~99999
=99999
~99999
=99999
=99999
~99999
=99999

=99999
=99999

TEST

77
-99999
119
-99999
=99999
-59999
-99999
-99999
-99999
=99999
-99999
-99999
=99999
-99999
=99999
120
-99999
-99999
-99999
41
-99999
44
-99999
-99999
~99999
=93999
-99999
=99999
-99999
=99999
-99999
~9%$999
-99999
-95999
~99999
=99999
~99999
~99999
=99399
~99999
116
=99999
'99999

-99999

111
=99999
~99999
=-99999
=99999

TEST

PAGE. 1
TEST

=99999
-99999

9
=99999
=99999
=99999
=99999
=99999
=99999
=99999
=99999
-99999
-99999
=99999
~99999
=99999
~99999
~99999
~99999
=99999
=99939
=99999
~99999
=99999
=99999

85
=99999
~99999
~99999
=99999
~99999

48
=99999
=99999
=99999

47
=99999
~99999
=99999

5
=99999

=99999
~99999

TEST

~99999
-99999
69
-99999
27

=99999
=99999
=99999
=99999
=99999
31

103

51
=99999
=99999

6107
TEST 106

I e i e NN

THREE-PEE SAMPLE-TREE

L= 192348613/

TEST

KSuM

LMz

EXPECTED NK*(K+1)/2=

MEASUREMENT AND APPRAISAL

500r

K=

6107+
6413

200

NK
NKZ

*K/K2Z=

KZ= 660

106¢
90

PAGE 2
TEST

NKZ= 500
LIM= 500

Figure 2.—RN3P output of random numbers.

vents bias by premature disclosure of random integers,
‘he lists of random numbers are slit, joined into strips,
ind loaded into a special dispenser.* Figure 3 shows the
letails of strip preparation, using an output from pro-
rram THRP, which shows nulls as -0 instead of -99999.

*C. Mesavage. Random integer dispenser. U.S. Forest Service
Research Note S0-49. Southern Forest Experiment Station, 1967.
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i il

The random integer dispenser
ready for loading with tape.

Cover closed,
for use.

Figure 3.—Preparing random
numbers for field use.
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FIELD WORK

Organization of field work

Field work consists of listing predictions of volume for
each tree and measurement of trees that qualify as sam-
ples or as sure-to-be-measured trees. Experience indicates
that work should be organized to fit the conditions, chang-
ing in some cases on the same job, depending on density
of stocking, terrain, and size of the field crew.

When stocking is dense and maneuverability is re-
stricted, a tallyman can efficiently keep the records for a
crew of estimators and inform the estimators which trees
qualify as samples. If trees are large, sample trees occur
frequently and it may pay to have one or more dendro-
meterists keep up with sample tree measurements as the
crew progresses.

When stocking is not dense, it is usually better to have
each estimator keep his own tally and map the location
of sample trees for later dendrometry. String stripping
may facilitate such a two-stage procedure. The following
discussion assumes this type of work organization.

Equipment

Tools and supplies needed for STX estimating include:

(1) An aluminum letter-size sheet holder with a ran-
dom integer dispenser attached to the front cover; the
dispenser is loaded with the tape of random numbers
generated for that sale

(2) A supply of STX tally sheets as shown in figure 4

(3) Volume tables needed to help make volume pre-
dictions

(4) Diameter and distance tapes
(5) Clinometer
(6) Map of the sale area

(7) Plastic flagging, bark shaver, and tree-marking
keel or tree labels.
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Figure 4.—STX tally sheet.
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Procedure for making predictions and designating

sample trees

Estimators make predictions of volume as trees are en-
:ountered. (Stems of trees that fork below breast height
should be considered as separate trees.) The predictions
must correspond with the units on which the random
numbers are based. For example, since HIVA was
weighted 3X in the 8P design previously discussed, each
prediction for HIVA in that sale is multiplied by three
before it is recorded on the tally sheet, and since the
random numbers were generated in tens of bd. ft., pre-
dictions for both HIVA and LOVA must be in tens of
bd. ft. When relative value differs in this manner, each
stratum is coded numerically (1 through 9) and the
code for each tree is shown in Column 10 of the tally
sheet. When there is only one stratum, the 1 need not be
shown.

Each prediction is recorded as it is made in Columns
6-9 of the tally sheet (in the field headed KPI), and it is
then compared with the current random number to see if
the tree qualifies as a sample. To prevent selection bias,
the next number of a given column is rotated into view
after the prediction has been recorded. A tree paired with
a positive random number qualifies as a 3P sample when
the random number is equal to or less than the prediction.
It is a nonsample if paired with a null, unless it qualifies
as a sure-to-be-measured tree because the prediction is
greater than the value of K. For example, in the design
shown in figure 1, K = 120. Any tree with a prediction of
121 or greater is a sure-to-be measured tree. When a
“sure” tree is encountered, the random number dispenser
is advanced as for any other tree.

A tree number is assigned only to sample trees. If more
than one estimator is employed, a temporary number in-
corporating the estimator’s initials is recorded in the
remarks section at the bottom of the tally sheet. The
dendrometerist records a permanent number later.
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Sample trees are flagged distinctively, and their loca-
tions are plotted on the sale-area map. Listing of addi-
tional predictions on the tally sheet ceases when a sample
tree is recorded. A new tally sheet is started for the next
tree.

Appendix C shows how tally sheets were prepared for
the first 18 of 33 sample trees measured for a hypothetical
population of 386 trees. Note that the tree predictions
were merely listed (under KPI and value stratum) until
a tree qualified as a sample. Each prediction was paired
successively with the list of random numbers shown in
figure 2. (The associated random numbers on the sample
tally sheets are listed in the non-punch column only as a
convenient reference for the reader. Do not record them
in the field.) The rest of the tally sheet is filled in by the
dendrometerist.

General procedure for measuring sample trees

Equipment. Tools and supplies required for dentro-
metry include:

(1) Optical dendrometer

(2) Slide rule for multiplication and division or, for
Barr and Stroud dendrometer,’ a Barr and Stroud calcu-
lator ¢

(3) STX reference manual

(4) STX tally sheets (in aluminum sheet holder)
showing predictions made by the estimators

(5) Diameter tape

(6) Bark gauge, carpenter brace with 1-in. bit, and
Starrett No. 237 depth gauge with No. 611N rule; these
items are for bark measurement

® The use of trade, firm, or corporation names in this publication
is for the information and convenience of the reader. Such use does
not constitute an official endorsement or approval by the U.S. De-
partment of Agriculture of any product or service to the exclusion
of others which may be suitable.

®C. Mesavage. Revised calculator for Barr and Stroud dendro-
meters. U.S. Forest Service Research Note SO-84. Southern Forest
Experiment Station, 1968.
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(7) Telescoping pole, extendable to 13 ft.

(8) Hand level or clinometer (for level sightings)

(9) Small hand axe, bark scribe, tree identification
tags, marking keel, and plastic flagging tape

(10) Distance tape, range pole, and tree calipers;
these items, not carried in the field, are used for checks
of dendrometer.

The dendrometerist finds the sample trees and assigns
each a permanent sequential number, marking it on the
tree (for field identification) and in Columns 1-4 of the
tally sheet. He then obtains and records stem measure-
ments, beginning with the stump, at breast height and at
points above that divide the tree into segments that are
uniform as to taper, quality, and defect. Quality and
defect of each segment, including stump to breast height,
are classified ocularly, based on surface indications. Tree
measurements are terminated at a designated top.

Although a dendrometerist can work alone, an assistant
is generally advisable. The assistant kee;i:: notes, clears
lines of sight, obtains measurements as required at the
tree, and performs related work.

Recording tree measurements

The_tally sheet is designed to facilitate field entries,
editing, and punching of data that relate to the tree as
a whole (on a tree card) and that relate to stem mea-
surements made along the bole (on as many as nine
dendrometer cards per tree).

To assure successful processing of data, entries on the
tally sheet must follow explicitly the recording directions
discussed below :

Tally sheet (data for tree card):

Column Entry on tally sheet
1-4  This field shows the tree number (for sample

trees only).

5 Blank.

6-9 This field shows the volume predictions (for
all trees).
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22

Column Entry on tally sheet

10

11

12-15

16

17-21

23

This field shows the value stratum for each
tree by means of a one-character code (1
through 9). Strata are coded when trees dif-
fer in relative value, or when, for groups
having the same value, calculations of sam-
pling error are desired for separate strata.
This is discussed further in the section on
program outputs.
This field is left blank until a tree qualifies
for measurement. An asterisk (*) is entered
for 3P samples; an equal sign (=) is entered
for “sure’” samples.
This field (labeled cLASS) shows how trees
are classified. For timber sales, this field is
normally used to identify species with a four-
character abbreviation, such as DFIR. Some-
times, it is desirable to defer the entry for
CLASS until the field work has been com-
pleted. If alternative classifications are being
considered, these may be entered in the non-
punch column.
This field is not normally used. However, it
may be used for blind labeling, i.e., the pro-
gram will ignore the character, but it may be
useful in hand sorting.
This field (labeled DBH) shows the tape or
caliper measurement of the d.b.h.o.b. to 0.1
in. The decimal point need not be entered
since its position is implied as 0.1 by the pro-
gram, but use of an explicit decimal point
makes the entry easier to read.
The fields 23-25 are labeled OPT. Field 23
codes the mode of measurement as follows:
0—Barr and Stroud FP-12 (or earlier
model) dendrometer
1—Barr and Stroud FP-15 dendrometer
(SINELYV is coded)



Column Entry on tally sheet

23 (Cont.)

24

25

2—Direct measurements on felled or climbed
trees or those provided by direct-reading
dendrometers

3—Modified Zeiss Teletop dendrometer.

As explained further below, tape measure-

ments of stump diameter and d.b.h. can be

combined with dendrometer measurements

of upper-stem diameters. In such cases, the

mode of measurement is coded to indicate

the type of dendrometer used on the upper

stem.

Column 24 codes machine procedure for re-

ducing outside-bark measurements of stem

diameters to wood diameters, as follows:

Oorl d.i.b./d.o.b. at any point on the stem is
assumed equal to (d.b.h.i.b./
d.b.h.o.b.).

2 d.i.b./d.o.b. is projected hyperbolically.
d.i.b./d.o.b. is made to increase above
breast height and decrease below
breast height, i.e., relative bark thick-
ness is programmed to decrease up
the stem.

3 d.i.b./d.o.b. is projected hyperbolically.
d.i.b./d.o.b. is made to decrease above
breast height and increase below
breast height, i.e., relative bark thick-
ness is programmed to increase up
the stem.

Column 25 codes method for obtaining com-

puter estimates when unseen but usable ma-

terial occurs above the last measured section.

(The code is ignored unless -999 is recorded

as the last F GRADS, explained further below.)

1 This is a computer projection, based
on diameter at stump and at least

23



24

Column Entry on tally sheet
25 (Entry 1 Cont.)

26
27-34

35

three sets of measurements above the
stump (preferably above breast
height), that requires entries under
UDT (Columns 39-41) or under both
UDT and UML (Columns 36-38). UDT
is (desired minimum top d.o.b./
d.b.h.o.b.). UML is guessed or mea-
sured length of top section.

2 Computed from estimated taper rate
(recorded under UDT in inch per foot.)
and length (entered under UML). UDT
may be guessed or obtained from
taper tables. UML may be guessed or
measured with clinometer.

Blank.

These fields (labeled BKA and BKB) are used

for recording single bark thickness to 0.1 in.

If only one measurement (or average of

several measurements) is made, it is entered

under BKA (without decimal point). A second
measurement (or average) is entered under

BKB. When an entry is made only under BKA,

the program doubles it. If BKB is also shown,

the program adds the measurements.

If no entries of bark thickness are recorded,
the program assumes that d.b.h.i.b./d.b.h.o.b.
i8.90 (a parameter that can easily be changed
in the program), and the mode of correction

is guided by the option coded in Column 24.
If a fictitious negative bark thickness (like
—009) is entered under BKA, no correction for
bark is made. In this manner, outside-bark
volumes may be computed from d.o.b. mea-
urements, or inside-bark volumes may be
computed from d.i.b. measurements.

Blank.



Column Entry on tally sheet

36-38 This field (labeled as UML) is for recording
length of unseen section above the last mea-
sured section. The current format implies

this is in whole feet. A value for UML must
be shown if Column 25 is coded 2, otherwise
it would imply that last section is of zero
length. UML is optional if Column 25 is
coded 1.
39-41 This field is labeled UDT.

If Column 25 is coded 1, and F GRADS of -999
is recorded after the last set of measure-
ments, the program will compute top d.o.b.
as (UDT x d.b.h.o.b.). To obtain a projection
to 50% of d.b.h., for example, UDT is re-
corded as 500. The decimal point is implied
and need not be recorded. If a length is shown
under UML, the projection will terminate at
this length or at (UDT x d.b.h.), whichever
comes first. If UDT is omitted, the program
assumes a value of .45. This figure may
easily be changed to any other constant, if
desired.

If Column 25 is coded 2, and F GRADS of -999
is entered after the last set of measurements,
the unseen section will be computed as a conic
frustrum having the length entered under
UML, and a taper rate, in inches per foot, as
entered (without decimal point) under UDT.

42-71 These fields are reserved for future use
(when point sampling, etc., are employed).

72 This field is normally blank, but see com-
ments below on tally of cull trees.

Tally sheet (data for dendrometer cards) :

Stem measurements are made, beginning with the
stump, and are recorded in the fields labeled T GRADS, F
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GRADS, and SINELV. Four sets of measurements may be
recorded on each of up to nine dendrometer cards. An
asterisk is entered in Column 72 of the last set of dendro-
meter measurements to show that the next measurements
are for a new tree. Computer interpretation of these data
depends on the mode of measurement coded for Column
23 of the tree card.

The tally sheets in Appendix C illustrate most, if not
all, tree-measurement options available with the STX
program. Leading zeros should not be entered unless an
implied decimal point precedes the first zero, such as
01 for .01.

Modes of tree measurement

Any method of tree measurement can be accommodated
by the STX computer program, and the method may be
changed from tree to tree on the same job.

Barr and Stroud dendrometers. See tally sheets for
sample trees nos. 1 and 2, Appendix C. Drum calibrations
of T and F GRADS are read to 0.1 grad and entered without
a decimal point. Thus a reading of 45.2 is entered as 452.
Sine of the vertical angle, read from the clinometer of
model FP12, is similarly entered without the decimal
point, but the sign must be shown. Thus, angles with sines
of 4 .252 and — .135 are entered as +2520 and —1350,
respectively. Clinometer scales of model FP15 are gradu-
ated in terms (1 + sine). Angles having sines of -.252
and —.135 appear as 1.252 and .865 on the FP15 clino-
meter and are entered as 12520 and 8650, respectively.
The micrometer may be interpolated to show an addi-
tional decimal place, if desired. For example, an inter-
polated reading might show the sine coded as 1.2525, and
be entered as 12525. (Column 23 of the tree card is coded
0 for model FP12 or earlier models, and 1 for model
FP15.)

To measure total height, T GRADS and SINELV are
sighted to a terminal leaf, when possible, and F GRADS is
entered 0.1 grad greater than T GRADS. This is illustrated
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by sample tree no. 16. When it is not possible to read
T GRADS, both T and F GRADS are recorded as -999, and
SINELYV is the only actual measurement recorded.

Modified Zeiss Teletop. See tally sheet for sample tree
no. 5. The T GRADS field is used for recording slant dis-
tance to 0.1 ft. and F GRADS for recording stem diameters
to 0.1 in. The decimal point is not entered in either case.
Vertical angle, read to 0.1 degree in terms of (100 4
degrees), is entered with decimal point in the SINELV field.
(Column 23 of the tree card is coded 3.)

To include total height, T GRADS and SINELV to a termi-
nal leaf are determined when possible, and F GRADS is
entered as 1.

Direct measurements on felled or climbed trees. See
sample tree no. 3. The T GRADS field is left blank. Di-
ameters measured with tape or caliper are entered, to 0.1
in., in the F GRADS field. The decimal point is not entered.
Height in ft. (to 0.1 ft. above the last measured diameter)
is entered in the SINELV field with decimal point. (Column
23 of the tree card is coded 2.)

Other dendrometers. Readings from dendrometers not
specifically programmed for STX are first converted into
direct measurements, as illustrated by sample tree no. 3.
(Column 23 of the tree card is coded 2.)

Procedures when lines of sight are obscured

Several procedures are available to facilitate measure-
ments or to estimate stem diameters when lines of sight
(LOS) are obscured:

LOS to stump and breast height are obscured. See sam-
ple tree no. 6. Actual measurements at stump and breast
height may be recorded as the first two F GRADS if the
initial T GRADS is shown as —-999. The second T GRADS is left
blank. The first SINELV is recorded as the distance up-
wards from stump to breast height, and the second SINELV
is distance upwards from breast height to the point of first
dendrometer measurements. Diameters recorded as the
first two F GRADS are measured to 0.1 in. and may be re-
corded without decimal point, and distance upwards is
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measured to 0.1 ft., recorded with decimal point. Mode of
measurement coded in Column 23 of the tree card identi-
fies the dendrometer used for the upper-stem measure-
ments.

LOS to merchantable top is obscured. When unseen but
usable material occurs above the last measured section,
contents of the section can be estimated by a convex-conic-
concave projection based on lower measurements (if at
least three sets of measurements in addition to stump are
recorded) or by a conic projection based on estimated
length and taper of the unseen section. For either type
of projection, —-999 is recorded as the final F GRADS to sig-
nal the presence of unseen material.

Sample tree no. 7 shows the field record for a tree in
which top diameter was extrapolated to a minimum d.o.b.
of UDT x d.b.h.o.b., in this case .425 x 22.8 = 9.7 in. Sam-
ple tree no. 8 shows the field record for a tree that was
extrapolated to a minimum d.o.b. of .500 x 27.1 = 13.6 in.
for a distance (recorded in UML) of 14 ft. Note that for
both trees Column 25 (tree card) was coded 1 to indicate
that top d.o.b. equals UDT x DBH.

For sample tree no. 9 the uppermost section was pro-
jected as a conic frustrum by coding Column 25 (tree
card) as 2 and furnishing estimates of .300 in. of taper
per ft. (recorded as UDT) for a length of 22 ft. (recorded
as UML).

LOS to terminal tip is obscured. When it is feasible to
measure SINELV to include total height but impossible to
measure T GRADS to a terminal leaf, a computer projection
is activated by recording -999 as the last T GRADS, -999
as the last F GRADS, and SINELV. This is illustrated by sam-
ple tree no. 17 for a Barr and Stroud dendrometer. The
same procedure is used for the modified Zeiss Teletop.

Other special recording procedures

Moving instrument location. The location of the dendro-
meter may be changed as needed for better visibility of
stem sections. When the move is on the same contour,
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measurements and data recording are continued as
though a move had not been made. See sample tree no. 10.

If a move is to a higher or lower instrument locatior,
a -+ sign is posted in Column 72 of the dendrometer card
to indicate that the next measurements will be from a new
* location, but for the same tree. See sample tree no. 11. The
- first set of measurements from the new location are for
" the same stem section last measured at the previous loca-
tion. A new dendrometer card is started for each move
made in this manner. An asterisk is entered in Column
72 of the last dendrometer card used.

The symbols -+ are entered under GR for the stump
(explained further below) to show that the instrument
was moved on or off the contour.

If LOS to top is obscured from last instrument location,
at least three sets of measurements in addition to bottom
section and final F GRADS of -999 are needed to activate
computer projection when Column 25 of the tree card is
code O or 1.

Measuring forked trees. As shown by sample tree no.
15, measurements of the single stem below a fork are
made as usual, and a -+ sign is entered in Column 72 of
the dendrometer card to show that the next set of mea-
surements will be from the base of a prong. The measure.-
ments (at base of the prong) are entered as the first sat
on the next dendrometer card. This procedure is repeats::
for every prong, each terminating with a 4 in Column 72.
The tallest prong is left until last and terminated by an
asterisk in Column 72 of the last dendrometer card.

If LOS to top of any prong is obscured, at least thres
sets of measurements in addition to base and fina! ¥ GRAD:
of —999 are needed for computer projection by method 0
or 1 in Column 25. This projection can be made for any
prong, but, if made for more than one, the same UDT and
UML will apply.

Defining merchantable sawtimber length

Sawtimber is utilized to some minimum diameter that
produces a log of marketable size, consistent with the cost

29



of log making and product recovery. Validity of coeffi-
cients for converting estimates of volume in standing trees
to estimates of net product yields and value depends in
part on unambiguous definition of the point of cutoff.
Recommendations for specifying merchantable length in
several common situations are as follows:

(1) When average tree is small and stems taper uni-
formly, a condition prevalent for many northern and some
western conifers, dendrometry may be terminated at a
fixed diameter of 6 or 8 in., depending on species and
product. In such cases the stem may be scanned with a
dendrometer that has been preset for the desired mini-
mum diameter. If branches obscure the LOS, tree con-
tents above the last measured section can be estimated by
computer extrapolation if at least three sets of measure-
ments above the stump have been recorded. Column 25
of OPT is coded 1, UDT is shown as (min. d.o.b./d.b.h.o.b.),
and UML is estimated. Final F GRADS is shown as -999 to
activate the unseen option. (With Barr and Stroud den-
drometers, F GRADS preset at 64.5 displaces 8-in. diameter
at any distance.)

(2) When average tree is relatively large and stem
taper is uniform despite occurrence of limbs, minimum
diameter frequently tends toward a fixed relationship
with d.b.h., a condition prevalent with most western coni-
fers with tip terminals. In such cases the dendrometer
may be preset for scanning the stem to a diameter
equivalent to some fixed percentage of d.b.h. If LOS is
obscured, the desired ratio of minimum d.o.b. to d.b.h.o.b.
is shown as UDT. Maximum length may optionally be
shown as UML. (If desired UDT is .45, it need not be re-
corded since a blank UDT is implied to be .45.) Final
F GRADS must be shown as -999 to activate the unseen
option.

(3) When the uniformity of upper-stem taper is
broken up by relatively large branches (a condition pre-
valent for southern conifers, large hardwoods, and some
western conifers, such as ponderosa pine), merchant-
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ability may be limited by excessive taper: taper is ex-
cessive when an increase in the length of the top log
results in reduced log scale. When the stem is visible, the
point beyond which taper is excessive is easily ascertained
ocularly by an experienced dendrometerist or by trial
and error based on dendrometer measurements at several
points.”

When LOS are obscured, computer projections are best
based on an estimate of top-log taper, recorded in in. per
ft. under UDT, and an estimate of length, recorded in
whole ft. under UML. Table 1 shows average upper-log
taper, in in. per ft.,, for southern conifers and eastern
hardwoods.

Classifying grade and defect of stem segments

Two columns, labeled GR on the tally sheet, are used
for two-character coding of segment quality and volume
losses caused by defect. The program is limited to 11
classes of segment for each of up to nine tree classes.
Nine quality-defect classes are used, as follows:

Quality classes
A Segment contains no indication of knots or limbs
B Segment has overgrown knots
C Segment has limbs, green or dead
Defect classes
A Segment is sound
B Segment has sound cull (crook or sweep)
C Segment has or is suspected to have rotten cull

For example, an AA segment is clear and sound.

Other definitions of class may be used if desired, but
they must be relatively unambiguous, and the criteria
must have promise of good correlation with grade and
yield. Segment lengths may be of any length if taper is
uniform.

Cull sections occurring anywhere below the designated

"C. Mesavage. Definition of merchantable sawtimber height.
Journal of Forestry 63:30-32, 1965.
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Table 1.—Taper per foot in 16-ft. logs, by d.b.h. and log position,

eastern hardwoods and southern pines

2 3 4 5 6

Logs Logs Logs Logs Logs
d.b.h. 2d 2d 3d 2d 3d 4th 2d 3d 4th 5th 2d 3d 4th 5th 6th
10 .09 .08 .09
12 .10 .08 .09 07 09 12
14 A1 09 .10 08 .09 .12
16 12 09 11 .08 .10 .13
18 12 10 11 08 .11 14
20 .13 A1 12 09 11 15 .07 10 .14 .18
22 14 A1 12 09 .12 .16 .07 11 .14 .18
24 14 A1 13 .09 14 .16 .07 11 15 .19
26 .15 A2 14 .09 14 A7 07 12 16 .20
28 .16 12 15 10 15 .18 08 .12 16 .21 .06 .09 .13 .20 .28
30 .16 A2 .16 11 16 .19 08 .12 17 22 .06 09 .13 .20 .28
32 17 A2 17 A1 16 .19 .08 13 .18 .23 06 .09 .13 .20 .29
34 .18 A3 17 A1 .16 .20 08 .13 .19 24 06 .09 .14 .21 29
36 .18 13 .18 Jd1 16 .21 .08 14 19 .24 07 09 14 21 31
38 .18 A3 .18 A2 16 21 .08 14 19 .24 07 09 14 21 .32
40 .18 14 18 A2 17 .21 .09 14 .20 .25 .08 .09 .15 .22 .33




top, including jump butts, are classed as XX. Jump butts
should not be omitted.

The 11th category is a class identified in the program
as UU that may be used to classify material such as pulp-
wood above the sawlog top, or in small trees. When it is
desirable to include the entire stem of sound timber from
stump to tip, material above the merchantable pulpwood
top may be classed XX. See sample tree no. 18.

Tally of cull trees

Cull trees are normally not tallied. They may be tallied
if they are assigned to a separate stratum. Each cull must
have prediction of at least 1 (fictitious or constant) and
the prediction may not be omitted from the tally unless
the tree has been classed as sure-to-be-measured. Culls
that qualify as 3P samples or sure-to-be-measured must
have a tree card containing stratum, sample category,
KPI, species, and DBH.

If individual cull tree detail is desired in the printout,
the tree card must be followed by a dendrometer card with
a 1 punched in Columns 5, 19, 34, and an asterisk punched
in Column 72. A sample tree number is not assigned to
cull trees.

If no cull tree detail is desired on printout, the dendro-
meter card may be omitted. Instead, an asterisk is
punched in Column 72 of the tree card. Although no tree
detail will appear in the printout, its frequency, basal
area, and KPI are accumulated and are included in stratum
and grand totals.

Some suggestions for dendrometry

Checking dendrometers. Dendrometers should be
checked frequently and adjusted when necessary. With
Barr and Stroud dendrometers, T GRADS at 100 ft. should
be 50.77. F GRADS at this distance for diameters of 2 and
24 in. should be 54.45 and 87.86, respectively.

Sources of error. Some of the more frequent sources of
error in diameter measurement include (1) LOS not
square across a section, (2) lines of coincidence not in the
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center of the viewing field, (8) imperfect alignment of
coincidence lines.

When stems are numerous, special care is needed to
avoid inadvertent sightings to background stems. T GRADS
should increase as elevation angle departs from a level
shot and decrease as a level shot is approached. F GRADS
normally, but do not necessarily, decrease up a stem.
Measurements should avoid bumps and swells.

Measuring procedures. Since actual measurements of
bark thickness and d.b.h. are normally required, it saves
time to measure d.o.b. at stumb as well as at breast height
and to record the two diameters as the first two F GRADS,
even when dendrometer LOS are clear. A light measuring
pole, extendable to 13 ft., is a useful accessory for mea-
suring distance upwards from stump to breast height
and from breast height to the first point of dendrometer
measurement. Dendrometer measurements may begin at
breast height if this section is visible, thus showing two
measurements of d.b.h. (one recording tape measurement
as the second F GRADS, the second based on dendrometer
measurements recorded as the third T GRADS and F
GRADS). The second SINELV in this case will show distance
upwards to be 0.0.

If diameters are actually measured at stump and breast
height, the rest of the tree can often be measured from
one instrument vantage point. Experience dictates when a
new vantage point should be sought as an alternative to
clearing LOS from a single location.

Options for computer estimates of “unseen” upper
stem sections apply only to the topmost segment of a
tree. Whenever feasible, the instrument should be moved
to a new location to reduce length of unseen portion.

When a dendrometer location is changed to a different
elevation, it is necessary to begin new measurements by
repeating shots to the section that was last measured
from the previous location. It is usually difficult to see the
previous section from a new location, and hence it is
better to locate a new vantage point on the same elevation
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so that measurements can be continued as though no
move had been made. Picking a new location on the same
contour is facilitated by using the dendrometer for level
sightings to new locations or by using a hand level to
check the contour by shooting back at the dendrometer
from new locations.

Bark options. To establish the proper option for any
species, measurements of bark and d.o.b. should be made
at stump, at breast height, and as high as can be reached
for at least 10 sample trees. D.i.b./d.o.b. should be com-
puted and averaged at each level. Bark option is 0 or 1
if d.i.b./d.o.b. for the three levels is constant, 2 if it in-
creases with height, and 3 if it decreases with height.
Studies have shown that code 2 should be entered in
Column 24 as the bark option for southern pines.?

Measuring bark. Sizable errors in bark thickness can
go undetected if bark is not measured properly.® Recom-
mended procedures are as follows:

(1) Reducing ambiguity. Ambiguity in measurements
can be practically eliminated by measuring radially from
the wood surface to the contour of a diameter tape wrap-
ped tautly around the section. In this procedure bark
thickness is regarded as the difference in diameters of two
concentric circles, one defined by the tape as the bark
surface, the other by the interior wood surface. The
radial distance from wood to tape may be measured even
where the tape crosses a bark fissure. However, measure-
ments should be made well to either side of swells or bark
ridges that cause the tape to kink.

(2) Reducing sampling error. Bark thickness may vary
considerably around a stem on the same cross section. The
following guide is suggested for keeping sampling error

8 C. Mesavage. Converting dendrometer estimates of outside-bark
stem diameters to wood diameters on major southern pines. U.S.
Forest Service Research Note SO-93. Southern Forest Experiment
Station, 1969.

°C. Mesavage. Measuring bark thickness. Journal of Forestry
67:753-754, 1969.
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in bounds with a minimum number of measurements:
Start with one pair. If one measurement of the pair is
30 percent or more greater than the other, measure a
second pair and average the four readings. Bark thick-
ness should be measured “wood to tape” even when o.b.
diameters are taken with calipers.

(3) Increasing accuracy. Considerable experience is
needed to operate the bark punch so that the chisel reaches
the wood but goes no further. When bark is soft or thin
the position of the mark made by the chisel can be checked
by exposing the wood surface with a tree scribe. When
bark is thick or tough it is advisable to bore into it with a
light carpenter’s brace and a 1-in. auger bit, instead of
using a chisel. The brace may be turned rapidly most of
the way, then slowed to the minimum torque needed to
drive the bit into the bark. When the wood is reached,
the brace will usually stall. Bark thickness is then mea-
sured from wood to tape. For bark thicker than 2.5 in.
(the limit for available bark-measuring gauges), a Star-
rett No. 237 depth gauge with No. 611N rule is a con-
venient substitute. Residual bark fibers left after boring
should be scraped from the surface of the wood before
measuring.

DATA PROCESSING

Data preparation and general procedure

The steps needed to prepare the data and to select, ob-
tain, debug, and interpret the output include the following :

(1) Check the tally sheets for omissions and errors.
Careful editing of tally sheets is required because blanks
in some fields are not necessarily omissions that will cause
processing to cease, or produce incorrect results. For ex-
ample, blanks in Columns 10, 24, and 25 on the tree card
are interpreted as code 1. If bark measurements are
omitted, the ratio d.i.b./d.o.b. will be assumed by the
program to be .90 (or as programmed). The program
ignores a blank UML if Column 25 is punched as code 1
or left blank but will abort if Column 25 is punched as
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code 2. Processing will continue if final F GRADS are shown
as -999, even when UDT and Column 25 have inadvertently
been left blank, because Column 25 will be assumed to be
code 1 and UDT will be assumed to be .45 (or as pro-
grammed).

(One way to avoid omissions is to check with a zero
every column that is purposely left blank, except for
value stratum and sampling category. A dash should not
be used instead of a zero because it might be interpreted
as a minus sign.)

Common errors or omissions are as follows:

— Sampling category not shown for sample trees in

Column 11

— Sample tree number omitted on tree or dendrometer

card

— d.b.h. omitted in Columns 17-21

— Bark measurement omitted

— UDT omitted though final F GRADS is shown as -999,

and vice versa

— Grade-defect class not shown for unseen topmost

section

— Terminating asterisk omitted on last dendrometer

card

— Illogical progressions of T and F GRADS (not neces-

sarily incorrect)

— =999 not shown as first T GRADS when tape measure-

ments are made at stump and breast height

(2) If the population is not divided into two or more
strata, count and add the predictions for all trees, in-
cluding measured trees (both sure and 3P) and predicted-
only trees.

(3) Decide on tree class codings for Columns 12-15
if this decision was deferred. For timber sales, tree class
is normally used to code species or species-groups. Not
more than nine tree classes should be recorded if the data
are later to be converted to estimates of products or
product values.

(4) Prepare data statements for five STX control
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cards (explained below) and send the statement sheet
with tally sheets to the data processing center.

(5) Check and correct (if necessary) data card listings
and program outputs sent back from the data processing
center.

Program control cards

Program statements for five control cards are illus-
trated by figure 5. The required control cards are as
follows:

Card no. Colummns Entry
1 5-68 Name of sale, area, or job
73-76  Job identifier (same as used for
THRP or RN3P)
80 Card number
2 5-16  Initials of user and input date

17-43 Copy the instrument parameters
shown in Columns 17-43 of figure
5, if at least one tree was mea-
sured with any model of Barr and
Stroud dendrometer. Otherwise,
these columns may be left blank.

Card no. Columns Entry

45 Total number of value strata
coded in Column 10 of tally sheet

46-50 KZ (same as for THRP or RN3P)

51-55- K (same as for THRP or RN3P)

66-71  Job options (explained below)

73-76  Job identifier

80 Card number

3 Nine 8-column fields, beginning

with Columns 1-8, for total tree
count in each stratum. Card is left
blank if tree cards are punched
for nonsamples as well as

samples.
73-76  Job identifier
80 Card number
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DATA LISTING FOR 8O COLUMN PUNCHED CARD
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Card no. Columns Entry

4
73-76
80

5
73-76
80

Nine 8-column fields, beginning
with Columns 1-8, for aggregate
predictions in each value stratum.
Card is left blank if tree cards
are punched for nonsamples as
well as samples.

Job identifier

Card number

Nine 8-column fields, beginning
with Columns 1-8, for relative
value within each value stratum.
Card is left blank unless strata
differ in value per unit of volume.
Job identifier

Card number

Job options

Job options, coded in Columns 66-71 of the second
control card are as follows:

Column Entry on tally sheet
First Oor1 Input cards must be punched for

(Column 686)

40

all trees (including nonmeasured
trees assigned predictions only),
but third and fourth control cards
are left blank.

Input cards must be punched only
for measured trees, but aggregate
number of trees and aggregate
predictions for each stratum (in-
cluding sure-to-be-measured trees,
3P measured trees, and 3P pre-
dicted-only trees) must be
punched on the third and fourth
control cards.



Column
Second
(Column 67)

Third
(Column 68)

Fourth
(Column 69)

Fifth
(Column 70)

Entry on tally sheet

Oorl

Oor1l

Oorl

Processing will cease after the
program has calculated and
printed a preliminary report.
(See page 1 of Appendix A.)
Processing will continue beyond
the preliminary report if no fatal
errors occur.

No individual tree detail will be
printed.

Individual tree detail will be print-
ed. (See page 2 of Appendix B.)
Individual tree and tree-segment
detail will be printed. (See pages
2-9 of Appendix A.)

No detail cards will be punched as
part of output. -
Tree detail cards will be punched
as part of output. (See page 40,
PSW-13.19)

Tree-segment detail cards will be
punched as part of output. (See
page 42, PSW-13.10)

No log and tree detail will be
written on tape for later grade-
yield and realization processing.
Log and tree detail will be written
on tape and will be processed if
no fatal errors have occurred, but
subtotals only will be tabulated in
printout. (See page 13 of Appen-
dix A.)

3 or 34 Same as 2 above, but sorted indi-

vidual log detail will also be
printed. (See page 44, PSW-13.19)

* L. R. Grosenbaugh. STX-Fortran-4 program for estimates of
tree populations for 3P sample-tree measurements. U.S. Forest
Service Research Paper PSW-13. Pacific Southwest Forest and
Range Experiment Station, 1967.
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Column Entry on tally sheet
Sixth 0 No further processing.
(Column 71)

1-9 Not more than this indicated num.-
ber of sets of conversion coeffi-
cients will be searched to convert
subtotals to product outturn and
realization values. (See page 14
of Appendix A and page 7 of Ap-
pendix B.)

Card punching

Tree and dendrometer cards are punched directly from
the tally sheets. The four-character job identifier
(punched in Columns 73-76 on the control cards) should
be punched in Columns 77-80 of each tree and dendro-
meter card. A two-character (or one-character) label
may precede this to identify pay units, if desired, using
Columns 75-76 for two characters and Column 76 for one
character.

Column 66 of the second control card indicates whether
tree cards are to be punched for all trees or for sample
trees only.

Tree cards for nonsamples (if they are to be punched)
must contain the following items recorded on the tally
sheet :

Column Entry

6-9 KPI

10 Value stratum (implied as one stratum
if blank)

75-76 or 76 Pay unit number

77-80 Job identifier

Tree cards for measured trees (3P sample or sure-to-
be-measured) must contain the following items recorded
on the tally sheet:

Column Entry
1-4 Sample tree number
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Column
6-9

10

11

12-15
17-21
23-25

27-34
36-38
39-41
75-76 or 76
77-80

Entry

KPI (if all trees are sure-to-be-measured,
KPI need not be estimated or shown)
Value stratum (blank is implied as one
stratum)

Sampling category (*, =, or blank)
CLASS

DBH

oPT (blank is not necessarily a field
omission; it will = 1 except blank Col-
umn 23 = 0)

BKA or BKA and BKB (blank = .1 d.b.h.)
UML (blank is considered 0)

UDT (blank = .45)

Pay unit number

Job identifier

A tree card for a sample tree must be followed by one
or more dendrometer cards with entries as follows:

Column
1-4
5

6-11
12-26
27-41
42-56
57-71
72

75-76 or 76
77-80

Entry
Sample tree number

Card number within-tree (first dendro-
meter card = 1, ete.)

Blank

First set of stem measurements

Second set of stem measurements

Third set of stem measurements

Fourth set of stem measurements

Blank or + implies next card is a den-
drometer card for the same tree. * im-
plies next card is a tree card for the next
tree.

Pay unit number

Job identifier
43



In addition to the above data cards, cards 9 through 14
of subroutine BLD may have to be repunched to show
appropriate constants as follows:

Card no. of

subroutine BLD Entry

9

10 and 11

12

13

14

44

The positive or negative number follow-
ing MRE should be the logical number
of the system input tape, the integer
following MPR should be the logical
number of the system output tape, and
the integer following MPU should be the
logical number of the system punch
tape. Integers following JW and JX
should be logical numbers for system
binary scratch tapes.

These columns label the manufactured
units or values into which volume, sur-
face, and length are to be converted for
error computations.

The conversion coefficients correspond-
ing to BORD, SLAB, and CLFT on BLD
card 12 convert cu. ft. of volume, sq. ft.
of surface, and ft. of length to arbitrary
units. The program was initially sup-
plied for conversion to Int. 14 (with
trim allowance) but these may be re-
placed by other units such as cu. ft. if
KPI's are made in cu. ft., etc.

Numbers and characters on BLD card
13 ensure that character code assumed
by program logic is identical with that
of the user.

The decimal fraction following RDE is
the ratio of d.i.b./d.o.b. at breast height
that will be assumed if no bark mea-
surements are recorded for a particular
tree. RDE supplied with initial program
was .90.



Card no. of
subroutine BLD Entry
14 (Cont.)

The decimal fraction following UDTRO
is the assumed ratio of d.o.b. of unseen
top to d.b.h. or the assumed taper in in.
per ft. UDT supplied with initial pro-
gram was .45.

The decimal numbers following QUAN
and DENO are asymptotic bark para-
meters for hyperbolic extrapolation of
d.i.b./d.0o.b. ratios above and below
breast height. QUAN and DENO sup-
plied with initial program are 1 and 2,
respectively, for bark option code 2.
Initial program also contains a modifica-
tion (FORTRAN function FFB3) to ac-
commodate bark option code 3, in which
QUAN and DENO are 9 and 10, re-
spectively.

Cards are also needed to insert conversion coefficients
into the program and to label certain special outputs
(explained later).

Finally, certain system card, «:e needed to monitor the
program.

Card listings
Figure 6 shows a liciing of cards as they are arrayed
for processing, The control cards in this list should be
checked against the program statements. Figures 7 and
8 show separate lists for tree and dendrometer cards,
respectively. These listings should be checked against the
tally sheets.

PROGRAM OUTPUTS
Processing by the STX program is organized in four
major sections (subroutines ST11, ST22, ST33, and
ST44) that allow a wide choice of printed outputs. (Card
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9

THREE=PEE “SAMPLE TREE MEASUREMENT AND APPRAISAL

C

9

M

234 15
034 693

1
842xHIVA
445
474
752*%HIVA
384
415
992%HIVA
1382=HIVA
251*LOVA
676
810
1451=LOVA
=999
49z
571%LOVA
=999
47z

2
3
3

17.0 020 10
943+0140 443
715+5250CA 484

15.8 120 10
915U9210 380
74714630BA 436

17.7 220 9
205 0.0
136 14.0BB

1.0 200 -009
216 0.0
169 6.7CA

15.6 320 6
1950 96.6 675
110133.5BA 908

34.5 120 18
386 4.0
94213980B8A 501

22+8 121 18
285 4.0
79415120CA

03-16=70 (B000 01964673-11905 15658 2 660

6
831+0560AA
707+5890CA

14
845 9940AA
72515800CA

7
177 4.0AA
132 9.5CA
196 4.0AA
153 15.9CA

10
156 99.7AA
84140.9CA
1o
345 8.0AA
884145850CA

6 425
228 8+0AA

=399 CA

120

L4y 805+1140AA
387 82811920AA
469 64616960CA

162 8.0AA
103 20.0CA

185 8+0AA
136 10.9CA

680 144106.8AA
470105810920AA
508 83515510CB

443 87811090BA

451

397

727

478

450

223022

— TTEST
TEST
TEST
TEST
TEST
TEST

764+2890AA TEST

*TEST

TEST

77613720BA TEST
*TEST

TEST

148 14.6AA TEST
*TEST

TEST

167 16.8AB TEST
*TEST

TEST

136121.5AA TEST
*TEST

TEST

9891252088 TEST
*TEST

TEST

84613150CA TEST

*TEST

0N E N
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881%LOVA 27.1 121 11
-999 301 4.0
470 B8o015840CA 475
1091*%LOVA 324 122 15
-999 404 4.0
479 86715810CB
1211=LOVA 32.0 120 19
-999 3v2 4.0+ +
514 87512720BA 504
1091%LOVA 313 120 15
=999 375 4.0+ +
465 99910950 482
4old4 93313770 480
1031*%LOVA 28.9 112 14
-999 338 4.0
448 91715900CA 459
331*%LOVA 18.8 130 8
=999 243 4.0
457 7501489UCA 473
1322=HIVA 21.9
4141105-0510 413
4oz 7e1+5620CA 475
692*%HIVA 168 120 8
-999 197 4.0
374 80212980 413
375 80512960 416

15 14500
271 8.0AA
80516730CA

19 22300
324 8.CAA

=999 CA

17
320 8.0AA
85313950CA

15
313 B.0AA
91013400CA
85415350CA

10170
289 8.0AA
85716760CA

10
188 8.0AA
72315760CA

919-0040AA

700+6340CA
12

168 8.0AA
73715020CA

73815130CA

413102711230AC
=999 CA

426110711280AA
489 96110890AA
515 80915020CB
442102911010BA
493 77116110CA

399111311350BA
=999 CA

430 86311270AA

418 888+1990AA

360 385211350AA

424 69616540CA

TEST
441 92214090CA TEST
*TEST

TEST

441 99414110BA TEST
*TEST

TEST

495 90812110AA TcST
526 73515970CA*TEST
TEST

+TEST

+TEST

*TEST

TEST

4181047137908A TEST
*TEST

TEST

447 81113340BA TEST
ATeST

TEST

432 831+3830CA TEST
*TEST

TEST

374 B0712370BA+TEST
+TEST

¥TEST

Figure 6.—Listing of control, tree, and dendrometer cards in processing order.
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lo
161
162
17
171
172
18
181
182
19
191
192
20
201
202
21
211
212
22
221
2e2
23
231
232
24
241

212%HIVA
=939

423
331%LOVA
=999

425
1172%HIVA
=999

446
692%*HIVA
=999

396
302%HIVA
-999

390
S42xHIVA
-3999

426
512%HIVA
-999

452%HIVA
=999

457
242*xHIVA
=999

1le1 120 8 4
152 3.5 111 8.5AA
64615440CA 468 46916300XX
19.0 120
218 3.5 190 8.5AA
72516110CA-999-99917500XX
201 120 11 11
244 3.5 201 8.5AA
75815270CA 475 69716320CA
19.5 120 14 186
235 3.5 195 §.5AA
07215780CA 415 65516240UU
13.4 120 10
lve 3.5 134 8¢5AA
60l115690CA
17.0 120 10 10
211 3.5 170 8.5AA
67216220CA
loes0 122 10 8 10190
186 3.5 160 8.5AA
=999 cB
17.7 120 iz 10
226 3.5 177 8.5AA
72015750CB 472 68916530CB
15.2 120 14 10
184 3.5 152 8.+5AA

367

350

400

484

314

435

328

354

340

413

192

TEST

71110890CA 389 69413500CA TEST

*TEST
TEST

91011570CA 385 84114240CA TEST

*TEST
TEST

91111260AA 417 83913460CA TEST
66217030UU~599-99917460XX*TEST

TEST

90910680CA 347 80513850CA TEST

43617380XX

77411670AA

86111460CA

85511660CA

81611520AA

81111340CA

359

381

383

433

226

*TEST

TEST

73114020CA TEST
*TEST

TEST

60314100CA TEST
*TEST

TEST

77714390CA TEST
*TEST

TEST

76214410CB TEST
*TEST

TEST
61012990CB*TEST
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25 272%¥HIVA 11.8 120 8 6 TEST

251 -999 158 3.5 118 8.+5AA 281 76211590CA 305 69013430CA*TEST
26 692%HIVA 17.4 120 10 10 TEST
2ol -999 201 3.5 174 8.5AA 419 81710830AA 427 78012580CA TEST
262 445 75714420CA 457 72115400CB *TEST
27 511%LOVA 23.1 120 12 8 TEST
271 =999 276 3.5 231 8.5AA 383 98511510AA 419 88015120CA TEST
272 443 81116220CA *TEST
26 512*HIVA  15.8 122 12 10 10100 TEST
2861 =999 207 3.5 158 B8.5AA 279 83611690AA 327 77414600AA TEST
282 356 74515810CA =999 CA *TEST
29 842*%HIVA 183 120 14 10 TEST
291 -999 244 3.5 18311230AA 417 77114080CA 451 71616080CA*TEST
30 1022%HIVA 19.0 122 12 10 14100 TEST
301 -999 245 3.5 190 8.5AC 356 91011740AA 374 86613430AA TEST
302 405 8<015110CA =999 CA *TEST
31 1211=LOVA 310 122 18 14 10150 TEST
311 -999 385 3.5 310 B8+5AA 419103811150AA 431 97713360CA TEST
312 454 89315160CA =999 CA *TEST
32 572*%HIVA 15.8 122 8 12 10100 TEST
321 =999 202 3.5 158 8.5AA 316 82511460AA 347 75014320CA TEST
322 383 72715750CA =999 CA *TEST
33 051*LOVA 27.4 122 15 11 16130 TEST
331 =999 303 3.5 274 8.5AA 387106111350CA 406 97014150CA TEST
332 -999 CA *TEST
9999
9999
Figure 6.—Continued
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842*HIVA
752%HIVA
992*%HIVA
1362=HIVA
251*L0VA
1451=LOVA
571%LOVA
881%LOVA
1091*LOVA
1211=LOVA
1091%LOVA
1031%LOVA
331*LOVA
1322=HIVA
69¢*HIVA
212*HIVA
331xLOVA
1172*HIVA

17.0
15.8
177
21.0
15.6
345
2248
271
324
320
313
289
18.8
21.9
168
11.1
19.0
201

020
120
220
200
320
120
121
121
122
120
120
112
130

120
120
120
120

11

14
10
lo
15
19
17
15
10

12

11

425
14500
22300

10170

TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST



18

692*%HIVA
302%HIVA
542*%HIVA
512*%HIVA
452*HIVA
242*HIVA
272*HIVA
692*%HIVA
511%LOVA
512*%HIVA
842%HIVA
1022%HIVA
1211=LOVA
S572*%HIVA
651%L0VA

19+5
134
17.0
lo+0
17.7
15.2
11.8
174
2301
158
183
19.0
31.0
15.8
274

120
120
120
laz
120
120
120
120
120
122
120
122
122
122
122

14 16
10 8
10 10
10 8 10190
12 10
14 10
8 6
10 10
12 8
12 10 10100
14 10

12 10 14100
18 14 10150
8 12 10100
15 11 16130

Figure 7.—Listing of tree cards only.

TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST



Y4

445
474
384
415

676
810C
=999
492
=999
472
=999
470
=999
479
=999
514
=999
465
4o4
=999

443
484
380
436

943+0140
715+5250CA
91509210
T4714630BA
205 0.0
136 14.088B
2le 0.0
169 6.7CA
190 96.6
110133.5BA
386 4.0
94213980BA
285 4.0
79415120CA
301 4.0
86015840CA
404 4,0
86715810CB
362 4.0+ +
8751272UBA 504

675
908

501

475

375 4.0+ +
99910950 42
93313770 480
338 4.0

831+0560AA
707+5890CA
846 9940AA
72515800CA
177 4.0AA
132 9.5CA
196 4.0AA
153 15.9CA
156 99.7AA
84140.9CA
345 8.0AA
88414850CA
228 8.0AA
=999 CA
271 8.0AA
80516730CA
324 8.0AA
-999 CA
320 8.0AA
85313950CA
313 3.0AA
91013400CA
85415350CA
289 8.0AA

444 B805+1140AA

387 82811920AA
469 64616960CA
162 8.0AA
103 20.0CA
185 8.0AA
136 10.9CA
680 144106.8AA

470105810920AA
508 83515510CB
443 87811090BA

413102711230AC
=999 CA
426110711280AA

489 96110890AA
515 80915020CB
4421029110108A

493 77116110CA
399111311350B8A

451

397

727
478
450
441
441

495
526

764+2890AA TEST
*TEST
77613720BA TEST
*TEST
148 14.6AA TEST
*TEST
167 16.8AB TEST
*TEST
136121.5AA TEST
*TEST
9891252088 TEST
*TEST
84613150CA TEST
*TEST
92214090CA TEST
*TEST
99414110BA TEST
*TEST
90812110AA TEST
73515970CA*TEST
+TEST
+TEST
*TEST

4181047137908BA TEST



89

122
131
132
141
142
151
152
153
161
162
171
172
181
182
191
192
201
202
211
212
221
222
231
232

448
-999
457
4ig
Yoo
=999
374
375
=999
4235
=999
425
=999
G46
-999
396
=999
396
=999
4206
=999

=999

91715900CA 459 85716760CA
243 4.0 188 8.+0AA
75614890CA 473 72315760CA
1105-0510 413 919-0040AA
761+5620CA 475 700+6340CA
197 &.0 168 8.0AA
80212960 413 73715020CA
80512960 416 73815130CA
132 3.5 111 8.5AA
64615440CA 468 46916300XX
218 3.5 190 6+5AA
72516110CA-999-99917500XX
244 3.5 201 8.5AA
75815270CA 475 69716320CA
235 3.5 195 38.5AA
67215730CA 415 65516240UU
led 3.5 134  8.5AA
66115690CA
2ll 3.5 170 8.5AA
©7216220CA
186 3.5 160 3.5AA
=999 Cb
22b 3.5 177 B8.5AA

457 72015750CH 472 68916530CB

430
418
360

424
367
350
400
48y
314
435
328
354
340

413

=999 CA

86311270AA
888+1990AA
85211350AA

69816540CA
71110890CA

91011570CA

91111260AA

6621706300V~

90910680CA
43617380XX
77411670AA
86111460CA
85511060UCA

81611520AA

Figure 8.—Listing of dendrometer cards only.

*TEST
447 81113340BA TEST
*TEST
432 831+3830CA TEST
*TEST
374 80712970BA+TEST
+TEST
*TEST
389 69413500CA TEST
*TEST
385 84114240CA TEST
*TEST
417 83913460CA TEST
999-99917460XX*TEST
347 80513850CA TEST
*TEST
359 73114020CA TEST
*TEST
381 80314100CA TEST
*TEST
383 77714390CA TEST
*TEST
433 76214410CB TEST
*TEST



2]

241
251
261
262

272
281
282
291
301
302
311
312
321
322
331
332

-999
-999
-999
445
-999
443
-999
356
-999
-999
405
-999
454
-999
383
-999

184 3.5
158 3.5
201 3.5

73714420CA 457

276 3.5
81116220CA
207 3.5
74515810CA
244 3.5
245 3.5
82015110CA
385 3.5
89315160CA
202 3.5
72715750CA
303 3.5

=999 CA

152 8.5AA
118 8+5AA
174 B8.5AA
72115400CB
231 8.5AA

158 8.5AA

=999 CA

18311230AA
190 8.5AC

=999 CA

310 8.5AA

=999 CA

158

=999 CA
8+.5AA 387106111350CA

274

192
281
419
383
279

417
356

81111340CA
76211590CA
81710830AA
98511510AA
83611690AA

77114080CA
91011740AA

419103811150AA

316

82511460AA

Figure 8.—Continued

226
305
427
419
327

451
374

431
347
406

81012990CB*TEST
69013430CA*TEST
78012580CA TEST
*TEST
88015120CA TEST
*TEST
77414600AA TEST
*TEST
71616080CA*TEST
86613430AA TEST
*TEST
97713360CA TEST
*TEST
TEST
*TEST
97014150CA TEST
*TEST

75014320CA



outputs for individual trees or tree-segments may also be
obtained.) The sections are activated by job options
(coded on control card no. 2) that enable the user to
terminate processing according to the availability of input
data, or to achieve partial STX objectives. Printed reports
include the following :

(1) Preliminary report of counts and aggregate pre-
dictions. This always appears as page 1 of the computer
output (p. 78-79 of Appendix A). The report is pro-
duced when subroutine ST11 has been able to complete
its processing of tree cards without encountering a fatal
error. The report can be obtained in advance of den-
drometry if desired, once the sample trees have been
selected, if NE is changed to EQ on cards 108 and 111
of ST11. The report shows, for each statum and total,
the observed number of trees and aggregate predic-
tions, compares number and aggregate predictions of
observed sample trees with expected values, and shows
the standard errors of expected values. The table enables
the user to check input-totals of number of sample trees
and aggregate predictions and supplies machine-totals for
each stratum (when input includes tree cards for each
tree). The computer-comparison of observed and ex-
pected values alert the user to possible irregularities in
field procedures. ST11 also copies sample tree data onto
tape for later processing. ;

If ST11 is unable to complete processing, it flags input
errors by special printouts, as will be explained later, and
it will not print a preliminary report. STX processing
ceases after the preliminary report is produced, unless
the second job option is punched as code 2.

(2) Detailed “log”’ and tree report. This report, shown
on pages 80-94 of Appendix A, is printed when the second
job option is punched as code 2 and third job option is
punched as code 3, if no fatal flaws have been detected
by ST11. The report shows volume, surface area, and
length between cons