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INTRODUCTION
The Yakima Indian Reservation is located in the south-central section
of the state of Washington with headquarters in Toppenish.

It comprises

an area of 1,226,559 acres of which approximately 600,038 acres are
primarily forested lands.

The Cascade Mountain Range runs along the

western boundary of the reservation where forest types are similar to
western Washington's rain forests and consists of fir-hemlock-cedar
with mixed types involving all species.

Approximately 75 per cent of

the forest contains a ponderosa pine type ranging from pure ponderosa
pine stands to pine-Douglas fir-western larch-white fir mixtures.

In

the transition belt between the ponderosa pine type and rain forest
type are large stands of lodgepole pine and mixed conifer species of
Douglas fir, white fir, western larch, and Englemann spruce.

Western

white pine can be found intermixed in the pine-fir mixtures and in the
rain forest types.

These many forest types, ranging from dry ponderosa

pine sites to wet fir-hemlock sites along the crest of the Cascade
Mountains, complicate forest management planning and forest

inventory

methods.

The need for a new forest inventory on the Yakima Indian Reservation
had been apparent for a number of years.

A primary need for such an

inventory was to secure reliable current information as a basis for
management plan revision.

Experiences gained from logging operations

and other management projects indicated that volumes were considerably
in excess of those upon which management planning was based.

Funds

were made available for a complete forest inventory on the reservation
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and initial planning and organization for the project commenced at the
beginning of 1957.

Some of the objectives that regulated such planning

are discussed in the succeeding paragraphs.

A current inventory of volume was essential.

Also, of importance was

establishing volumes in certain locations, such as timber types and
working circles.

For management purposes, information on stand compo

sition was necessary so stock and stand tables could be developed for
the various timber types.

Because of the high value and large area of ponderosa pine stands, and
because these stands are being currently harvested on a selection system
using Keen's tree classes as a basis for marking trees to be cut, a
recording by Keen tree classes was desired.

Because of the problem

constituted by invasion of white fir and other tolerant species as a
dense competitive understory in pine types, understory stocking in
formation was desired so a more complete delineation of the problem
could be had.

Minor additional data on range conditions, porcupine damage, individual
tree condition, tree risk, etc., were desired for future management
planning and for setting priority on future logging units.

One of the objectives of the inventory was to establish a firm base
from which to develop future intensive and continuing studies in growth.
The limited area of cutover lands and the difficulty of determining
mortality would make detailed growth studies during the inventory difficult
and results subject to question.

From the base established by permanent
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plots in the inventory, more detailed and intensive studies will be
made as management need arises or develops.

The land status data in existence before the inventory were known to
be in error.

From the inventory it was desired to develop a good land

status base as to timber type acreages, ownership, commercial and non
commercial timber acreages that could be maintained currently as changes
occur.

Basic data from forest inventory were desired to be sufficiently complete
to supply a good foundation for management planning and to define the
need for such management planning and action as should be initiated
promptly.

It was also expected that the inventory would show the need

for additional studies to supply answers or to define problems currently
unrecognized.

Toward these results, the basic inventory design was planned and carried
out, keeping as a guide the objectives outlined in the preceding para
graphs.

INITIAL PLANNING
ADAPTING THE INVENTORY DESIGN
During January, 1957, a three day meeting was held in the Portland Area
Office of the Indian Bureau.

All Indian Reservations in the Portland

Area, which encompasses the states of Washington, Oregon, and Idaho,
were represented by Forest Managers and Assistants involved in inventory
work.

The purpose of this meeting was to discuss forest inventory

methods and procedures and to coordinate the efforts of the
reservations represented.

various

At this meeting, representatives from the

National Forests, Pacific Northwest Forest and Range Experiment Station,
Bureau of Land Management, and a Forestry Consultant from Klamath Falls
discussed forest inventories they where currently using.

These speakers

were all experts in the field of forest inventory and described in
detail their inventory methods, procedures, and objectives.

A second meeting was held in the Portland Area Office in February, 1957,
which foresters from the Colville, Warm Springs, and Yakima Indian
Reservations attended.

The purposes of this meeting were to analyze

the information received from the January meeting, to adopt the type
of inventory that would best fit the reservations needs, and to co
ordinate standard inventory methods for all three of the reservations
represented at the meeting.

The type of inventory decided upon at this

meeting was similar to that being currently conducted by the U. S. Forest
Service's Pacific Northwest Forest and Range Experiment Station (hereafter
referred to as the Experiment Station in the paper).

The inventory samples consisted of plots taken on a systematic grid.
Systematic sampling was used instead of random sampling because in actual
4
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practice, mechanical sampling will give a closer estimate of actual
stand volume (Girard and Gevorkiantz, 1939).

Also, systematic spacing

of inventory plots is simpler than random spacing, saves a considerable
amount of time in collecting field data, and results in lower costs of
operations (Bruce and Schumacher, 1950).

Although the formulas used

to calculate sampling error were developed to be used with random sampling,
Girard (1939) has shown that the difference in accuracy between the
sampling error computed for the two methods is insignificant when the
error that is made in taking the field measurements is considered.

A

cruise is considered satisfactory if it is within 5 per cent (based on
one standard deviation) of the actual recovered volume, therefore, the
1 or 2 per cent difference in sampling error that might result between
mechanical and random sampling is not sufficient to justify the use of
random plots (Dilworth, 1958).

A main inventory plot consists of three 1/5 acre circular subplots
spaced at six chain intervals.

The grouping of subplots reduces traveling

time to main plot locations, resulting in lower inventory costs (Anon.,
1957a).

This plot cluster arrangement has been used by the U. S. Forest

Service in the Northwest for a number of years.

The 1/5 acre circular

plot is the most common size and shape used in the Pacific Northwest
(Dilworth, 1958).

Although Johnson (1949) in a study of plot clusters

in the Pacific Northwest found that four or five 1/5 acre circular
plots were preferable to fewer plots per location from a statistical
standpoint, the Experiment Station found that three plots per cluster
in ponderosa pine gave satisfactory statistical results (Anon., 1948).
This study showed a large variation between two plot clusters, a
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much smaller variation between three plot clusters, and an in
significant difference in variation between three and four plot
clusters.

Johnson (1949) also found in his study that plot clusters

of 4 or 5 plots frequently required an excessively long working day.
The Experiment Station found that the three plot cluster was an average
working day for an inventory crew (Anon., 1948).

Circular plots were

used rather than rectangular or square plots because they are easier
to lay out, easy to relocate, only the center point need be marked for
relocation, and one man can take the plot (Anon., 1948).

Another

advantage of circular plots over square or rectangular plots is that
it is possible to ascertain whether any borderline tree is on the plot
by a single radial measurement from the plot center (Bruce and
Schumacher, 1950).

Thus, borderline trees are more accurately measured

on circular plots.

This factor of accurately measuring borderline

trees is very important.

Any consistent error in tallying trees out

side the plot or in failing to tally trees within the plot will have
a major effect on the accuracy of the final estimate (Spurr, 1952).
It was believed that the plot cluster system would be more accurate
than a sample of the same size on one plot.

Spurr (1952) states that

in general, the smaller the plot, the more accurate will be the measure
ments under field conditions.

DETERMINING THE LOCATION AND NUMBER OF INVENTORY PLOTS
The Experiment Station had taken 47 main plots on the Yakima Reservation
in 1954.

The volumes from these plots were statistically analyzed and

the coefficient of variation determined by the following formulas (Dilworth,
1958):
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2
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Standard Deviatior

(m

N
N-1
Coefficient Variation

Where:

=

Standard Deviation X100
M

X

=

Individual Plot Volume Per Acre

N

=

Number of Main Plots

M

=

Mean or Average Volume Per Acre

1/
The coefficient of variation for the 47 plots was calculated at 76%."~
The statistical accuracy desired for the inventory was a maximum error
of + 5% at one standard deviation (Bruns, 1954 & Dilworth, 1958).

The

number of plots necessary for this accuracy was determined by the follow
ing formula (Dilworth, 1958):

Number of Plots Required

=

2

(Coefficient Variation (%))
(5)

The number of plots determined were 231 main plots.

Plots were to be located on a systematic grid system.

It was reasoned

that by spacing inventory plots on or as near to section corners as
possible, a minimum amount of effort would be expended in locating and
traveling to these points in the field.
lines were located and
roads.

Many section corners and section

marked, and crossings tagged on reservation

The distance between 231 main plots located on the reservation

was determined from the following formula:

1/

Calculations on appendix page A-5.
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Where: A = forested area in sq. miles

Plot Distance

N = number of plots

1,000
231

Plot Distance

=

2.08 miles

(spacing)

Since this distance is close to two miles, a systematic grid spacing
of two miles was used so each plot could be located on a section corner.
This grid gave a total of 244 plots.

The extra 13 plots would give a

margin for plots dropped, as discussed later, and any increase in the
coefficient of variation.

Therefore, a systematic grid with a two mile

spacing between plots was adopted for the inventory."^ If after a
statistical analysis of the completed inventory showed an error over 5%,
additional plots were to be taken located on a random basis paying no
attention to the systematic grid (Anon., 1957a).

THE TIMBER TYPE MAP AND PRELIMINARY TIMBER TYPE STRATIFICATION
As part of their forest inventory procedure, the Experiment Station
constructs timber type maps for all forested areas in Region Six re
gardless of ownership.

Modern photogrammetric methods are used along

with field surveys in making the type maps (Johnson, 1950).

These

maps are available in 1" = 1 mile and 2" = 1 mile scales and can be
ordered from the Experiment Station for a small fee to cover the cost
of commercial printing of the copies.

Several of these maps covering the Yakima Reservation were obtained
in both scales.

JL/

The Yakima Reservation had been typed in conjunction

Grid shown on map on appendix page A-lb.
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with the Experiment Station's work in Yakima and Klickitat Counties
in 1954.

Standard Forest Service survey timber type, size, and density

stratifications were used.-^

Timber types were stratified to the nearest 40 acres and open areas
shown when they were 10 acres or larger.

Existing aerial photographs

taken by the Production Marketing Administration in 1949 at a scale
of 1 : 20,000 were used for timber typing on a base map made from
Geological Survey maps and Forest Service stereophotogrammetric planimetric maps.

The Geological Survey maps covered approximately 70 per

cent of the reservation's forested area while only 30 per cent was
covered by new photogrammetric maps.

A total of 199 different commercial

timber types, size, and density combinations were represented on the
map by the timber on the reservation.

A field check of the map showed

the timber types, in most cases, to be reasonably accurate.

However,

because the old Geological Survey maps, which were made around 1908
by ground survey methods, were inaccurate, the type lines and section
lines on the type map were sometimes not accurately coordinated.

After receiving the type maps, the reservation's timbered boundary
was drawn on the map and agency foresters measured the acreage in
each timber type, size, and density stratifications by sections and
by Indian ownership within the timbered area using a planimeter.

l! Stand-size class and stocking qualifications are on appendix
page A-4. A more detailed description of symbols and type
combinations used are in "Plot Procedure and Forest Type Classif
ication 1957" published by the Experiment Station.
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After analyzing the computations from this acreage count, it was evident
that the timber stratifications could be grouped into six main types for
preliminary timber type stratification.
1/
Six main timber types were as follows:
1. Uncut pure ponderosa pine
2. Uncut pine-fir mixture
3. Cutover ponderosa pine
4. Mixed conifer (Douglas fir, white fir, western larch and Engelmann
Spruce)
5. Lodgepole pine
6. True fir-mountain hemlock (alpine fir, Pacific silver fir, hemlock,
western white pine, white bark pine)

These six main timber types are called volume strata in the inventory
nomenclature and are hereafter referred to as such in this paper.

In

establishing the volume stratum between cutover and uncut areas, it was
decided that the ponderosa pine areas within the sanitation and salvage
type logging units would be classified as uncut pine.

The volume logged

from these areas was light, averaging 3 M bd. ft. per acre, and the
remaining timber stand more closely resembles the uncut area rather than the
cutover areas in the normal utilization type logging units.

There were

not enough main plots falling within the sanitation and salvage cutover
areas to make a separate volume stratum.

The sanitation and salvage

cutover areas comprise only a very small percentage of the total acreage
in the ponderosa pine types.

1/

The cutover ponderosa pine volume stratum

Location of types shown on reproduction of the type map on appendix
page A-la.
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consists entirely of areas logged by the utilization type system where
from 40 to 60 per cent of the merchantable volume has been removed.

After a study of the acreage count, it was decided that a separate
stratification would not be made for poletimber and small sawtimber
types apart from large sawtimber types.

Only a very small per cent of the

timbered area was shown as poletimber and small sawtimber types on the type
map.

A field check showed that some of the poletimber areas had been typed

incorrectly and were actually sawtimber stands.

The Experiment Station

concurred with the plan of considering the entire timbered area in one
stratification of sawtimber.

In most cases, the number of strata should

be held down, since too fine a stratification leads to inefficiency and
finally even to loss of accuracy (Chapman and Meyer, 1949).

The main plots were indicated on the type map and an analysis made of the
number of plots falling into the various timber types and volume strata.

1/

The analysis showed that there were proper allocation of plots in each
stratum in proportion to the total number of acres in each stratum.

This

is known as proportional allocation and should be used when there is no
advance information on stratum variance (Johnson, 1956).

It must be recognized that the predicted sampling error of + 5 per cent
is for the entire forested area and the error in any one of the volume strata
will be greater due to fewer number of plots falling into each stratum.
a sampling error of 5 per cent were to be maintained within each stratum,
a sufficient number of plots would be necessary in each to meet that

1/

Analysis on appendix page A-6.

If
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standard. Hie number required for each stratum would probably be less
than for the entire forest due to the more homogeneous composition of
each stratum resulting in lower coefficient of variations (spurr, 1952),
However, neither the funds nor the time were available to place the
number of plots in each volume stratum to achieve a sampling error of
5 per cent. The Experiment Station (1957a) recommended from their
experience that a minimum of 6 to 9 main plots be taken in each volume
stratum to give overall proper statistical accuracy.

Accurate overall

volumes for the entire forest were desired from the inventory and volumes
developed in the volume strata were to act as indications of the locations
of that volume (Delaney, 1957a). Sampling errors calculated for the
overall volume and by volume strata from the completed inventory data
are listed on appendix page A-22.

The following information was indicated on a 1M = 1 mile and a 2" = 1
mile type map:
1. Main plot reference points with numbers.
2. Aerial photo centers and flight lines. A new set of aerial
photos, which had been flown for J. Neils Lumber Company in
1956, were purchased for the inventory project. The photo
scale was 1 : 15,840.
3.

All non-Indian lands within the reservation boundaries.

4. The boundary of the reservation's forested area.

The 1* - 1 mile map was mounted in the Agency office to act as the official
inventory map and the 2" - 1 mile map was cut up in townships, to make
easier handling, and used as the official field map while collecting data.
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DATA DESIRED FROM THE PLOTS
The following information was planned to be compiled from field data
collected on the inventory plots:
(a)

Net board-foot volumes for all sawtimber (11 inches d.b.h.
and over and to a top d.i.b. that is 1/2 the d.i.b. of the
top of the first 16-foot log, but not less than 8 inches)
and net cubic-foot volumes for all trees 5 inches d.b.h.
and over (top d.i.b. of 4 inches) by species by merchant
ability classes by volume stratum.

(b)

Stand and stock tables in one inch diameter classes by species
by volume stratum.

Stock tables to be in board-foot volumes

for sawtimber and in cubic-foot volumes for all trees 5
inches d.b.h. and over.
(c)

Ponderosa pine net volumes by Keen classes in two inch diameter
classes by volume stratum.

(e) Stand information as to age, type, size class, stocking,
and site.
(f)

Understory stocking information as to species and stocking
of trees below 5 inches d.b.h..

(g)

Individual tree information such as tree condition, cause
of death, porcupine damage, high or low risk class, etc..

It was planned to compile the majority of this information by IBM computation.
The Experiment Station was in the process of writing an IBM 650 machine
program to compile part of the field data.

This program would be avail

able to the Bureau of Indian Affairs and would greatly reduce the office
work in connection with compiling the inventory and increase the accuracy
of the computation.
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GROWTH INFORMATION
After much discussion it was decided not to collect radial growth data
during this project.
(a)

The reasons for this decision are as follows:

The number of plots necessary to give statistically
accurate volume estimate are not sufficient to give
a statistically accurate mortality count (Furniss, 1957).

(b)

In the uncut timber areas, net growth can only be deter
mined after a fairly accurate estimate of mortality.

It

is believed that the method of determining mortality by
estimating trees dead 5 years or less is not accurate
enough, also, weather conditions during the past 5 years
have been abnormally favorable and mortality in all stands
has been abnormally low (Delaney, 1957b).
(c)

In planning a cutting budget for cutting the virgin area
of the reservation for the first time, current net growth
if any depending on stand condition, would be so small that
it would have little effect on determing the annual cut
(Delaney, 1957b).

(d)

The cutover area of the reservation has been logged within
the past 10 years and the majority of it within the past
5 years.

Past studies on the Yakima Reservation indicate

that release in reserve stand of ponderosa pine takes place
in about 3 years after cutting operations.

Therefore, it

would not be possible to take radial growth data for even
the past 5 years on most of the cutover area.
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The present trend in North America is to rely increasingly upon repeated
measurements of sample plots to obtain information on gross growth, net
growth, mortality, and trend toward normality (Spurr, 1952).

Single

examination is seldom trustworthy in determining net growth and repeated
checks must be made covering a sufficient period to bring out all the bio
logical factors.

The best method to accomplish this is a systematic re-

measurement at definite intervals of from 5 to 10 years (Chapman, 1931).
Growth studies for the reservation will commence with the establishing
of permanent plots and all growth information will be taken when remeasuring these permanent plots in the future.

The studies will be a

future and continuing project and not an integral part of the forest
inventory project.

VOLUME TABLES
It was planned to develop local volume tables for volume determination.
Volumes in board feet and cubic feet were to be computed using the local
volume table information and the d.b.h. measured for each tree on the
sample plots.

Tree d.b.h. has been accepted as the primary independent variable because
stem diameter and stem volume are closely correlated (Barnes, 1928).
Other independent variables necessary to collect in the field to construct
local volume tables are tree height and form class.

Tree d.b.h. was to

be measured for each tree 5 inches and over on the plots.
is seldom measured on every tree on a sample plot.

Tree height

Usually a relatively

few are measured for height (Anon., 1954 and Spurr, 1952).

To obtain

tree height data, the first sawtimber tree (ll!f d.b.h. and over) and the
first poletimber tree (5n to 10.9 d.b.h.) on each main plot were to be
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measured for total height to the nearest foot using an abney level.

It

was decided to obtain total height rather than merchantable log height
because it was believed that total height could be more precisely measured.
There is always a certain amount of guess work involved in estimating log
height brought on by the uncertainty as to exactly where the merchantable
top is in the upper part of the tree (Anon., 1957a).

Also, for cubic

foot volume tables, total height measurements have more meaning than other
type of measurements (Spurr, 1952).
by measuring trees in the field.

Girard form classes would be obtained

These measurements were not to be ocular,

but precisely and accurately measured.

Board-foot volumes for trees measured for total height would be determined
by using board-foot volume tables based on total height (Bruce and Girard,
undated).

Cubic-foot volumes for trees measured for total height would be deter
mined by using appropriate tables in Agricultural Handbook No. 92 (Anon.,
1955).

The regression of volume over d.b.h. for these trees would then

be mathematically computed resulting in curvilinar regression equations
for each species for board-foot and cubic-foot volumes.

The most common

equation, when the original variable, d.b.h. is used, is that of a
second-degree polynominial having an upward or downward swing (Soc. of
Am. For., 1956).

A second-degree polynomial is of the form:
2

V

«*

a 4- bx 4- cx

Where: V

=

Volume

x

=

d.b.h.

a,b,c

=

Unknown constants
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This equation will then become the means of determining the volume for
each tree measured in the inventory.

PERMANENT AND TEMPORARY PLOTS
It was decided that main plots falling in cutover areas would be taken
as permanent plots.

On permanent plots, all trees 5" d.b.h. and over

were marked with aluminum numbered tags nailed on each tree at the height
d.b.h. was measured.

These aluminum tags were used with aluminum nails

and are expected to last well through the years (Morey, 1931).

They are

heavy enough not to be damaged by squirrel and other animal activity
(Stevensoh, 1938).

These numbered tags corresponded to tree numbers under

Item 15 on the tally cards.

Trees on the temporary plots were not tagged;

however, they were bark scribed at d.b.h. in the event remeasurement was
desired in the future.

The only log grading done during the inventory

was on permanent plots for ponderosa pine sawtrees.

MANPOWER
Initial planning provided for two inventory crews of two men each to
work continuously on the project through the summer months.

It was also

planned that other forest officers and their staffs would help during the
spring and winter when their work load on timber sales administration
would be lightest.

Permanent inventory personnel during the summer

consisted of a GS-3 and a GS-4 student trainee, a GS-5 forestry-aid, and
a GS-9 project leader.

Another GS-3 student trainee was available from

timber sale administration to complete the two crews when the project leader
worked on office details in Toppenish.

It was planned that from 2 to 4

main plots would be taken per day throughout the summer.

The planned time
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schedule called for covering the more inaccessable areas in the True FirMountain Hemlock Volume Stratum and the high country that would be closed
by early fall snows along with as rauch of the western and southern portion
of the reservation as possible during the summer. The more accessable
eastern portion could then be worked during the fall and early winter.
It was planned to complete the field work during the summer of 1958.

TRAINING PERIOD
A training session of two days was held on the Warm Springs Indian Reser
vation with two representatives from the Yakima Agency in attendance.
Representatives from the Experiment Station conducted the session. The
training covered procedures and techniques for collecting inventory data
in the field.

A two day training session was later held on the Yakima

Reservation where representatives from the Experiment Station again
instructed the inventory crews in the procedures of collecting field
data. The remaining training period consisted of actual on the job
training where an experienced forester trained in the inventory pro
cedures worked with inexperienced personnel.

COLLECTING FIELD DATA
LOCATION OF MAIN PLOTS
In locating main plots in the field, all precaution was taken to eliminate
bias.

By using the completed type map, it was possible to move plots

falling in open, non-commercial, and non-Indian ownership areas to
commercially timbered areas as shown on the type map (Anon., 1957a).

The

methods for moving these plots were designed to be as mechanical as possible.
It is the highest importance that no discretion be exercised in location
of plots as human judgment is too fallible (Bruce and Schumacher, 1950).
The Experiment Station has designed a system for keeping all subplots of
a plot cluster within a particular stratum which is explained in succeeding
paragraphs (Anon., 1957b).

This same general design was used to keep main

plots on commercially timbered Indian lands that were typed as such on
the inventory type map.

All main plots were indicated on the main type map by reference points
that were known as main plot reference points.

These reference points were

located on alternate section corners over the entire forested area of the
reservation.

All reference point corners were within a township with no

points along township or range lines.
points approximately 2 miles apart.

This placed all the reference

Each reference point was given a

number from 1 through 244.

The following field procedure was used in locating these reference points
in the field.
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If a reference point section corner fell in a non-forested area or in
a non-commercial forested area that was typed as such on the type map
or fell on non-Indian lands, the reference point was advanced on an
azimuth of zero degrees or the next 45° bearing clockwise to the nearest
commercial timber type on Indian lands.

It was necessary to keep track of land ownership due to the many pieces
of deeded or privately owned lands within the boundaries of the reservation.
Non-commercial timbered areas determined by the type map, consisted of
pure hardwood and sub-alpine type stands.

The distance to the commercial

timber type and not the species within the timber type determined the
azimuth the reference point was to be advanced on.

The reference point

then became the first tree on the line of bearing traveled within the
timbered area and on Indian lands.

In no case was the reference point

allowed to be advanced more than 1/2 mile.

If no forested area on Indian

lands was within 1/2 mile of original reference point section corner,
that particular main plot was abandoned.

By using this method of

establishing the main plot grid, only two main plots had to be abandoned.

If a reference point section corner fell in a non-forested or non
commercial timbered area that was not indicated as such on the type map,
the reference point remained at this point.

It was found that the type lines on the type map were in some cases not
accurately located in relation to section lines and corners and had to
be shifted to correspond with actual field conditions.
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A relatively small area of the reservation in its northwest corner is
unsurveyed.

Main plots were located in the field in this unsurveyed

area by the following method:
From the systematic grid spacing of two miles, plots were
located on the 2" = 1 mile field map.

Distance to these

plots were scaled off as to bearing and distance from
prominent topographic features, road points, and timber
types.

The plots were also located on aerial photographs

as a check against the type maps.

Fortunately, the type

map for this unsurveyed area had been made from new Forest
Service planimetric base maps and was found very accurate.
A compass traverse was run along the Indian Bureau road
that traverses the unsurveyed area to the reservation's
western boundary at a point know as Potato Hill.

Plot

reference points were marked on this road according to the
traverse, to aid in locating some of the main plots in the
unsurveyed area.

These methods of locating main plots were

also used in surveyed areas where section line road crossings
and section corners could not be found.

In this way, time

was not wasted locating old obliterated lines and corners.

LOCATION OF SUBPLOTS
Each main plot consisted of three circular 1/5 acre subplots.

Subplot

one was located on an azimuth of 045° and a distance of two chains from
the main plot reference point.

No subplots were taken outside of the

forested area as indicated on the main inventory type map.

If the

reference point fell on the boundary of the forested area, the azimuth
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to subplot 1 was rotated to the next 45° bearing clockwise until all
subplots fell within the forested area.

When reference points were not

located on established section corners as in the unsurveyed area and
where corners could not be found, subplot one was located directly on
the estimated section corner, unless this was not in the mapped forested
area, in which case the subplot was advanced to the nearest forested area
as described in preceding paragraphs.

Subplots 2 and 3 were located at 6 chain intervals on a north bearing from
subplot 1, unless that direction would apparently lead out of the volume
stratum or off of Indian lands before all subplots of the plot were taken.
In the situation that all the subplots of a main plot could not be taken
in a straight line due to any of these reasons, the next 45° bearing clock
wise that would allow all subplots to be taken within the volume stratum
and on Indian lands was chosen.

The recorded type of each subplot was

the forest survey type as mapped.

If any of the subplots apparently

fell in another timber type or volume stratum, but was not shown as such
on the main type map, that particular subplot was taken as it fell, but
the subplot type was recorded as listed on the main type map and not as
it appeared in the field.

Consequently, all subplots of a main plot were

located within the same main volume stratum.

DATA COLLECTED ON SUBPLOTS
The following data were collected on each subplot: (The numbers in
parentheses are identical to the item numbers on the plot tally cards
and can be checked against the tally card samples on appendix pages
A-2 and A-3).
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(1)

Plot Number
The first three digits of the plot number indicates the main
plot number and the fourth digit indicates the subplot number.

(2)

County

(3)

Geographic Stratum
If the area is broken into units, each unit is called a
geographic stratum and a code assigned.

All the Yakima

Reservation was recorded within one geographic stratum.
(4)

Volume Stratum
These are the six main timber types.

(5)

Local Type
The local type was taken from the main type map.

The code for

local type also indicates if the timber is uncut or a residual
stand.
(6)

Stand Size Class
Indicates size of timber according to the main type map.

(7)

Stocking
Indicates density of stocking according to the main type map.

(8)

Stand Age
An even-age stand is indicated according to its age to the
nearest 10 years for stands under 100 years and to the nearest
50 years for stands over 100 years.

A stand was considered

even-age if the ages of the trees that make up 75 per cent
or more of the bd. ft. volume were estimated to vary in age
by not more than 20 years (Anon., 1957b).
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(9)

Understory Stocking
Left blank in field, later computed in the office according to
infomation collected under Item 29.

(10)

Understory Species
Left blank in field, later computed in the office according to
information collected under Item 29.

(11)

Kind of Plot
This was recorded as either a temporary or permanent plot.

(12)

Past Cutting Period
Left blank.

This information was not entered for the Yakima

Reservation.
(13)

Site
Left blank in the field and later calculated from infomation
collected under Item 14.

(14)

The following information was listed on the uncoded section of
the tally card for each subplot:
Sample;
Sawtimber or pole timber.

In the Yakima inventory, all plots

were listed as sawtimber.
Photo Number;
The number of the aerial photo that the plot is located on.
State, T., R., Sec.;
The State, Township, Range, and Section that the subplot is
located in.
Plot RP:
Plot reference point data - species of the tree that the main
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plot reference point is blazed on, its d.b.h., the distance in
chains and azimuth from the reference point to subplot one.
Plot AZ:
The azimuth between subplots.
Decl.
Declination set in the compass at the time the plot was taken.
SP Ref:
Distance in feet from subplot center to subplot reference tree,
species of reference tree, d.b.h. of reference tree, and azimuth
from subplot reference tree to subplot center.
Site Tree:
A mature dominant tree, representative of the timber type on
the subplot, on or adjacent to the subplot was measured for
height and age.

These measurements were made for each subplot

and indicated local site for each subplot.

In the case of

mature ponderosa pine, usually the log height of the site tree
was measured instead of total height and age and the

,fequivalent

in merchantable logs" table on appendix page A-17a used to
determine site.
bored for age.

However, in pole stands, all site trees were
Also, in sawtimber stands, an occasional pine

was bored as a check against the log height table.
Estimator:
Name of crew members.
Date:
The date the subplot was taken.
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Slope:
The slope of the terrain on the subplot.
Aspect:
Aspect of slope entered as N, NE, E, SE, S, SW, W, or NW.
Individual Tree Data
In measuring trees, at least 1/2 of their ground level diameter had
to be within the subplot boundary to be tallied.

For borderline

trees, where the subplot boundary came exactly to the center of
their boles, every other tree falling in such a circumstance was
tallied.

All subplots were measured on a horizontal plane* Abney

level readings were taken for each borderline tree and a slope
table used to determine the slope distance to the tree which would
equal a horizontal distance of 52.7 feet.

Thus, all subplots were

1/5 acres in size on a horizontal plane.

The following information was recorded in IBM code

for each tree

5" d.b.h. and over on the subplots:

(15)

Tree Number:
The trees were numbered from one up for each temporary
subplot.

Tree numbers on permanent subplots correspond

with the tree tag.

Trees were tallied and numbered clock

wise from north and from the center of the plot outward.
Trees that forked below the top of the first 16-foot log
were treated as individual trees except they were both

Tables on appendix page A-4
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given the same tree number. A note was made on the tally card
that the trees were forks ©f a single tree. Trees that forked
above the top of the first 16-foot log were treated as three or
more individual trees depending on the number of merchantable
forks present. For example:

a 42.4" d.b.h. tree forks into

two tops at 36 feet. The two tops are smaller than the top
would have been on a normal 42.4" tree. First, the 42,4"
portion of the bole would be treated as an individual tree
reconstructing the bole to where the merchantable top would
have been and then deducting the per cent of volume lost for
logs that are not present. The forks would then be treated as
individual trees and the d.b.h. estimated as accurately as
possible. All three trees would have the same tree number and
would be indicated as a fork tree on the tally card.-^ The
deduction for the missing logs from the 42.4" portion of the
tree would be made under per cent sound, Item No. 18.

(16) Species?
The species of the tree. Vine maple and willow were not tallied.
All other conifer and hardwood species were tallied.

(17) l/lO inch d.b.h.»
The d.b.h. measured to the nearest l/lO inch, measured 4jr feet
from the highest ground. The d.b.h. measurements were made from
the uphill side of the tree according to Forest Service standards.

1/ Example on sample tally card on appendix page A-2.

28
The reason being that the ground level of the uphill side of
the tree is more closely related to stump height and, therefore,
to utilization volume than is mean ground level (Soc. of American
Foresters, 1956 and Spurr, 1952).

(18) Per cent sound:
The per cent of sound material in the tree after a deduction is
made for visible defect because of missing or cull logs. This
deduction is calculated for conifers by using the "Per cent
distribution of volume in logs 16-feet long" table in Mason,
Bruce, and Girard 16-foot form class tables.-^/ In making this
deduction for missing and cull logs, it is very important that
log height of the tree is estimated to a merchantable top that
is 50$ of the d*i*b* of the top of the first 16-foot log in the
tree, but not less than 8 inches*

The log height should not be

estimated to a standard top, such as 8 indies, or a large error
will result when deducting for top defect such as spike and forked
tops (Girard and Bruce, undated, and Soc* of Am* For*, 1956)*
For all hardwoods that had missing or cull logs, the "per cent
distribution of volume in logs 8 feet long", based on the
Experiment Station's Besearch Note No* 55 was used*^

A cull log was any 16-foot log for conifers and 8-foot log for
hardwoods with less than l/3 sound material board measure*
1957b and Bilworth, 1958)*

l/ Tables on appendix page A-4*
2/ Tables on appendix page A-4*

(Anon*,
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For mortality trees, per cent sound at time of death was
estimated and recorded*

(19) Merchantability Classt
The tree was listed as one of the following five «atagories:
(a)

Merchantable Tree - a tree containing 25% or more
of the total volume in sound material.

(b) Sound Cull - a tree which contains 25% or more of
sound volume, but will not make at least one
merchantable log, now or prospectively, because of
poor form, roughness, etc..
(c) Rotten Cull - a tree having less than 25% of total
volume in sound material.
(d)

Mortality - a tree having died within the past 5
years. The Forest Service standards for identifing
this type of tree are listed in "Plot Procedure and
Forest Type Classification 1957w pamphlet.

Also,

a mortality is any tree that will apparently not
live for more than one year from date of inventory*
(e) Salvageable Dead - all standing and down dead trees
11" a*b*h* and over which now contain 25% or more
merchantable volume board measure. No ponderosa
pine were tallied in this category. It was believed
that any dead pine at the time of inventory would
not be salvageable by the time a timber sale would
be made in the area due to the high deterioration
rate of pine (Delaney, 1953).
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A tree which qualified as both mortality and salvageable dead
was tallied twice on the plot card#

The same tree number was

used for both entries.

(20) Age Groups
Left blank, not collected in the Yakima inventory. This space
was provided for on the tally card for data to be collected by
National Forest crews only.

(21) Cause of Death:
All trees were classified under this item by one of the below
listed categories.

If cause of death was by two or more agents,

only the agent primarily causing the death was listed. For
example, if fire damage so weakened a tree that it became
infested with insects which finally killed it, cause of death
would be listed as fire killed. Only one of the following
categories was listed per tree:
(a) Live Trees
(b) Insect Killed Tree
(c) Disease Killed Tree
(d) Fire Killed Tree
(e) Other Cause of Death
(f) Salvageable Dead Tree

(22) Keen Class:
All ponderosa pine trees were classified by the four Keen age
classes and by the four Keen vigor classes (Keen, 1943).
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(23) Tree Condition:
All trees were classified under this item by one of the following
categories#

Only one of the categories was listed per tree#

two or more were present, the one most pronounced and, in the
opinion of the cruiser, most affecting the tree was listed:
(a) Bead Tree
(b) Tree 0*K*
(c)

Bark Beetle Attack

(d) Other Insect Attack
(e) Conks
(f)

Mistletoe and/or Witches Broom

(g) Blister Rust
(h) Other Diseases and Rot
(i) Porcupine Damage
(k) Fork Top or Multiple Stem
(1) Top Dead or Dying (Spike Top)
(m) Top Out
(n)

Lightning Struck

(o) Logging Damage
(p) Winter Injury
(q) Mechanical Damage
(r) Bear Damage
(s) Suppressed

(24) Risk:
Trees were determined low risk or high risk*

A high risk tree

is one that will not survive approximately 10 years (Bongberg,

If
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1949)• Trees that will survive not more than one year were
tallied as mortalities and not high risk.

(25) Total Height Feet:
For each plot (not subplots) the total height of the first
poletimber tree (5M - 10.9* d.b.h.) and the first sawtimber
tree (llw + d.b.h.J were measured to the nearest foot in
height for each species. Forked trees, broken topped, and
rotten cull trees were not measured for height.

(26) Log Grade:
Only ponderosa pine on plots in the cutover volume stratum
were log graded and entered under this item. It was decided
not to log grade within the uncut forested area.

The results,

therefore, apply only to the cutover volume stratum.

(27) Radial Growth:
Left blank, not taken ©n the Yakima inventory for reason given
on pages 14 and 15.

(28) Bark Measurement:
Left blank, this information was not necessary since radial
growth data were not collected.
(29) Understory Stocking:
Trees below 5 inches d.b.h. were measured on a 1/250 acre
(7.45 ft. radius) plot in the center of each subplot.

Under

story stocking was tallied by species and by the number of
stems in the following size classes:

(a) 0 to 5 feet tall
(b)

5* tall to 2.9" d.b.h.

(c) 3" to 4.9" d.b.h.

(30) Subplot Diagram
All the trees on the subplots were charted on the subplot
diagram in the same relative position they were on the sub
plot and indicated by a dot and the tree number listed under
Item 15.

Additional Pata Collected Other Than Provided For by Card Headings
In addition to data collected for the printed columns on the tally
card, the following data were collected and entered uncoded on the
tally card for each subplot:
On the back of the tally card on the last line under Item
28, data regarding logging chance were recorded as follows:
(1) Logging by tractor skidding possible.
(2)

Logging by high-lead line necessary and estimated
acres.

(3) Area not loggable and estimated acres.
For example, an area estimated to be 400 acres that must
be high-line logged was recorded: 2-400.

If tractor skidding was possible, only the figure "1"
was entered in the proper place on the tally card.
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MARKING OF MAIN PLOTS AND SUBPLOTS IN THE FIELD
Main plot reference points were identified in the field on a tree nearest
the section corner#

The tree was blazed on three sides and on one of

the blazed surfaces the following information was marked with lumber
crayons
Reference point number, distance to subplot one in chains, and
azimuth to subplot one*
Example:

R*P* #100
2 Ch*
45°

Subplots were identified in the field by a cedar stake in the center of
the subplot*

The closest tree to the stake, known as the subplot

reference tree, was blazed, with the blaze facing the center stake*
Hie following information was written on the blaze with lumber crayon:
/

Main plot and subplot number

and distance in feet to the center

stake:
Example:

100 - 1
10*

A line was blazed on trees between subplots*

Blazes were on one side of

the trees*

EQUIPMENT USED IN TAKING FIELD DATA
The following equipment was used by the crews in collecting field data
for the inventory project:
(l) Cedar stakes for marking subplot centers {12** x 1 5/8M x
3/4H in size)*
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Belt hatchet for blazing main plot reference points,
subplot reference trees, routes to the main plots, and
azimuth lines between subplots.
Lumber crayon for writing the required information on
main plot reference point and subplot reference tree
blazes.
Silva hand compasses for cross country travel, establishing
subplot azimuths, and locating true north on the subplot in
order to begin measuring trees in a clockwise direction.
100-foot metalic cloth tape for measuring subplot radii.
Bark scriber for marking trees at d.b.h. on temporary
subplots. This was done for two reasons, to keep track
of trees measured so they could not be measured twice
and to mark the point ©f measurement in the event the
plot would be remeasured in the future.
Diameter Tape for measuring d.b.h. to the nearest l/lO of
an inch.
Pocket size tatura holder to hold plot tally cards and IBM
code legend.
2" = 1 mile type map and aerial photographs for locating
plots where section lines and corners could not be found.
The type maps were also used for filling in tally cards as
to ownership, local timber type, stocking, density, town
ship, range, and section.
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(11) 6" increment borer to determine the age of poles and 16"
increment borer to determine the age of sawtrees. This
measurement was necessary for the site tree on each subplot
and determining stand age.

Also, an occasional boring in pine

was necessary as a check in determining Keen classes, especially
between Keen classes 1 and 2.
C12)

Aluminum number tags and aluminum nails for tagging trees on
permanent plots*

(13) Dendrology book or phamplet - it was found veryuseful to have
the pamphlet "Trees of Washington", Extension Bulletin No* 440
(Revised) January 1953 published by the State College of
Washington's Extension Service. This pamphlet was especially
helpful in the True fir-hemlock volume stratum where as many
as ten different species were represented on a single subplot*
(14) "Plot Procedure and Forest Type Classification" pamphlet written
by the Experiment Station and containing special additional
instruction for locating plots and collecting data for the
Yakima inventory.
(15) Protractor, scale, and pocket stereoscope.
(16)

Abney level for measuring tree height and plot slope.

This equipment was carried in a standard back packsack for each crew.
The equipment was never taken out of the packsack except for actual sub
plot measurement and inventoried at the end of each subplot measurement
to insure that all equipment was returned to the pack.

A minimum amount

of loss resulted from this method. It was found that if the men carried
the equipment on their persons, certain items would always be missing as
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crews interchanged personnel.

COLLECTING FORM CLASS DATA IN FIELD
Form class data for computing local volume tables were collected in the
field apart from taking inventory plots#

Ponderosa pine form class

data were collected on logging units by measuring felled trees.

All

data were collected within 10w diameter classes to reduce bias in tree
selection (Girard and Bruce, undated). Ponderosa pine were measured on
three main logging units which were considered representative of the pine
stand on the reservation. Calipers were used to obtain d.b.h. and the
d.o.b. at the top of the first 16-foot log and a Swedish bark gauge used
to measure bark thickness.

Wherever possible, caliper measurements were

checked with a diameter tape.

Form class data for Douglas fir, western larch, white fir, and lodgepole
pine were collected during the month of January 1958 after all inventory
plots had been taken.
standing trees.

All measurements for these species were made on

These trees were measured by using a 32-foot wooden

extension ladder. The d.b.h. and d.o.b. at the top of the first 16-foot
log were measured to the nearest l/lO inch with a diameter tape. The
d.o.b. at the top of the first 16# log was determined by measuring 18*
up the bole of the tree from the high ground using a metallic cloth tape.
It was found that average bark thickness could be easier and more
accurately measured by chopping into the tree, where d.o.b. had been
measured, with a hatchet and measuring the bark thickness to the nearest
l/lO inch with a scale rather than using a bark gauge. Tree climbers
were also tried during this operation but were found not as efficient
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as the extension ladder.

The extension ladder method was more than

twice as fast as using climbers and a great deal safer. The data
collected were compiled into form classes by species within 10 inch
diameter classes. This study is shown on appendix page A-7.

It is believed that the number of trees measured in the study is
sufficient to establish accurate form class data. Girard and Bruce
(undated) state that to determine an average form class it is necessary
to measure carefully about 25 trees of each species well distributed
over the range of sizes encountered. The Dominion Forest Service of
Canada (1948) recommend measuring 50 trees in all diameter classes to
establish average form class.

In compiling local volume tables, form class was related to diameter
only and not to height. Spurr (1952) feels that the most precise
approach is to relate form class both to diameter and height because
form class has been known to vary both with diameter and height. The
Southern Forest Experiment Station determines form class for each
merchantable height class and has not found any correlation between
form class and diameter within a given merchantable height class.

In

contrast, the Dominion Forest Service of Canada (1948) measures form
class by diameter classes and computes an average form class for each
diameter class by plotting the values and drawing a curve. Studies
in the Western United States have shown that form class can be related
to diameter alone for satisfactory results (Clements, Stevens, Roy? 1949),
The Experiment Station does not relate form class with height and
believes that their method of using an average form class for each
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diameter class is accurate (Anon., 1957a).

For species not included in the field study, form classes computed by the
Experiment Station were used. These form classes had been collected
throughout Washington and Oregon and include measurements taken on the
Yakima Reservation. The form classes used in the inventory computations
are listed on appendix page A-8.

COMPILATION OF DATA BY IBM
DATA CALCULATED BY THE IBM 650-4 PROGRAM
The FE 650-4 IBM program (Anon., 1957c) will calculate the following
information from data collected on the tally cards by volume stratum,
within geographic stratum, within county:
(a) Volume per acre by species within each plot in cubic feet
for trees 5" d.b.h. and over and in board feet for trees
11" d.b.h. and over by the five merchantability classes
listed on pages 31 and 32. Plot information can be either
by main plot or by subplot, whichever is wanted, but not
both. The Yakima output data were by main plot. This
resulted in 1/3 as much data to analyize in this section,
saving time and money. Subplot data may be desired for
inventories where type acreages are to be determined on
a proportional plot basis (Anon., 1957a). Since type
acreages were determined from the type map on the Yakima
inventory, subplot information was not necessary.
(b) Total tree count in the sample by species within each plot
for trees 5" through 10" d.b.h. (poletimber) and for trees
11" d.b.h. and over (sawtimber) for the five merchant
ability classes.
(c)

A summation of (a) and (b) above, by species eliminating
plots.

(d) Stock tables in cubic feet for trees 5" d.b.h. and over
and in board feet for trees 11" d.b.h. and over by species
in one inch diameter classes. Volumes given are totals for
the sample.
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(e) Stand tables for all trees 5" d.b.h# and over by species
in one inch diameter classes and by sound trees and by
cull trees#
(f)

Counts given are totals for the sample.

A summation of (c) above giving totals for the stratum
eliminating species#

CONSTRUCTING DOCAL VOLUME TABLES
The local volume tables to be entered as input data for the FE 650-4 IBM
program are in the form of eurvilinier regression equations:
V

=

a + bx + cx^

Where: V

=

Volume

x

=

d.b.h#

a,b,c * Constants

The constants are the only volume table data to be supplied to the IBM
program and are determined from the trees measured for height on the
inventory plots.

Two sets of constants must be computed for each species

in the inventory, one for board foot volume and one for cubic foot volume.
The constants are obtained by solving a system of simultaneous linear
equations. "The equations can be solved by "long-hand" methods (Soc. of
Am. For., 1956)

or by a 650 machine IBM program (Gedney, 1958). This

IBM program is a separate operation from the FE 650-4 program. The
Experiment Station has used a long-hand computation method known as
the "Doolittle Method", but it is a rather long and expensive operation.
The IBM program partially computes the constants and greatly reduces the
time for computation and eliminates chances for mathematical error#

After

running a time study on the long hand method, it was determined that the
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IBM method of computing volume constants for the Yakima inventory could
be done in about 1/3 the time and at approximately 1/2 the cost.

Hie following procedure was used to compute volume constants by IBM
computations (Gedney, 1958)•
1. The d.b.h. and total height figures were taken from the tally
cards for all trees measured for total height on the plots.-^
2. These trees were arranged by species.
3. The volume in cubic feet for each tree was determined to the
nearest l/lO cubic foot using "Volume Tables for Pacific
Northwest Trees", Agriculture Handbook No. 92, U.S.
Department ©f Agriculture, Forest Service.-^/ Tables used
in this book for the various species and detailed directions
for their use are outlined on appendix pages A-ll.
4. Hie volume in board feet was determined to the nearest board
foot for each sawtimber tree using "Board Foot Volume Tables
Based on Total Height" published by Mason, Bruce and Girard.^
Since d.b.h. was measured to the nearest 1/10 inch and total
height to the nearest foot, the table on pages 14 and 15 of
these volume tables was used in calculating volumes. The
form class data were used here to calculate the top
diameter of the first 16-foot log for column one of this
table.

1/ Form and example on appendix page A-9.
2/ Form and example on appendix page A-10.
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5. The d.b.h. and volume for these trees were entered on the
coding forms for punch cards according to program
specifications,-i^and IBM cards punched by the Service Bureau
Corporation of Portland, Oregon.
6. The cards were processed through the 650 machine IBM
program by the Service Bureau.
7. From the IBM program output data, the values for the volume
constants for board feet and cubic feet for each species
were computed.2/

After the constants were computed the following checks for accuracy were
made:
1. The volume data calculated for each species by the processes
in 3 and 4 above were plotted on graph paper, showing the
volume for each tree in the species plotted over d.b.h.&
Two sets of data were plotted on separate graphs for each
species, one for board foot and one for cubic foot.
2. The corresponding volume equation was then plotted over this
data from volumes computed using the calculated volume
constants and a check made to ensure that the equation
4/
curve properly bisected the volume data.-' if the curve
visually misses the data, it is an indication that there is
an error in computations.
l/ Forms and examples on appendix page A-12.
2/ Forms and examples on appendix page A-13.
3/ Example on appendix page A-14.(These data are represented by circles
on the graph.)
4/ Example on appendix page A-14.(Equation is represented by the curved
line.)
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3. For the FE 650-4 IBM program, the equation should not produce
negative volumes. If negative volumes result in the minimum
d.b.h**s, recompute the constants using the equation
(Johnson, 1958):
V

=

2

a + cx2

1/

u

If this equation is used, b is entered in the IBM input as
zero.

Each equation must be adjusted so to give positive

values for V*

When all checks were completed, a and b were rounded to whole
numbers and c rounded to the nearest two decimal places and
entered on input forms, FE 650-4, using a form for each species

2/

board foot constants and each species cubic foot constants.-'
Values, as shown on the forms, were added to the constants
to eliminate negative constants* The IBM program makes the
necessary compensations for these values and no further

thought need be given them. After all constants were entered •
on the forms, a check on the minimum d.b.h.*s to ensure
positive volume was again made.

TRANSFERRING FIEIP PATA FROM TALLY CARDS TO IBM PUNCH CARDS
An IBM card was punched for each tree listed on the tally cards and all
data collected for the tree recorded on the punch card.

All data entered

on the coded portion of the tally card heading (item 1 through 13) were

1/ Example on appendix page A-15.
2/ Forms on appendix pages A-16.
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also punched on each IBM tree card. It is important that tally cards are
filled out exactly as you wish the data compiled before IBM punch cards
are prepared. Since all IBM output data are given by county, geographic
stratum, and volume stratum, it is important that these three strata are
identified properly on all tally cards. The following checks were made
on all tally cards before IBM tree cards were punched: (Numbers in
parentheses correspond with item numbers on tally cards.)
(1) Plot Number
Since subplots were not to be kept separate within main plots,
all subplot numbers were erased from the front of the tally
cards and only the main plot numbers shown. Subplot numbers
were shown as zero. In order to identify subplots, the sub
plot number was shown at the top of the back of the tally
cards in the space provided.

(2) County
It was decided that it would not be necessary to stratify the
reservation by county.

Although a small area of the reserva

tion falls in Klickitat County and the majority in Yakima
County, it was decided that output data by county were not
necessary. Therefore, all tally cards were changed to show
the same code number under Item 2.

(3) Geographic Stratum
All tally cards were checked to ensure that the same fc0de number
appeared under this item since the reservation was listed as
one geographic stratum. By not stratifying by counties and
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geographic strata, only 1/4 the IBM output data resulted.
Unless it is pertinent to stratify into counties and geographic
strata, the time and money saved when working up and analyzing
the IBM output data more than offsets any advantage of
stratifying.
Volume Stratum
All cards were checked to ensure that plots were located in
proper volume strata and proper code numbers entered under
this item.

Items 5 through 8 were checked to ensure they were properly
filled out.

Understory Data
Items 9 and 10 were filled in at this time from information
collected under Item 29 and recorded by the following system
(Weaver, 1958):
1/250 Acre Plot
Recorded under Item 9 in code

Data collected under Item 29

Inadequate

0

Stems

Adequate

1-5 Stems of the predominant
species.

Overstocked

6

Stems and over of the
predominant species.

The predominate species as indicated under Item 29 was entered
in code under Item 10.
Items 11 and 12 were checked to insure proper code numbers.
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Site
This item was filled in as to site quality class at this time
from information collected under site tree on the uncoded
portion of the card and by using site curves on appendix
pages A-17,

No curves or data were available for deter

mining site quality class for species other than ponderosa
pine and Douglas fir#

When subplots fell in other timber

types, no site quality class was entered under this item#

Item 15 was not punched on the IBM cards so no particular check
was made#

Species
All species code was checked for accuracy#

If an erroneous

code number is used, the IBM program will not function properly.

1/10 D.B.H.
All diameter codes were checked to ensure that no diameter less
than 5.0 inches or more than 98#9 inches were listed. The
FE 650-4 IBM program will not handle diameters out of this
range#

Per cent Sound
Any trees listed under Item 19 as a rotten cull must be listed
here as less than 25?£ sound#

Any trees listed under Item 19

as merchantable or sound cull must be listed here as 25# or
more sound#
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Merch CI.
This column was checked for the following combinations*
(a) If a tree is listed under Item 18 as less
than 25^ sound this column must be shown as
a rotten cull tree.
(b) Only codes for merch. classes 1, 2, 3, 7, and 8
are legitimate, all others can not be handled by
the IBM program.

No salvageable dead had been

tallied during the inventory; therefore, Code 8
did not appear on the tally cards and the check
included only the first 4 numbers.

Age Group
Left blank.

O.P.

This item must be checked for the following combinations:
(a) If merch. class is shown as a mortality or
salvageable dead, a cause of death must be
shown under this item.
(b) If merch. class shows a live tree this column
must indicate a live tree.

Keen Class
This column must be checked to ensure that all ponderosa pine
trees are listed under this item with a Keen class.

All other

species must be entered as Code 99 under this item and not have
a Keen class listed.
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(23) Tree Condition
This item should be checked for the following combinations:
(a) If the tree is shown as having less than 100%
sound material, the reason for the deduction
should be indicated under this item*
(b) If the tree is shown as a dead tree under Item 19,
the tree should be listed as such under this item#
(c) If the tree is shown as high risk under Item 24,
the reason should be indicated under this item.

(24) Risk
All dead trees should be listed as such under this item if
they have been indicated as dead under Items 19 and 21,

All items on the tally cards were checked to ensure that code numbers
contained the proper number of digits, The number of digits required are
indicated by x*s appearing at the top of columns and to the left of blank
spaces on the tally cards.

If no data have been collected for an item on the tally card, the complete
column can be left blank on all tally cards.

However, if data are

collected for certain trees and not others, a code must be entered for
all trees and the entire column filled in. One exception to this rule
was for tree height, Item 25.

Because there were so few entries, the

card puncher automatically punched zeros under this item for trees not
measured for height. This arrangement saved the trouble of writing the
zeros on the tally cards.
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While making the checks to tally cards listed on the preceding pages, it
was found that some data had been omitted or entered incorrectly. This
was on a limited scale and amounted to no more than a tree or so on a
plot. Some of the more usual discrepancies were ommission of a Keen
class for pine, no reason for defect or high risk, and no cause of death
listed. The missing data were entered by studying corresponding data of
similar trees on the subplot and from a general knowledge of the area.
It was believed that these estimates were reasonably correct and since
they were applied to only a minor number of trees, it would not pay to
revisit the plots to collect the data. For future operations, it would
do well to stress the importance of carefully checking the tally cards
before leaving the subplots to avoid these office corrections. All
enteries on the tally cards should be neat and legible. Considerable
difficulty was encountered in reading some of the figures entered on the
tally cards by certain crew members.

In the above checks of the tally

card, the most important are the checks made to Items 1, 2, 3, 4, 16, 17,
18, and 19, as these are the only items that are used by the FE 650-4
IBM program.

Any one error in any of these items can cause erroneous

IBM output data.

However, it is important that data are entered

correctly for all other items that will be punched on the IBM tree cards
as they become a permanent record of all the inventory data.

The IBM compilation can be divided into two parts; the first involves
punching, sorting, and listing of individual tree cards; the second
involves processing the tree cards through the FE 650-4 IBM program.
The Experiment Station worked closely with the Service Bureau Corporation
of Portland, Oregon in developing this program and the Service Bureau is
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well trained in using the program. If another company were to use the
program, the Experiment Station would have to spend time and money
indoctrinating them to the program. Therefore, it was decided that
processing the cards through the FE 650-4 program would be treated as a
separate project and contracted directly to the Service Bureau Corporation.

The preparing of individual tree IBM cards was the most expensive of the
IBM project. The preparing of tree cards included punching and verifying
(verifying is done by running each card through a verifying machine that
indicates any errors in the original punching), sorting, and listing.
Sorting was necessary to arrange the cards in correct order for the
FE 650-4 IBM program.

It also will show up errors in county, geographic,

and volume stratum codes and make erroneous species and plot number codes
more evident.

Listing is a printed copy of all the information on the

tree cards listed in proper order for the FE 650-4 program after sorting
has been done. It is possible to have built in checks in the IBM
accounting machine, which prints the listing, to show up errors on the
tree cards. For the Yakima listing, an asterisk appeared by any d.b.h.
under 5.0 inches and over 98.9 inches and by any merch. cl. code other
than 1, 2, 3, 7, and 8.

All government agencies in Portland known to have IBM card punching
equipment were contacted and asked if they could do the project. The
agencies contacted included the United States Post Office, Veterans
Administration, Commodity Credit Corporation, and Bonneville Power
Administration.

All the agencies reported that their work load seldom

permitted them to do outside work. Although two of the agencies showed
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some interest in the project, they were vague about completion dates
and costs#

Cost estimates were received from the Service Bureau

Corporation in event the project would be negotiated to them. Following
are the estimates made by the Service Bureau Corporation for 21
thousand tree cards»
(1)

Key Punching and Verifying

(2) Sorting and Listing

= $ 1,139.04
= $

TOTAL
(3)

Estimated number of machine hours
for punching and verifying

(4) Cost per card for Punching and
verifying

117.53

$ 1,256.57

=

240

=

5.4$

After considering all the facts gathered during this investigation, it
was decided to put this phase of the project up for formal bids, advertising
for a ten day period.-^
It will be noted that the contract specifications calls for a sorting by
plot number, within volume stratum. At the time, it was reasoned that
because there was only one county and geographic stratum it was not
necessary to sort by these two strata. This proved to be a mistake and
caused a discrepancy during the FE 650-4 program resulting in additional
expense. This discrepancy during the program will be further explained
in a later paragraph. Sorting should be done for all strata, even if
there are no breakdowns in them, in order to show up possible errors in
code numbers.

l/ Contract specification sample on appendix pages A-18.
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After the ten day period of advertisement, two bids were received for the
project as follows:
Bid for Punching, Verifying, Sorting
& Listing Approx. 19.562 tree cards
1.

2«

Multnomah Data Processing
Company of Portland, Oregon

$ 800»08

Service Bureau Corporation
of Portland, Oregon

$ 904.75

Multnomah Data Processing Company was awarded the contract for the project
and took a total of 10 days to complete the job.

After listing was

completed, data on the listing were carefully checked and edited by the
same method and for the same discrepancies outlined on pages 50-55. The
listings were much easier to check than the tally cards and a much more
accurate editing of the data resulted. A total of 26 discrepancies
were found on the listings. Out of these 26 discrepancies, one had been
made by the card puncher and the others had been present on the tally
cards.

Even though the tally cards had been edited three times in the

past, the discrepancies had been overlooked. This emphasizes the importance
of a listing to ensure accuracy in the tree cards before final 650 machine
processing. The tree cards containing the discrepancies were repunched
correctly and replaced in their proper sequence.

A new sorting and listing

was not made after these cards had been corrected? however, it is re
commended in future programs that this be done. This is necessary to
detect errors that may be made in repunching tree cards and replacing
them in their proper sequences, especially if a large number of cards
need correcting.

Any error during this process could result in

discrepancies in the FE 650-4 IBM program and cause higher costs than
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the expense of additional sorting and listing.

CULL AND BREAKAGE CONSTANTS
In addition to the deduction made for visible defect, which was made
in the field and entered on the tally cards under Item 18, a deduction
for hidden defect and possible breakage during future logging operations
was made during the IBM computation.

This deduction was made by enter

ing cull and breakage constants into the IBM program on Form FE 650-4<r^
The constants were calculated by deducting the per cent of cull and
breakage from 100 per cent for each diameter class within each species.
A separate form was used for each species in the inventory. These
constants were determined by an analysis of the defect tallied by scalers
on various logging units and studying area averages compiled by the
Experiment Station. The deductions for cull and breakage used for the
Yakima inventory are listed on appendix page A-20.

PROCESSING TREE CARDS THROUGH THE FE 650-4 PROGRAM
The following data were furnished to the Service Bureau Corporation as
input data for the FE 650-4 IBM program:
(1) Properly punched and sorted individual tree cards.
(2) Form FE 650-4 Code sheets for volume constants, two sheets
for each species.
(3) Form FE 650-4 Code sheets for cull and breakage constants,
one sheet for each species.

1/ Sample on appendix page A-19.
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(4) Statement that subplot totals are not desired.
(5) Statement that poletimber was measured on the entire l/5
acre subpiot.

When the cards were processed through the FE 650-4 program, representa
tives from the Yakima inventory crew were present to check output cards
for errors and to help with the program. The time charge on the 650
machine is $80 per hour, and time is calculated from the time the cards
are started until completed.

All errors and other discrepancies that

may interrupt the operation and time taken for corrections are included
in the charge. It is therefore important that all necessary precautions
are taken prior to starting the run.l/ The total time taken to run the
Yakima tree cards through the FE 650-4 program was

hours. One

discrepancy was noted while processing the first volume stratum. The
tally cards for one plot had the wrong code number listed under county.
The error had been overlooked in checking the listing.

If a sort had

been made on county, these wrong county code numbers would have been
easily picked up. The IBM program separated this plot into a separate
stratum and caused the output data for the entire volume stratum to be
erroneous. To correct this, all the tree cards included in the plot
had to be pulled from their sequence and repunched using the proper
county code. The entire volume stratum then had to be re-run through
the program.

l/ Final check off list of inspections before 650 run is on appendix
pages A-21.
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Aside from this one discrepancey, which was easily corrected, the FE
650-4 program worked very well and the output data proved satisfactory

SUMMARY OF IBM COMPILATION
Following is a step by step summary of the IBM compilation of inventory
data as was described in detail in the preceding paragraphs:
(1) Items not completed in the field were filled in on the plot
cards*
(2)

All tally cards were edited and carefully checked to ensure that
all items were filled in correctly with proper code numbers.

(3) Curvilinear regression equations based on d.b.h. and volume
were computed for trees measured for total height on both a
board foot and cubic foot basis. The constants from these
equations, after being tested, were entered on the proper forms.
(4) Cull, for hidden defect, and breakage constants were determined
and entered on the proper forms*
(5) An IBM card was punched, containing all the data collected,
for each tree on the tally cards.
(6) The IBM Tree Cards were sorted by species within main plots,
within volume stratum, within geographic stratum, within county.
(7) A printed listing was made of the tree cards after sorting with
built in checks to indicate errors in d.b.h. and merch. class.
(8) The listing was carefully checked by the same msthods used in
checking the tally cards.

Any tree cards containing errors

were repunched correctly and placed in proper sequence.
(9) The tree cards and other input data were delivered to the Service
Bureau Corporation for processing through the FE 650-4 program.
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(10) The tree cards were processed through the FE 650-4 program
by Service Bureau personnel while Yakima personnel carefully
checked output cards for erroneous data.
(12)

A printed listing was made from the FE 650-4 program output
data.

KEEN CLASS VOLUME COMPILATION
It had been initially planned to compile Keen class data for ponderosa
pine and the necessary information had been collected on the inventory
plots. Since the FE 650-4 IBM program did not compute Keen class data,
it was necessary to develop a program to compile the desired information.
An IBM program was devised by Yakima and Service Bureau personnel that
computed the number of ponderosa pine trees in each Keen class within
two inch diameter classes and within each volume stratum from the tree
cards. This program is now available at the Service Bureau Corporation.

"The average net volume per ponderosa pine tree by two inch diameter
classes were determined by dividing the corresponding stock table figures
by the corresponding stand table figures from the FE 650-4 output data.
The ponderosa pine volume equation could have been used, but the results
would give average gross volumes. By using the stock and stand table
method, deductions for visible and hidden defect and breakage were
reflected in average net volumes.

The average net volumes were then multiplied by their corresponding number
of trees per Keen class to obtain Keen class volumes by two inch diameter
classes within volume stratum.
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COST SUMMARY OF IBM COMPILATION
1*

Card Punching, verification, sorting, and listing of 19,560
tree cards (Discount given for cash within 30 days)
Multnomah Data Processing Company

2*

$ 787.94

Key punching, verification of volume data to compute
volume constants and processing through 650 machine
program*
Service Bureau Corporation

3*

$

77.05

Processing cards through FE 650-4 program, sorting
and listing 650 machine output data, and sorting
and listing of Keen tree classes for ponderosa pine
by two inch diameter classes*

$ 461*53

Service Bureau Corporation
TOTAL IBM COSTS

$ 1,326*52

CONCLUSION
Throughout this paper, an attempt has been made to explain and analyze
all action taken during the inventory project and to clearly outline the
techniques and procedures used. Doubtless, some of the techniques used
and procedures followed may appear weak and subject to question. Some
of the more controversial items are as follows:

PLOT LOCATION
Although the Experiment Station concurred with the plan on main plot
location explained on pages 19 and 20, the technique of moving plots from
systematic grid locations is questionable. Spurr (1952) outlined a
method for moving plots falling astride forest boundaries causing a
situation called edge effect. Further discussion of handling edge effect
is presented in a study by Finney and Palca (1949)• In both of these
discussions, plots were moved from their original locations by strict
mechanical procedures.

In general, Experiment Station personnel in charge of forest inventory
field work believed the mechanical method of moving main plot reference
points (page 20) was sound and would not introduce bias.

However,

Floyd A* Johnson, Forest Statistican at the Experiment Station, did not
feel that the procedure was good from a statistical standpoint and
believed the plots should have been taken as they fell on the systematic
grid, dropping those on non-forested areas or in areas where sampling
was not desired. The Experiment Station now follows the procedure of
dropping the plot cluster completely if it falls on non-forested lands.
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THE TYPE MAP
Timber type stratification to the nearest 40 acres and open areas typed
when they were 10 acres or larger on the type map (page 9) proved to be
too large a scale.

A much better standard, and one which the Experiment

Station is now following, is timber types shown to the nearest 10 acres
and open areas shown when they are 1 acre or larger. The aerial photo
scale used for this standard of timber typing

is Is 12,000, Most

foresters feel that the scale of 1:20,000, the scale of the aerial photos
from the lihieh the Yakima type map was made, is too small for forestry
applications (Spurr, 1948). The most generally accepted scale for forest
type mapping and forest photo-interpretation work is Is12,000 (Anon.,
1957a and Spurr, 1948). If time and funds had been available, the
reservation should have been rephotographed at 1:12,000 scale and a new
type map made complying to a 10 acre minimum typing standard.

PLOT SHAPE
The advantages of circular plots are given on page 6; however, there are
good arguments in favor of rectangular shaped plots.

Wilcox (1957) used

l/2 acre rectangular plots in uncut ponderosa pine and 1 acre rectangular
plots in cutover ponderosa pine for the forest inventory on the Klamath
Indian Reservation in Oregon.

He felt that this shape and size plot

worked very well and gave satisfactory results, especially in ponderosa
pine.

Hasel (1937) found rectangular plots to be more efficient in

sampling ponderosa pine in California and Johnson (1952) in a statistical
study of various plot sizes and shapes found that the most efficient kind
of plot, i.e., the one which will give the smallest sampling error for a
given amount of work, for sampling old-growth Douglas fir as a 1-chain by
3-chain rectangle.
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By dividing the main plot into three subplots, more borderline trees
resulted than would have been on one large plot. This tends to increase
the chance for erros encountered when measuring borderline trees.

However, since the IBM program was designed to handle the circular plot
cluster arrangement in addition to the other favorable aspects of
circular plots (page 6), circular plot clusters were used for the Yakima
inventory.

VOLUME EQUATIONS
Mathematical computation by the least square method of the regression of
volume over diameter presented some difficulties. Obtaining negative
volumes from the equations for trees in the minimum diameter classes was
particularly troublesome. This was due to smaller diameter trees not
having a strong enough influence on the lower end of the curve in pro
portion to the larger volumed trees in the higher diameter classes,
causing the curve to fall below the diameter axis before reaching the
minimum diameter tree.

Trees measured for total height were chosen on a mechanical basis (page 15).
The U.S. Forest Service (Anon., 1954) recommends that for best results
approximately 2/3 of the trees should be in the upper half of the diameter
range and 1/3 in the lower half. This division of the sample strengthens
the curve in the upper half of the diameter range where volumes vary
most widely and where greatest accuracy is desirable because of con
centration of stand volume.

However, this method would probably increase

the chances for negative volumes in the minimum diameter range rather
than alleviate the problem.

A curve from the volume equation has either a maximum or a minimum
depending on whether it has a downward or upward swing.

A downward

swing will produce a maximum, that is, above some diameter, volumes
computed from the equation will be less than at smaller diameters.

An

upward swing will produce a minimum where below some diameter volumes
computed from the equation will be larger than at larger diameters.
This minimum effect occurred on one of the Yakima curves, the ponderosa
pine cubic-foot volume curve.a check of two previous Forest Service
inventory projects showed the same result for the same species. Whether
this condition actually exists in the stands is doubtful; however, in
order to keep the curve free of bias, no adjustment was made as the
effect on plot volume is ordinarily very small (Anon., 1954). The
overall volume will average out correctly; however, stock table volumes
will be in error for the small diameter trees for curve minimum effect
and for large diameter trees beyond the curve's maximum. The Society
of American Forester's Handbook (1956) cautions against extending the
curve beyond the range of data collected.

AREA DETERMINATION ON THE TYPE MAP
Type acreages were measured on the type map using a polar planimeter
(page 9). Spurr (1952) states that the most common method of acreage
determination from type maps is by the use of dot grids.

Repeated

comparisons of the dot grid count to polar planimeter measurements
for stand area determination during a photocruise on the Harvard

1/ See the d.b.h. - volume relationship at bottom of appendix page A-13d.

63
Forest showed the dot grid as accurate as the planimeter and con
siderably faster in use (Pope, Cameron, Hill and Spurr, 1948)#

FORM CLASS DATA
It is believed that the form class data used in volume determination are
accurage and the study presented on appendix page A-7 sound* The study
was checked by the Experiment Station and approved by Floyd A* Johnson,
Forest Statistician. However, if the season of the year and weather
had permitted, a field check of the form classes in relationship to the
volume table used would have been advisable*

Bruce and Girard (undated)

recommend obtaining a check on their form class volume table by using
the scaled volume from a felled samp|e tree and by using their base
table backwards, compute the form class for the sample tree*

This

procedure is outlined on page 8 of their volume tables (Bruce and Girard,
undated)*

The computed form class can then be compared with the

measured form class used for the inventory and the relative accuracy
of the form class volume table relationship can be determined.

Enough

sample trees would have to be felled in each diameter class to give
statistically sound averages.

CUBIC-FOOT DEFECT AND BREAKAGE DEDUCTIONS
The deductions made in the field for visible defect (page 28) and the
deductions made by entering cull and breakage constants into the IBM
program (page 54) were all made on a board-foot basis.

However, these

same per cent deductions were made to cubic-foot volumes in the IBM
program without corrections. This resulted in lower cubic-foot net
volumes than actually exist in the stands. To correct for this, the
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Experiment Station has constructed board-foot/cubic-foot ratio curves
(Pope, 1958). From these curves, ratios can be obtained by tree
diameter classes*

These ratios multiplied by the cubic-foot volumes,

theoretically corrects for the board-foot cull and breakage per cent
used.

These curves were developed for Western Washington species and how well
they work on the east side is not known.

A dissection study should be

made on east side species to collect more reliable data.

As of this

date, none has been made.

STATISTICAL ACCURACY
The statistical accuracy set for the volume data was + 5 per cent based
on one probability for the forest as a whole. The completed inventory
data computes to a statistical accuracy of 3.3 per cent. This sampling
error is well within the standards to which the present Indian Bureau
and Forest Service regional efforts are directed. The accuracy for the
individual volume strata are higher, as was predicted on page 11,
ranging from 5.9 per cent for the lowest to 14.3 per cent for the highest
(appendix page A-22)* The overall accuracy of 3.3 per cent is mis
leading as actual management planning will deal mainly with individual
volume stratum figures and not the overall volume figure. To have
more confident in the individual stratum volumes, a more intensive
inventory would be necessary. The ideal situation would have been to
place the number of plots in each stratum to give the desired accuracy.
However, as mentioned on page 12, neither the funds or the time were
available to do this. Since the inventory has met the present government
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regional accuracy standards, no plans are being made at this time to
intensify the sampling within individual volume strata.

SUMMARY
This forest inventory project was the first completed by Indian Bureau
personnel on an Indian Reservation in the Northwest using modern
extensive inventory techniques. The personnel handling the project were
for the most part, inexperienced in extensive inventory work. In
developing and carrying out a project of this size for the first time,
some mistakes were bound to occur. However, in general, it is believed
that the project was completed successfully and the objectives outlined
in the introduction to this paper were accomplished. It is felt that
the data collected and compiled are reliable and from this information
a sound forest management plan for the Yakima Indian Reservation can
be prepared.
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STATISTICAL ANALYSIS GF 47 EXPERIMENT STATION INVENTORY PLOTS ON YAKIMA
RESERVATION

X

=

Volume per acre on each plot

R

=

Total plots

M

=

(XX
Mean or average volume per acre ( N

ZX

=

)

)

681,234

£X2 = 15,473,862 M
2
(I X) =464,079,630 M
N

=

47

M

=

14,494

Standard Deviation

=

15,473,862 M - 464.079.630 M
47
46

Standard Deviation

=

11,033 board feet per acre

Coeficient of Variation

=

11.033 x 100
14,494

Number of plots required at 5% error:
M

= ( 76 )2
(

5 )2

231

=

76%

A—6

ANALYSIS SHOWING DISTRIBUTION OF SAMPLE PLOTS ACCORDING TO VOLUME STRATUM

% of Total

No. of
Plots

% of Total

210,499

43.7

101

41.7

Pine-Fir Mixture

80,776

16.8

49

20.2

Cutover Ponderosa Pine

72,022

15.0

44

18.2

Mixed Conifer

38,837

8.1

12

5.0

Lodgepole Pine

34,318

7.1

13

5.4

True Fir-Mt. Hemlock

44.865

9.3

23

9.5

TOTAL

481,317

100.0

242

100.0

Volume Stratum
Uncut Ponderosa Pine

Acres

Percent of Cruise = .03&

F 0R M

Species

PONDEROSA
PINE

DOUGLAS
FIR

WHITE FIR

WESTERN

LOBGEPOLE
PINE

D.B.H.
Class

C L A S S

S T U D Y

Y A K I M A I N D I A N R E S E R V A T I 0 N
Average
Number
Coefficient
Statistical
Variation
Form
Trees in
Error 95.46*
(per cent)
(per cent)
Sample
Class

Range in F. C.
Using Statistical
Error

11.0 - 20.9
21.0 - 30.9
31.0 - 40.9
41.0 +
All Diameters

78
81
83
85
81

42
61
36
18
157

8.5
5.3
5.9
6.2
1.8

2.6
1.3
2.0
2.9
.4

76-80
80-82
81-85
83-87
81

11.0 - 20.9
21.0 - 30.9
31.0 - 40.9
41.0 +
All Diameters

80
77
75
72
77

26
19
15
8
68

4.7
4.5
5.4
7.1
5.9

1.8
2.1
2.8
5.0
1.4

78-82
75-79
73-77
68-76
76-78

11.0 - 20.9
21.0 - 30.9
31.0 - 40.9
41.0 +
All Diameters

84
81
79
79
81

25
40
17
1
81

4.9
1.2
5.7

1.9
.4
2.8

82-86
81
77-81

13.0

2.9

79.83

11.0 - 20.9
21.0 - 30.9
31.0 - 40.9
41.0 +
All Diameters

78
76
74
76
76

10
23
10
1
44

10.6
6.4
5.5

6.7
2.7
3.5

73-83
74-78
71-77

5.8

1.8

75-77

11.0 - 15.9
16.0 +
All Diameters

83
81
82

19
12
31

5.5
4.4
5.2

2.6
2.6
2.0

81-85
79-83
80-84

A-8

FORM CLASSES USED IN VOLUME COMPUTAnOMS

Form Classes Determined by Field Study:

Species

Form Classes by Diameter Classes
22 - 31.9
11 - 21.9
32 - 41.9 42+

Ponderosa Pine

78

81

83

85

Douglas Fir

80

77

75

72

Western Larch

80

77

75

72

White Fir

84

81

79

77

Lodgepole Pine

11 - 15.9
83

16+
81

Form Classes Compiled by Experiment Station:
Species

Form Class

Western White Pine

78

Alpine Fir

83

Pacific Silver Fir

84

Mountain Hemlock

79

Western Hemlock

84

Engelmann Spruce

84

A-9

FORM FOR LISTING TREES MEASURED FOR TOTAL
HEIGHT FROM TALLY CARDS

Step 1 of Volume Computation
Sample Form:
Plot No.

Species

PBH

Total Height

187

31
55
01
31
36
36
15

7.7
24.6
38.5
13.4
14.3
5.2
9.6

38
122
106
54
66
42
63

186

31
36
36
31

9.1
8.2
12.5
11.6

66
64
71
83

191

01

8.1

81

01
15

24.6
15.7

86
52

31

12.2

61

31
41
01
55
11
11

6.0
8.2
32.7
7.3
45.1
9.8

27
42
84
44
132
77

A-10

FORM FOR COMPUTING VOLUMES FOR TREES MEASURED FOR TOTAL HEIGHT
Step 2 in Volume Constants Computations

Form
Plot NO. Class
183
184
184
186
186
187
187
188
188
189
189
190
191
193
194
194
197
198
199
204

80
75
77
75
80
80

80
75
80
72
80
80
72

PBH
13.3
37.2
6.3
23.7
7.9
37.8
8.7
20.9
9.4
20.1
5.3
9.2
19.3
31.8
18.9
8.9
43.6
13.4
48.8

Total
Height
93
112
49
86
81
106
49
70
54
110
33
77
87
148
102
71
148
77
46
91

Total Height
+ 8

Volume
Bd. Ft.

120

168
1666

94

509

114

1644

78

346

118

481

156

349
1534
385

156

99

2788
119
77
2241

Species - Douglas Fir (01)

Cu« Ft. Volume Table 4 and 5

Volume
Cu. Ft
37.3
272.2
3.3
91.0
11.2
254.6
8.5
54.2
9.4
80.6
2.1
13.5
60.5
260.0
70.2
12.5
482.0
26.3
16.7
340.4

A-lla
TABLES TO BE USED IN AGRICULTURAL HANDBOOK NO. 92 IN DETERMING
CUBIC-FOOT VOLUME
Species
code
Table No. and table species

Subreqion and Species
Redwood
Sugar pine
Western white pine
Lodgepole pine
Knobcone pine
Whitebark pine
White fir
California 8. Shasta red fir
Grand fir
Pacific silver fir
Noble fir
Subalpine fir
Engelmann spruce
Sitka spruce

05
13
14
15
24
26
31
32
33
34
35
36
41
42

113 Western redcedar
29 Ponderosa pine, yg
107 Western white pine
86 Lodgepole pine
«
«
86
M
It
86
104 White fir
tt II
104
19 1)
104
79 Pacific silver fir
t»
n
ti
79
«t
H
tt
79
tt
it
it
79
66 Sitka spruce

Douglas-fir (Douglas fir 5.0" - 30.9"
H
w 31.0W +
subregion
(

01
01

5 Douglas-fir
it
«
3

Ponderosa pine (Douglas-fir 5.0M - 20.9*
subregion
( "
" 21.0* +

01
01

5
4

Ponderosa pine (Ponderosa pine 5.0"-20.9M
M
subregion
(
"
21.0M +

11
11

29
36

47
48
51
52
53
54

53
53
113
113
113
113

Mountain hemlock
Western hemlock
Incense-cedar
Alaska-cedar
Port-Orford-cedar
Western redcedar

(continued on next page)

tt
tt

It
t«

Ponderosa pine
It
M
Western hemlock
H
II
Western redcedar
tt
ft
ft

n

tt

it

A-lib

TABLES TO BE USS) IN AGRICULTURAL HANDBOOK (Continued)

Species

Species code Table No. & table species

Western larch
Subalpine larch
Pacific Yew
Western juniper
Alder
Ash
Aspen
Birch
Cottonwood
Maple
Willow
California black oak
California live oak
Canyon live oak
Oregon white oak
Tanoak
Other oaks
California laurels
Cascara buckthorn
Golden chinkapine
Madrone
Dogwood
All other minor hardwoods

55
56
62
63
71
72
73
74
75
76
77
81
82
84
86
87
88
91
92
93
94
95
98

(Continued on next page)

102
102
113
113
93
93
93
93
121
93
93
93
93
93
93
121
93
93
93
93
93
93
93

Western larch
n

«

Western redcedar
99
«I
Red alder
Red alder
ft

99

19

99

Black cottonwood
Red alder
If

99

«i

99

19

99
99
99

99
19

Black cottonwood
Red alder
91
99
99
99
9t
99
99
99
99
99
99
99

A-llc
PROCHXJRE FOR CALCULATION OF CUBIC_FOOT VOLUME
Cubic-foot Volume Tables from Agri. Handbook

92

The tables contained Agriculture Handbook No. 92 are variable in the
d.b.h. interval used. The following examples should cover all cases.
a. DBH to the nearest one inch starting at 5 inches.
1. Sound diameters to the nearest one inch as follows:
5.0" - 5.4" = 5" d.b.h.
5.5" - 6.5* = 6" d.b.h.
6.6" - 7.4" = 7" d.b.h.
etc.
b. DBH to the nearest one inch starting at 6 inches.
1. Round diameters to the nearest one inch as follows:
5.0" - 6.5" = 6" d.b.h.
6.6" - 7.4" = 7" d.b.h.
7.5" - 8.5" = 8" d.b.h.
8.6" - 9.4" = 9" d.b.h.
etc.
c. DBH to the nearest even inch starting at 6 inches.
1. Round diameters to the nearest even inch as follows:
5.0" - 6.9" = 6" d.b.h.
7.0" - 8.9" = 8" d.b.h.
9.0" -10.9" =10" d.b.h.
etc.
d. Table 121. DBH to the nearest even inch starting at 8 inches.
1. Round diameters to the nearest even inch as follows:
7.0" - 8.9" = 8" d.b.h.
9.0" -10.9" =10" d.b.h.
etc.
There will be special instructions for trees 5.0" - 6.9" d.b.h.

Volumes will be interpolated for total height.
Examples: (See next page)

A-lid
PROCEDURE FOR CALCULATION OF CUBIC-FOOT

(Continued)

Examples: Given an 8.7" d.b.h. lodgepole pine tree 46 feet tall,
Calculate the volume:

From table 86. 8.7*1 d.b.h. rounded becomes 9" d.b.h.
9" d.b.h. 40 ft. tall = 8.3 cu. ft.
9" d.b.h. 50 ft. tall = 10.4 cu. ft.
Difference = 2.1 cu. ft.
Volume for 46 ft. tree is 0.6 of difference between 8.3
cu. ft. and 10.4 cu. ft.
Volume of tree = 8.3 + (.6 x 2.1) = 8.3 + 1.26 = 9.6 cu

Given a 31.2n d.b.h. white fir 124 feet tall, calculate
the volume:

From table 104. 31.2" d.b.h. rounded becomes 32" d.b.h.
32" d.b.h. 120 ft. tall = 246 cu. ft.
32" d.b.h. 130 ft. tall = 266 cu. ft.
Difference = 20 cu. ft.
Volume of tree = 246 + (.4 x 20) = 246 + 8 = cu. ft.

A- 12a
BOARD-FOOT DBH AND VOLUME DATA
(The same trees are used as appear on the previous pages.)
CODING FORM FOR PUNCH CARDS
County

Columns BD.FT.
nl-10

/

31-40
41-50
51-60

/

3
X
3

61-70
71-80

2-

¥
7

3

7

•<

3

X
V
e

o
o

?
9
3
8

i

1-10

/

11-20

/

3
7

21-30

3

/

41-50

/
V

F
3

<£

51-60

/

3

V

61-70

/

3

71-80

i

2

31-40

O

7

-- DBH—'

11-20
21-30

3

Zeros

7

o
9

Geo. Stra.

0

o

¥
^<

Zer OS

O
o
o
o
o
o

o
o
o
o
o
o

o
o
o
o
o
o

o
o
(p
o
o
o
0
o

0
o
0
o
o
o
o
o

7

a
o
o
o
o
o
o

Species

/

Zero

O
>

— Volume -*"1—
(9

/

£

/

o
f
o
o
(o
o

«5~

2
£
9

o
H ¥

3

V

£

¥

e

/

O

/
H
3

O

3

/

o

£

3
7

o /
o 0
X. Z.

?
y

?

8

2
/
7
7 7
V

/

A-12b
CUBIC-FOOT DBH AND VOLUME DATA
(The same trees are used as appear on the previous pages.)

,
Card
Columns

Cubic
Feet

11-20

County.

X

tfnl-lO
_-•$
-«c

... ...

CODING FORM FOR PUNCH CARDS

DBH J

21-30

/

V

31-40

3

7

O
Xo
3

C0
3
7

41-50
51-60
61-70
.o 71-®0

1-10

o

; 1 1 -20

21-30

?

J
r

7

^ •

i

?

3

?

?

7

O

,

o

Y

41-50

/

61-70

lo
0

71-80

/

jr-

9
9

j-

3

,

0
0
O
o
o
o
0
o

Oeo»

o ?
*7 m

O o
o o
a o
o 0
o 0
o O

3
Z
J
7
9

31-40

51-60

Zeros

O
0
a
0
o
o
a
o

O
o
0
o
0
o

Rf.-ps.

(o

Zero

I

<2

1" "p""

• Vol
i(J UuC/
V

o
o
o
o
3-

3

7

7

2-

O
9

s
ZL
3
0
X6

3

/

/

/

JT

h

O !
0 0 S
o 0 s~ V
o o 0 ?
o 0 $ o
o 0 o
o o / 3
0 o 6 <2

?

0

0
jT

&

7

x.

,

y,

(p
,

/ .

jsr"

A-13a
INSTRUCTIONS FOR COMPUTING VOLUME CONSTANTS FROM 650 MACHINE OUTPUT DATA
The output data from the Service Bureau will come to you in this form.
Heading from left to right, there are 8 columns. For a given set of data,
there are three vertical columns identified by the Code A, B, C. Each
card type reading from left to right contains the following information.
Card Type A
Strata identification
Sum X
Sum X2
IX4

Column 1
Column 2
Column 3
Columns 4 and 5
Columns 6 and 7
Column 8

zx3

IX2Y

Card Type B
Column 1
Column 2
Column 3
Columns 4 and 5
Column 6
Column 7
Column 8

Strata identification
Sum x2y
Sum Y
Sum XY
Number

A
B
Card Type C

Column 1
Column 2
Columns 3 and 4
Columns 5 and 6
Columns 7 and 8

Where:

A

=

Strata identification
B
C

D
E

SX2 - (ZX)2

C

= 2ETX3 - ZX2ZX

N
B

= XX4 - (ZX2)2
N

N
D

E

= ZXY - SX3EY
N

= ZX% -ZX2ZY
N

The following forms are for a mechanical calculation of the volume of the
curves. Insert the data from the 650 output in the positions indicated.
All that remains to be done then is to calculate the values as indicated
on these forms.

(Continued on next page)

A-13b

February 26# 1958

DOUG LA'S FIR

Species:

of

COMPUTING CONSTANTS (Continued)
Strata:

ah

1/
Board-Foot Volume/DBH Curve Constants-'

b = BE-CD
AB-C^
/ 7

= ( S 7 / 3 ? £ ? 01£M)( 1&3S-3/ ,£) - { I333LQ/ .-IZ2)(
{
3 3./3L. .£&)( S 7 / 3 9 2 - # .ZS2A-) ~ ( 1 3 3 2 . 0 /

f(
=

)
,3£1)2

.2a.ms)

J? }7« •5~&3

«

(round to three decimal places)
c * AD-CE
AB-C^

c

-

(

3 Z I X -

,**)(

7o9SixS.il)

- ( /33i.»/
2

Use computed AB-C

/i3S3/.2\.

from above

£&ci

3<b« above

/„ CfS"0

If
2J
_3/
4/

•"— (round to three decimal places)

When DBH input was to 0,1-inch and volume to nearest board-foot«
Dashes to rigrht of decimal point indicate number of places in 650 ou1
Cross out sign (+) not applicable.
If any values negative contact PNWF&RES for procedure.

(Continued on next page)

A-13C

BOARD-FOOT VOLUME/DBH CURVE CONSTANTS (Continued)

x
x

-2 =
x

10 N
- / ?

&

v
7

100 N
f

=

3 & / £ 3-/ Y

5"" //<?<?

x2

~
x ~

7<s~
-2 - 31$•

, r-y 3l
17-

N
_

//**<?

y^^Tfo
~

y

••

a <• y - b j - cx2
(Substitute In formula and solve for a)
t7.3/)-/.i"S(3l8,73)
a = 3.4^7/
a = S13„3.£> ,

Board-Poot Volume = a + bx + cx (x = DBH)
DBH
11
14
16
18
20

Volume^'
3<?.
IQJ
-/

X*3

...

DBH

Volume

24
28
32
36
40

S<S~3

/tt l
11 <,.2

DBH

Volume

44 ^/Y?
48 2.7W"
52 3,f7,r
...

Check: a, Plot mathematical aurve against actual values,
b„ aJS- x^ + b2£x^ + c3£x^ = 3ELx^y (should be close but not nec
the same).
a(
»—) + b (
.
)+ c(
)=(
.— )

A-o'lSd

February 26, 1958

Sp«ci«riJL

PONDEROSA PINE

•

Strata: _HL

COMPUTING VOLUME CONSTANTS (Con'to)
Cubic-Foot Volurae/DBH Curve Constants-

"

~~

b = BE-CD
AB»C2

^ - C 7i6>073JO ,*&*).{ Hi'*3*2. .At) - ( /73sarv Ji£){ zotsvrm
( Vra-6

7f(*07330 ,6£XL) » ( / 73?OS~ y

J2£)Z

$ {//6ftjyjry/2.z4,llj& ~~)

«

b

a M")(

£? <&, 3L0f

•

.---(round to thr®e d#aimal places)

o «

AB-C2

j
jc -

( W44

,¥)LZj>tra7V.&) -. (/7jygj-y

Ua« ooegmt«d AB-C^ from abor*

7r..SS- 9-r 9 6 1LSS

•&&-

S«« abo
?.

<•— (round to three d#cimal point*)

*2" fsirt

3£

~9
x

3&

-

x
*

5

x

?" IH"
V3-

y

3
2

- 3

6

y

a7»/3- - 9
*
- 7 4 .

2
y

x

Substitute
>stitut« in
m rormuia.
formula and solva
soiva for
ror a .. ^
.
a = 7&.&$ i-C.xef(/&.0S)- . fe3(3c.?.ov)

Board-foot voltatm® = a+ bet + <xx? (x * DBH)
Vol0

10

3".S^

12

/0-7

DBH
16
18
20
24
38

3o,7
(oH.O

m

32
36
40
44

a«7.7
JJt*./
ft<7*7

PONDEROSA PINE
A = 410.624
3.0B = 64.221
3.037

2.4-

OO

1. 8 _

oo

DBH INCHES

A-15
COMPUTING CONSTANTS FOR: V
Where

V
x
a, c

=
=
=

=

a+cx2

Volume
DBH
Constants

If calculated volume constants in the equation, V=a+bx+cx2 give
negative volumes for minimum diameters, recalculate constants for the
equation, V=a+cx2 by the following methods
Example:

Lodgepole Pine Cubic Feet
c

= § (from IBM output data)
E>

c

=

109087.202
873015.3514

Y

=

ZY
ION

X2

= .125

= SX2
100N

From IBM Output Data
Y * 13896
920

=

15.1 X2 = 1091522 = 118.64
9200

a = Y - CX2
a = 15.1 - .125 (118.64)
a = .27
V = .27 + .125 (X2)
DBH
5
6
7
8
10
12
14

Cubic Volume
3.4
4.8
6
8
13
18
25

DBH
16
18
20
24
28
30

Cubic Volume
32
41
50
72
98
113

A-16a
FE-650-4
Code Sheet
for
Board-foot volume constants
(All other card columns are not punched)

Card Col.

1

2

3

4

5

6

7

R

9

in

Code

6

9

1

9

5

4

1

9

5

3

21

22

23

24

25

26

27

2R

OQ

-3f~l

2

4

0

7

/

/

8

0

0

0

37

38

39

40

£

<9

V

Card Col,
Code

h—sp. Code-*

Card Col.

31

Code

S

32

33

34

/

/

35

i

a+5000
XXXX.

3
3+500
xxxr

County

c+5.00

>* /

/\

x.xx

37

Geo. Str.
Vol. Str.
Date

An
3- IZ-S8

^

A-16b
FE-650-4
Code Sheet
for
Cubic foot volume constants
(All other card columns are not punched)
Parr) Tnl.

1

2

3

4

5

6

7

8

9

10

Code

6

9

1

9

5

4

1

9

5

3

21

22

23

24

25

26

27

28

29

30

2

4

0

9

/

/

8

0

0

0

36

37

38

39

40

9

V

V

O

Card Col.
Code

(—S)a Code

31

Card Col.

5"
<

32

33

34

0

2.

7

a+5000

xxxx.

35

>

b+500
xxX.

County

<

c+5.00
x.xx

37

Geo. Str.
Vol. Str.
Date

AH

3-IX-SS

^

SITE CLASSIFICATION CHART FOR PONDEROSA FHNE.
NORTHWESTERN UNITED STATES.
EQUJVALENT IN \
MERCHANTABLE Z,j
250-300 YEARS
} S/TE
io

m

TT

m

so

o

so

260

360

A G E //V Y E A R S
PACIFIC NORTHWEST FOREST EXPERIMENT STATION
PORTLAND, ORE.
S-9-32

M

.JUWIMFWOQCQ ATW J.MVMFTOA

MM/SW TVJOL S&VWGAir

A-18a

CONTRACT SPECIFICATION AND INSTRUCTIONS
The Bureau of Indian Affairs, Portland Area Office, Portland, Oregon,
requests bids on the following:
1.

Key punching and key verification of forest inventory cruise
data from field plot cards onto individual standard business
machine cards which shall be furnished by the successful
bidder# All data are in numerical code form. Data are to
be entered in accordance with attached instructions and in
a manner suitable for processing in H650w machine volume
program developed by the Pacific Northwest Forest and Range
Experiment Station.
Data are in pencil and will be taken from approximately 750
field cards (Sample A)« Number of individual machine cards
to be punched is approximately 19,562.

2. Sorting and listing of machine cards will be by plot number,
within species, within volume stratum. Listings will have
special identifying marks to show field data entry and key
punching mistakes in the following field card items:
Item 17, symbol to mark all DBH entries less than 0050 and
more than 0989•
Item 19, symbol to mark any number except 1, 2, 3, and 7.
Bid price is to be quoted on a cost per card basis for the above works
Estimate 19,562 Cards

$

$
each

Total

All work is to be done within thirty (30) calendar days after receipt
of notice of award.
Bidders or their authorized agents are expected to examine the
specifications, etc., and all other pertinent instructions. Failure
to do so will be at the bidder's own risk, and he cannot secure
relief on the plea of error in the bid.

(Continued on next page)

A-18b

IBM CARD PUNCHING INSTRUCTIONS
Timber Inventory
Yakima Indian Reservation

Punch Items 1 through 8 as shown:
Machine card
Punch columns

Field Plot Card
Item
Item
Item
Item
Item
Item
Item
Item

1*
2.
3.
4.
5.
6.
7.
3*

Plot Number
County
Geo. Stratum
Volume Stratum
Local Type
St. Size Class
Stocking
Stand Age

1-4
5-6
7-8
9
10-12
13
14
15-17

Bo not punch Items 9 through 13 at this time#
Do not punch Item 15.
Punch Items 16 through 19 as shown:
Item
Item
Item
Item

16.
17.
18.
19.

Species
l/lO in DBH
Percent Sound
Merch. CI.

Card Columns 18-19
20-23
24-25
26

Punch 9 in card column 27 for Item 20.
Punch Items 21 through 24 as shown:
Item
Item
Item
Item

21.
22.
23.
24.

C.D.
Crown or Keen Class
Tree Condition
Risk

(Continued on next page)

28
29-30
31-32
33

A-18c
CARD PUNCHING INSTRUCTIONS (Continued)

7. Item 25. Total Height Feet. Punch data as shown,
if no entry punch GOO.
Card Columns

34-36

8. Punch 000

Card Columns

37-39

Log Grade by Log Position. Punch data as
shown, if no entry punch 0, (About 300
machine cards all within the same volume
stratum, will require entries other
than 0.)
Card Columns

40-48

9. Item 26.

10. ©o not punch Item 27.
11. Punch Items 9 through 11 as shown:
Item 9
Item 10
Item 11

Understory Stocking
Understory Species
Kind of Plot

49
50-51
52

12. Do not punch Item 12.
13. Punch Item 13, Site.

Card Columns

53-54

A-19
FE-650-4
Code Sheet
for
Cull & Breakage Constants
(All other card columns are not punched)

Card Col.

1

2

3

4

5

6

7

8

9

10

Code

6

9

1

9

5

4

1

9

5

3

21

22

23

24

25

26

27

28

29

30

2

4

0

5

/

/

8

0

0

0

Card Col.
Code

^—Sp. Code -s-

34

Card Col.

31

32

33

Code

7

H

? &

35

36

37

38

39

40

?

X

?

?

0

0

i

41.0+

t
31.0-40.9

21.0--30.9

County

D
i
11.0-20.9

3?

Geo. "Str.

u

Vol. Str.

All

Date

3-/3-S"8

A-20

DEDUCTIONS FOR HIDDEN DEFECT AND BREAKAGE
Yakima Inventory-1958

Species
Douglas Fir
Ponderosa Pine
Western White Pine
Lodgepole Pine
White Bark Pine
White Fir
Pacific Silver Fir
Alpine Fir
Engelmann Spruce
Mountain Hemlock
Western Hemlock
Alaska-Cedar
Western Redcedar
Western Larch
All Hardwoods

Percent Deducted by Diameter Class
ll*-20.9" 21*-30.9" 31"-40.9M 41»+
4
1
5
2
4
7
4
4
3
5
5
6
6
6
10

8
2
6
3
6
12
8
6
4
12
12
12
12
8
12

14
4
12
3
12
20
14
12
6
20
20
20
20
12
19

18
6
15
3
16
30
16
16
7
30
30
30
30
20
21

A-21a
Checks to make prior to using FE-650-4

1. Check for proper sequence of input cards:
Major class = stratum (Columns 5-9)
Sub-major class = species (columns 18-19)
Minor = plot (columns 1-4)
(This check can be made on the input listing and an
additional collation may give insurance if there has been
an opportunity for a disturbance of the proper sequence.)
2. Check diameter: (Columns 20-23)
-diameters less than 5.0 inches will foul-up the program,
-diameters more than 98.9 will foul-up the program.
(This means that column 20 will always have to be zero)
3*

Check Merch. Class: (Column 26)
-only codes 1-2-3-7-8 are legitimate — all others will
foul-up the program.

4. Check on listing all merch. class 8 trees to see that all have
DBH = 11.0W or larger.
5. Check for 11-punch over column 40 if there are no log grade codes
punched in columns 40-55.
6. If subplot totals are required remove a card near the end of the
program deck which is labeled "This card is for subplot not showing."
Otherwise do not remove it, and only plot totals will show.
7. If poles were measured on a l/20th acre portion of each subplot, make
sure a card labeled This card is for poles measured on l/20 acre* is
near the end of the program deck. If poles were measured on the
entire subplot remove this card.

(Continued on next page)

A-21b
8. Check all volume constants to see that negative tree volumes will
not be computed. Usually a check of the cubic-foot constants for
d.b.h. 5.0M and a check of the board-foot constants for d.b.h. 11•0"
will be sufficient for this. Make sure that the volume constants
were transformed properly (i.e., a+5000, b+500, and c+5.00). The
untransformed a and b constants will be rounded t© the nearest
whole number — untransformed c will be rounded to the nearest
hundreth (i.e., X.XX).
9. Place tree volume constants and cull constants at the end of the
program deck before the 650 run. Be sure there are volume and
cull constants for each species to be processed in the run.
10. Add a trailer card of all zeros to the end of the input deck.

A-22

Table Showing Coefficients of Variation and Sampling Errors of the
Completed Inventory Board-Foot Volume Data by Volume Strata.
Coefficient of Variation Sampling Error
(per cent)
% (i probability)

Volume Stratum
1.
2.
3.
4.
5.
6.

Uncut pure ponderosa pine
Uncut pine-fir mixture
Cutover ponderosa pine
Mixed conifer
Lodgepole pine
True fir-mountain hemlock

60.1
46.8
78.3
53.7
51.8
68.3

5.9
6.7
11.8
12.5
14.3
14.3

Pooled Average ••••••••••••••••••••

3.3

Determined by the formula (Johnson, 1956):

SB ~=\/I(A2SE2.
nl_ *

100

zv
WHERE:

£ =
A

=

Summation
Area of each stratum in acres

SE - Standard error of the mean of each
m
stratum in bd. ft*
V

=

Volume of each stratum in bd. ft.

SE

=

Pooled sampling error in per cent

Overall sampling error (l probability), disregarding volume strata, and
based on all of the 242 plots together:
SE =
Coefficient of Variation

4.3%
= 67%

