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e ING FOREST-TREE VOLUME TABLES | -
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INTRODUE HON

A volume table is 2 tabuler statement of the average volume of
trees of given sizes. ‘The size classification is usually both by diamster
(d. b. h. or dismeter breast high, outside the bark) and height (either

eotal or merchantable), This form of presentation implies that tree
&% olume is correlated with both diameter and height.

' "' If graphs are plotied showing the relation between volume and
" endiameter for the several height classes and similarly between volume
. ©und height for the several diameter classes, curves rather than straight

—Jines will result. This indicates that the pre aration of & volume

A able is 8 problem in curvilinear multiple correlation.

=" A method of solving problems in curvilinear multiple correlation is.

described in a previous publication.? The technie is briefly as follows:

1. A multiple-regression eguation is calculated, which is econ-
gidered as a first approximation to the desired result.

2. This equation is converted into an alinement chart for ease in
handling the subsequent steps. The alinement chart, being besed
on an equation of the first degree, has straight parallel axes and uni-
formly graduated scales.

3. % ues are read from thizs chart corresponding to the data.
These are called first estimates, and the differences between these

i Bevce, 1., and RENZEE, L, H. COREELATION u,mxmn"cnu'rs 17 FOREST BESEARCH., U, B. Daptl.
Agr. Toch. Bal, 210, 88 p., {ilus. 1931 .
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L Jatimates and the cbrregponding measured values of the dgta';ii‘q

called fivst residuals. _ :

4. The first, residuals are plotted over the independent viriables,
one at & time, and .curves are fitted.

5. These curves are used to rograduate the chart axes for these
independent variables wherever changes are seen to be desirable.

6. Second estimates are read from the revised chart which repre-
senis g second approximation, '

7. The messured vslues are then plotted over these second esti-
mates, and & curve is fitited. ' :

8. By means of this curve the graduations of the axis Tepresenting
the dependent variable are relocated if necessary, thus producing a
third-agpro:dma‘tion chart. ' .

9. These steps—4 to 5, and 6 to 8&—are then alternatoly repeated
&8 many times as may be necessery until & sstisfactory result is
obtained.

While volume-table construction is obviously & problem in curvi-
linear mul_tiyle correlation, it is a type of problem which requires a
specialized form of the genersl technic.? The specialized technie,
which brings speed and accuracy, will be described. in the following

Dages.
' _B%he multipie-regression equation used in the general technic can be
shown on theoretical grounds to be a poor first approximation in the
czse of a volume fablé. In the first place we know that the curves of
volume over diameter and volume over height are not straight lines,
so that varying spacing of the graduations of the diameter and height
axes are to be expected. In the second place, from the familiar

formuls,
V=FHB

where V is the volume in cubie feet, F the form factor, H the height .

in fest, B the basal ares in square feat, we would expect to need a
chart involving multiplication rather than the addition characteristic
of a multiple-regression equation. Obviously, for Tapid definition of
the true relationships between volume, diameter, and hei ht, & first-

approximation chart which is much closer to the final result than one.

based on the multiple-regression equation is needed.

The best form of base chart or first-approximation chart is that =

which gives the volumes of & geometrie solid most closely approach-
ing tree forsr. For tables givi

unit of volume, however, makes nccessary far more complex forms
with curved axes. These forms differ with the log rule used, with
the height index adopted (merchantable or i;obaf , and with the
standard of top utilization. After the proper base chart has been
prepared or selected, however, the subsequent procedure is essentially
the same for all volume tables. It will therefors be possible to de-
scribe in detail the method for the cubic-foot tables, and then merely
t{f) re{)elzr to a few minor varistions in connection with the other types
ot tables.

1 Exampies worked out by the general technie resulted in distorted tablas only half an gceurats as those

Prepared by tl_temwp usnal metheds

_ ving volume in cubic feet this condition -
is satisfied by a very simple chart, with three straight, perallel axes °
with Jogarithmically spaced graduations. ‘The use of the board—foot

I
4
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" ALINSY ENT-CHART METHOD FOR VOLUME TABLES . - 3

THE BASE CHART FOR VOLUME TABLES OF ENTIRE STEM IN.
CUBIC FEET :

Reference has already been miade to the familiar formula for the
volume of & tree in cublc feet :
+FHD*

V=FHB= Ixidd
The -correspondin% formula for a cylinder having the same basal
diameter aud height is of course
_mHD?
T 4X144

One fariiliar with the comstruction of alinement charts will at once
think of more than one form of chart by means of which this equa- -
tion might be solved.® .

The simplest is one having three paraliel straight axes, with the
central axis halfway between the outside axes. All the scales are
logarithmic to provide for the fact that the variables in the equation
are to be multiplied together instead of added. One of the outer
axes, then, ‘15 duated with the values of log H, the other with

- 2
values of log %, while the central is graduated with values of

v

log V, using one-half of the scale used for the outer axes.

Such a chart will give volumes of cylindors of sizes corresponding
to thoe trees for which ddta ave at hand. Were the form factor a
uniform factor for each species, all that would remain would be to
raise the central or volume axis by an amount equal to the logarithm
of this form factor. This follows from the fact that a bodily raising
of the axis is equivalent to moving the slide in a slide rule. Unfor-
tunately, however, the form factor varies with both diameter and
height and that in & rather complex fashion. This type of adjust-
ment of the central axis, therefore, while usefu], would by no means
be final, and would merely leave us with a first-approximation chart
which was numerically closer than that for the cylinder, but no better
in relation to variafion in form factor. A cylinder charf, then,
except for the larger numbers involved, is just as useful as one cor-
rected for average form fametor for the species. However, to gain
some advantage in reduction in size of numbers, the cylinder caart
used as the standard bsse chart is modified for a form factor of 0.4,
which is a rough approximation to the average of all species.

This standard base chart used by the Forest Service is illustrated
in Figure 1. The diameter asis is at the left, the height axis at the
right, and the volume axis in the middle. To secure height and
diameter axes of approximately the same length different scales have
been used on these two axes, and as.a result the volume axis is'to
the left of the central position. .

The series of diﬁonal curves crossing the chart need explanation.
These are the praduating curves useg in constructing the chart,
which are retainred because of their usefulmess in subsequent re-
adjustments. They consist of four series, identified by the initzals

_15ee the foilowing publication: BRUCE, D., ALINEMEIRT CEARTS IN FOREST WENBTEATION, Jour, Forestry
It: T73-80%, illus., 18IV; or such texts ss LIFIA, 7., GRAPHICAL AND MECHANICAL COMPUTATION, 2¢4 D.,
iilus,, New York, 1818.
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: \Jmmsm-cm'r METHOD FOR VOLUME TABLES : - - 5
D,; H.'V,; and Vy,s—standing, respectively, for diameter of cylinder, -

o hﬁihgll:; of cylinder,svolume of cylinder, and volume - of moditied
. _cylnder. -~ - o e
.- They can best be understood if one series, for example, the D," -
" ageries, be-carefully examined, It will be noted ‘that the entire aline-
- ment chart is superposed on & sheet of semilogarithmic coordinate -
. paper and that the vertical lines of this paper are given a scale across
the base of 1 to 10. This scale is used in connection with all the
" graduating curves, Like all logarithmic scales, it applies equally, . -
well to valués from 1 to 10, 10 $6-100 or 100 to 1,090, ete. " The semi- =

logarithmic paper is used bscause on it the graduating curves will

have very little curvators.. - S . .

If the eye follows up the vertical line marked 1 (the left-hand edge

* of the ¢hart) until it intersects for the first time the D, curve, it will -
be noted that this intersection is horizontally opposite the 1 gradua~
tion on the diameter axis. Similarly, if the eye foﬁows the 1,5 vertical .
to its intersection with the D, curve, this intersection will be found
opposite the 1.5 diameter gradustion. The same will be found to
be true for all possible values from 1 to 10. At 10 the D; curve runs’
off the right-hand side of the chart. It reappears, however, opposite
this point on the left-hand side, and this portien will be found to
apply to diameter values of 10 or larger. = g :

he D, gradusting curve, then, registers exactly the positions of
all the gradustions on the diamster axis. Waere these graduations
obliterated they could be accurately restored by means of the curve.
PFurthermore, if finer graduations.s{ould be needed for any purpose,
they could essily and accurately be inserted by using this curve.

‘In a similar manner the H, curve registers the gradustions.on the

. hieight axis. 'The lower portion of this curve, however, applies fo
heights of from 10 to 100, and the upper to heights above 100. The
Vae curve applies in the same way fo the volume axis, but this is
in six sections because of the large range of volume involved. The
lowest section applies to volumes from 0.01 to 0.10 cubic foot and
the highest to 1,000 cubic feet or more. o

The V, curves apply to nothing or the alinement chart but can be

~ used to graduate the volume axis so that it will give cylinder volumes,
if a cylinder-volume chart is desired. _

It will also be noted that all coordinate lines have been removed
from: the chart in narrow strips slong each of the axes. This is to
permit the entry of new graduations as the work progresses, for it
will be possible to make one copy of the chart serve throughout the
entire process of the preparation of one volume table. - .'

The charts actually used are considerably larger than Fi 1.
"The precise size is, of course, immaterial, but those used by the
Forest Service are aspproximately 10 by 20 inches.

ASSEMBLY OF THE DATA

With one of these charts at hand, the first step in the actual
preparation of a volume table is to assemble the existi’y data, which
1t is assumed have been collected in the field in the usual way. The
tree sheets should be sorted into l-inch {or sometimes 2-inch} dia-
meter classes, end then subsorted into 10-foot (or sometimes 5-foot




i :or Eﬁ-foot) h ht ciasses.‘ A convement fom:a. for tabula:r assemi)ly

-, is ghiown in* Tmile 1, which'i is but the first sheet of several “which are
reqguired. . Bach tree occupies a line, with the original dats in the
first four éolumns. It will be noted that three(spaces ave left after. .3
each d, h. h-hsight class, two for tofals and aversges and one to-
separate the classes. By measured volume is mesnt the volume
obtaired from thefield messurements hy scaling, by computs.uon,
or. by pla.mmetenng ‘taper gmphs : .

" THE FIRST \JORRECTION OF THE CHART

T+

i Tha next step is to fill column 5 of Table 1 by use of the ‘base
ahnement chart. For each tres & ﬁmt—estzmate v')}ume is- obtamed'&

a

VOLUME

MEASURLD

2 2 4 5 85.7.891 T2 a 45576910."
©FIRST £STIMATE  VOLUME

Frauez 2~The measured—first éstimale curve beased on eolumns 4and 5 of Tabl 1, By means
of this the Vo grodusting curve of Figure 1 isTendjusted

by extendmg & straightedge ® from a point on the Ieft-hand axis
. corrésponding to the diameter to a point on the right-hand axis

¢ Two methods of sorting are alrust equslly usodle; the 8-Inch diameter clans, for example, ma IE i’.m:]uds
treesfmm?ﬁwsﬂnchesorum!mm&ﬂtoss inches, Thea dinmeter n the first case w
to 8,0 and in 1ha second ologs to8.5. In the fAinal voluime: table, volumes will be entersd for &, rather than
8.5, buc it does not follow from this fact that thera Is any advan: in the firgt system of sorting, In plot-

ting, the actiml aversye dismeters can and should bo used, snd the Anal results msy be resd from eurves
of alinemnent charts for even-lnch diameters, ‘When hand snrtlng hy tho second mathud tenths of inches
are ignored, thus eiiminating errers in classylng, und increasing Where punched cards are usod
in rannectlon with tabulating machinery, sortleg is somawhat simpIiﬂed by the 8 6-8.9 olassification, and
this has therefore been made standard by the Forest Bervion

* A stiff strip of tmnsrarent celluioid with s fine st:aight Tine stched on it is prefersble fo e atrsightedga

tocange shadows are al
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* ALINEMENT-CHART METHOD FOR VOLUME TABLES:

S

corresponding to the heifht,__and. resding its interseur.;:! with the
_central axis. “When 'all volumes heve been so obtained, both measured
- "and first-estimate volimes are totaled and averaged for eech d. b. h.-
. height class. The averages ¢ are then plotted on logarithmic cross-
‘section paper, with measured values on the vertical and first-estimates
on the horizontal scale, and & curve is fitted. A’ characteristic result
is shown in Figure 2, This is not the entire curve. The lowest point

n
u

TanLe 1..--'—C}|{gstmc:_£_ volume _table: compu!i-lh'on Jorm
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" % Total, 17 trees.

¥ Tha individnat values instead of the nverages could, of course, be plotted, but the labor would bgéreat
gnd the curve Btting more diffieglt, There ls, moreosyer, & thecratical advaniage In resorting the vaiues,
both measured and estlmated, on the hasis of the firat estimates, before ave:nf{nz and plc:ting, hat in
moat cases the incrensed accuracy of the result ls not encugh o justify the additional Iabor. ‘The use of
4, b. k.-height classes [s equivalent to a rotgh sorting by first estimsates, in which sdiscent groupe more
of less overlap, but appreciable errors can hardly be caused by thia rough sorting, besatse the resuiting
curves will be neazly straight lines,
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on the curve, however, may be identified as that based on the second
group in Teble 1. Tt wﬂ{ be seen that the curve is very nearly a
straight line and that the definition is excellent. The logarithmie
paper is used merely because of the difficulty of plotting and reading
the smaller values on ordinary paper; the shape of the curve woul
be the same on regular coordinate ﬂﬁper.

Were the curve a 45° straight line passing through the points
(1, 1) (10, 10), ete., this would indicate that the first estimates agreed
on the whole with the measured values and that the original chart
was satisfactory without alteration. Usually this is not the ease, and
the curve, instead of confirming the chart, becomes & means of correct-

ingit. !
ﬁ‘he implest way to perform this correction is o revise the graduat-
ing curve Vo, first ancf then to use this revised curve to regraduate
the volume axis. The method is as follows:

From Figure 2 it cin be seen that for  first estimate of 0.1 cubic
foot the corresponding measured (or ““true”) volume is 0.148.7 The
0.1 point on the Vu, curve (fig. 3), which is its intersection with the
vertical representing 0.1, must therefore be shifted horizontally to the
vertical representing 0.146. Similarly, the point where it intersects
the 0.2 vertical must be shifted to the vertical representing 0.28, atc.
When enough of the points on the curve have been thus shifted, =
revised grac%uating curve can be drawn through their new positions.

By using this graduating curve, 4 new set of graduations can be entered
on the blank or left side of the volume axis. The new graduating
curve can he seen in Figure 3, marked V,* as well as the new volume
graduations which correspond to it.

It is advisable to enter these new praduations in soft pencil so th?fr

may be erased if further revision is later found necessary. The gra
uating curve itself should therefore be inked in for permanent record,
To avoid confnsion between the various graduating curves which will
eventually appear on the one chart, various colors are almost indis-
pensable.

THE SECOND CORRECTION OF THE CHART

A set of second estimates of volume ars next read from the revised
chart and entered in column 6 of Table 1. These should, on an
average, be much closer to the measured volumes than the first
estimates,

Since a change in the volume scale has resulted in & closer agree-
ment with the basic data, it is obvious that further improvement might
be obtained by changes in either the diameter scale, the height scale,
or both. The first of these possibilities is investigated by summa-
rizing by diametar classes, disregarding height, the height-dizmeter
class totals of cortain items. These may appesr in the form shown
in Table 2, which like Table 1 is incomplete. Table 2 i3 summarized
in complete form, however, in Table 3.

7 8o necurate a reading i3 of course impossibla In Figure 2 as hero shown, iy figure [ greatly reduced 1n
shcalré m{ﬁ :1;1]15; agtually used, sod this reductlon has made it necessary to omit most of the Yerticsl and

orizen g5,

* Subscripis dennts the estimate from which the revised graduntion curve was derived.
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TABLE 2.—Recapitulation by dtameter classes afler second eslimate
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1 This condensed fortm Is the one actually used, but 'Tabls 2 fllustrates batter how the data are comblned.
¥ Compatad from aggregate rather than average volumes.
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_-Following the total-height classes under each height-diameter class
in ‘Table 2, three lines are left for totals, averages, and to separate the
d. b. h. classes. When each height-diameter class has been entered} -
the diameter-class totals and averages are calculated and entered
The percentage differences between the messured and estimated -
volumes, using the estimates as the base, are then computed and
entersd in column 7, : '

The purpose of this step is to discover whether there is any residual
correlation between the voiume errors of the revised chart and diam-
oter. If there wers none, the. percentages in column 7 would either
all be approximately zero, or, what is more normally the case where
the number of trees used is limited, would at least have no well-
defined trend away from zero. In some cases this may be judged by
inspection, but it will usually be necessary to plot the percentages of
column 7 over the average diameters of column 4. A typical result
is illustrated in Figure 4. It will be seen that there is in this case a
fairly well-defined trend, which shows that the chart in its present
form tends in particular to overestimate the volume of trees above
16 inches in diameter. '

20
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DIAMETER BREAST HIGH {INCHES)

FicurE 4.—Forcentage doviations between messured and estlmated (second) volumes over
d. b. b. A eorrection of the dlameter seale, particularly at the upper end, is Indleated

If  change is necessary, the desired correction is accomplished by
shifting each graduation on the diameter axis to such a position that
the measured or “true” volumes will be read on the volume axis
instead of the corresponding second estimates. This is done as follows:

Tor each of the diameter-class averages in Table 2 pass a line
through the average d. b. h. (as shown in column 4 of the table) sind
the average second-estimate volume and hold its intersection with
the height axis (this is in & sense the average height, for this diameter
clnss); then pivoting on this point, shiff the line so that it passes
through the average measured volume and note the dismeter reading
at which it intersects the diameter axis. This process is illustmteg
in Figure 5, which shows the procedure for the ciass averaging 18.6
inches, which has an average second-estimate volume of 60.2 and an
average measured volume of 55.6. This gives the new position of the
particular d. b. h. used, the graduation distance being expressed in
terms of the original scale. g11‘-he value noted, 17.8 in the instance
illusirated, is entered in the last column of Table 2 or Table 3. Table
3 illustrates the form actually employed. Table 2 illustrates more
‘completely the manner of combining the d. b. h.-height classes.
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istances thus, determined

eZape d0b. h. of the class on regular oo

ve is fitted; 8s in Figure 6., - o 0 oL oo .
This curve may then be used'to regradiata the di
r.axample, in Figure 6 the graduation® distance. ft 5. b1
ches is ‘seeh to be. 17.3." The.new position. of the 18-lich gradi
_ tion<is. therefore opposite 17.3. on the old scale, ete. Thma.lt-er@d
eries of gradustions should be entéred.in pencil, but-may well. bo
T -EBI::IIsneﬁt_ly recorded by medans of a revised graduating “curve-in ink;

joled:Da.

&L

. o

~‘|‘|

rEW &ERAQ”A?*"ON DISTARGE . i F
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- s .- 12 S - 20 -
- DIAMETER BREAST HIGH ! (INCHES) .~ - |
' Fiovix 8—Curve fitted to gradustion distances derived by means of Figues

. The curves of Figures 4 and 6 aro merely two differont uxpressions . . -
‘of the same facts.” In the former a horizonfal straight line indicates -~
“that no ¢hange need be made; in the latter a 45° straight; line means . - -

® " the same thing. It is therefore desirable to omit Figure 4, and with *.

it column 7 of Table 2, since the eurve of Figure § not oaly indicates - . -

- the need for change but.also provides the mechanism for makiveit,
Before reading a new series of estimates, a similar; process should .

be performed. for height. The seme information from the second -
estimate should be summarized by height clisses, regardless of diam= = .-
oter.  If .any readjustments of the height scdle are found to ba -

_ . illustrated in Figure 5 is, however, now. exactly reversed; a lineis, . ..
* . pessed ;hrqugh each average height and average ‘second-gstimats -
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" voluiie 1 an interséction with the diameter axis, which is Held 4 &
" o pivot, ete., ‘ete. ' The resulting chart, which may have all three axes -
- now modified, is' considered & third approximation, and a series of -

- third estimates is read and entéred in‘column 7 -of the original table. .
- For the exaniple at hand, no correction for the H. axis was indicated.

Hy is, therefore, identical with Hy. - - o
° -~ THE THIRD CORRECTION OF THE CHART " '..'.1:" T
. When eolumn 7 has been totaled and averaged by height-di et,er I

- classes, a third correction may be made whirch is in every way similar . N

to the first. The adjustinent of the height and diameter axes may
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- FiovRz 7.~The imedsired—ihird cstimate curve based on columns 4 and 7 of Table1, Theds® . . =
o : Stzaight line indleates that no furthet revision is necessary -

heve thrown: the velumeé axis out ‘of adjustmeént, and this must be

‘tested. Average measured voiumes are therefore now plotted over

. average third estimates. ‘The curve will resemble in general Figure
. 2, but wili approach more nearly & 45° straight line. In the case

-whick is being Hlustrated it is, indeed, éxactly a 45° straight line, and

this shows that no further improvement can be made, (Fig.7.)

* While this is & normal result, it sometimes happens that some curve

of some line is defined which is not a 45° line passing through the

(1, 1) point. In this case the volume scale must be recorrected,

o]
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using exactly the seme process® as was used in making the first -
correction. 'This new graduation curve is labeled V,. The first
penciled corrections must be erased irom the volume axis and new
ones entered by means of the graduating curve Vj, which should be
in ink as before. = _,

&'I‘;ha revision of the chart permits a series of Jourth estimates to be
read. _

FOURTH AND SUBSEQUENT CORRECTIONS OF THE CHART

If the previous step has resulted in an alteration of the chart—
other than that indicated by a 45° straight line, not through (1, 1)
(10, 10) which merely raises or lowers the entire scale—a fourth cor-
_rection should be mede. This is similar in every way to the second
correction, already described, except that the fourth estimates are
used. Probably neither the height nor diameter axis can be further
improved, but if any improvement is possible it should, of course, be
madel® In this cese a fifth correction similar to the first and third
should be attempted. :

In other words, the two types of correction described should be
alternately applied until a stage is reached where no further correction
is indicated. When this result has been attained the volume table
is considered complete except for the translation of the chart into a
table of the customary form.

The final ap{)ea.rance of the base chart in the ease which has been
iilustrated is shown in Figure 3. The revised graduating curves for
volume (V;) and for diameter (I);) will be seen, with the correspond-
ing new scales on the volume and diameter axes.

THE NUMBER OF APPROXIMATIONS NECESSARY

Fortunately the technic described rarely requires many repetitions.
In some of the cases which have been worked out by the Forest Serv-
ice & single correction of the volume axis has been all that has been
necessary, the attempt to make second corrections merely establish-
ing this fact. It is rare to have to make more than three corrections.
The process, then, is by no means laborious. The last estimate
indicating completion of the chart is not wasted, since these values
are needed for the checks to be made.

FINAL PREPARATION OF THE VOLUME TABLE

The final graduations of the chart are inked in, and if a volume
table in slinement-chert form is desired, a tracing is made of the three
axes only with their final seales. This may be reproduced photo-

aphically, in reduced size if desired. A typical result is shown in

i 8. (The two diameter scales will be discussed later.)

A finsl table may also be read from the chart. The conventional
tabular form is more convenient for most purposes, but the chart
form is very useful in any work where interpolations in the table
are necessary.

v Gradaation curve Vy, rather than Ve, I5, of course, used in making this correction.

% The new graduation distances shonld be obtalned from the diameter and height scales from the D
and Hj gradusting curves.
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MEASURES OF ACCURACY OF THE FINAL TABLE

It is customary to calculate two measures of aceuracyfor any volume
table. These are the aggregate deviation and the average percentage
deviation.

The ate deviation is merely the difference between the
grand totals of the measured and last-estimated volumes (columns 4
and 7, Table 1) and is expressed as a percentage of the grand totsl
. of the measured volumes. It can be most clearly presented as follows:
"~ Aggregate deviation: Chart per cent high (or low).
is’ serves merely as a check on the accuracy with which the
curves have been balanced and does not check the form of the curves,
which depend on good technic in fitting - the measured-estimale
"~ eurves and the correction curves for height and diameter. If the

ate deviation is less than 0.5 per cent for important tables and
less than 1 per cent for secondary tables, the result is considered
satisfactory.’

The average percentage deviation is computed from the measured
and last-estimnated volumes of the individual trees. The difference
between the measured and last-estimated volume is expressed asa
percentage of the estimated volume, BSlide-rule accuracy 1s sufficient.
An glinement chart which gives the percentage deviation directly
from & setting of measured and estimated volumns is shown in Fi
9. The percentages may be entered in a final column of Table 1.
Signs sre disregarded. The parcentfhges are totaled and averaged,
and the result may be presented as follows;

Average percentage deviation,

A PERMISSIBLE SHORT CUT IN READING THE SECOND ESTIMATES

In the foregoing pages it was stated that the second estimate should
be read from the corrected base chart., It is somewhat easier to

obtain these values indirectly from the first estimates by means of the *

measured-over-first-estimate curve, (Fig. 2.} For example, tree No.
54 in Table 1 has a first-estimate volume of 0.10. On Figure 2 it will
be seen that the curve above 0.10 reads 0.15, and this can be entered
as the second estimate. The results shouid be approximately iden-
tical with estimates read by means of d. b. h. and height{ from the cor-
rected alinement chart, but being based on a single value (the first
estimate) instead of on two values (the diameter and the height) they
can be more quickly obtained. It is well to check a few values by
both methods to insure against blunders in correcting the chart.

Similarly, fourth estimates may be read from the meesured—ihird
estimale curve.

THE ORDER IN WHICH THE CORRECTIONS ARE MADE

It mey have been noted that in the procedure described, the order
of the operations has been reversed from that which is normal in the
more general method of curvilinear multiple correlation. The
reason for this is that form factor ususally is more closely correlated
with volume than with either diameter or height. If the height and
diameter axes are corrected first, curvature may be thrown into one

U BOCTETY OF AMERICAN FOREATERS (Committee on standnrdizalion of valume and yield tables), METH-
OD3 OF PREPARING VOLUME AND YIELD TABLES. Jour, Forestry 24:653, Item 37 {a), 1924
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ALINEMENT-CHART METHOD FOB VOLUME TABLES 19

of their graduating curves which belongs in that for the volume axis.
If this happens it may require several corrections to transfer it to the
volume sxis. In actual experience it has been found that several
more estimates are usually Tequired if the height and diameter axes
are corrected first. S

TABLES OF VOLUME IN CUBIC ;‘AE}}% OF ENTIRE STEM, INCLUDING

1f it is desired to make a volume table in which the stated volume
is to include the bark the same base chart may be used. Since the
geometrical solid on which the form factor is based is the same in
either case, i. e., a cylinder having a diameter equal to the d. b. h.
outside the bark, it is obvious that the form factor for the volume in-
cluding bark will be higher than for that omitting it. It might theo-
retically be preferable, therefore, to use a slightly sltered chart in
which the “modified cylinder” volumes were those of a cylinder
multiplied by some factor such as 0.45 insteal of 0.40. In practice,
however, the difference would be very slight and would appear merely
as & slight horizontal displacement of the curve such as is Hlustrated
in Figure 1, since the estimates would all be increased by a constant
percentage. 'The difference will therefore completely disappear in the
second estimate.

+

TABLES BASED ON D. B. H. INSIDE OF BARK

There is a strong possibility that in some cases 2 volume table made
in & certain locality will not be usable in & different locality because
of a difference in the average thickness of the bark. This is d]i)articu-'
larly true when the volume given is inside the bark while the diameter
mesasurement, the d. b. h., 1s outside the bark. There are, therefore,
some sdvantages in preparing the alinement chart in such a form that
d. b. h. inside of bark may be used as an alternative. If this is done
the correction of the table to apply to a new locality may be simplified.

Tt is & simple matter to prepare & eurve showing inside bark d. b. h.
ové;outside Eark d. b. b. for the basie dats of the table. The readings
of this curve can then be transferred to the diazmeter sxis of the
finished chart, marking d. b. h. insideof bs.rkopg[?site the corresponding
c11?.1 b. h. outside of bark on the final seale. This has been done in

igure 8.

t is equally possible to work from the beginning with diameters
inside of bark, and then later enter additional graduations applying to
diameters outside of bark. Somewhat better definition of the vanous
curves is obtained if diameters inside bark are used. As & maiter of
fact, the chestnut table illustrated in Figure 3 was thus pr?i)a.red, and
the diameter graduations there given are for d. b. h. inside of bark.
The &. b. h. graduating curve for outside of bark has been omitted
for simplicity. '

THE FORM OF BASE CHART FORI“B%I:II‘RCH&NTABLE YOLUME IN CUBIC
E

Tt would be possible to use the base charts already described for
volume tables giving the merchantable volume in cubic feet to some
fixed standard of top utilization, such as 4 inches. It is preferable,
however, to use a slightly different chart giving first-estimate volumes
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which are & Little closer to the actual measured voltimes of ‘the trees, '

-_and diameter-correction curves {such ss those in Figure 6) which are -
“racre nearly straight lines. = ' Cooe

" The chart adopted by the Forest Service is based on the parab- -

oloid. This is the ainﬂxaest geometrical solid which is closely similar |

to a tree. The formiula for the volume of & paraboloid is
. V= 3 I

where V is the volume in cubic feet, B-the ares of the base in square
sot,-and H the height in feet. * Allowing-a stump height of 1 foot,
the volume of the paraboloid above thisis - S L
' B
V==2

where H’=H—.lf.

If the unmerchantable portion of the tip of such a paraboloid ia .
truncated, this volume will be reduced by . I
bk

r=5

.t

where  is the volume of the unmerchantable tip, b the area of the
tip at the point of truncation end k the length of the tip. The
merchantable vol_ume_ of the paraboloid is, therefore, . T

| _BH'_bh
o Vo= -3 o
Ina pambdloid, however, the taper in ares is porportionsl to the -
length. It follows therefore that - ' '

h_b
S

and that

B2,

B
Substituting this value in the prévious equstion, we have
-1 ; b
v—o=(BE - 5

or simplifying,

H (B—#)
Vor=g =g

This may now be expressed logarithmicelly as follows:

T + _
- log (V—o)=log %--f—lo ET

or log (V-v)=log(H2_ 1)+log(_£%"i‘) .
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For any desired standard of fop utilization, b, and thorefore B*, s a .
constant. It is & simple matter to prepare an /dinement chart
similar in form to that already described by meats of which "t

~_formuls may be solved. An example is shewn in 10. The )

""graduating curve for V is a straight line, that for is not quite
straight because of the correction for stump height, while that for
diameter is considerably lowered for. the small dismeters, because of
the small differences between B* and B2 * _

The base charts of this fype, as used by the Forest Service, are
for top utilization to 2;78;7; 5, and 6 inches. - .

Tt should be noted that there would have been no siziilar advantege
in the use of the piraboloid rather than the :zlindér in the case of
the_provious base chart for the volume of the entire siem. The
svolume of & paraboloid is one-half that of the cylinder of . the same
dimensions. The cylinder volumes multiplied by, the form factor
OﬁOATi;)buld therefore be identicel with the paraboloid volumes multi--
plie 0.80.

" Tt will be noted thet the three sets of graduating curves onFi%u.re 10
are designated D,, H,, and V,, respectively. These are ab revia-
tiony- for dismeter of paraboloid, height of paraboloid, and volume
of X?mboloid. .

. ter the proper base chart has been selected the procedure fol-
lowed in prepanng the volume table is in all respects 1dentical with
that already deseribed.

THE FOEM OF BASE CHART FOR MERCHANTABLE YOLUME IN
BOARD FEET -

The forirula for the volume of a geometrical solid which r';a‘;éegnbles .

a tree in form and which is scaled in board feet by a log rule, is un-
fortunately very complex and not such as can be expressed accurately
bly an alinement chart. It has been found, however, thet a fairly
close -approximation can be worked out. The process of preparing
such an approximation chart is both tedious and involved and is
difficul$ to deseribe. It consists in general of the following steps:

A series of values for volume are computed for some assumed
solid, for a range of values of dismeter and height. After e Ti-
ments with several alternatives, the solid preferred is the cone
tum for tablex to be related to marcha.nta%le height and the parsb-
oloid for those:related to total height. The solid is divided into
16-foot logs and sceled by whatever log rule is desired,

A base chart is then laid out with tentative ]iamllel straight-line axes
for diameter, height, and volume. The height and diameter axes are
not graduated; that for volume is graduated logarithmically for
several inches at the top. The graduations for the maximum diam-
eter used and the maximum height are placed horizontally opposite
that for the maximum volume, Lines through this meximum-
diameter graduation and s series of three or four corresponding vol-
umes intersect the height axis at corresponding heights, and fine
pencil lines are drawn to record these indications of éﬁa positions of
these height graduations. Similarly, starting from the maximum
height, indications of two or three diameter graduations are obtained.
Intersecting back from the second and thir(ﬂ)f these tentative diam-
eter graduations will give & second and third series of intersections on
the height axis, which should sgree closely with the first. If they do,

\".". .
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. these height graduations are accepted, Reversing the process, the
tentative graduations of the diameter axis are checked by other inter-
sections. When this diameter axis has been carried a few inches,
attention is again turned to the height axis, and sc-on alternately.

The intersections of lines from the larger diameters and heights
will usually be well defined. Later, as smaller values of-height sare
intersected back to the larger diameters, they may be found to Iall
above or below the previously established points. Similarly, lines -
from the smaller diameters msy consistently intersect high or low.
This js an indication that the Tower part of the velume scale needs

exlziansxon (when ths intersections are above) or contraction.

‘he correction of the volume scale is accom lished by locating new
points on the volume graduating eurve, whic is done by laying the
straightedge on the diameter and height and noting the intersection:
on the volumne axis. 'This intersection is then projected horizontally
to the ordinate representing the corresponding volume, For this
correction the dismeter and height points used sre those estab-
lished by the upper values, which have been confirmed by good
intersections.

“Sooner or later, the intersections may mot fall on the original
straight diameter and height axes and a curve must be substituted.
If the intersections are well defined, the axes alone should be curved.
If, however, the intersections fall, not around a point but along & line,
such & multiple intersection usually indicates & simultaneous adjust-
ment of volume scale and of one or both of the diameter and height

axes.

The graduating curves are carried slong simultaneously for all
three axes. Each intersection located will fix & point on one of these
graduating curves, but since the result being sttained is only an
approximation chart the points will not lie exacily on the curve, and
a smoothing process has to be resorted to. The same thing is true of
the axes themselves.

An example of the sort of chart finally produced by this process of
4rial and error is shown in Figure 11. It must be admitted that there
is a large personal equation in the preparation of such a chart. Dif-
ferent workers might produce charts materially different in appeer-
ance. The test of their adequacy is Whether the original basic values
mentioned in step 1 ean be repruduced with sufficlent accuracy by
means of the chart, ‘This is true of the charts presented here.

A peculisrity of the chart illustrated in Figure 11 is the intersection
of the lower ends of the volume and diameter axes. This is to be
expected as a result of the scaling practice which neglects taper in
16-foot logs. All trees which are exactly one log in height to a 6-inch
top will therefore have exactly the same scale regardless of their
d b. h. This condition can be met only by an alinement chart
which has a commen point for 16.3 feet on the height scale and 20
{the volume of & 6-inch, 16-foot log) on the volume scale.

It has been found, however, that this condition can no$ be met in
all of the cone-frusta charts, particularly those based on the Seribner
rule. The difficulty zf)pears to be nssociated in part with the eccen-
tricities of the rule itself, which does not follow any mathematical law.
Accurate results at this one fixed point can only be obteined at the
expense of material errors in adjacent diameter classes. An example
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of the sort of compromise chart which has heen adopted is illustrated

in Figure 12.7 _ ' -

In base charts for board-foot volumes related to total height the

' Feculinrity noted sbove {fig. 11) does not exist because merchantable

ength is not rigidly correlated with total height. The characteristic
form of thess total-height base charis is shown in Figure 13.

THE TECHNIC IN THE CASE OF THE BOARD-FOOT TABLES

The technic for board-foot tables follows, in general, exactly the
seme procedure "as that followed in the cubic-foot tables already
described, and only one or two details need be mentioned. '

For reasons already discussed, the meéasured and first-estimated
volumes in the tebles related to merchantable height must be identical
for o 1-log tree of the minimum top diameter used. This means
that this volume determines s fixed point on the measured—first
estimate curve, and this fixed point makes the fitting of this curve
easier. The same thing is not true, of course, of the tables related
to total height, in which the lower end of this curve is often ill defined.
Near the minimum d. b. h. many of the trees will be so rapidl
tapering that they will not contain & merchantable log and so mﬁ
have a volume of zero. An average of a small number of trees,
some of which have & zero volume, will naturally be erratic. This
difficulty can be corrected only by obtaining s relatively large num-
ber of dats for these very small sizes, which may not be practicable.
At all events, moderate errors in the very s trees are ususlly of
little moment.

The small trees also causs some difficulty in connection with the
average percentage deviation. Since this deviation is expressed as
o percentnge, there are many cases near the minimum diameter
where the percentage deviation of an individual tree will be either
100 per cent, when the basic solid has a volume and the tree itself
hes not, or infinity when the converse is true. An average including
even 3 single infinity is, of course, itself infinite, and highly misleading,
The most practicable plan seems to be to omit from the calculation
of the average percentage deviation (but not from that of the aggre-
gate difference} the entire diameter classes for which either the
estimated or any of the measured volumes are zero. The expression
of average percentage deviation should then include the minimum
diameter used, together with the number of trees entering into the
average percentage given, as:

Average percentage deviation (494 trees, 13 inches plus): 9.8 per
cent.

17 The seties of charts in use by tha Forest Service for hoard-foot volumes includes the following: (Based
on leerchantable hefght) Scribner rule, helght and velume to &Iinech top, to -ioch top, to Siech tep, rod
to a IQinch top; Internationsl rule, hefgh: and volume to 5-ineh top, to #inch top, to 8-inch top, and to
10nch top. oo total height) Seribner rulo, volume to 6-inch top, to &-inch top, and to 10-lnch top;
Intereational mie, volume to &inch 1op, to &-ineh top, to S-inch top, and to i0-inck top,
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THE ADVANTAGES OF THE ALINEMENT-CHART METHOD

The advantages of the alinement-chart method can best be broughi
out by comparing it with alternative methods in use. - The old-
fashioned method -of fitting harmonized ¢urves was cumbersome and
ineffective because the data available were distributed among s num- = -
ber of curves. As a result none of these curves was wel;f defined
unless an exceedingly large number of data were at hand. In con-
trast, each curve which must be fitted in the alinemeni~chart prote-
dure is based onall the avzilable data and is nearly straight-line in
form. Furthermore, the weighting of the points in the case of the
harmonized curves was exact only in the first stage; in cross curving
it was customary to ignore the weights altogether, and impossible
to assign weights in any satisfactory manner. Serious errors some-
times 'result(:g. In contrast, in the new technic exact weights are
svailable at every stage. _ '

In comperison with the methed based on frustum-form factors, the
new miethod 18 more flexible in two respects. In the first place, it
does not involve the implicit assumption that the frustum-form factor
is correlated with diameter alone and is independent of height within
a diameter class. As a matter of fact, it has been fairly well estab-
lished that this assumption is false, esliecially_ in second growth:
although for mature timber the errors involved in it are small, ‘Tables
produced by the alinement-chart procedure may show a partial
correlation between form factor and height,

In th= second place, the new procedure is applicable to any type
of table, while the frustum-form factor method was restricted to
tables of volume in board feet based on merchantable height.

The new method is almost self-checking. The aggregate difference
is obtained by a mere addition of two cc’umns of one of the work
sheets, while the average tage deviation involves a relatively
small additional amount of labor, the measured and tabular or esti-
mated values being slready listed in parallel columns. This eontrasts -
strongly with other methods, in which the calculation of these two
measures of accuracy is excessively laborious,

As g result of these several advantages the alinement-chart method
is & more efficient procedure. This efficiency may be utilized either
by reducing the number of data required for & table of given accuracy
or by inereasing the accurzcy obtained with & given number of data.

In addition, time and labor will be saved through its use.

. 5. SOVERNMENT FRINTING CFFILE: 1932

FOR BALE BY THE







