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FORM AND DEVELOPMENT OF WHITE PINE
STANDS IN RELATION TO GROWING SPACE

1. SUMMARY

Tur mutual interference of trees in a stand as governed by
the available growing space affects their entire development.

From early life the growing space controls their crown and
root development or their chance for dominance, It aids or
retards the establishment of the erown canopy and thus regu-
Iates natural pruning and the size of the lower dead branches.
Ample room presents a favorable opportunity for wood
production.

The distribution of wood increment over the stem is re-
lated to the external forees, such as the weight of the crown
and the bending pressure exerted upon it; but if these forces
are not important (suppressed trees), the nearness to the
erown, the source of the building material, is the most
significant.

Thence comes the variation in form. The effect which
growing space has on crown development is measurable by
the relative values of dead length (height to base of crown)
and erown width. Trom this the stem form can be deter-
mined, at least in second-growth white pine.

The knowledge of the form (form class) of trees and stands
is essential for accurately determining their contents, espe-
cially when one deals with a limited number of trees.

Natural stands which are strietly noimal according to
existing vield tables for a given site and age are not normal
at other ages unless controlled by silviculture.

Understocked stands do not always fall short of the yield
of fully stocked ones, due to a higher rate of growth in basal
area and similarity of form. In case they arve deficient in vol-
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ume at present and retain the property of a closed stand, they
may attain the fully stocked yield, due to concentration of
growth on larger trees and low mortality.

In eases where such stands become normal, the product of
the ratio of actual and normal basal areas by the ratio of
actual and normal form heights equals one. Obviously many
combinations may give this result.

Stands overstocked in emrly vears contain more vohune
than shown by yield tables, but soon deteriorate, owing fo
stagnation and high mortality.

To secure an approach to normal yield and satisfactory
quality, growing space must periodically be regulated. Thus,
the determination of ideal forms for various ages (see Table
17) is requisite for successful thinnings.

Owing to the effeci of weevil injury and of persistent dead
branches on quality, white pine should be grown in dense
stands in early years.

2. GROWING SPACE

A tree’s chance to gain dominance is determined by its avail-
able growing space. Aside from the conditions of habitat
and inheritance, the possibility of existence and develop-
ment must be assured. Growing space is one of the most im-
portant factors governing the improvement of existing stands
or production of trees of certain desirable form, size, and
quality.

Average growing space is another term defining density of
the stand, but is eapable of determination in only one way as
compared with the several usual eriteria of density. We
usually define density in terms of either basal arvea, mumber
of trees, or volume, by looking at stands with the idea of
their present productiveness and without much reference fo
similarity of life history of the particular stands compared.
Trequently we see two stands of the same age and on the
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same site that have similar basal arveas, but differ widely in
number of trees per acre. The loss in number of trees is com-
pensated by a greater growth in diamefer. The same is true
of the relation between number of trees and volume per acre.

In a well-stocked stand the lower hranches of the trees,
being the longest, begin to touch and interlace shortly after
ten years ftom seed, and the mutual interference above
ground starts. Much, of course, will depend upon the vigor
of their growth and the neainess to each other. This estab-
lishment of crown canopy ean be studied very advanta-
geously in plantations. Table 1 shows the time and height
ahove ground at which this takes place with different spac-
ings and sites.

TABLE 1

srre 11 Srew |
s e g P B ————
. fime when Height nhave Time whes Height above
ﬁ.])!l(f%!l}.! arown meer- g")'\“i‘(i rown l[”(!r‘ :,'I'U\Hllll
ferenee hegins ol closing ference hegins of eloding
ffeet) venss from seed) (fect) {xears from seedy feet)
3 X3 10 1% .
4% 11 2 4 24
5 X H 12-13 24 10 3
0

G X6 13-14 3 13

If spacing is wider than six feet by six feet, closing is post-
poned considerably. A plantation with spacing fifteen feet by
fifteen feet had erowns far apart at the age of thirty years.

As a result of abrasion of the lower paris of crowns their
vigor is lessened and they become worn off, while the maxi-
mum erown-diameter begins to develop somewhat higher,
thus forming immediately below a region of relative shade,
which in time kills the lower branches The increase in height
to the maximum erown-diameter depends very lmgely upon
height growth, site, and age; but if these conditions ae
nearly similar, it is governed by spacing. This is shown in
Table 2.
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TABLE 2
SHOWING THE PROGRESS OF MAXIMUM CROWN-DIAMETIR
WITH AGE IN STANDS OF DIFFERENT AVERAGE
GRO“HN(}SPACT

"‘TA\E! AVERAGE GROWING SPACYK

Age Sranli Medium Large
] Height in feet to muximum erewn-dinmeter

20 . 15 13 10
30 .27 23 18
40 . 33 32 27
bl 46 41 36

it} 52 47 43

This shade eauses natural pruning, which is more rapid in
narrow spacings, due to greater intensity and faster upward
movement of the crowns. Figure 1 and Table 3 are quite
illustrative in this respect. Age, average height, site, stock,
and method of planting are exactly similar in all four spac-
ings. The figure presents characteristic cross-seetions of

CIOWH CLLODY.
FTABLE 3

Double nnd

Spneing Fotul erown triple erown Opcenings bee Single crown
ifeet) nret aren Lween crowns aren
(AL values in per cont of total ground area)
3x3 145 15 0 5]
4 x4 132 32 i} 65
B XA 113 17 4 Vil
75

G X8 05 10 15

Single crown area, or the portion of the area occupied by
only one crown, allows considerable light to pass through.
Openings between crowns, usually oceurring in the middle
of a planted square, allow branches to survive longer and
increase in size.

Natural pruning is measured by dead length, or the length
of stem above ground free from living branches. For the sake
of convenience it is expressed in per cent of the total height
of the tree. In older frees it is taken to the average crown
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FiG.1 TYPICAL CROSS SECTIONS OF CROWN CANOPY
AGE 16 YEARS
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base. The influence of growing space on dead length needs
no comment. Measurements, however, are rarely presented.
Table 4 below shows the variation of dead length with age,
space, and crown class both in planted and natural stands.
It is based on 300 trees.

TABLE 4

RATE OF NATURAL PRUNING AS INFLUGENCED BY
GROWING SPACE

TDORINANT AND CO-BOMINANT TREER INTERMEDIATE AND SUIMFRESSED TREEM

Age Avernge growing spaee of stands

{,-};:;?:5 Large Medium Smull Medinns Hmall

seed) Dond Tengeh in por vent of totnd height
10 s 12 17 17 22
15. 20 29 24 B 141
20 . 28 42 36 52
25 ... 37 . 83 46 04
30.. . & 44 GO 54 70
35 52 64 59 74
40 . 36 G6 G3 77
45 . 59 08 66 79
50. G1 70 48 30
a5.. . 63 72 70 30
GO

GG 73

The most rapid development in dead length takes place
between twenty and thirty years of age, bheyond which it
slows down.

Crown-diameters were long ago known (26) to be associ-
ated wvery definitely with crown class, stem diameters at
breast height, and spacing. In fact, when we say 2 tree is
dominant, we instantly think in terms of growing space.
Dominance is a relative term. A dominant tree in a well-
stocked stand, if transferred mentally into a less dense stand
of the same age, may often be called an intermediate. Crown
classification gives the best picture of growing space.

We may say that the higher the relative dead length of a
tree at a given age and the smaller its crown width, the less
growing space it has had in which to develop. It was found
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in this investigation that the ratio of relative dead length and
crown width enables one to conveniently interpret the grow-
ing space at a given age.

g1 W

where 8 is the measure of growing space; [, the relative dead
length; and ¢, the crown width, or average crown-diameter
in feet. Table 5 is presented below as an example of this
simple relation. These plots are of the same age (fifty years)
and stand, but differ in stocking.

TABLI 5

GROWING SPACE A8 RELATED 1O DEAD LENGTIL AND
CROWN WIDTH

Pror PH-3
~

Proz PH-G Protr PIT-2
Deat  Crown T};}nd Crown Crowss Dead  Crown Crown
Crown length  width Ratio  length width  Ratio  differea- length  width Rotio differen-
elass  (per eent) {feet) {pee cent)  (feet) tintion {percem} (feet) tintion
I C = L Q = f. [ 5
Dominan fitt) i 35 £ 13 40 IO 63 14 4.0 1 0%
Co-dominnnl (i 1i aR 145 ] b 01 202
Intermedinte % 8 86 215 T 30 e 3324
Trees per acre 320 ity
Basal area per
agre {sq [t.) 204 RhiH ki
Volume per
acre (cu ft) A58 RinH $8A2

One can see how the factor S inereases with suppression.
It is also interesting to note that crown-class differentintion,
or the ratio of the value of 8 to the value for dominants in the
stand, becomes larger as growing space decreases. This {ac-
tor is applicable to individual frees as well as to stands. In
applying it to stands, however, it is much more convenient
to consider only dominant and co-dominant trees in deter-
mining the value of the factor and to use intermediate and
suppressed trees if a more intensive comparison is desired.
Intermediate and especially suppressed trees are usually not
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representative of a stand, and form together the less stable
group. Furthermore, their influence on the average factor
exaggerntes their value in the stand.

The factor of growing space increases with age as the grow-
ing space diminishes.! In order to compare the growing space
of stands or of trees at various ages within a given site, a cer-
tain arbitrary scheme is necessary. Such a scheme as used in
classifying site (method of anamorphosis) can be very advan-
tageously employed here. This is presented in Table 6. Ten
classes of relative growing space were arbitrarily chosen,
ranging from stands composed entirely of dominants to those
with highly restricted conditions for development. This will
allow consideration of each group of trees or stands separately
according to a eertnain series.

TABLE 6

Inpex or Growrsg Space

1 2 3 1 5 6 T 8 il 10
Age  lessthan Values of fastor 8 mare than
10 13 1.5 17 22 2.0 3.1 3.5 4.0 4.3 46
20 149 232 25 3.7 4.4 2.3 6.0 6.7 T4 78
30 2.2 2.6 34 43 32 4.1 7.0 7.8 86 9.1
40 2.4 2.5 38 4.7 5T G.6 7.6 8.5 0.4 99
30 2.5 3.0 4.0 50 60 7.0 3.0 90 100 105
60 2.0 31 +1 5.2 62 7.2 33 G4 104 108
70 2.8 33 4.4 5.5 4.6 77 88 100 1106 115
4 5

Endex 1 2 3

6 7 5 9 10

(irowing space has a tremendous influence upon diameter
at breast height. A long and wide crown produces large
diameters as opposed to narrow and short crowns. This is
shown by Table 7 and Tigure 2. This figure considers aver-
age diameters of stands obtained from basal area. For the
sake of comparison the growth in average diameter of normal
stands is presented.’

! In gsome extremely overstocked stands the reveise may be true, but thege
are very exceptiona] coses.

? 15. H. Frothingham, White Pine under Forest, Manngement. U5, Depait-
ment of Agriculture Bullotin, No. 13, 1914,
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The effect of growing space on height is very small. Moder-
ately dense stands appear to be most favorable for height
growth. Overcrowding as well as an open condition results in
a somewhat deficient height growth. In the last case, how-
ever, repeated weevil injury may be solely responsible for the
effect.

The influence of growing space on volume is plain. No
change in form can overcome the effect of diameter growth
on volume. Assume three dominant trees at the age of forty-
five which have been under different restrictions of growing
space and have similar form heights. The diameters are 9.0,
11.0, and 12.7 inches, breast high. The ratios of volume com-
pared with the nine-inch tree equal

110y 127\
(~ 9.0) = 1 4% and ( 910) = 199

for the two more open-grown trees. This would imply that
the efficiency of volume growth of individual trees in re-
stricted space is only two-thirds and one-haif of the efficiency
in moderate and large growing spaces respectively. It seems
quite possible to grow a certain volume with a wide range of
number of trees per acre. A more detailed discussion of this
tendency will be found on page 39.

Inasmuch as it has been shown that the progress of dead
length is related to growing space, it follows that the size at
which branches die also depends on it. As seen from Table 8,
knot size increases with greater growing space and with dia-
meter breast high.

Knot size was obtained by measuring diameters of dead
limbs and stubs, which at the ages studied had not been
covered up.

In spite of the limited number of plots, Figure 2Aclearly
presents a picture of the influence of growing space on stand
development. It shows how over-dense stands or stands with
o, high index of growing space begin to lose their superiority
in volume per acre over yield table values soon after thirty-
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five vears of age, while moderately dense stands gain it.
Stands with a low index of growing space, or understocked
stands, are far from being discouraging toward the end of the
rotation.

The same tendency prevails in hasal arvea per acre. A high
index of growing space at any age means more trees per acre.
Cases are noted, however, where a difference of 120 trees at
the nge of twenty years did not change the value of the index,

TABLE §

SHOWING THE INFLUENCE OF GROWING SPACE ON
BIZIT OF DEAD BRANCHES

GrowiNg stace
.

Restrieted 8 = 6 and higher Medinm 5 = - Lorge 8 = 4 amd fower
Knot, size ot size Inol size
Dinete e, e e,
Dreast Aver. Maximum Desd  Aver. Mexinum Dend  Aver. Maximum Dead i
high diem.  diam, length dinen, dinnn length dinm, dinm, length Haoeis
tinches)  {inches) (inehes) (feety  {inches) {inches} (feel) (inches) {inches) {feet} (trees)
-2 4 6 B 4 KN 3 B 8 14 37
34 B 8 16 G RV 3 7 Bt 7 43
5T T 10 28 .8 1.2 23 .9 12 18 51
§-10 1.0 1.6 37 12 18 32 15 20 26 38
1114 12 17 44 1.5 20 39 17 25 32 14
15-18 1.6 25 45 25 30 36 8

Total . . . 191

and where in stands as old as fifty years, a slightly different
index may be secured with the same number of trees per
acre. The explanation of this is in the proportion of inter-
mediate and especially of suppressed trees in the stand. They
raise the total number of trees per aecre considerably, while
their interference may be negligible. The index of growing
space as it is affected by number of trees per acre or as it
affects basal area and volume of stands is presented in Tables
22 and 23 of the Appendix. It thus appears that growing
space is a more significant criterion of production than trees
per acre, basal area, or volume.
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3. FORM AND TAPER

Form. The work of the last twenty-nine years stressing the
importance of determining the form of individual trees and
stands for timber estimating has succeeded well in Europe.
Only very recently have we begun in America to familiarize
omuselves with the problem. This has been mainly through
the investigations (3, 4, 5, 10, 11, 41, 47, 48) of applicability
of foreign methods in determining the form of native frees.
In some 1espects the differences found were significant enough
to require modification.

Tree form is represented by a series of ratios between the
diameters at given points on the stem and the diameter at
breast height. Usually, however, it is expressed with suffi-
cient accuracy by the so-called absolute form quotient, or the
ratio between the diameter at half the height above breast
height and the dinmeter at breast height. This last measure
was introduced by Jonson as a modifieation of the old form
quotient originally used by Schiffel, who took the middle
diameter at one-hall the total height. Form quotients ex-
pressed as percentages are separated arbitrarily into form
classes.

As already mentioned, the real interest in the study of tree
form dates back to 1899, when Schiffel in his “‘Form und
Inbalt der Fichte” introduced the form quotient as o new
basis for grouping the tree volume table material. Analysis
of the volume table data for various conifers in Germany led
Schiffel to believe that a single table could be constructed to
apply to quite a number of conifers, if trees were classified by
form quotient.

Maass (29) in Sweden in 1908 verified the statement made
by Schiffel and went ag far as to claim the universality of
form-class volume-tables. The form factors of pine and
spruce in Sweden compared quite elosely with those of the
same species in Germany for a given form class. The same
tendency was observed by Tkatchenko in Russia (44).
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These statements of Schiffel and Maass are as yet in the
process of verification, although a large number of investiga-
tors seem to {avor this view alveady (5, 16, 20, 44, 48).

Several attempts have been made to express taper by
means of an empirical formula. The conclusion has been
reached that the stem form cannot be obtained by an equa-
tion with an independent variable of less than the third order
{8), or that the stem form above breast height may be repre-
sented by a hyperbola, if the effect of butt swell is neglected
(3,4, 5) or by a logarithmic curve (17, 34).

All these equations seem to fit the middle portion of the
stem quite well, but in the majority of cases do not fit the ex-
treme ends so well, i.e., tip and butt portions, which are very
irregular and perhaps require separate consideration.

From this apparent irregularity of taper and also from the
fact that the stem is considered as a solid of revolution about
its vertical axis, thus making stem cross-sections perfectly
cireular in shape, Turskii (46) concludes that the analytical
expression of stem form will always appear too artificial. He
claims that only knowledge of basal area growth at different
sections of the stem will enable one to determine tree volume
accurately.

In spite of all this, however, if one considers the merchant-
able portion of the bole alone, there is much practical value
in these approximation formulae, if their limitations and
aecuracy are properly presented.

So far the main status of the problem of the form of individ-
ual trees and stands can be summarized as follows:

1. Form-class volume and taper tables ean he constructed for onc
species. They are superior to the conventional volume fables In accuracy
by recognizing the differences in volume due not only to dismeter and
height but also, within certain limits, to form.

2 The most vital need of the method is to find some means by which
the average form class of standing timber can be readily determined so

that the proper form-chess volume tables can be used. The form point iden
advocated by Jonson in Sweden has limitations in use in this country.
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One of the main purposes of this investigation has been to
study these two points.

Tt is a common belief that absolute forn factors vary very
little, if at all, within the same form class in trees of given
dimensions. In fact this was shown by Schiffel, Tkatchenko
(44), and other investigators.

Schiffel’s famous formulae expressing form factors in terms
of form quotients for pine, spruce, and fir were used by many
foresters abroad. Some felt the need for their modification
{45). In general the interest in these formulae has consider-
ably decreased since the introduction of the absolute form
guotient.

Theoretically the form quotient does not characterize stem
form completely, but for practical purposes it is the simple
and convenient expression to be used in that sense.

The relationship of form factor and form quotient for white
pine can be expressed by the empirical equation

f=0528g% 40217 @

where f and ¢ are nhsolute form factor and absolute form-
quotient respectively.

The coeflicient of correlation, or the indicator of usefulness
of the equation to predict the value of the form factor, was
found to be approximately -+ 0.94 (n = 274), with the stand-
ard error of estimate of approximately 4= 0.03 (0.0271) form-
factor units, An average error in volume of individual trees
in common form classes will not often exceed plus or minus
six per cent.

This indicates that the knowledge of the form quotient
alone (not corrected for “normal’’ diameter) is not sufficient
to determine the absolute form factor, if greater accuracy of
estimate is desired. If, however, the diameter at breast

U Example: A irvee whose sbsolute form quotient inside bark was de-
termined to be 0.70 will have an ahsolate {orm fuctor of 0528 X (70} -
0.217 = 0.476.
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height (d) and the total height of the tree (k) are introduced
as factors, the equation changes its form to

/= 0580g% — 0.005d + 00001k 4 0.225 = .  (3)}

The coefficient of multiple correlation becomes approxi-
mately 0.96, and the standard error of estimate diminishes to
= 0.02 (0.01985) form factor units. The average error in vo!-
ume of individual trees will not usually exceed plus or minus
four and one-half per cent.

The absolute form factors were computed from the formula

11, Z¢g
=)
where n represents the number of stem sections; gn the basal
area at breast height; and £g the sum of basal areas at each
succeeding section of the stem above breast height. The por-
tion of the stem above breast height was measured in ten
sections,

Iquation 3 disaprees with prevailing opinion that taper of
trees of a given form class is independent of height as well as
dizmeter. This may be unique to white pine, since the same
tendency was noted in Canada by Wright (48}, whose con-
clusion is that “in the larger trees taper is more rapid in the
lower part of the tree.”” The differences in taper due to dia-
meter breast high are shown in Table 12.

The same tendency can be deduced from the coefficients of
partial correlation.

ry = 4 0.216; rog = 4 0.116; Ty30g = — (.782
Ty = + 0301, Viga = -|— 02‘13, T1y40y = + 0.297

where variables 1, 2, 3, and 4 are form factor, form quotient
squared, diameter breast high, and total height respectively.
The last column is of considerable interest, showing that
' Brample: A tree of form class 70, sixty {eet tell nnd cight inches at breast

height hag an absolute form factor of 0.580 X 0.49 — 0.005 X 8 + 0.6001 x
60 + 0225 = 0.475.
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with the same form clags and total height the form factors
decrease in a majority of cases with inecrease in diameter
breast high. The influence of height on the absolute form-
foctor, when diameter and form class are kept constant, is
positive, but not as definite as that of diameter. Taper does
not vary divectly with diameter breast high. In trees over
four inches in diameter this may be partly due to butt swell,
since butt swell extends quite well above dinmeter breast
high and exaggerates it considerably. This is the reason why
Behre developed his idea of “‘normal” diameter. {See also
Appendix, page 42.)

Dead length seems to be associated with butt swell. Table
15 shows this relation. Trees with long dead length (short
crowns) seem to have small butt swell and vice versa.

Trees with pronounced butt swell have not only long but
wide crowns as well. This is especially true when trees of the
same form eclass are compared (see page 22). Two trees dif-
fering in dead length may belong to the same form elass, due
to their compensating crown widths.

Trees belonging to the same erown index (see page 23) and
having the same dead length do not show, as a rule, any dif-
ference in butt swell.

A generalized equation, considering absolute form faetor,
absolute form quotient, and dead length (1.}, follows:

J=045302 +0065L 0214 . . . . (5!

The coefficient of multiple conelation is 0.97 +, with the
standard error of estimate 4 0.014. The average error in
volume of individual frees will varely exceed three per cent.
There are various theories explaining the development of
stem form.
! Fzample: Dinmeter breast high, 8 inches

Totul height, 60 feet
Absolute form quotient, .70

Dend length, 40 {cet (L = {% = 67)
f o= 0453 X 049 -+ 0.065 X 0.67 ++ 0.214 = 0.479.
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Metzger, in his theory of wind pressure (31), claims that a
tree stem will assume such a form as to be able to evenly dis-
tribute the bending foree caused by wind. Thus diameters
will increase from the top down, and the rate of this incrense
will be greater if greater pressure is exerted above. On the
other hand, if the wind pressure is lessened (dense stands),
the increment on the lower part of the stem will become
smaller and the form quotient naturally higher.

Hohenadl {17, 18) approached the subject differently and
explained diameter growth ab any point of the stem by the
necessity to support the weight of the portion above, rather
than to withstand the bending force,

Robert Hartig (14) found that volume increment is dis-
tributed differently along the stem, according to density of
the stand and erown class. In dominant trees the increment
is greater in the lower part of the stem, while in suppressed
ones it is mostly in the upper part. Normally the volume in-
erement increases {rom the base of the crown down to breast
height. In trees with suppressed erowns the reverse is the
case.

Ychiffel observed the relation of form quotient to crown
length, and used it in determining form class (36).

The form point method (Jonson) used in Sweden was ap-
plied successfully to Western yellow pine by Behre (5). The
work of Wright (48) and also that done on the Harvard
Forest in 1925 show that the relation hetween form class and
form point, especially in the ease of white pine, is not well
defined.

Form point, or as it is sometimes called, form point height,
is the distance, expressed in per cent of fotal height, either
from tip or base of the tree to a point in the erown considered
the center of wind pressure. The position of this point de-
pends to a great extent on the length of the crown, since it
varies only vertically. In a roundish crown it will be in its
middle and in a conical crown somewhat closer to the base.
Wright (48) found that the height to the center of the crown



23

length is even o hetter measure to estimate form class in white
pine. No one can deny the influence of wind upon stem form.
It is very logical, at the same time, that crown weight should
produce a similar result. It certainly is not a contradiction,
because one theory helps the other.

Growing space determines whether a tree will become
dominant, intermediate, or suppressed. Simultaneously with
this crown development the stem is built in such a way as to
withstand any lateral bending force (Metzger) or its own
weight as well (Flohenadl) and hence the distribution of
building material will be in accordance with the need (R.
Hartig). The longer the crown, the more wind pressure it will
get, and if the length of the crown is kept constant, any in-
crease in its width means an increage in weight.

The growth in height is at the expense of the crown width
(Metzger), while growing space, if ample, will allow the
crown to spread. This, with the growth tendency of the
branches, will give the crown a certain shape, size, weight,
and surface for wind pressure. It is obvious, therefore, that
one must consider crown in at least two dimensions.

In the present study a very strong relation was found be-
tween form quotient, dead length, and crown width. Dead
length was taken in per cent of total height, while crown
width was expressed in terms of an index as presented in
Table 9. This table separates average crown diameters of
each diameter group into arbitrary classes. The standard of
erown index is placed at ten inches diameter breast high so
that a tree seven inches at hreast height and with o nine-foot
crown ciameter would be given crown index 12. This figure
12 was used ag a term in the correlation table.

Data were separated into three broad groups:
1. Trees with dead length forty-five per cent and higher.
2, Trees with dead length lower than forty-five per
cent.
3. Trees from stands representing extreme overstock-
ing,
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These groups are discussed separately.

Group 1 showed remarkable consistency in the standard
error of estimate, computed to be 2 1.846 units.

The normal equation from which the value of the form
quotient can be determined, with the knowledge of dead
length and crown index is as follows:

Q = 04868 L 4 1.5697 I 4+ 18.2501"

Where Q, L, and I are absolute form quotient outside of
bark, dead length in per cent of total height, and crown index
respectively.

The value of the coefficient of multiple correlation is 0.88,
which, considered together with the value of the standard
error given above, makes this equation very useful.

The relationship of form quotient, dead length, and crown
index is not strictly linear, especially with small values of
dead length. The substitution of slight curvilinearity im-
proved the value of the coefficient of multiple correlation and
reduced the value of the standard error to 1.64 units. The
distribution of the ervor is as follows:

Bifferenee between
actusl pnd computed Nunsher of
{form quolicnt Lnsed

o= {trees)
Oy , . N 1
JL32 T ‘ o oo 10
N1 . . e B
05 . . 3

Total . o o oo 160

! Fxample: A tree eight inches in dinmeter and sixty feet tall has n dend
fength of {orty-two feet and an average erown dinmeter of ten feet.
2
L =2 = 7opereent. =12 (Sce Tuble )
(3 = 487 X 70 4 1.570 x 12 4 18280 = 7L,
The same value ean be obteined from Table 10.
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This eorrected trend is presented in Table 10.
The voeflicients of partial correlation are

Tag = 87
ripe = - B7
Togy == — .89

where variables 1, 2, and 3 are form quotient, dead length,
and crown index respectively. The importance of consider-
ing dead length and crown index simultaneously is evident
and is brought forth more strongly by the fact that the coeffi-
cient of correlation between form cuotient and dead length
when crown index is not considered at all is only + 042, It
is apparent, as seen from Table 10, that, when dead length is
kept constant, the form quotient will inerease with crown
index, or that form quotient will increase with dead length
within the same crown index group. The negative sign of the
third coefficient of partial correlation means only that the
same form quotient ean be obtained with different values of
dead length and erown index, 1. e., trees with short dead
length may retain high form quotients if their crowns are
wide. This is very important to notice, since dominant trees
in the stand are usually those with short dead lengths and
wide crowns as compared to other ecrown classes. This can be
seen from Table 10 by looking diagonally across.

CGhroup 2, trees having a dead length lower than forty-five
per cent, was considered separately, due to the well-known
fact that the stem in the region of the erown is very irregular,
both in young and old trees. The upper diameters in this
case are taken well above the base of the erown. The in-
fluence of this irregularity can be seen from the distribution
of error.

The standard error is -+ 3.52 units with an ill-pronounced
average tendency.

This group will include either young or extremely open-
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grown trees, and thus will present exeeptional cases in timber
estimating.

Difference helwoen

astunt amd computed Number of

form quotivnt iy
o (drees)

0 . ‘ . 9

01 S 10

02 L . o . 12

03 . S T

04 S 7

05 . . 9

06 . Lo . - o 7

07 . . 3

Total S o ‘ tid

Group 3 is considered separately because it was antici-
pated that very dense stands would show some irregularity
in form quotient. This proved to be the case, as seen from
the distribution of error.

Difference hetween Number of
actunt und computed CHBES
form quotient {trees)

~-003
-002
—0.01
]
.01
+0.02
+0.03 .
004
+0.05
-+0.06
+0.07.
+0.08 .

Tolnis . . _16

Fa O LG

|10 b s e 25 31 10

]
o

There is some tendency in overstocked stands toward form
quotients higher than ean be predicted from Table 10, but it
takes stands where stagnation is evident., Btands that showed
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consistently higher form quotients were all of this type. The
reason is most probably in the disproportionately slow growth
in diameter breast high as compared to that of the upper
portion of the stem (14). Extremely overstocked stands are
confined to small areas.

Trees of the last two groups are subject to considerable
inegularities in regard to butt swell, The data consider more
or less average butt swell. When stump quotients outside of
bark vary approximately within the limits given below, then
the relationships in Table 10 hold. Only very abnormal
trees are thus excluded.

Dimmeter breust high Raunge of

(Gnehes) sturnp uoticuts
4 1.07-1.16
[ 1.10-1.19
8 1.13-1.21
10 ‘ 174-1.23
13 1.16-1 24
14 . 1.37-1.26
16 . o 118127

18 . 1. 1128

It appears from this discussion that, with minor excep-
tions, Table 10 is very useful for timber estimating. For
Group 1 twenty-five frees (3* x 1.64%) seem to be sufficient
to limit the error to form-class units which would amount to
approximately one and one-half per cent of the error in cubie
foot volume. The estimation of form elass of the stand can
be done simultaneously with height measurements. A small
rule graduated in tenths (48) from 0 to 100 may be used in
estimating per cent of dead length. This scale is held verti-
cally like a Chaisten hypsometer so as to include the total
height of the tree hetween 0 and 100 divisions. Dead length
in per cent of total height is read where the average crown-
base cuts the scale. For accurate work a Klaussner hypso-
meter was found to be the best.

Crown widih is estimated by eye. The experience of the
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writers is that with a little practice the average crown dia-
meter to the nearest foot can be easily determined.

After the defermination of form quotients of individual
trees the variability of the quotient and especially the asso-
ciation of this variability with diameter classes should he
noted. If the differences are not too large, the quotients can
be averaged; if the differences are yelated to diameter classes,
the volume line or volume curve methods of Speidel or Ko-
pezky (25) can be used. The average height on diameter
curve is drawn. Then the curve of volume over breast high
dinmeter is gotten from sample tree volumes determined
from the form-class volume tables. This curve is used for
determining the volume of the stand.

1t has been previously shown (5, 30} that an average form
quotient can be determined and used for the entire stand.
The association of dead length and crown index with form
class suggests that this average tendency usually exists, since
generally the lower relative dead length of dominant and
co-dominant trees is balanced by wider crowns. When sup-
pressed trees were eliminated and some abnormal trees were
rejected, the standard error in estimating the form quotient
of individual sample trees from their average was found to
be == 4.1 form-class units. The error is distributed as {follows:

Devistion

from avernge Per cent.

form quotients of cuses
002 - - -
02104 . . . 31
041-.06. o . 20
06108, . . - 12
081-310.. . .. ... ... ... .. .. 4

The consideration of form adds much accuracy to timber
estimating. Conventional volume tables assume that differ-
ences in volume due to form tend to compensate, and there-

! Crown widths of four hundred trees (Juck pine, permaneni sample plot
newr Cass Lake, Minnesota) were estimated in six hours.
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fore & considerable number of itrees is required for their
proper use. With a limited sample the compensation of error
hecomes o matter of chance. If should be remembered that
in conventional volume tables the value for a nine-inch tree,
for example, may correspond to form elass 70, and a fifteen-
inch tree to form class 60, ete., according to the material used.
The chance for a cumulative error is easily seen. Even in the
case of abnormalities the use of dead length and crown index
as a hasis for determining form quotient is both practical and

accurate.
TABLE ¢

ESTIMATION OF CROWN INDEX

Dinmetar

promst Crows 1xnex i Fust
high -
finches) 6 E] 10 12 14 ] ] 20 a2

11 14 24 24 34 4 4 5% &
2 1 2 21 33 41 5 53 3 71
82 24 31 4k 1 G4 71 81 9
4 23 31 4 5 7 8 ) 10 113
5 8 4% i 7 st ST TVES 18}
6 4 51 G 8 9t 11 128 14 158
7 4 6 74 9 108 121 14 15 17
8 5 62 sy w12 3% 181 17L 19
9 5 74 TSN 3 R P ML 1ed 18 203
10 4] 3 10 i2 14 16 18 260 22
11 (% 8% 10% 123 14 17 19 21 23%
1262 9 11: 13y 18y 17 20 220 24
13 7 NS S LI ! 6L 188 21 231 25}
14 7 g3 12r ngh 16! 19y 21 24 2L
15 (& 10 124 143 17} 194 22 244 27
16 ‘ 10} 12% 154 174 24 224 25

17 . 13 15% 18 204 23

18 . 154 18F 204

19 159 18F 208

20 16 T

Ezample: A tree with a dinmeter of 7 inches at bronst height and a 9-foot
erown dismeter belongs to crown index 12, as does o tree 13 inches ab breast
height with a 14-foot erown.
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TABLE 10
ESTIMATION OF FORM CLASS

Daad
r,]:(;‘f’g:t Cllﬂ“'f Ixpext
‘;‘;e‘i‘:ﬂl o 8 w1z 14 16 IS 2 s
of tree Fornt elass outside bark trees
et . . . . £k 13 40 27
25 . . 48 49 50 7
30 . . 52 53 3 17
B . . 53 535 a6 55 5
40 . . . a6 58 G40 62 G
45 o . a8 G1 654 4] . 12
30 o 39 31 G4 153 70 15
ab . G1 654 67 71 . 38
60 61 63 G} T T4 . 40
G5 63 35 68 T2 76 32
70 o GG (1) 7t T 8 32
i3 . 68 T 74 7T 15
80 o8 70 73 76 . . 6
Basis brees 2 7 22 40 65 43 35 13 236

Taper. Table 11 shows the taper of white pine fifteen to
sixty years old for each form class. These are average figures
computed for the total material. An analysis showed that
within the region under consideration and during a short
rotation, one may consider taper for trees of a given form
class to be independent of height and diameter, since no
serious error will be introduced in estimating board-foot con-
tents of frees below fifteen inches at breast height.

Young trees, as a 1ule, fend to be more conical in shape
than the older ones, and their stems are subject to irregulari-
ties due to nodal swells. Large-sized trees, on the other hand,
may have pronounced butt swell. Small trees, too, even
below four inches at breast height, are noticed to have butt-
swell, especially if they possess comparatively large crowns.

The problem of determining the effect on taper of any one

1 See Table 9.
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factor at a time is one of the manifold classification type. It
vequires a considerable amount of data in order not fo over-
look some other influencing factor on one hand, and, on the
other hand, to have enough ecases in each group so that the
value of the standard ervor, so important in judging the sig-
nificance of any effect, can he conectly interpreted.

For a given form and height class there is an evident ten-
dency for trees with larger dinmetersatbreast height to have
smaller percentage taper values than shown by Table 11,
especially in the lower part of the stem.

TABLE 11
PERCENTILYE TAPERS

Bres Spetows samd Daesst Hegowre ro Do Txproe Ban

Far 1730 2/18 310 SYat] ) #/10 Al 8/10 a4/10
tluss Dinmeters in per cent of 311
35 572 S48 43 4 350 280 211 b1 7.9

Vi)

374 381 asd4 6T BTG 303 221 14T §0

5 =F =1
18]

44 891 b4 618 408 400 320 233 152 8.1
424 80.7 776 G406 B2Y 425 937 25 157 8.3
45 a0 797 675 #48% 450 356 259 16.3 85
494 910 814 702 588 475 374 270 17.0 87
a0 OEG 829 726 G612 500 303 8.5 178 §49
52% 022 842 748 638 A28 dbd 0.0 187 9.2
A5 028 882 TGT GGB 550 438 317 19.6 4.4
574 033 862 782 685 575 461 334 W7 0.7
60 93.8 872 My TG G600 486 3500 218 160

G20 942 880 SI1 728 625 511 878 231 103
65 048 800 825 74T 650 537 400 246 111
67 952 808 S48 766 675 AG4 423 262 120
70 957 907 S+9 784 700 A92 447 280 130
726 062 915 862 800 725 GL5 472 801 1l
5 067 924 S7TA 817 THO G642 406 322 154
;7L 071 032 888 835 775 665 A2l 340 169
80 976 041 000 853 800 693 545 373 185
824 981 950 012 §74 825 722 574 804 204
85 086 058 9206 808 850 755 603 423 230
Quadiedlpa8 29 20 225 +£22 432 33 £30

wlevigtion
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TABLE 12
TENDENCY OF TAPER TO VARY WITH DIAMETER AT
BRIEAST HEIGHT

Acroat Taren coMpAnep Wit sue Averass Tarer Cume or Tanew 1) ron s
Givexy TFony Crass

Difference in pereentage nd specified tenths of the stem above breast, hoight

1710 /10 8/10 a9/1e

Dinmeter ] .

breast TTeight elugs in feet Busis
Liiih o A . A A no. of

{inches) 30 i3 T 0 (511} il i) [i1}] ™ 50 fin 0 trees

-1 402 42 O A0S 0 =08 404 =03 465 =17 486 S50 4
0-12 04 308 12 V-0 =240 L R0 A S 12 ) s
13-15  —20 —-223 =22 05 =18 -05 05 416 +00 —15 405 10 20
W-15 =180 -2 28 0 -5 —-30 G =10 414 4035 405 1 10

Totnl . . . ;‘.’%;

The first tenth-section of the stem above hreast height
shows the largest variation. Taper measurements for groups
of trees ranging from thirteen to eighteen inches at breast
height and from fifty to seventy feet in total height are on an
average consistently below the trend of the total material.
‘The difference is 2.1 &= .5 per cent, which is rather signifieant,
since the value of the difference is four times its standard
error. No similar statement, however, could be made in re-
gard to other parts of the stem or to the groups of smaller
diameters. This somewhat agrees with the investigation re-
cently made in Canada (48), which leads one to expect the
variation of taper with diameter to become more pro-
nounced with age. See Table 13 helow.

In Table 12 is shown the variation of taper with height.
It appears generally that in the same diameter and form class
the increase in height tends to be associated with smaller
taper values in the lower part of the tree, and larger values
in the upper part.

The influence of these vmiations in taper on board-foot
volumes is slight, provided no trees older than sixty years
and larger than sixteen inches breast high sre considered. It
was found that the variation in bark thickness frequently
counterbalances the effect of taper differences, and, in gen-
eral, is of greater importance.
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TABLE 13
VARIATION O TAPER WITH AGE

Forst Crasy

1if3 0 5
Stem “Secand ‘ Hecond Seeond .
seetions Erowth growih grawth
from  Geatral Ol N Cestral Ol . Centrnd bl .
hreast L Sew prewth Difer- New  growth Differ-  New  grewith Differ-
height,  Eneland Camula [EITH England Conndn enee BEugland Caeadn enee
to tip Digmeters I B inpereestof DB H I D
1 LS 005 + b3 9T 042 +32.56 967 LG +21
2 SO 838 4 82 867 BRO 427 0 824 462 4232
3 8250 783 4+ 42 840 828 +2.1 87.5 860 +1.5
+ L7722 4k5 784 770 414 817 811 06
b 430 G530 8] 0.0 700 { 750 THhQ {
6 7RSS -~ 38 52 613 21 (642 G664 -2
7 A0 482 - 82 487 A5G ~50 {49060 350 -5 d
8 2E6 0 and —108 284G 470 =04 422 Jd0h -5
9

i1 w8 - 78 13e 200 —-70 154 223 —G0

Note: Tho sceond-growth white pine studied in central New Lingland is
from fifteen to sixty years oid; old white pine in Canada is one hundred twenty
yvears and older  (After W. G Wiight Sec 48)

4. BARK THICKNESS

Second-growth white pine below sixty years of age seems to
vary very little in regaid to bark thickness for trees of the
same size. This statement should not be extended, however,
to trees older than sixty vears or be interpreted as applicable
to other loealities, uniess sufficient information in that re-
spect is available.

Bark thickness was obtained from the velationship be-
tween dinmeters outside and inside of bark at tenth sections.
These diameters ave in direct proportion. The constants of
proportionatity, being nearly similar in the middle part of
the stem, ehange toward the base and tip. This ean be readily
seen from Table 14,

It is very likely that voung second-growth white pine in
central New England keeps well within limits of one bark
thickness class. At least, trees of different sizes in the same
stand show as much variation in bark thickness as trees of
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the same size belonging to different stands. It can also be
very safely assumed that density of the stand influences very
little, if at all, the relative bark thickness, since no evidence
of such influence was found.

The point of practical importance that this study of batk
thickness brings out is that form quotients outside and in-
side of bark are very nearly the same. As an average one may
consider the absolute form guotient inside of bark to be 1.019
times the form quotient outside of bark. This appears from
the comparison of the ratios between diameters inside and
outside of bark.

Since inside the bark the standard deviation of actual abso-
lute form quotients from the predicted trend (factor 1.019) is
=+ 0.01 of form class units, the deviation in ninety-five per
cent of cases will hardly exceed - 0.03 units.

TABLE 14

RELATIVE DOUBLE BARK THICKNESS AT VARIOUS POINTS
ALONG THE STEM

Ratios of
dinmeiers
ingide and Stundard Busis
Point of outside of devintion na. of
mensuremen bark Burk foactor ! of error irocs
Stump
(1 t. height) 505 095 014 S1
D B H 42 058 011 160
1/10* Rin%! 046 010 05
2/10 057 043 011 95
3/10 958 042 eurve
4/10 60 040 . curve
5/10 960 040 019 130
6/10 §60 040 emve
7/10 958 042 B11 95
8/10 054 046 . curve
0/10 S 055 012 60

! This factor multiplied by the diameter outside bark gives double bark
thickness.
* Fraetion of distance from 1. B. 1L io tip.
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5. STUMP QUOTIENTS

It was found that the relation between stump diameters and
the diameters breast high for a given diameter vaies in-
versely with dead length. (See Table 15 below.)

Stumyp diameters were taken one foot above ground. The
relationship between stump diameters inside and outside of
bark has already been shown to be 0.905 as an average. This
table would imply that butt swell is assoeiated with crown
development, since trees with long and wide crowns were
found to have cousiderably greater butt swell.

TABLE 15
STUMP QUOTIENTS OUTSIDE OF BARK

Distrseter Dean Lexorn v Pen cext or Toran Herour

h;;ﬁ:ﬂl 10-43 305 -0 70 usd over Hasis
{inehes) Rutie of stamg dinmeter to dinmeter breast high troes
1 200 1.80 1.60 1.40 i7

2 1.50 133 1.20 1.10 32

3 1.30 121 113 1.06 37

4 125 118 113 1.08 32

3 1.32 1.16 1.13 1.08 Rt

{ 1.29 116 1.13 1.10 13

7 1.20 116 113 111 18

8 1.20 117 114 112 12

O 121 118 115 1.13 17
i0 1.22 119 116 114 b
11 1.23 120 117 115 7
12 1.24 121 118 116 1

Basis trees 52 38 58 37

6. VARIATION Of VOLUME WITH DEGREE
OF STOCKING

There are many factors that enter into the measurement of
timber yield. These factors are not in direct proportion to
each other. That is to say, if two stands differ only in num-
ber of trees per acre or in basal aren by a certain value, we
cannot say that they differ in volume in the same proportion,
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unless all other factors are essentially similar. Basal area
per acre is one of the most influential factors of yield, but its
complete significance in comparing stands is attained only
when the stands are similar in form height. FFurthermore, all
the factors of yield change with age.

The difference in form height between two stands of the
same age, site, and basal area is especially important in white
pine stands on aceount of the effect of weevil injury on height
growth and because of the effect of growing space on form.
The comparison between the stands should, therefore, he ex-
tended to all the different factors upon which the yield is
based. The comparison in well stocked stands is done by
basal area per acre on the assumption that form height within
o given site and age vemains constant. If it is found that
stands other than fully stocked ones have the same formn
heights with a given age and site, then the whole matter will
simply be reduced to the measurement of hasal area per
acle.

However, this is not the case even in fully stocked stands.
In preparing yield tables one readily sees that plots giving
zero deviations from tabular basal area values do not neces-
sarily give zero deviations from volume trends. The differ-
ence, of course, is due to inequalities of form height. Basal
areas themselves do vary considerably.! A similar variation
can be expected in volume per acre. This considerable varia-
tion inherent in normal yield tables even after certain plots
are rejected shows some vagueness in the concept of nor-
mality. If one continues to reject plots on the basis of basal
area so as to reduce the standard deviation to five per cent,
he will seriously disturb the trends in number of trees and
volume by rejecting plots that were just right in respect to
these two factors.

Ixisting yield tables, therefore, deal with average condi-
tions of full stoeking whieh is not necessarily maximum yield.

! The stundard deviation of plot basal-nren deviations from tabular values

is in the neighborhood of plus o1 minus seventeen per cent in the latest yield
tables prepared (42).
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The red and white fir yield tables (42) include as basic ma-
terial stands ranging from forty-five to one hundred eighty-
five per cent of yield table values in number of {rees per acre.

The definition, “a normal stand is that producing the
maximum possible volume in cubic feet for a given age and
site,” ! is incomplete, because novmality at any age does not
mean normality at all ages. The definition requives, in other
words, that we consider all stands normal whose eubie vol-
umes come within the range of normal volumes without ve-
gard to the growth seties to which the stands may belong. It
will also hardly be possible to reconcile the other factors,
such ns number of trees per acre and basal area.

To prove these points we must consider stands not normal,
i. e., understocked and overstocked stands.

The yield tables for fully stocked second-growth white
pine presented in U. S. Department of Agricultuwre Bulletin 13,
by IE. H. Frothingham, may be used as a standard of eompari-
son of normality.? The part under twenty-five years of age
was disregarded, however, for lear of the obvious lack of
halanee between basal area and volume.

The comparison of understocked and overstocked stands
with fully stocked stands on Site I1 is presented in Table 16.

This table clearly indieates that there is not the assumed
parallelism in growth trends and that the application of the
yield table to present stands or to predict the future yield is
confronted with difficuities. The influence of form is ordi-
narily not noticed, since conventional volume tables do not
take the form of individual stands into consideration.

Understocking by number of trees is not always detrimen-
tal when wood production and not quality is considerved.
"This is especially true within the limits of a closed stand. The
iden of thinning originated from the greater vigor of under-
stocked stands. Nearly all fully stocked stands require thin-

I Committee on Growth and Yield, Stendurdization of Methods of Pre-
paring Volume and Vield Tables. 1926

* In these tables plots devinting more than ten per cent from average basal
aren were rejected.
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ning. Plantations with usual spacings are nearly always
understocked at early ages.

TABLE 16

COMPARISON OF UNDER~ AND OVERSTOCEED STANDS
WITH YIELD TABLL VALUES

Unprrszoeann Stannsg OvERsTOCKED SyaNps
Por vent of Mall iim:king per aere ey vent of full stocking por aere
Total Totni Totul Totni
Age  Number  basniarer  volume Age Number  basalaren  volurse
{yonss)  of Lroes (s 1t) fen 1) {yuenrs) of trees (ap. I3 {en 1)
a7 64 104 90 28 137 149 151
27 81 932 70 32 248 104 87
27 99 101 a4 36 162 105 ns
30 7 41 30 36 133 i15 124
30 47 88 72 40 121 131 126
31 28 63 31 43 149 98 93
34 78 60 45 55 104 96 88
34 33 106 75 L] 115 108 120
36 71 105 102 55 200 84 73
37 G0 71 73 54 160 87 75
a7 74 118 119
33 38 100 S8
41 38 a7 SG
42 44 05 b
44 13 89 73
45 63 83 73
45 71 02 84
45 95 95 a7
50 33 91 76
50 43 108 95
50 43 122 1314
50 52 038 104
50 76 127 a8
60 36 111 113
65 85 86 84
65 43 130 120

If understocking is understood in terms of basal area, then,
as seen from the table, the stands older than forty years have
basal areas over seventy per cent of basal areas of fully
stocked stands. With stands under forty years basal areas
below seventy per cent are frequent. Therefore, under-
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stocked stands growing at o higher rate, at least in basal area,
may or may not reach fully stocked volumes, depending on
how their form heights compare with those of fully stocked
stands. Discussions of the approach of understocked stands
to normality do not consider the question of form. In under-
stocked stands the form improves with age, but this is not
seen when the conventional volume tables are used. The
heights of understocked stands are frequently lower than
those of fully stocked stands, mostly due to the effect of
weevil injury.

The approach of understocked stands to normality is due
to ample growing space. The hasal area per acre hegins to
increase at o higher rate than normal. The form height also
increases at a higher rate, or at least remains in constant pro-
portion with the form height of a normal stand for a given
age and site.

Young overstocked stands, in turn, have more volume than
fully stocked stands, but 1apidly deteviorate at older ages.
The effect of stagnation and of high mortality on the rate of
growth in basal area counterbalances all the advantages of
high form.

In the light of the interpretation of growing space and
asswming the normal yield table as a standard of compari-
son, it appears that in order to approximate maximum vol-
ume per unit avea, stands should be overstocked at early
ages (see also 12, 42) and somewhat undeistocked toward
old age. This volume will be possible with several combina-
tions and life histories. Different natural stands reach nor-
mality of volume at different periods, but never maintain it
throughout their life history. They are thus disconnected
series unless controlled by man.
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7. DESIRABLE STAND DEVELOPMENT

1t is only with sufficient stocking and by control of growing
space that pine of satisfactory quality can be grown in pure
stands. Pine weevil injury in this region is not an oecasional
thing, but is almost the rule as far as pure stands are con-
cerned. Repeated weeviling in widely spaced stands results
in sueh misshapen trees that the commonly used name of
“cabbage pine” was suggested.

Close spacing helps the stand to recover sconer and suec-
cessfully, 1. e., crooks in the stem are less pronounced than in
wide spacings and the tree is not so apt to fork. Purthermore
it has heen noted that in dense stands there is a smaller per-
centage ol weeviled trees than in more open stands.!

Old plantations were commonly spaced six feet by six or
wider. Now they look very poor as a result of repeated wee-
viling and absence of clear length. Perhaps the initial cost
of planting was low, but it is quite evident now that the
final value of lumber will also be low, making a final profit
taestionable.

Close by a widely spaced plantation one very oceasionally
sees o plantation spaced three by three or four by four. Al-
though the average dinmeter is small as compared to widely
spaced plantings, the trees are straighter, with well-developed
dead-length and good form. The dead branches are short
and slender, The recovery from weevil injury is strikingly
faster and more complete. The stand suggests far greater
possibilities. This was noted in all closely spaced plantations
studied.

Weevil injury after the stand is thirty feet tall or about
thirty years old is not very common or important.

Closely spaced young plantations cannot be left too long
without thinning because the growth will be considerably
retarded.

P H.J MacAloney  Unpublished manuserips
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TABLE 17

DESIRABLE STAND DEVELOPMIENT

Dinmcter At IN YEALS
boaet i 0 30 14 It Iy
tinehes) Stoem distribution  Numnber of trees per nere
1 200 10 first seeond
P 1,100 30 thinning thinning
3 450 160
4 200 250 . .
] a0 500 . 30 30
& 320 40 46
7 S0 70 7t
& i} 10 Tt
4 144 (i} .
10 bt 20
1t 30 5
12 10 70
13 G0
14 25
1H b1
a 2 21 1,200 760 506 270 230
] 51 160 . 194 50 187
¢ 2.0 5.0 ‘ sS4 121
rI 18 35 . a7 . 72
@ 4,000 1,800 5,400
! . 30,000 11,000 35,000
it 7 H] 12 5]
h Bl a0 40 GG
i 4.4 3.5 50 4.4
i 54 64 64 T2
a Total number of (rees per acre.

b
¢
4
¢
f
g
h

(=

Total basal aren per acre.

Avernge diemeter of the stand.

Averape height of dominant trees.

Totel volume {cu [t.).

Volume in Feet. Board measure

Desired crown dinmeter of dominant and co-dominant trees
Desired dend-length in per cent of total height (dom and cowlom)
Growing spree factor (dom. and co-dom ),

i Form cluss of dominants and co-dominunts.
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It appears that in order to insure the recovery from weevil
injury and to produce at least two logs of good quality, white
pine must start dense, say with a four by four or four by five
spacing, and remain dense until the stand is thinned at
twenty-seven to thirty years of age. During this time there
will be encugh trees from which to develop tentative erop
trees with high dead-lengths and small knots. Thinning at
this age includes cleaning and improvement cutting. It
should not he made too heavy on account of exposure and as
an insurance of sufficient crop trees. Also the dead length
will be inereased more than if the trees had more room.

At the age of forty-five years the second thinning should
take place. This should be heavy and will probably pay con-
siderably more than the cost of the thinning.! This leaves
the final crop trees comparatively few in number, but the
best in form and size. The so-called ““light increment’’ will
foliow.

' The render may consuit the figures given in Table 17 to interpret them in

terms of dollars and cents neeording to costs and prices involved in his par-
ticuiar ense,
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APPENDIX I

FIELD DATA

In the course of this study filty temporary plots containing 1,309
frees in both natural and planted stands were studied. Toity-six of
these plots were taken in nonthern Massachusetis and four in south-
castern Vermont  Torty-seven plotd were on site II, two on site I,
and onc on site 11T Only closed stands of pure, even-aged white
pine younger than sixty-five years were considered. In order to
get unifor eonditions the plots were necessaily small in avea,
ranging from one-forticth (most common) to one-tenth aere. Great
eare was taken o include just the crown area of the trees within the
plot. If an error oecurred in basal area and volume, it is perhaps
too small to he significant, since the stands represented differ so
widely that this effect is not felt. Fuitheimore, the question of
average yield does not enter this study

The more intensive measwrements on individual stems were
based on 377 sample trees. With the exception of ninety-two
trees,! these were all on the plots deseribed above. Diameters half
wiy above breast height were measured in ail eases, 182 by climb-
ing, ninety-two after the trees were felled, and five with a transit
reading to ten scconds. These trees grouped themselves as follows
according to dinmeter, height, form class and age:

TABLY 18 SUMMARY OF TREES MEASURED

Dinn hreast Namber Total Nuwrzher Form Number Ape in Numixr
high ftus ) ol trees heiglht of trecs vlnss al treed yonrs of plats
2 38 10 36 30 1 10 a
E 48 20 30 39 3 15 1]

[§ 45 36 32 40 9 20 b
s 51 46 78 45 23 45 3
10 7S 5 94 50 32 30 b
12 41 it} 56 ab a5 b 5] 7
14 3l 70 32 (0 18 40 4
16 10 . . 063 Gl 45 H
18 b . 70 70 50 A
20 13 . .. 74 23 &b 3
o S0 9 G0 2

i, b5} 2 05 3
Fotals 377 377 a7h 50

! “Trees mensured in tenth-sections by W A Allnight and N W, Hosley on
the Harvard Iforest in 1025,
40



APPENDIX II

VOLUME FORMULA TOR SECOND-GROWTH
WHITE PINE

(a) Volume of the stem above breast height.
Volume of a selid of revolution characterized by curve #* = par
may be represented ! by

P 7
= e Y - — i e
v 1 b. LorV 7 by L sinee
1 1
f=rapandd =y

This assumes, of eourse, a perfectly symmetrical stem whose shape
is poverned Ly the form exponent »

The majority of investigators eonsider the function Ff—’ indepen-

dent of diameter breast high and of height or of any other factor of
tree growth. This assumes that J = cq, where ¢ is a certain con-
stant whose value 18 governed by the form exponent r. The follow-
ing table shows each factor as it is related to the type of the solid
of revolution.

Type of the solid ¥ ! ¥ ;r:
Cylinder 0 1.000 1.000 1.0660
Paraboloid . 1 0.500 0.707 1060
Cone 2 (1 333 0.459 1.333
Neiloid 3 (.250 0354 2.600

One may clearly see the reason and limitations of Schiffel’s approxi-
mation formula f = ¢*, sinee a paraboloid was taken to represent
the shape of the tree stem.
'V = volume of the stem above breast-height.
w = dinmeter at one half the stem length, L.
Fand g are absolute form factor and form quotient respectively.

¥ is the dirmeter at the point on the stem =z units from the tip.
p = a constent; and 7, the form exponent.

a0



al
The table also shows that Behre’s principle of “normal” diam-
eter and the climination of root swell is to restorve the ratio (.lf as

given in this table for each value of g, since this table and the table
for f and ¢ presented by him {page 702, ref. 5) agree very closely.
We have found that actually ' the relationship between absolute
form factor and the absolute form quotient is
= 0453¢* + 0.063] -+ 0 214
or that

&

" {
S
Vv, = (0,:;53 + 0065 q’ + 0;“) b L; but since

be = B¢, where B is the basal area at breast height
V, = (04534 + 00651 + 0.214) BL.

L1 0214 ,
= (.4h3 4+ 0 0465 q + w};-«— and hence the volume

(b) Volume of the stem below breast height.
Tor simplicity the stem is cubed by Smalian’s formula and the
stump is considered a eylinder.

Vy = b—;*;'g’ 354 b, =275, + 1758
where b, and B are basal areas of the stump (one fool above
ground) and at breast height respectively.

Since b, = ¢ B, Vo = 275 ¢* B+ 175 B = B (275¢° + 1 75).

The factor g, is, of course, the stump quobient,

(¢) Volume of the total stem thus becomes
V = B{(2750g,* + 1.750) + L (0.453¢% + 0.065 1 + 0.214)]
or V=018 (« -+ Lp)
where a and 8 (the values of both parentheses) could be readily
determined graphically
The value of g, if not measured directly can be obtained from
Table 15,
To get the stump quotients inside of bark Table 14 can be used
Tor the determination of g or the absolute form quotient with o
fair degree of accuraey without actual measurement, the reader is
referred to the diseussion on Form

I No sttempt was made to eliminate butt swell,



APPENDIX III

VOLUME TABLES

Tue application of ordinary volume tables assumes that at any
place in the region to which they apply, measurements on a large
number of tiees tend to compensate for the differences between
actual and table volumes of individual trees. When the sample is
small, these differences are very largely due to not allowing for
compensation in form. The use of form-class volume tables greatly
rechuees this error

The distribution of deviations of individual tree volumes from
interpolated tabular volumes, as given in the form-class tables
following, is presented helow.,

Cubie Foot. Board Foot
Difference Table Table
{per cent) Number of trees used ¥
4=

-2 . . ‘ oo 70 G7
214 P * 11 45
4.1~ S . TG 28
6.1-8 o ‘ 33 19
S.1-10 o 10 9
10.1-12 ‘ 2 3
12 1-14 . . . 2 2
14.1-16 . 2
Totnl o o 283 77

i
&

Standerd devintion of the differences (per cent) =:4.0

The volume tables make no allowance for defect. Before the
volume tables are applied, local information of bark thickness
should be secured. The tables consider that the ratio between diam-
eters inside and outside of hark at breast height is 0.942. If the
loeal study of bark thickness shows a different factor, a correction
should be applied as shown in the table below.

! No trees were rejected from the data.

62



Actusl dinmeters,
breusst high

e, Vaolunse-tnble Correeted dinme-
Cutside Tugide dinmeters X tery, volume-table
hark bark inside bark Dilference autside hark
{inehes) {inghes) {inches) (inches) {inches)
100 9.0 4.4 0.4 9.6

106 9.6 G4 0.2 102

No attempt should be made to apply the tables to trees older
than sixty years without the knowledge of the difference in 1egard
to bark thickness and taper,

If the form quotient is not determined directly, it can be esti-
mated from Table 10 Much attention in this respect should be
given to butt swell. (See discussion on Form).

TABLE 19
A, TOTAL CUBIC-FOOT FORM-CLASS VOLUME TABLE
Note: Volume ineludes total stem inside bark. Stump height, one foot.

The stem volumes above breast heighé were compuixd frem the corrected
normal equation 3. Bold faee type indicates extent of original data.

FORM CLASS 3235

Pigmeter Topas, (ELGUT OF TRES (FEET)

hrenst s .

high 10 ih 20 25 Bt} 45 40 Basis

(inches) Tatul volame (eubie feet) {trees)
1 Kir A7 .08 . ..
2 20 .23 20 28 81 1
3 A48 e 0 067
4 . 81 A1 101 1.12
b ‘ 1.37 154 1.70 .
6 ‘ 214 237 2.60

Basis {Lrces) 1 ‘ . . 1

FORM CLASS 35
Dinmeter Toran nEIGHT m-. TREE (PEN)
Dreuwst
high 16 13 20 25 S0 5] 0 Basis

(inches) Total volume {eabic foet) {trees}
1 07 08 .08 . . . .
2 .20 23 26 24 32 . .. 1
3 A8 Hd 61 G5 . .. 1
4 . 82 62 104 114
b . ‘ 140 1.57 173 ‘
4] . .. ‘ 318 242 2.66

DBagis .

(tl'ﬁCS) 1 1 ' t o ' 2
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FORM CLASS 37.5

Dinmeter TOTAT HEmnt o¥ IREE (FEut}
broeast 2
high 10 13 L I 25 30 i 40 Basis
{inchies) Fotul volinne {oubic feetd {Lrevs)
1 067 08 .09
2 21 2k 27 30 32
3 49 A5 42 G}
4 82 093 LS 116 .
b 142 1359 176 . 1
¥ 222 247 272 2,97
7 285 330 363 397
8 . 410 450 400
Basis (trees) 1 |
FORAM CLASS 400
Diamerer Torar nelair oF mmes {reer)
irrenst
high W 15 2 28 S0 35 A} 45 oy Basts
tinehoes) Total volume (eubie foet) {trovs)
1 07 08 049 .
2 32 24 27 30 33 1
3 49 A6 63 i
4 83 A 1s a8 .
5 1.43 1.62 180 199 218
G 2260 252 2978 304
¥ 305 338 372 407 . .
g 422 L0507 5500 504
9 a5 6805 G660 715 7.6
10 736 5062 S68 936 .
Basis {trees) 1 1
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FORM CLASS {25

Diameter ToTas HELGHT OF ruEk {(FEEg)
breust
high 10 15 20 R Bt ua -4} 4 i i) {in Rasis
finehes) Totnd s ohuae {enbice fect) (Lroea)
| 07 a8 (M 1
s 21 .24 37 al 31 2
) 50 B6 And Tl B
4 St 96 108 120 2
a 145 1.4 181 202 232
G 240 2a6 28E FId
v SO0 3L BRG 117 i Hl
S 135 480 Ttat] A it AR
%) 5.6 6 20 576 T oAb Tl
Hil . Tafh R3S 966 HAS
It . . . 983 107 il 124 132
12 118 127 T RN 1ht .
Busis . N " )
{irecs: 2 " - 8
FORA CLASS 15
Pinmoeter Torran EErGRT OF (8HEE (FEET)
breast - .
high 10 I i} 25 30 34 -k} 4 Al ) ;30 #5 il Busis
{inchies) fond volume (aubie foct} {troes)
107 0% 08 ‘
221 26 28 31 bl 3
3 .. B0 BT (i 7l i
1 86 97 104 122 3
o . 147 167 187 206 224
i Co2as 2462 2400 318
v S 352 388 4327 L6l
5. 40 L0 D40 ARG G40 694 . .
0 572 632 695 753 B15 870 1
it} . TTH R4 020 895 107
i e 110 114 128
12 . . 121 131 el 161 161
13 . . 153 1656 177 180
14 . . 176 184 203 216 229
15 . . . . . 2146 232 248 263
14 . - G40 261 278 WL 312
B8 —- i
{il;céss} P 1 o2
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TORM CLASS 47.5

Dinmeter TOTAL HEIGHT OF TRES (rRRT)
breast e
high 10 15 24 B 30 35 40 45 & 54 GO 03 70 Busis
(inches) Total volume {cubie feet) {treesy
1 .07 08 09 . . 1
2 .21 .26 .28 32 .35 3
3 B0 .67 G5 .78 [
4 86 .88 111 1.24 . 1
3 149 170 190 211 232
6 240 2068 206 325
i 321 360 400 438 475 . .
38 . . . 460 510 557 6.10 6.61 7.16
b 585 650 712 77833 9400
1) . 792 870 948 103 110
11 .. . . 106 114 123 132
i2 .. . . . 124 1356 145 1506 166
13 . 55 169 182 104 ..
14 . 152 195 209 223 237
15 , . . . 223 240 256 271 .
16 . , . 252 270 288 306 323
Basis =
(frees) 2 o8 1 1
FORM CLASS 500
riameter ToTAL LEIQUT oy ThEs (roer)
birenst —r
high 10 20 25 30 30 g £ a0 A 60 43 70 Basis
{inches) Totsl volume {eubie net) (trees)
1 07 08 09 . . 1
2 22 26 .29 32 35 7
3 51 B8 66 .74 ‘ G
4 87 100 134 1827 .. . . 3
3 S 1581 1972 193 215 2387
t . . 245 272 3.03 3.34
7 .. 328 367 100 440 492 .
S . £76 523 AT 630 B85S 740 .
¢] . 663 T30 700 860 930 095
0 . sS85 475 106 114 122
11 . 08 118 127 1306 146 .
12 . . 128 139 1560 1 172 183 .
13 162 175 188 201 214 .. i
1 187 201 216 231 246 261 1
15 . . 2360 2406 263 280 2040
. . 261 2850 208 3106 335
17 .. 201 312 332 352 373
18 324 347 370 393 416
1 350 384 400 434 459
24 . 3006 423 450 477 504
Basis — 45 2 19

(trees)




57

it

@ar
S
888
¥1e
§$0%
18
G688
805
§AT
[R5
el
201

a9

Ly
568
Beg
gel
6'8&
9'¢E
8Ce
ol
g
ofrT
B
096G
G4

GOF
oig
e'ee
10t
¢lc
68z
80%
St
@6
O'€f
401
068
So°4

g6l o o .

991 i ' . '

I e .. .. ..

sl &1
'l o'l o

0g's :

19

¢o'e TLE  UEE )
a 08¢ 6F% .
. 61 9T ¥l
’ ' o1 9rT 10T

Cooer e gE

a a . o it

{10@f S1qu9) FRIN(0L THIOT,
oF ok of

o i G4z

o (=o0xy) sisug

().
61
bt
A
9f
&1
¥
tl
o ol
o it
' 0t
4
b

[in il S e R

(A

1

jad)

[

{gargn)
[ L

4
(1434} UL JO ILUDIEH IVLOT,

1suag
EREOIN Y

CEG SEVID WUOd



(s9047)
e g

ar 1 o o o o o i b I 1 |
f &L oty Y g8k Ter

o
BT
[

™1

ee  96F §OF G¢RF TIF ERE o : o o o 61
i B'F TeF L6E LR TR : : . o o 81

@0 ©8E §uE 3ER

o F9e G688 618 8UE

' 618 008 @8 106

o . 08¢ T9¢ ¥fo  TEC

el

it
561 ’ . . o . o o Fi
. ' ' bge Yle 108 821 - a o . o o . 81
L . . EEN ) GRS o~ S § 89T et o a a o o B 6l
o . o . HAS S o B 55 N i | I ’ ' a a o . It
. ' . o OEl gl §it FoL een o o . v o o o1
) o . o 901 866 66 OF'S oL'L pE{ YL B o o o . t
] o . o oL 1EL BLY e[ 8a'e  ©O¢ o o . o 5
! o . o o o et W't 9130 S 5 o
a . ’ ’ . o fee I&8  88'%
’ i1 Yo't el'c
o . il

[ S El B 4]
RN
Lot Jat IRty |

o
—

-
fnel
—_

L

-
oo
R
b I 1
i

98T 7 .. b
&0°'T 88" 7 ¥
i1 w0 :
¥ a ’ ’ ’ o ' ’ g FE og 9% T& B
¢ ’ ' o ' . ’ o o 60" S0 80" 7

{1aat aryia} slatizos iog, {sayaul)

o
o b

e b

—_ -

el Gl i [H% eF Ot en e D el ol ymy
D v S S N PO i S ¥ Y T
{im3d) s3EAL S0 LHSIAH IVIO] ECERIL T

SRSV WO



59

ol v T . . i 1 o , T . n g (S0 s
gy woE 0'RY GOt SOF UG . . - o v o 0z
tEFe FI @8F O¢F §EF G768 . o . . o . . . 61
I §6F ¢OF 8'§F OIT @8k 6E8 v : v T - D |
S 1 S - N O/ S £ ) < o T v T - A |
T . 28 §¢E 08E (08 888 . o . o o v v . a1
oogeR TIE B6T Bl FEE . " o o T B
T T6E TIE 9% 68 ©Ee 90r T T v R o
I 9% FEe §06 €61 sUr U " - - A 1|
I O F0E USD LT 99T eer - - v R |
1 ” o N -6 7% 4 G & & SR 1 S - v " R 1
o B gl 9ED 2TT §0T s T " - SR

T o o o 0 ot 06 oL'8 00's 5L o G
ere  ar'g o ' ) a 8

1 . . . ooars e IR 8870
' a . 858G 06’7 a6’e 6% o . . EA
G o a . o o . o F9¢ 1€ 96F EWE 8%8 . 9
T a a o o . . o 0g'e I8 0% B8T 89T 7 o Y
’ ) . ‘ ’ . ' B o L0 S 40 SRS (O SRR - S T
o . o o o o o o ’ 8L G U 13 &
. .. N .. .. .. e - .. e o 10 YA e -

.. .. .. .. e .. GO G so I
{20911) {3901 MqND} NG 10T, (sotf{uul)
siEng 2L 0L &n i ee 0% ¢t oF 53 [GH % oz el 01 way

- PRI
(rusd) 3FUL A0 LHDMENE CIVICTL, 1DIIWBL

o1
-+
gt

b )

eI SEVID INHOU



60

{52041}
SERfE

Ay
eog
0'1g

i

[

g's¢
lig=4
oSt
FEF
488
£7e
oe
296

[P

400

Yy
£0¢
L'
0¥
o8
£ce
£'8¢
97e
e
g1
G'TE

et

I

61¢
AT
9eF
£'88
&'FE
£og
968
0gg
36T
191
Iad]
FiE

GG

08

-

4

¥'SF
oTF
568
gcg
0°ge
1431
878
18
81
99T
0eY
o1

I¥'s

- I g
bAl " -
T'TF . -
128 : :
oge "

165 -
s -
08c &% :

LT Lel Fi

il &8t Gal

0zl T 101
08’6 oga ¢5'8
08°Z g1’L L]
009 (A FOL
0% F eIy g4
a 885 808

a o LT
.. - Q6

oeL
06'¢
FeT
888
18%
el
6%

(120§ DIQND)} DILIOA J8IG],

e °F of

of

ng

{s8813) sI8UY]

. 02
. 61
a 81
o FAS
o Of
o 1491

g1

s0° I
[Gaaininy
0t B

{2394) UL J0 ABOISL TVIOE

— 38TRIg
IjauLy

01 SSVEY WNUHOJ



61

it a o 1 G a G G G I i o o T {soaa3) SISTE
a I'sh 909 @l OBE O o o . o . o . . o e
TTOFge EEY (RY §SF O¢F . . o ‘ o ’ . o . 61
ooge 00 LT OFF O o a . . . o . . ’ §1
o o 6'FF &R 968 670% o . a . a . v o . L
o a "oy §18  ¥eg 088 108 . o o o . o o o at
. a Jug  wee 918 vog EUlE At o . a a . . . @1
& . glE €6 9hkE  L'tc BEE 0'ee . - B o a v ¥I
G : iz 998 68 &Hoc LG T'61 o . . a . o a gl
. . the ST1¢ §0c 160 ALt gL 4t o a ' . B o ¢l
o o o L] R N G ) S 554 RR - S . . - a . o il
o a Fel vPL ¥El FEI I Py o . a . o o 0t
a o ol 1T 601 101 086 088 o o ’ o a ’ G
a a o6 08 S0S s 949 o1r'o ' . o ' . 8
' a BN ¢ 89’9  6I¢ 697 GI'T o o o .
o . . . oot a6t 98'g §¥¢  0I'e o
.. . .. .. . . 16 OLE T LTT 61 .. ..
; . . .- . . .. - grt 6e1 ZET SRl SO
1 o v a o o o R ¢ Y 16 18 oL’ & o
. .. . - . . .- .- .. e 0F e zo Sz
.- . . .- .. o . .- .. . . .. or 60 S0 1

3841) {199§ DH[RD) DML JHIO], {gayaug)
SSULL G Gl @9 49 e 0oL or or 45 or s Ua ¢l 03 g

L A I R S
oo D 1.

[

v am:u._g
{(1334) guuL 40 LHOHIIH TYIOE RLabihitTy

TG SBVTD MNHOL



62

gg g z ¢ i T 8 ¢ L T - T (%200) s1sRY
.. 209 oes £ 6e gog .. - e .. .- .- .. .. .- - 0z
TOO80% ¥vie OFe 0o o o o o o o o o o o it
O8Fe 818 §'%F LR LEF o o o o o h B v . 81
T6r  L9F  6¢F &IT TSE . . o o o o o o . 2
0FF  9IF  §6eg L98 OTR . o o o o . o o . 91
g6 TiE 6% gee FOR o o o . o o a a o eI
OFe 9% Y08 988 L9T 136 o o a o v o . o i
00 €8 99 6% e T1e o o o o o o o o g1
OeE  TY¥E 9EE ®IE LeT T8l 891 . a o o o ol
o 9°0¢ €61 0BT 89T 891 £%1 o o o o . . o 11
o 041 09T 09T 68t gET 8Tt S0 o o o ot o . 01
’ 06T €51 Eif  FOT 096 a8 o o ’ o o . 6
o FOT A96 006 08 e'L 96’9 8 a o o o ) §
v : OoFL 889 289 FRC ¥R ERF OETF S
. o o IR 4 A S P FEF 96'c  8SCE 02E o a . o
. o o 20 85 19% £3T UGl o o a
o o o a . o o o IS'T €91 OF'F 88T OU'F
N .. . ‘- . .- . .. 20’1 o6 oy e ey ..
.. . .. - o 15 18 g g
o o 01" 60" 800 1
fraa5)) (3027 oyua} DAEINJEA W0, (531001}
mEng QL 0L 1) 08 oo iy of on af i 0% e[ 0L gy
- 181D}
{ra494) “UNf, A0 LEDIGE CIVICGL dajamunyy

2 e OO et =

S
.=
ol
=

= e

s ]

e ]

o™

0
0

29 §8VID IHOJI



63

-~

e e B

(zeady)
ssugg

69
T
HAUY
g8
80F
L0F
46e

1

oo
EAY
S'EC
£'8F
GEF
¥8E
9eg
065
0'¢e
o'iG
FAVAY
YT
F1t

4

9’18
Ioe
68
e
40F
498
Lie
¥4
F'EE
66T
i
gl
P

GG 8

{#

L _
vEE o

(1997 24NA) RURIOL 1B,
0% % 0F of

o't
86’8
62’6
611
o8

oF

0g

ey

ol
¥
hict
or

{saaly) 1wy

05
61
S
i1
01

: a1

TL

800 |

{satjaun)
o1 Hng
- ISTIAG

(LEd} S4ENL 40 IHOIME TVIC],

Jnjaug

G'L0 SSVID INRIOL



64

ar R 0 i g b it g 3 . T (soan)sisug
08 TOL 0FL 090 B89 SGe . . .. .. .. . o e 0z
TO08L E69 9%% STT9 T8 FRE . o o o o o . oo T 61
TTOSE9 FED 068 0eC FEC 6'SF . a o o . o o oo S
T6E B¢ R T8 TR TR o o o o o . . oo KA
B0¢ 9IT 6% UTF Foe  Lue o o . o o a D 91
CFF 06F 968 ©'i8 SFE TEE ’ a a o o o oo G1
TIF TGE 0ZE 6'VE 838 808 188 006 . o o o o oo e ¥i
TOGEE 088 TOE 8 FOE 993 LUG v o a a a oo gt
T'6g CI5 6% &€9% LEE TIE 98T GAT o o ' cl
BT €8¢ 6718 %0z €61 8L ¥9T o9 o o o oo [
TOY0E T6T B'ST OTAT 09T 8%E LET O SFT . o o oo 01
§9L B'9Y GFL OFL OST TEE IIT g0l o0Es a . oo 6
el 8TT OTID $0T 09°¢ 988 ETR OFL ooy U ' oo 8
o O0¥s L8'L sE'L £8'9 P29 890 TTQ o L
o a TOB6e 8T F0C B9y 1T 08°E
’ o OOO%E 9ER 98T OvWE
o a . ' a o BT et IBT LT
’ ’ ’ o . 6D 8y

I~
I~

O DT
S g

ko i B B |

L]

-+

]

ML A I B
hed

[ ]

. . . . . .. .. - L .. 60" SO I
{30017} (199] auBD) BEINAN [914], {satpus)
ssugg oy 08 e 0L on jul] ge o gr OF en of kg s a1 0O g

18U

{3EHA} WU A0 LHOIFN TVIO]J, REALIH iy

0L SEVTID WNUHOIL



(syan}
HEVE[

es

H
T
80
19
1ree
¥6r
OFF
R
FE]
¢'8g
Fag
z'ag
ol
0etr

1L
FFD
08¢
&8
LGF
Ty
£o8
g1
69z
G'GE
0'sT
@ey
eel

6

ﬁ.
SR
200
FEE
0'GF
§eF
068
1't8
L0
R
FEo
841
oFE
91t

58°8

H
a4
LAY
504
Ser
601
708
4§18
812
&'Eq
0oz
991
&8l
201
T&'s
[t}

ofe
166
8'¢e
818
¢8I
¥el
Y&l
ChG
99z
69°¢
ooy

iR
8§88
[
(LAY
e Fl
I
02’
L0
te'e
|96
988

8'le
9’81
&er
0'ET
201
0%
]
08y
UeE
St%

Bt
06
ord
a6'g
08'F
99'e
61
oi'l

{18a] 2113} NN IR0,

|6

aF

0%

88’8
0c'e
°6'8
LT
84T
00t

¢f

L
ST'E
€73
SET
08
et

of

i’

8687

I

OF

¢

SI'T
Hih
oe
ar

ihd

01

ﬂ
(L334} Fawd do LnoiEf Ivio],

¢
61
S
Ll
a1
o1
Fl
g1
ol
1
tH
&

b

(sauaut
gy
18U

{5003]) sIuy

}

dzjamnicy

gL

I

SEVID WHMOL



e OF 0

o2

¥
§.8
¢Ie
geF
G668
678
165
1'es
806
0L
@8

g

09
gye
¢SF
sy
LAY
8'CE
088
983
961
091
L'eT

g

o0g
80¢
Ter
807
geR
LA}
o'98
GEo
781
0ar
61t

g G
e . .. . ..
P T .. - .. ..
FTE .. .. .. ..
108 .. .. .- ..
0'e8 L£08 T'88 . .
L8z 98 ¢¥g o .
¥¥e Leg 01 &6r .
Lo 6L §aT €0t a
VLY 690 OLTT OFEE a
0FT 081 ©O%CI OiF 001
TIT E0T0%6 648 062 7

(]
-
[2a]
e

* {s0o1y) sisug
R
A
g
R 2 4
e gy
S ey
R =
. 1§
il
g

@ o : 86 9T'6 FYS B6°L EEL OL9 079 LIFE T oo 2
1 o v v v 08 TR ORYG ZPC 06T 09% TOT SEE ’ T h
4 o o : o o OOFT EUF IR'E SFE 9T'E ER'E ISC o o8
I ’ ’ o o v TOOFE gt F0E BRI g9T O IFT Y T T fF
.- .- . . ‘. . . oe . . 9l FOL 26 0% %" - - e
T . . . . N . . N .. . .. e a5 1% gp 18 z
N . - . - . . . . .. . e .. . N % GOT S0 T
(s3al1) {191 21U} atunjor jmiog, {satponn
s D6 &8 08 el 0L ] ] ce og et GF of o e 05 21 a1 m&.:m
(r33a) uqﬂﬁl.m‘c LHOTIH TYE0J, - .Sw_wﬂummu

4 ERVID INHOL



67

8 - - - - o AR | F : e R o o : C(E9a41) S18TY
OwRL OFL L0L 299 SEd g8y oee o ’ ’ o o o o st
R 1 EAE <A1 BRAS VI B 0 R € SO VI L o . o . o ’ o oo T H
OB BT LOR WEE P09 &L OF o - o o ' o o 9
oO0e ERCOFOY 9L OV STTE 0eE T . - o o . o R ) |
P8P €0F 4B VT 068 908 ©re 8 e o o o ' B |
T g0F €88 ©98 OTE 098 ¥t 8§ 8% o o ’ o oo £
e LR 6GR U6E vLT Fer WEe A1d 660 o . o o ol
. BRI A | SO A O AL ) S - S ) S o o o R 1 |
o OET Mg TOs TG L1 €01 59T 6ET T o ' . I £
i o TOOWELAT 99D el gyT o ¢gT el FIL 7T ' o o R ¢
o a o PR e TR ST LOT S8E 006
o o . 0L GYE 088 TER 8¢AL F00 ege ' o
o ’ oA 8y 0T9 BWY FEC WUF 8TR ole oo i
o ' o o o T 8T OTOE O GYE UEE gbe G¥e T oo T
o . o o o . . OFeE eEE  Of's 68T L9 evl L T T F
o o ’ ' o ’ o o o ’ 120 QR4 7 C R v A + A 4
e . . . .. .. .- .. .. . . T T
. . .. .. .. . . .. .. . .. .. o or 6o ¢

(3991 DA} MDA [WIN], {sataun}
G oy 08 g (1 44 49 ve 0y of GF ki o e 0z ¥ [
15uBIGE

(1334} BAUUL 40 IBDIMH IVLOT, o pHUBI(]

Ll SRV INHOL




68

HY 0 o1
Lt~ B ]

90z 061 T R
TLT SO FEL O
PogLr ger OFT 6BL ST T
R 5 & S % 1 TIT geTees TR g
S O 90I 9%°6 0T6 £9'S eXZ STL 0¢0 Bee T g
OORL OISO 0E9 IRE 08T 18F IEF ISE o
ottt RUe 8Ly GFF LOF B4R IRE SOR 9% T ¢
. Tt g0 OFF STE ST BT 6FT 8T T T
T T INT 88 98§l .
e R e o o
e

183043} {390 DIYND) NNBIOL JUIT,
sIsUE (6 &8 as @l QL €l 08 ce 42 ey [ e 34 e i el

G
P
o O WEL 9%F €It 86l
. ”

—

1T g ¥ & i [ T {5000y) RIsRg]

B £ gen g9 gae : ’ -1 |
OTEL e8e e gIe ) ’ ’ L |
oFen Te¢ O06F LGF ¥or o o £ ]
628 TOF EBF TOF €18 o o 2
FALH 0y 6L8 TEE SEE o . . A
o ree G'ee 108 ¥°5% ) ’ o . 31
. T9es 688 08 T0E 8% 898 TEL O¢eE 908 o o . oo El

4

o

2

0

) -
AL
-

=

—

wht
ed

—

COE o T

+

{1AE4) BEHL 40 LUSILIH VIO, 3BT

08 8SVTID WHOL



49

TABLE 20
B MILI TALLY VOLUME TABLE

{Board Foat Measure)

Nate: Volume excludes bark.  Stump height, one foot. Top dinmeter in-
side bark, four inches. Based on tnper eurves; scaled by twelve and two-
tenths foot logs by mill-tally log rule construeted on the Harvard Forest on
the basis of 2222 logs. Sawing: sixty per cent two and one-cighth inch round-

cdge; remainder, one inch squarc-edge and one ineh sidings.
Bokdface indicstes extent of original data.

SECOND-GROWTII WHITE PINE
TORM CLASS &0

Dismoeter LoTaL HELGHTD OF LREE (FEET)
bhreast . "
[TE7T3 PRSLFORN 1) B £ S 11 S 1) Ao B {i0 65 70 Th S0 33 Buuis
‘inches} Velame (feet bosed measure) itrees)
HE . 0 10 11
[ 12 14 16 18 2 2%
T ,o16 20 23 260 28 31 .
b Co23 27 300 34 48 42 46
9 33 48 43 48 &4 5O
{1 I .. 40 48 b5 62 68 TH
11 50 80 68 76 8 02 101
12 ‘ ¢1 71 8¢ 91 100 110 120 . .
FH : 83 95 106 119 131 143 185 1
4 . 108 122 138 153 167 180
LI . 124 140 157 173 180 205
W . 180 198 216 236 254 272
17 . 208 2922 242 264 285 308
18 927 240 272 207 320 345
15 I : ‘ 256 281 307 332 358 387
20 . . Coa84 314 344 372 400 4381 .
1

Basis {Lrees) B 1
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FORM CLASS 525

Linmeter FOTAL MEIGHT OF TREE (rBLET)
lirenst A
high 25 3¢ 35 10 45 30 53 G th 70 ™ S0 35 Basis
{inches) Volume {feet board measure) {treos)
5 . . W11 32
[§] 2015 17 1 21 23
7 18 21 2 27 30 33
8 24 28 32 36 40 45 49 1
0 34 40 46 31 57 63
14 43 50 B8 65 T2 70
11 33 62 72 80 88 97 106
12 4 t 84 85 106 116 1206 .
13 98 111 1253 137 180 162
14 118 129 145 158 174 188
15 31 148 165 181 199 215
16 180 208 227 248 267 285
17 213 234 255 278 301 322
23 240 263 287 313 337 361
19 2069 296 322 348 375 405
20 .. . 207 328 350 388 410 449
Basis (trees) 1 i
FORM CLASS 55
Diamuter Torar HErGHT OF THEE (PERT)
breast A
lgh 25 30 35 H) 45 a0 HE] 64 it T ) s 85§ Basis
{inches) Vohume {feet board monsure) {trees)
5 .. 12 12
O 13 15 7 20 22 24
7 19 22 25 2§ 32 35 1
8 26 30 34 38 42 47 51 1
9 37 42 48 5 6O GG 1
10 45 B 61 68 76 83 .
11 86 GG ¥5 8L 93 102 111 .
12 67 18 88 100 111 122 132 1
13 10 116 130 143 1587 1649
14 120 135 152 167 182 107
15 137 156G 173 1890 207 225 ‘ ‘
16 199 218 238 2580 278 209
i7 223 246 268 201 313 338
IS 251 277 301 327 352 378
19 282 310 337 365 304 424
20 311 343 375 406 £33 4G9 1
Busis 1 2 1 1 5

(trees)
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PORM CLABSE 575

Dinmeter Toral. HEIGHT OF (HER {FUET)
hreast -
high 253 40 45 0 45 H Hd 60 15 70 i S0 85 Dusly
{inchus) Vobame {feet board mensure} {trees)
n 10 11 12 13 - . -
6 i4 16 18 21 23 25 §
7 20 23 26 30 34 37
8 27 31 35 40 44l 449 o 1
9 . 35 45 5t a8 43 70
10 . 48 36 G:t 72 83 88 .
1l an 44 78 88 98 107 116
12 70 32 02 104 B0 127 138
t3 107 122 136 149 164 176
Lk L 125 142 150 174 190 205
i3 144 163 181 190 217 235 . 1
16 208 226 249 270 200 $12
17 o34 257 281 305 327 3563
18 264 200 315 342 368 394
149 a5 324 352 381 412 443
20 . . 295 358 300 423 457 488
Buasis {trees) 2 1 .3

TORM CLASS 60

Dinmeter ToraL StEIGHT o PREE (PERT)
Lreast ol :
fiigh 25 B 342 M0 1D al ah i 065 rill Th S0 85 Bnsis
(inches) Vohtme (feet bonrd megsore) (trees)
G . 10 11 12 15 14
4 4 17 10 22 24 24
T 20 24 28 32 35 39 42 .
3 98 82 37 42 47 52 57 1
9 . 40 47 BE 61 67 i3 80 1
10 50 B8 067 T6 84+ 92 100 2
133 62 72 81 91 102 112 122 1
12 . 74 85 90 109 121 133 144 156
13 . . 112 127 142 156 171 185
(3 31 140 1G5 182 198 2H
15 . . C 151 171 189 208 227 244G . .
16 . ST w3 260 282 302 326 .
17 . S 248 270 205 319 342 368 1
18 977 304 330 358 384 412
18 309 388 367 308 30 463
20 . . . $40 372 400 410 476 51l .
Basis (frees) 21 2 1 . ‘ B
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FORM CLASS 6235

?iununcn TorAr HELGHT OF IREB {FEET)
;:‘il;".;w 2530 3% 40 45 a 33 1] 43 i TR pult] 85 Busis
(inehes) Vohame (leet honrd moensure) {rees)
5 . i1 12 13 14 1343 . o 1
i .16 18 20 23 25 a7 1
7 .22 26 30 34 37 41 43 1
8 o 34 30 44 49 54 60 . 1
i - 42 B0 57 64 70 7 8 i
10 . B3 G2 G 70 BB 96 103 1
i . 65 75 §5 9 107 117 128
12 L 77 89 100 114 127 130 150 163 , .
3. . ‘ .. 118 133 148 162 17T 19t ‘ 2
14 . 138 155 173 189 206 222 . 2
15 . S 158 173 10§ 217 236 256 ‘
16 S . S0 227249 371 203 316 339
17 o . ‘ 256 282 308 333 358 383
18 L . . 280 318 345 374 401 428
R . 322 352 382 4106 440 482
20 . . 352 388 423 430 6 533
Basis (trees) - 2 2 1 ‘ ‘ 10
FORM CLARS 65
Dinmeter Foray uBisuT oF IREE (FEET)
hreast e
high 25 30 45 40 45 o 35 G 15 nt 5 86 85 DBaosis
{inches) Volame {feet bonrd mensure) {irees)
5. 10 12 13 14 15 16 i8 . 3
[ 17 19 22 2E 02 2 32 35 1
7 3} 2T 3 36 3% 43 47 51 . . .
8 .38 41 47 a2 a7 63 68 73 . 4
9 45 B2 60 67 T4 81 88 095 11 6
LI 36 66 174 83 92 101 109 119 127 4
11 68 78 8% 101 112 123 133 145 156 ]
12 . S1 093 103 119 132 145 157 170 184 1
13 . o 124 139 164 169 184 200 215 2
14 o . 144 162 180 197 244 232 240 3
15 . . . 166 186 208 226 247 266 288 . 1
16 . P 236 260 282 3006 329 354 1
7. . . 266 294 321 347 373 400 1
|5 . 301 33F 360 380 418 445
3! I . . 334 366 388 432 467 503
20 . .369 404 440 &7T 515 557

Buasis {Lrees) 1.6 7 4 3 & 3 2 . -
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TFORM CLASS 675

Dintneter

Toral HEIGHT 09 TREE {FEET)
hrenst %
high 25 J0 345 40 434 i ah 4] [iH] ] th =0 %5 Bosis
fineches) Volume {feet honrd measure) (drees)
h 11 i3 14 15 16 18 19 1
5 18 20 23 26 28 31 34 37 1
7 24 20 33 45 41 45 49 H4 58 3
8 37T 43 49 535 60 66 72 77 82 5
it 47 86 62 TO 77 SH 82 09 105 4
14 69 68 TT 87 96 105 114 124 132 bl
11 72 83 b 105 17T 128 140 151 162 2
12 S5 98 110 124 138 152 164 1Y8 192 1
13 130 145 162 177 192 208 234 3
14 151 169 188 206 224 242 2061 i
15 214 236 25% 279 302 1
16 G 271 2006 320 343 308
17 276 305 335 362 389 416
i8 376406 435 462
19 415 450 486 522
20 . 406 536 582 ‘
Basis (broes) 27 4 3 3 6 1 a7
FORM CLASS 70
Dinmeter Toeat. HEIGHT O IREE (FEET)
breast . -
high 25 30 35 40 4B an lE] 10 i i h Rt 5% Basis
{inches) Volume (feet hoard mensure) {trees)
H] 11 )8 15 16 1% 20 22 1
3] . 19 231 24 27 30 42 35 34 i
7 25 30 34 30 43 4T 52 BG 61 . : 4
hi 39 46 &L 57 63 69 7B B0 86 7
G 50 58 68 T3 8L 85 66 163 110 o+
10 G2 72 80 91 100 110 119 28 147 H
11 70087 98 110 122 134 146 158 169 2
12 00 1% 116 129 144 168 171 186 200 2
13 136 162 160 185 202 218 234 3
14 150 177 197 216 235 2453 273 2
15 224 247 270 202 315 845 2
16 256G 283 310 335 350 384 2
17 280 320 380 378 405 433 1
15 .. . 392 423 451 480
Basis (trees) 3 5 6 7 2 4 1] 1

P




FORM CLABS 725

Pigmeter
breuwst

Torar pereis or Tnes (FEer}
"

high 23 M 35 0 45 50 5 [i14] 653 70 75 80 85 Dasis
finches) Volume {leet Hourd measurce} {ires)
3 12 14 16 18 19 20 22 23 3
G 20 22 26 28 31 34 37 41 2
7 27 31 36 41 45 49 H4 K9 G4 4
8 41 47 B3 G0 66 T2 78 84 6
O 52 60 68 76 84 92 100 108 . ‘
10 T4 84 94 104 134 124 134 143 7
11 102 114 127 139 152 164 176
12 120 133 150 165 179 194 208 . ‘
13 159 176 193 211 228 243 261 1
14 186 205 225 245 264 284 3058 ..
15 234 258 282 305 328 350 1
16 . 295 323 350 375 401
17 ‘ . 365 393 432 451
Buaagis {trees) 5 2 4 3 1 A 4 1 24.
FORM CLASS 75
Dinmeter Torar nemGnT oF THER {FExT
st —*
high 25 b 35 W 45 Al 3 31 (55 T 7h S0 85 DBusis
fisehes) Volute (feet board mensure) {trees)
b} if 13 16 17 18 21 22 33 25 3
G 1§ 321 24 27 30 3. 36 39 43 1
7 A 29 33 38 43 48 52 5T G2 4
3 43 40 56 62 60 75 81 3
9 55 63 Fi1 Y79 88 96 104 . 1
10 . 87 98 108 110 120 140 149 1
11 06 119 132 145 168 171 183 2
12 126 141 156 192 187 202 216 . 3
13 ' 184 201 220 237 253 271
14 213 235 256 276 266 318
15 285 270 295 319 342 366
16 337 364 391 418
17 379 410 430 470 .
1 2 3 2 2 3 ¥

Basis {trees) I

3
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FORM CLASS 77.5

I?{;ilzl\l:tt‘:_ ToTan Heiaur oj-‘ rrEe {FEET)
(iu'ﬁ'flifs) 8o 5p a0 4s. a0 64 60 63 0 A N0 S5 Basis
5 Volurnse (feet board mensure) {brees)
" 11 3¢ 316 18 20 22 23 25 97 .
7 19 92 25 98 32 35 B8 42 45 1
g 26 30 35 40 45 B0 5 80 Gt .
E‘i .. 45 A2 58 8B Y2 78 84 . 2
10 v A% 66 74 B3 02 100 108 1
1 A a1 102 113 124 135 46 156
19 - . o111 124 187 151 164 178 191
13 o 131 147 163 176 195 210 225
I-'.l v . 191 210 230 247 264 283
15 . 232 244 266 388 300 331
6 A . 284 308 332 ¥57 381
Busis (trees 3 - . . ; 3500 370 05 432 L
e 2
S FORM CLASS 80
ii)::;ltr:lll:tuj‘—:mm“ Taral. BEIGET 0F TREn (FEET)
(illztl‘ﬁ{;) - =a I L B 33 50 an i) 45 N\ T bt 85 Busis
5 10 e Volure (feot baard mensare} {trees)
6 6 3= 1517 1p 21 2 25 27 29 1
P -2 93 26 30 33 87 41 4 48 |
g -o- 30 3G 41 46 52 A7 062 67 . 1
9 - - 48 54 61 68 75 BL 88
10 - GO 68 77 SG 06 104 113 .
11 - 95 106 118 129 141 162 164 1
1 To- . 148 157 171 185 1899
13 ‘ T~ 160 187 204 210 234
14 T . 190 219 280 257 4F5 206
15 _ To- . . . C231 end 278 300 322 346
10 - . . 321 348 872 3HY
Busis {trees) i . Lo ; 64 304 43 449 1
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FORM CLASS 825

Dinmeter

TorAlL HEIGHT OF TREE [FEET)
preusl e
high LT [ T R (| B &5 al 5% G0 65 T T H0 85 Basis
{inches) Voligme {(feet bonrd metsure) fLrees)
5 11 13 16 18 20 23 2% 27 20 31 1
G 16 20 24 98 31 35 30 43 47 51
7 32 88 43 4 54 G0 65 70
3 50 57 63 71 78 85 82
9 63 72 81 G0 100 100 118
10 100 112 123 135 147 150 170
11 149 164 178 193 207
12 177 195 212 228 244
13 opg 228 250 208 288 308
14 v41 265 200 314 337 360
15 . 335 364 388 411 ..
Buasis {trees} 1 1
FORM CLASS 85
1')i:nﬁewr Total SEEIGHT OF TREE {FLET)
Tirenst %
Tiigh an B 35 40 4b 50 53 G0 45 i 5 80 &
{inehies) Volume (feet boaed ensured
i 19 14 17 19 22 24 27 20 32 34
6 17 21 25 20 33 87 41 45 a0 B4
7 34 40 46 51 AT 63 68 T4
S 5% 30 66 T+ 82 89 4B
9 65 5 85 04 104 114 134 .
10 108 117 128 141 15t 166 178
11 155 171 186G 202 218
12 186 203 221 239 257 .
13 218 230 261 282 303 322
14 254 270 305 331 350 380
15 351 380 408 436




et |
-1

TABLE 21

C. BOARD-FOOT CUBIC-TOOT RATIOS
Fons Ciass 7
A0 N it &
Dinmeter . % . ps
brenst Tobcht cluss (feet)
high 50 40 n Y 40 il 40 7t S0 30 ] b
Chirehes) Nusuher of feot bonrd measiee pee one cubie food of wead
s 50 34 5.8 61 63 .. 62 G4 .
10 52 56 a6 60 62 645 6.7 G4 66 68
12 54 58 56 61 64 63 66 69 64 68 69
£ 89 64 57 62 60 G4 67 F0 65 69 71
i14] 6.0 65 G4 067 G5 69 7.1 70 72
18 G1 606 65 068 70 732
6.9

20

3

8

GG
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