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YIELDS OF SECOND-GROWTH SPRUCE
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forest Service
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INTRODUCTION

The phenomenal growth of the pulp and paper industry in the north-
eastern United States has had many important consequences, among
which not the least is & necessity for focusing attention upon adequate
supplies of raw materials, upon which the welfare of the industry
must be based. According to a late authentic report (36) ! the New
England States and New York account for 47 per cent of the total
pulpwood consumption of the couniry, According to the same
figures the Northeastern States manufacture 53 per cent of the total
quantity of wood pulp and £1 per cent of the total quantity of paper.
Under these circumstances the effect upon local supplies of raw
materials is nof surprising. The industry is consuming far more pulp-
wood than it can harvest in the Northeast, and the quantity of
pulpwood being harvested annually in this region already exceeds by
o wide margin the sstimated growth. Virgin timber is rapidly dis-
appesring, Mills are teking more and more of the new timber
coming in on the cut-over lands, and the need is already felt to have
available corvect information regarding the possible yields of this
second-growth timber.

1 Italie numersls o perentheses refer to Billiography, p. 50.
SOTH-—20——-1
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The interest in second-growth yields is especially keen because of
the fact that the free species desired at the present time for pulpin
processes are very few.  Milis manufacturing pulp by the mechanica
and sulphite processes ave by far the most common in this region, and
the limitations of these processes serve further to restrict the desirable
species,

p‘The pulpwood in the Northeastern States most desired is red spruce
(Picea rubra). Next in importance is balsam fir (dbdies balsamea),
and third in importance is white spruce (P. glauca}. A fourth species
of less importauce is black spruce (P. mariana).

Studies of the growth and yields of red and white spruce and balsam
fir are nonexistent, with the cxception of one set of red spruce yield
tables (15} prepared by L. 8. Murphy.? Those tables are based upon
51 sample plots and are applicable to pure second-growth stands on
old fields and pastures.

The present study includes Murphy’s 51 plots, measurements of 7
permanent sample plots at Corbin Park, N, H., and the records of
some 350 additional temporary sample plots scattered throughout
Maine, New Hampshire, and Vermont. (Fig. 1.) Very few plots
were taken in New York State, because of the lack of fully stoclced
wacond-growth red spruce stands.

Of the entire 400 plots the data from 201 were finally chosen as the
basis for the red spruce tables presented here. The first plots to be
climinated were those having only moderate proportions of red spruce.
Others were rejected because of abnormal basal areas, that is to say,
total basal area exceeding or underrunning the limits set for variation
from type values. These piots discarded because of abnormal basal
area contributed later, however, to a study of the effect of density
of stocking.

The character and composition of these sample plots were found to
change in a very interesting manner with chaunges in region. In
southeastern Maine, along the coast, a mixture of balsam fir, white
spruce, and red spruce is prevalent. Small pure patches of any of the
three species can be expected in many places, On second-growth
nreas throughout all Mame a mived stand seems to be characteristic,
the ﬁmrcentages of the component species varying greatly even on
small areas. The same sort of mixed stand is found in New Hamp-
shire north and east of the White Mountaina; but south and west of
the main White Mountain range white spruce is almost entirely
lacking from the mixture. Even balsam fir is not as important herc
as it is to the north and east. Pure second-growth red spruce stands
oceur commorly in this region and in Vermont, but rarely in a fully
stocked condition below 1,600 feet elevation,

In all portions of the region, the fully stocked, even-aged stands,
pure or mixed, are most commonly fonnd on old pastures and old
fields and cecasionally on old burms, cuttings, and blow downs.
The reversion of lands formerlv used chiefly for grazing is an interest-
ing study, especially when one finds s0 often that a fence line may
be the division between two distinet forest types, such as a pure
hardwood stand and a pure spruce stand. Both portions may have
been originally cut clean and grazed, but where the spruce type is,
graszing evidently continued for a longer period. The underlying

7 For o description of the silvien! characleristics antl the management of red spruce, sve (18), in whith
Lhe lables mentivned are ineluded, and, for balsam fir, (24},
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reasons for subsequent development into coniferous or hardwood
stands are for the present only a matter of conjecture.

The quantity of white spruce in sccond-growth stands in most
portions of Maine is also interesting. Although the origing} forests
contained a great deal more red spruce than white spruce, the second-
growth stands, especially on old pastures and fields, show a contrary
tendency.

In gatherirg the data for this study, pure, fully stocked, ¢ven-aged
stands were selected, both becsuse this is the form in which inany

Fraure L—Loeations of temporary sample plots in the sprocedir yield study, cach spot repre-
sentine o locality whers ono or mora plots were talken

second-growth stands occur, and because these Tend themselves mosé
readily to the study of growth and yields. Mixtures of several
species, varinbility of stocking, and age add complexities which are
often difficult to solve. .\ certain freedom of sclection must be
mainteined in the preliminsry field work, since at that time the ideal
composition and stocking can not be accurately estimated. Onc
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grade of stocking may lead to highest total cubic-foo$ volume, another
to highest total board-foot v(?]umc, and still snother to highest
volume of best-quality lumber. In collecting the data it is necessary
o make due allowance for this by some hbemhty 1 the deter-
mination of what constitutes good stocking. Yield tables made
up from data collected in this manuer are known as normal-yield
tables, since they indicate yields that at least approximate the
normal, or those which may be expected of well-stocled stands. It
is of eourse recognized that normal yields can not be realized over any
large areas; they are more or less the ideal which stands will approach
under good care or uniformly favorable natural conditions.

Some foresters insist that yield tables should be “empirical,” or
representative of the aversge conditions. However, average condi-
tions for one aren are not the same as average conditions for another.
Consequently, an empirical table that is to be used in different places
must be adjusted to these different conditions by proper converting
factors if it is to be sufficiently aceurate. Since converting factors
are needed in any event, 1% is assumed that they may be more castly
and accurately emploved as between the normal and the particular
gonditions, than as between two differeni sets of average conditions.

The character of the reduction which must ordmarily be made in
the application of yield tables to average stands, and the method of its
application, are much-debated questlons Several investigotions are
in progress which may develop new and greatly improved methods of
applying yield cables, bué until these can be more delinitely stated
than at present, older, if less satisfactory methods must be still
relied upon.

The first step in the application of a yield table is tc obiain an
sccurate knowledge of the ares to which i is to be applied. If
stands already exist on the avea a strip survey should be made, in
which all nonstocked areas must be determined, site divisions and
proncunced differences in stocking marked out, ‘and ages recorded.
Tally sheets should be changed with each chalwc in 51te stocking, or
age. ITurther consideration of application of the tables will be given
in the course of the discussion.

In this presentation of spruce and fir yields it has seemed best to
present Ehe material under two main divisions. 'The first includes
the presentation of the tables and charts with only a general discus-
sion of their use and a few remarks on the spplication of yield tables
as s whole. The second part takes up some of the technical considera-
tions of the study, the charscter of the material upon which the tables
are based, the reliability and limitations of the varicus wahles, and &
discussion of seversal of the tables based on observatlions of permanent
sample plots. Throughout the first part of the bulletin chances for
technical discussion are apparent, but will necessarily be postpaned
for treatment later on.
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RED SPRUCE TABLES AND THEIR APPLICATION
AGE OF STAND

The age of a stand is taken as the average age of the dominant
and codominant trees.® This age was obiained by boring many of
the dcininants and codeminants at breastheight, 4.5 feot above the
ground, counting off the age, and then avernging the various ages
counted. To this average value, called the breastheight age, a
period of 15 years was added to allow for prowth from origin of
stand to breastheight. The length of this pericd was based on s
seedling study which will be described later in detajl. In the fol-
lowing sets of tables whenever age is mentioned, total age is meant,
unless otherwise stated.

In the application of yield tables age is obtained cither by inere-
ment borings or stump counts. If borings are made at breastheight,
15 years should be added to get total age; if ages arve determined on
a l-foot stump, seven years should be added. Only ages of the
dominant and codominant trec classes are taken. An average of all
the counted ages is then made and used as the stand age. The range
in ages of these dominants should not be much more than 10 years,
otherwise the stand will be thrown out of the even-aged class. The
stand whieh is being surveyed should be tested in many places,
especially where age elass seems to be changed. '

SITE INDEX

The 1ndicator of site used in this study is the height in feet of the
average dominant and codominant red spruce, or tho tree having
the average basal area of all the dominants and codominants in the
stand. The height of this average tree is read from the height curve
ol the stand. By use of Figure 2 ov Table 1 the relalive position of
the determined height can be found and the site index read offt. The
site index is numbered {rom the value of the height of the average
dominan. and codowminant at 65 vears total age. Thus a stand of
site index 57 is a stand which at 65 years of age las o height of aver-
age dominants and codominants amounting to 57 fect

3 Definitic.as of the erown closses adapted in this study are brieily as follows:

Dominant,—Ths large trees of tho stand with well-developed crawns oxtending abeve the gengral level;
with [ull light above rod part on the sides.

Codominant.—Trees forming the grester part of the main canopy, reeeiving (ull iight from shove, nod
aliktlo on the sides,

Intermedinte.~1'rees bolow the main ennopy, but atill extending into it, receiving only a little top light;
bemmed io en all sides.

Sug)prcssed‘-—-’l‘ree.s entirely below the mnnin canopy, practically no top lighi; very poor crown develop-
menEk.,

For more detailed defnitions the render may refer (o Lo forest termioology adopted by the Saciely of
American Foresters (5.
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Tor the average quality of site (site index 50), the average heights
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In applying the table, common practice will be simply to average
the heights of; 20 or more dominant and codominant trees in o stand;
but any tendency to take the heights of the largest trees only should
be guarded against, since the average height of the chart refers to all
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dismeter classes of the dominant and codominsnt trees. Site deter-
mination by use of Figure 2 should be repeated and checlced in various
portions of the area, especially where there is an apparent change ol
site.

The total range of sites for red spruce in Figure 2 is somewhat
wider than will ordinarily be found; practically all the second-growth
stands lie between site indices 35 and 65, the most common site index
being 50. The outer sites 30 and 7Q are given for the sake of interpo-
lation of values which may lie below site index 40 (pl. 1) or abovesite
index 80. They are very extreme values and should not be included if
there is any desire to use the system of classifying sites as I, II, and
IIT. Bite I corresponds to site index 60, Site 11 to site index 50, and
Bite III to site index 40.

The relation between site and the recognized forest types (34, 48)
1s not clear-cut, since the ranges of site indices overlap from one type
to another. On the whole the majority of stands in the various types
have site indices between the following values:

Spruee swamp. . ... ... . _._.. . _ Site index range 30 to 45.
Spruce ﬂat--_]:,__-‘_ o o EI{L @n(icx range .55‘2 En 38
. L3 b S n_ [ e IMoex range « 4 .
Spruce Slu}m{U?)‘pgr {](;?t;gll- A Sitg inctléx :‘.::Il:;?g up l-(: 45,
0ld pasture and old field_.____._.. .__ .. Site index range 40 to 65.

DEGREE OF STOCKING

Basal area is vsually taken as a measure of the degrec of stocking.
Number of trees can be used, but only if the trees are well spaced and
not placed groupwise. Where distribution is good a decrease in

number of trees vvould be expected to be accompanied by an increase
in_average diameter and, further, au inerease in total board-foot
volume.

The plots of this study were chosen with evenness of stocking as a
requisite, and therefore they tend to maintain this relation between
number of trees and board-foot volume as is indicated in Figure
3, where number of trees and board-foot volume are expressed in
percentages of the norinal values, or the values stated in the yield
tables. The board-foot curve rises steeply to a maximum at 60 per
cent of norinal number of trees, then falls off, passing through the
100-100 per cent point and decreases less rapidiy from this point on.
The cubie-foot curve shows an entirely different trend, o rapid
mcrease in the lower percentages slows down at. approxmiately 90
per cent, but keeps on rising slowly through the remainder of the
range of stocking.

No plots under 45 years total age are included in Figure 3 because
the board-loot values for these low ages, although small in absclute
amounts, may give unduly high percentages when compared to
yicld-table values. Forky-five yeurs was chosen by inspection as the
age above which these oxtreme eccentricities disappeared. Beyond
this limit, age was found to have very little effect on the relation
between board-foot volume and normal volume.

According to Figure 3, the average full stand of second-growth
red spruce is too dense for maximum board-foot volume. The neces-
sity of judicious thinning which is made apparent in this way is also
indicated in the continuous decline in rate of diameter growth from
the time of origin of the stand and especially after the total age ol 75
Years.
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Unfortunately the quality of the board-foot volume can not be
simply shown. If the maximum amount of good-quality lumber is
desired, the density of the stand should undéubtedly be kept up until
natural pruning has accomplished much of its work, after which the
thinnings aiming to maintain the diameter growth and to attain the
maximum volume may be started. (Pls. 2 and 3.) -

White spruce stands snd balsam fir siands studied in the light of
the red spruce tables exhibit very similar trends. White spruce
attains its maximum board-foot volume st 65 per cent stocking
and balsam fir its maximum 2t 75 per cent. However, most of the
balsam fir and white spruce material is between the ages of 45 and 65
years, and therefore these values can be considered to apply only to
this range of ages.

In the application of the yield tables degree of stocking is ocbtained
from the strip-survey tallies after they have been worked up. For

PER CENT

VOLUME
1o

-
RN

e CUBIC FEET

X BOARD FEET
/z
0 B 46 [ ao 100 120 140 160 180 200
PER CENT OF NORMAL NUMBER OF TREES

Filoune 3.—Hed sprace, Relation betweasn par}oantagas of sormal nurmber of trees and of normal
RG]

]

each subdivision of the stand by age, site, or stoeking, the total basal
erea for the average acre is computed. This value divided by the
normal value of the yvield table for the site and age in question gives
the degree of normality. For instance, if for a stand 65 years old,
site index 50, the tofal basal ares per scre amounts to 180 square
feet, ihe degree of normality or the grade of stocking is 190 divided
by 224 {fig. 4), or 85 per ceni. This computed grade of stocking
can then be used for all future predictions, the normal yields at any
time in the future development of the stand being reduced by 15
per cent to obtein the predicted yield. This estimate is conservative,
since it allows no growth toward normality, although such growth
undoubtedly takes place in any understocked stand, especially if
understocking is characterized by evenness of distribution of the
trees. There is no doubt that understocked stands will approach




FLATE 1
e,

¥ sile it porchern
RIB

on an unfavoribhle swamp
anpy site in seutheen

b Ay

bt b

W,

REDQ SPRUCE ON POOR SITES

unel is o oan anfisornble

stharet 1LCRNE Lpews b 1l

B
st

venrnh| =

amwhive
K=

“Hoe By ear-olil sippeesserd stand of rdd speeeee

“his

4
‘1

Tech. Bul. 142, 15, Diept. of Agricnlture

Now 1]

.-

A




Tech. Bul. 142, U. S. Dept, of Agriculture

PLATE 2

- \ . .

O APPSR .
..n,.‘i.ahlii.,?aim_}.::aq, e
5T L pp— . i

. =
~ T Dt T =4 ATV
[ O and -

-

- .
k»fva%.a(n( Ikt e PR AR "

PRUNED RED SPRUCE ON GOOD SITES

WELL-

FAVORABLY STOCKED

(1), heavily

ire
years old (C), having good nataral pruning.

o0od site in northern New ampsh

-year-old stand on a.g
3

51
stocked stand in central New Hampshire §

@&
=3
=
<
=
S
S
£
S
=
=
3
S
e
=
&
o~
=

rear-old stand on an old pasture in the White Mountains (A)
stocked, and with a natural pruning well advanced; and a heavily

AT0-y




Tech, Bul. 142, U. S. Dept. of Agriculture PLATE 3

¢ of Loo open
aine is 60 years

iv

age is indicat
western

runed well,

resence of mach horb
This stand in

, but has not p

he p
stocking.
old

i

£ on limbiness and diam-
75-year-old stand in west-

P=gt
S8
g
Zg

=z
o E
=5
=

BADLY PRUNED STANDS OF SPRUCE AND FIR

Taine.

The effect of very wi
eter growth of re
¢érn N

s)

Too OPEN
pruce (435 year!
npruned. limbs.

of dead u

sam fir and s

young hal
at quantity

gro

ixture of
showinga

Am




SECOND-GROWTH SPRUCE AND FIR IN THE NORTHEAST 9

a fully stocked condition with advance in age, but only by subse-
quent study of permanent sample plots can the raste of approach
he satisfactorily determined.

TABLES FOR TOTAL STAND; ALL TREES ABDVE 0.6-INCH DIAMETER BREAST HGH
BABSAL AREA

The total basal area in square feet per acre is given in Figure 4 and

Table 2 for the whole range of sites and ages. The average site index

50, starting with 22 square feet at 20 years, incresases rapidly up to

B0 years, and then increases steadily but at a less rapid rate to 250

SQUARE.
FEET
300

1
e oEX 70
o HoEX 60
e 1NDEX 30

o
sive mDEX 40

30
SITE iN_D_EX____

Vi

20 a0 AD 50 =[] 70 a0
TOTAL AGE - YEARS
Figure 4.—Red spruca. ‘Total basal area per acre

/
A

square feef at 110 years. With increase in site the distances hetween
the site curves lessen.

Tasng 2— Ked spruce: Tolal basal area per acre, tncluding oll trees above 0.6 inch
digmeter breast high
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NUMEER OF TREEB

In Figure 5 and Table 3 the total number per acre of trees 0.6
inch and more in dismeter breast high is given. Site index 50,
starting with 3,600 trees at 20 years, decreases rapidly up to approxi-
mately 60 or 70 years, and then slowly to 628 trees at 110 years.
The great increase in number of trees with decrease in site index is
strikingly apparent.
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breast high
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SIZE OF THE AVERAGE TREE

The size of the average tree can be expressed sither by the basal
ares of the average tree 1n squave feet or by the diameter in inches
corresponding to this basal srca. (Fig. 6 and Table 4.) Since
diameter is of more divect use, this criterion is the cne presented.
Trees of site index 50 have an average diameter breast high of 1 inch
at 20 years, which inereases steadily to 80 years, and from then on
less rapidly to 110 years, reaching 8.5 inches. Were the size of the

AVERAGE

D8R
INCHES
72—

2

//
v

///
re

]

/

-19) 20

0 40 50 60 70
FOTAL AGE - YEARS
Fiouns 6.—Red spruca.  Breastheight diameter of averape treo

average treec oxpressed in basal area, the distance between the site
curves would be quite regnlar. Tf the average diameter of stand
were compufed by averaging all the diameters of the stand, instead of
being derived from basal area, the values would be from 0.2 to 0.4
inch lower than those given in the tables.
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HEIGHET OF AVERAGE TREE

Although, of the average-height values, that of the dominants and
codominants (Table 1), 1s the most important, the average height
of the whole stand (fg. 7, Table 5) is of some interest. This height
is the height of the tree of average basal area. All trees of the stand
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are included, not only dominant and codominant, but also inter-
mediate and suppressed trees. Height values in the table ave
rounded off to the nearest foot.

TapLe 5.—ed spruce: Height of the average irce, all classes included
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CUBIC-FOOT VOLUME

Figure 8 and Table 6 present the total cubic-foot yields of the stand
inside bark, including stump and top, but without butt swell. These
volumes are the so-called “normal volumes” as defined hy C. L.
Behre in his work on the conformity of the taper of various species
to & mathematical taper curve (44, 45, 46). All cubic-loot volumes
mentioned in this bullatin are of this character. To include back,
the cubic-foot yields should be increased by 12 par cent, which is
an approximate average value, probably affected somewhat by the
size of the trees. To include hutt swell, a further addition of 2.6
per cent is necessary. Butt swell is correlated somewhat with she
average size of the trees ranging from 1 peor cent for the smaller
diameters to 5 per cent for the larger diameters.

At 20 years site index 50 has the small volume of 120 cubic feet,
which after & short period of development increases rapidly to the
50-year point, and thervcalter less rapidly, until by 90 years only
small gaing are made.

Tapre G.—led spruce: Tolal cubic-fool volume inside bark per acre, butt swell not
tneluded

Sito index
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TABLES FOR TREES IN AND ABOYE THE J-INCH DIAMETER CLASS

Tables for partial stands are derived from the values of the total
stand. Tables 7, 8, 9, 10, 11, and 13 give, rvespectively, total basal
area in square fest per acre, numberol trecs per acre, average diameter,
total and merchantable cubic-foot volumes, and cord volumes for all
trees in the stand in and ahove the 4-inch d. . h. class, or the equiva-
lent of possible pulpwood in lully stocked second-growth stands.

To obtain merchantable volumes, perecentage reductions were ap-
plicd to total cubic-foot volume., Table 12 presents these percent-
ages of ‘the fotal volume between 1-foot stump and 3-inch top inside
bark for trees of various diameters and heights. By taking into con-
sideration the size of the average tree these values can be transformed
to nge and site percentages and can then be applied to total cubic-loot
volume (Table 10} to gel an approximation of the merchantable cubic-
foot volume. (Table 11.) The reduction percentages are computed
for form class 75, which is the class within which the majority of the
second-growth red spruce stands [all.
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CORD VOLUME

By applying the factor 95 to the peeled cubic-foot volumes of Table
11, the cord yolumes of Table 13 arc oblained. 'Thisis on the assump-
tion that 95 cubic feet of wood i is equal to 1 cord, & relation of course
nob altogether constant for varions-sized bolts or holts of other than
4-foat lenrrths, but sufficiently indicative, since no satislactory con-
verting {asctors for stands of diffcrent average sizes arve available.
The fact that volume with bark of a single trec may average 12 per
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Fisvne §—Red spruce.  Totel enbic-foot voluma inside bark, per acre

cent above the peeled volumes does not mean that cord volumes with
barl should be 12 per cent higher, With the inclusion of bark, more
roughness must be expected; the bolts of such cordwood will con-
sequentiy fit less closely than the peeled bolts. The amount of in-
crease in volume is thereflore larger than 12 per cent.  What the actual
increase is can only be puessed, but 2 reasonable guess is 15 per cent.
The cord volume of Table 13 may thus be increased by 15 per cent to
obtein approximate cord volume with bark.
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Tasre 7.—Red spruce: T'otal busal areu per acre of afl trees in and wbove the 4-tneh
diameler cluss
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Tanik 9-—Red gpruce: Average breasi-high diameter of oll {rees tn and above the
A-treh diameter class
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TaprLe 10.—Red spruce: Total cubicfool volume inside bark per acre of afl trees
in and above the j~inch diameler class

Bite index
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TapLe L1.—Red spruce: Merchaniable cubic-fool volume per acre of lrees in and
above the j-inch diameter class; 1-foot siwmp allowance, 3-inch top inside bark
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TanLe 13.—Red spruce: Volume in cords per acre of all trees in and above the
4~inch diameter class, oblained by applying conversion faclor of 95 to Table 11
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TABLE3 FOR TREES IN AND ABOVE THE 7-INCH DIAMETER CLASS

Tables 14, 15, 16, and 17 give, respectively, for the partial stand
containing all trees belonging to the 7-inch diameter class and larger,
the basal area, number of frees, average diameter, and board-foot
volume by the International rule with %-inch saw kerf. Site index 30,
producing a very negligible board-foot volume, if eny, is omitted
entirely. ~Like the 4-inch tables, these 7-inch tables, with the excep-
tion of the board-foot yields, are derived from the total-stand values.
Figure 9 presents the board-foot yields graphically. No allowance
for cull is included in these volumes. Site index 50 begins to have
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board-foot volume at the age of 40 years and attains its maximum
rate of increase between the ages of 60 and 70. In the later years,
gs in the early years, rate of mncresse in volume is definitely deter-
mined by sife quality.

TasrLe 14.—Red spruce: Tolal basal arec per acre of all trees in and above the T-inck
diameter class
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Tanui 16.—Red spruce: Average breast-high diameters of all trees in and above the
7-inch diameler class
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TaBLE 17.—Red spruce; Board-fool volume per aere of lrees in and above fhe P-inch
diameier class
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TABLES FOR DOMIMANTS AND CODOMINANTS

A few tables of the dominant and codominant stand are of interest,
since the trees which constitute this pertial stend {orm the main
canopy and have the best growth.

In Tables 18, 19, and 20 are given the values for basal area, number
of trees, and average diameter [or this partial stend. Heights have
aiready been given in Table 1 and Figure 2.

Tasne 18—Red spruce: Tolal basal area per gere of all dominant and codominant
frees
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TABLE 190.—Red spruce: Number of irees per qere in the dominant and codominant
classes

Site index
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TaeLE 20.—Red spruce: Average breasi-high diameter of all dominant and
codominani trees
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INCREMENTS AND ROTATIONS

Figures 10, 11, and 12 give graphically the mean annual and the 10-
year pertodic annual increments for fotal cubic-foot volume, mer-
chantable cubic-foot volume, and board-foot volume computed
directly from Tables 6, 11, and 17." For length of rotation the cul-
mination of mean annual growth is chosen. This is also the age of
intersection of the curves for periodic annual and mean annual
growths.

The best rotation for total cubic-foot production is, therefore, 65
years total age; the rotation for pulpwood production varies with
site—66 years for site index 70, 68 years for site index 60, 70 years for
site index 50, 73 years for site index 40, and 79 years for site iIndex 30.
The rotation for quantity board-foot production is 82 years. Quality
production is not considered; to¢ produece the maximum amount of
good-quality Jumber the rotation would undoubtedly have to be
greatly lengthened, since natural pruning does not teke place at an
early ape.
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STAND TABLES

Until recently stand tables have had but » small place in yield
studies. The present tendency is to observe the conformity of
diameter distribution in a stand to the normal distributien obtained
from the Gauss curve of error or the law of probabilities. Attempts
to fit the distribution of trees in second-growth red spruce stands to
these normal distributions result in failure, since the smaller diameters
always have & pronounced tendency to inciude disproportionately
large numters of trees. This is to be expected with a tolerant species
such as red spruce, which can endure a suppressed state much longer
than many other species.

Although the species does not conform to the symmetrical distri-
bution, its distribution of diameters can be computed in & simple wiy
by meens of Figure 13. The bottom scale indicates the diametor
classes in a stand. On the vertical scale may be read the percentages
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of total numbers of trees in and below the range of diameter limits of
the stand tally. The diagonals represent the distribution of trces by
diameters in stands with average stand diameters ranging from 3 to
15 inches. The avernge dismeter of the stand is found by dividing
the total basel area by the total number of trees and then converting
the resultant average basal area to diameter in inches. The point
where o diagonal crosses a diameter class line gives the percentage of
total number of trees in and below that diameter class. For illustra-
tion, let e certain site and age class of the tables be taken, for instance
site 50, age 70, for which the average dizmeter according to Table ¢
is 7 inches. The diagonal 7 is l'.herc%m'e first chosen, and the diameter
classes which it crosses are listed. Next, at each diametar elass the
percentage of total number of trees is read. The total number of
irees, which for this site and age class is 849 (Table 38), is multiplied
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by each of the percentages. The total number of trees in each class
is then determined by subtracting each value from the total in the next
larger class. In this way a stand table is obteined. The basal areas
may be computed and the results compared with those in Table 2.
Table 21 is a sample computation for age 70 and site class 50.
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From Tables 2, 8, and 15, the normal values for basal area, number
of trees 4 inches and over, and number of trees 7 inches and over are
found to be, respectively, 230, 811, and 441, to which the derived
values of Table 21 correspond closely.
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TABLE 2).—Sample computaiion for stand table, illusirating the use of Figure 13
for uge 70, sile index 50, al which average breasi-high diameler of stand is 7 inches
and tolal number of trees $49
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YOLUME TABLES

A multitude of volume tables exist for red spruce; they are ex
pressed in varying units for many localities and conditions. Very
tew, however, would be applicable to o yield study for the whole
region, and in addition, none of them are expressed in terms of the
International rule. For this reason new volume tables based on the
form-class system as developed by Behre (44, 46, 46) were prepared
for use in this study. Tables 22, 23, and 24 contain the normal
total cubic-foot volumes of trees and Tables 26, 27, and 28 the board-
foot volumes by the International rule {#-inch kerf) for form classes
65, 70, and 75. Normal volume may be defined as the volume of
& tree the taper of which is expressed by Behre’s formuls for tree
taper. As applied, it is the total volume of a tree inside bark, not
including butt swell. The diameters of the tables are so-called
normal breast-high diameters, which are tne diameters of bodies of
the ideal taper cxpressed by the formula. A reduction is thercfors
needed for each specios to give the amount of baylk thickness and butt
swell, since these are considered to be the two important factors in
making specics tapers nonconformable to the theoretical taper.
Table 25 gives the actual and normal dismeters for red spruce, white
spruce, and balsam fir,
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TavrLe 22.—Form-class volume lable for {olal cubic feel: Form class 685
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TABLE 24.—Form-class volume lable for total cubic feet: Form class 78
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TaABLE 26.—Form-class volume table for board fecl by the Inlernational rule, Yi-inch
saw kerf: Form class 85
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TasLE 27.—Form-class volume lable for board feef by the Inlernational rule, Y-inch
aaw kerf: Form class 70
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TABLE 28.—Form-class volume table for board feel by the Inlernaiional rule, ¥-fnch
saw of: Form class 75

Total hoight, feet

Notmal diameter breasthigh o0 " Tar i P
(inches) : i
Normal volume, board foet




-

28 TECHNICAL BULLETIN 142, TU. 5. DEPT. OF AGRICULTURE

The computation of separate tables for each species is made un-
necessary by the use of the procedure deseribed below and illustrated
in Figure 14. This method has been tried out thoroughly and has
been found to be entirely practical and ecasily applicable after the
first principles are mastered.,

The values of Table 24 are plotted on logarithmic coordinate paper.
The 10 by 10 inch, 1-¢yele paper is the most convenient size for this
work. Normal diameters are read along the base, starting with 1 inch
at the left and proceeding to 10 inches at the right, then returning to
the left end, starting with 10 inches and ranging to 100 inches at the
extreme right. The vertical axis represents cubic-foot volumes with
similar ranges. The volumes of each height class fall in a straight
line. In addition the lines are parallel to one another. With this
mode of form-class volume table, the volume lines can be easily drawn
in by pointing off the intercepts on any of the graduations and
drawing in the lines with a slope of 2 to the base. If logarithmic
paper of several cycles were used these lines would be continuous, but
with 1-cycle paper, such as is used here, the lines are interrupted.

As an example, take the line for height 60 which starts at the
base ot 2.5 inches and runs disgonally to the top to 8 inches; starts
again at the base at 8 inches and runs out at the right edge at 10.87;
and begins at the left edge at 10.87 and runs oub at the top at 25
inches. The next step is to impose upon the diagram (see the scale
at the beottom and top of fig. 14) the diameter reductions for the
species. (Table 25.) Then, over the respective reduced diameters
and at the proper height lines, the volumes for the corresponding
species, diameters, and heights can be read. In the figure, for purpese
of illustration, broken lines connect several actual diameters. The
location of the decimal point is obtained by comparison with the
original table and after a Little practice can be easily remembered.
Figure 14 is for illustration only. When the data are to be applied,
finely graduated logavithmic paper should be used.

The total volume of any number of trees of any one diameter and
height is read directly from the graph. On the left of Figure 14 there
is a scale with the same divisions as the main diagram. Such a
scale should be prepared on & separate strip, preferably xylonite, by
tracing the original, .

As a specific example, it is desired to obtain the velume of 20 red
spruces 7 inches d. b. h., het~ht 43 feet. Over the diameter 7 inches,
as reduced for red spruce, the position of height 43 between the
40-foot and 45-foot hnes is approximated by eye. Now place the
vertical scale on the chart with one of the ends at this point, so that
the 27" (representing here 20 trees) {alls somewhere on the chart.
In this inatance the upper end is used. Running slong the vertical
scole to point 2 read off the volume value and plsee the decimal
point. The result is 112 cubic feet, ascertained, in this way, by a
single reading. The principle involved is that of the slide rule.

Board-foot volume tables (Tables 26, 27, and 28) are treated in an
exactly similar fashion. These volumes were drawn up according to
the International rule for ¥-inch saw kerf, allowing 1 foot for stump,
using 16.3-foot logs scaled as 16-foot logs, and an odd length section
to a 5-inch top instde bark.
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The value of the sverage form class or form quotient of a stand is
necessary in using these tables* Form class or form quotient is the
quotient obtained by dividing the diameter st half the height above
breastheight by the diameter at breastheight. TForm point is defined
s that point in the crown which can be considered the center of wind
stress. It will be more or less the geometrical center of the arown.
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Form-point height is the percentage of the total height at which this
point occurs. In Figure 15, the relation between form-point height
and form class is expressed by vegression hnes. (See p. 30.) In the
field measurements the form-point heights of & number of the domi-
nants and codominants (about 20 in & stand) are taken and averaged,
The form class corresponding to this average height is read irom the
chart and the volume table nearest in form class is then used.

1 The relntion of form-polat height and form ciuotiant has beon studied by C, I Bahre, nnd tho pre-
limlnary results are given hero, Later modiDeat ons and rotirements will nudoubtedly ba mede, but the
present couciusions ero suflicient)y accurato,
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For fully stocked second-growth red spruce stands, form class 75
was the one which occurred most commonly, and form class 70
occurred occasionally. Balsam fir and white spruce stands, however,
aversged 70, oceasionally {alling off to 65. The lowering of form class
within a species is ordinarily connected with open stocking or young
age,

YIELDS OF MIXED STANDS

The effect of mixtures of white spruce and balsam fix on the yields
of red spruce is not quile as definite as may be supposed. A desailed
statistical anslysis Iailed to bring oul any definite relation with any

FORM

CLASS
85

50 S T - | [N T T N N | | B R | 2 . | S ERT T S |
30 40 50 20 70 80 S0 QG
HEIGHT OF FORM POINT ABOVE BREAST HEIGHT IN PERCENTAGE

OF TOTAL HEIGHT ABOVE BREAST HEIGHT

Fiaurg 15.~-Relstion betweon forin-peint Leight end form cluss, expressed by rogresston lioes

of the factors considered. As it is, some of the plots which were
used as & basis for the fully stocked red spruce tables, chieflv of the
younger ages, were somowhat mixed. All indieations lead to the
conelusion that the tables presented apply equally well to stands
which have moderate amounts of white spruce and balsam fir in them.

The composition found may vary [vom 1060 per cent red spruce
through all grades to 100 per cent balsam fir or 100 per cent white
spruce. In the same stands, the average dominant and codominant
red spruce was found to be on the whole 10 per cent shorter in height
than the average dominant and codominant balsam fir and 4 per cent
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shorter than average dominant and codominant white spruce. How*-
ever, in mixed stands of balsam fir and white spruce alone, these
species averaged the same height.  Therclore, since among the plots
measured such mixtures were much more common than the mixtures
of red spruce and white spruce and since the mixtures of red spruce
and balsam fir were also very common, it can be concluded that the
heights of the average dominant and codominant balsam fir and white
spruce should be reduced 10 per cent to obtain the equivalent red
spruce height.

When the stands are predominantly balsam fir or white spruce, the
trends of growth have been found to be significantly diflerent from
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Figrae 16.—White spruce stte index based wpon the heighs of tla averge dominaniand eviomi-
nanl bree '

that of red spruce. Tor this reason tables for tetal basal areas,
number of trees, average tree diameter, and board-foot volume have
been drawn up [or stands chiefly composed of cither of these species.
The small number of these plots does not permit the more detailed
analysis made for red spruce,

In general the same qualifications and definitions hold true for the
white spruce and balsam {iv tables that ave given Tor the respective red
spruce tables. Site is indicated in these two sets ol tables by the
species in question and not by the equivalent red spruce site.

Figure 18 and Tables 29, 30, 31, 32, 33, and 34 present for white
spruce the values {or site indices or heights of the dominants, total
basel aveas per ncre, total number of trees per acre, size of the average
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tree, vields of the stand in total cubic fect, and yields of the stand in
board fest by the International rule, ¥-inch saw kerf. Figure 17
and Tables 35, 36, 37, 38, 29, and 40 give similer balsam fir values.
Site 30 i1s left out in most of the tables for neither species ranges
commonly below site 40.

White spruce and balsam fir are evidently both unsuited to main-
taining s complete crown canopy. Balsam fir stands especially seem
to break up after the early sges have been passed. In the collection
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Fieung 17.—Balsam fir site index based upon Lhe hejeht of the nveraga dominant end codonl-
nank tree

of material for the tables, stands with complete canopies were desired.
Consequently there is the chance that these tables do not represent
the best conditions for growth, but rather an overstocked condition,
resulting in poor individual tree development.  Sufficient satisiactory
material was lacking from which to draw more definite conclusions.

If the volume increments for the white spruce tables and the balsam
fir were computed and graphed in figures similar to Figures 10 and 12,
it would be found thet the rotation for total cubic feet for white spruce
is 58 years and that for balsam fir 55 years, and that the rotations for
board-foot volume are, respectively, 78 and 82 years.
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Tasre 29.—While spruce: Site index based upon the height of the average dominant
end codominant tree
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TanLe 80—While spruce: Total basal area per acre of all irees above 0.6-ineh
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TasLE 32.—While spruce: Breast-high diameler of auverage trec
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TaBLE 33.—White apruce: Tolal cubic-fool volume per acre of all irees above 0.6 inch
diameler breast high
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‘Tasie 35.—Belsam fir: Sile index based upon the height af the average dominant
and codominant tree
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TasLe 38.—Balsam fir: Breast-high diameter of average {rea
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Tapre 39.—Balsam fir: Tolal cubic-fool volume per acre of oll trees above 0.6 vuch
diameter breast high
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MATERIAL AND TECHNIC EMPLOYED IN YIELD STUDY

DISTRIBUTION OF PLOTS

The geographical distribution of all the plots of this yield study
has been mentioned previously and is shown in Figure 1. Table 41
gives the distribution of the 201 plots used for normal red spruce
yield tables in respect to loeality, site, mixture, size, age, and number
of trees on the plot. Iighty-one per cent of them lie between the
ages of 45 and 84 years, 88 per cent between site indices 40 and 59, .
and 79 per cent are practically pure red spruce.
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TaBLE 41.—Disiribulion of plots used for fully stocked red spruce tables
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PLOT MEASUREMENTS

In the determination of the size of the plots, an abtempt was
made to include & minimum of 100 trees. However, as evenness
of stocking wss another factor fo be considered, this minimum
number of trees had to be disregarded in about 30 per cent of the
plots. It was rreferable to heve a small, evenly stocked plot than
8, large plot with pronounced irregularities, abnormalities, or holes.
Horizontal messure was used throughout in laying out the plots.

The method of collection of the dats followed the customary
routine. Briefly stated, the notes gathered on each plot covered loca-
tlon, size, description, tree tallies, helghts, form-point heights, incre-
mentf, borings, and, for some of the plets, sample trees.

ALLOWANCE FOR ABNORMALITIES DUE TO DAMAGE BY SPRUCE BUD WORM

Over large aress of Maine and northern New Hampshire the damage
done to spruce and fir by the spruce bud worm during the period
19101915 was extensive, and because of the character of the damage
sample plots teken in such regions were abnormal. Wherever the
attaeck was mede practically every tree was affected; if 1t was not
killed, at least its diameter growth was reduced, temporarily if not
permanently. It was necessary, therefore, in the computation
of the vields of these plots to take into account the reduction of
diameter growth as well as the loss in free numbers. Tield tallies
included estimates of desth due to bud worm, and increment-core
measurements gave the effect on diameter growth. For each affected
plot the diameters were revised so that the reduction in dismeter due
to the damage was eliminated and the tallies were corrected so as to
include trees which were killed by the bud worm and which might
have lived had they not been attacked. This was necessarily & pro-
cedure to be carried out on the individusl plot, as the figures for
dismeter reduction and death were exiremely variable. Badly
affected stands were not cousidered st all. Altogether about 60
of the plots chosen showed bud-worm damage, and very few of them
could be included in the red spruce tables because of their composi-
tion or because of understocking.

METHOD OF CONSTRUCTION OF TABLES AND CHARTS. AND THEIR LIMITATIONS
CURYVE CONSTRUCTION

Since the methods employed in the office work follow essentially
the procedure set forth by Donald Bruce (47} in an article entitled
““A Method of Preparing Timber Yield Tables,” they will be outlined
only briefly. The aim of the procedure is to obtain a set of tables
which check with ezch other and with their own materie] at the same
time. For exaraple, the curves for total basal areas, number of trees,
and size of the average tree should check with each other. In addi-
tion, each curve should fit its plotted points. In this study all the
plots between site indices 45 and 54 were used as & basis for the orig-
mal curve of trend with age, called the graduating curve. The gradu-
ating curves of groups of factors which should check with each other
were fitted together and with their own points at the same time.
Following this, first estimates for plots of all sites were made from the
graduating curve, and these, grouped end aversged by site classes,
gave & means for obtaining correct specing of the curves for all the
site elasses represented. The spacings between sites were also made to
check among the various groups or curves.
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The curves for all site classes were next drawn in by anamorphosis,
so that each curve maintained the trend of the graduating curve.
A second estimate for all plots was made based upon these final site
curves, the computed difference between the estimated total and the
actual total giving a gross error of the estimate.

The deviations of the individual plots from the principal curves,
such as the curves for total basal area, number of trees, total cubic
feet, and total board feet were computed in percentages. The
average of these percentage deviations, neglecting the algebraic
sign, gave the average etror, which when multiplied by 1.253 gave
an approximation of the standard error. All plots which had devia-
tions more than twice the standord error in basal srea were dis-
carded, which necessitated a slight readjustment of the curves.

Other sets of curves besides those mentioned above were balanced.
Basal area per acre, height of the average dominant and codominant,
and total cubic-foot volume were so balanced that a computed forest
form-factor curve took a smooth trend, the forest form factor being
derived from the equality that basal area X height X forest form fac-
tor equals cubic volume. Were it not for the system of volume
computation used in this study, an alternative set of check curves
might have been those for size of the average tree, height of the
average tree, volume of the average tree, number of trees, and total
cubic-foot volume. This wonld assume that the same table of volumes
and the same curve of heights were used for all species on each plot.
In this study the volume table indicated by the average form-point
height of the plot and species in question was used for obtaining the
total plot volume. This meant that each of the three species, red
spruce, white spruce, and balsam fir, was treated separately. Since
mixture of species and lowering of form class of red spruce usually
oceurred in the lower age classes, it is in these ages that the fotal
cubic-foot curves will vary somewhat from the desired check. A
fourth check set composed of curves of total eubic feet, ratio of board
feet, to cubic feet, and total board-foot volume was used to obtain
the proper trend of the board-foot curve.

A summary of the sverage errors and the aggregate or gross errors
of the total estimates is given in Table 42 for the three species. The
white spruce errors are based upon use of the white spruce tables
(Tables 29-34) and the balsam fir errors on the balsam fir tables.
(Tables 35-40.) The errors involved in applying the red spruce
tables to white spruce and balsam fir are not given.

TanLE 42— Average errors and aggregale errors of several of the tables

I
Average error for— i Ageregate etror for—

f
Lad White | Balsam i Red | White | Balsan
- BDruce spruce fir ' spruce ; sprues fir

Percent ' Percent | Per cent | Per cemt
9. , 22 .23 0. 87

Busal ares [
Mumber of trees . 22.4! , -+

"etal, cubie-foot volumo
Tuotal, bogrd-foot valuma
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The sgpregate error of the total estimate stated in Table 42 indicates
the difference between the sum of the estimated values of all the plots
interpolated for age and site and the sum of the asctual values ol all
the plots. For instance, under red spruce and opposite basal area,
—0.22 per cent means that the sum of estimated basal aress of the
plots used as basis for the red spruce tables is 0.22 per cent lower
than the sum of the actual basal areas of these plots. To a certain
extent a list of average and aggregate errors indicates the fit of a set
of date to their curves. The weakness of the white spruce material
is quite evident in that scveral of the percentage errors are relatively
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high. =~ Further refinement of curve fitting and computation is of little
use, since the plots are few in number and variable in their values.

PRESENTATION OF DIAQRAMS BY ALINBMENT CHARTS

Sets of curves which have been derived by anamorphosis can be
easily replaced by alinement charts. Figure 18 illustrates the total
basal area curve for red spruce in this form.

The total basal area is fivst laid off on the left-hand vertical scale
in equal graduations. At a convenient distance to theright another
vertical scale is erected upon which are marked the site-index grad-
uations that represent the proportionate spacing of the site curves.
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In this case, they can be obtained by dividing the total basal-area
values for any asge by the first of these values. Ior instance, for 110
years these values ave 282, 269, 250, 218, and 158 for the five sites, and
the divisor is 282. Tha quotients derived arve 1.000, 0.954, 0.887, 0.773,
and 0.360. On the right-hand vertical axis the base is marled site 70.
Above this at 1.000-—0.954, or 0.046 units, site 60 is placed. At
1.060—0.837, or 0.113 units, site 50 1s placed, and 0 on lor the remain-
ing sites. The unit used should be large encugh to give well-spaced
graduations.

The age graduations must next be defermined. Tor this purpose,
for each age place & straigchtedge between site index 79 and its cor-
responding basal area. Kcpeat this process for the same age with
site 30. The intersections ol the twe lines are the positions for the
age graduations in question. The intersections will be found to lie
in a straight line radiating from the origin ol basal-arca axis.

The curved lines shown in Vigure 18 are merely for obtaining
finer age or site graduations, and are obtained by plotting the age or
site graduntions &t equal Lorizontal intervals and drawing & curve
through the plotted points. Subdivision of the equal horizonsal
intervals into 10 parts, and projection of these subdivisions vertically
up to the curve and {rom this point horizontally to the age or site
axis give the finer graduations desived on the axis.

Similar presentadions can be made for tables for total number of
trees, diameter of average tree, total cubie-foot volume, and total
henrd-foot volume.

STAND TABLLES

The method of computing stand tables as outlined In the first

section of this bulletin was made necessary by the character of stem
distribution in red spruce stands. As mentioned previously a com-
mon method of studying the distribution ol trees in diameter classes
1s to compare it to a normal disiribution as obtained by use of the
Gaussian curve or Jaw of probabilities. If the comparison is suffi-
ciently close, the character of this distribution can be very stmply
stated by giving only the aversge diameter ol the stand and the
standard deviations of the diameters {rom this average. Howaver,
red spruce does not have this eonformity. Lo use a mathematical
expression, 16 has a skewed distribution. In Figure 13 an eflort
was made {0 present in a simple manner a series of such skewed dis-
tributions through the range of average dinmeter classes.

Tor the preliminary steps only those plots were taken which were
practically 100 per cent pure red spruce and which in addition had
no abnormelities in stocking such as holes or cxceptionally large
trecs. These plots were grouped into classes, based on the diameter
of the sverage tree. In each group the number of trees in each
diameter class was found and cumulative sums were built up to a
complete tobal for that group. The percentages of these cumulative
sums over the group totals were then computed (Table 43) and
plotted on arithmetic-probability paper. When the plotted points
were connected by straight lines, readings of diamoters made ab
certain percentage points such as 99.9, 99, 80, 75, 50, 25, and 2 were
the basis for a new plotting on ordinary coordinates with average
diameter of the stand as the horizontal seale and diamefer class as
the vertical seale. Straight lines were drawn, one through all the
99.9 per cent points, one through all the 99 per cent points, ete. When
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these curved values were read and plotted on logarithmic-probability
paper it was found that by the addition of 20 to the diameter classes
the straight lines of Figure 13 were formed with practically no devia-
tion. Figure 13 is 2 section of logarithmic-probability paper with
the diameter units 20 to 50 enlarged and numbered 8 to 30 to represent
the actual diameter classes.

TannLg 43.— Basic data for ved spruce stand iables

Average dhumeler of stand (inelns)
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VOLUME TABLES

The form-class system of normal volume tables has several advan-
tages, a number of which have already been stated or hinted at.
This subject has been studied intensively, but as the results have not
reached final form at the time of preparation of this bulletin, modi-
fications and improvements of the results adopted in this work may
be expected later. These will, however, increase the applicability
and accuracy of the system, and will not affect to any appreciable
degree the fotal volumes of stands as given.

The total cublc-foot volume tables were checked for the three
species with the results stated in Table 44.

TasLe 44-—Tolal cubic-fool volume lable check

Ted © Whits ' Bsalsam
spTnea spruce | fir

- - e

Per ccgt ) Pereent  Percent
‘-‘-i}. —

Datum

Difforence belween iablo velumes gnd normel volumes 2 L8850 —0.BI
IMffaronces betwean aciun! voluines ned normal volumes 1. 24 2,80 ¢ 41,46
Averogoerror of Labloe volumes aboit normal volumes 7 .81 4.2
Basis, namber of troes o : 2 30a

i**Table” volume Is tho estimaled velumne from the inblo interpolating for I-oot-boight class, 1-nel
tlinmeter and ong unit-form class,

i Normal ™ volwma is the volume of actusi scalo roduced for batt swoll and bark,

4 Aetusl" volume is tho volume includiog butt swell, but oot batk.
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For red spruce the sums of volumes as determined from the tables
underrun the sums of sealed normal volumes by 0.81 per cent; the
actual volume of trees, including butt swell, overruns the normal vol-
ume not including butt swell by 2.63 per cent; and the average error
of the normal volumes from the table is 4.7 per cent. White spruce
and balsam fir have similar checks. Tho average errors are apparently
small. To be made comparable to average error obtained by other
systems of volune tables, several medifications must be made. In
application {o stand tallies only one average form class is used for
each. By investigation Behre found that the range of form quotients
or form classes of the individual trecs of a stand have a standard de-
viation of 4.5 units, which he further showed to be equivalent to 6.75
per cent of volume. The standard error corresponding to the aver-
age error of 4.7 per cent of the check on the volume tables (Table 44)
is 5.88 per cent. In combining these two standard deviations of 6.75
und 5.88 per cent by the rule of the square root of the sum of their
squares, this result is obtained—

+ (6.75)*+ (5.88)?=8.95 per cent

This is equivalent to an average error of 7.16 per cent, which Behre
concludes is well below the minimum of 10 per cent, temporarily set
up &s & standard in volume-table work.

Figure 15 is supported by the data of 670 red spruce, 337 white
gpruce, and 346 balsam fir. The form-point height and the form class
of each were measured and the correlations between them investi-
gated. Table 45 presents the results concisely.

Tasre 45.—Correlation. compulations supporting Figure 13 on relalion belween
Sform poinl and form quotieni

]
Error of
" Basis, Cooth q .En-orn[[:&sl.m}uft.unl'
Jtwcie mhep | Cotflicient of | estimnle nf ! stood forin
Specles I:.lrl}mf’sr ¢ correlation | individual | quotient
: trees  with &)
trees

Form guo- . Form guo-
tiend warily © tient wniiz
Red spruece... . ... . . .. ... .. .. G . 2060, 0195 A.od) - 147
Whitespruee..... . ... Lo .o . L. 3T LT L 0T 5.07 £52
FEL N T T d40 - L5500 | 0450 4,18 1.40

Figure 15 gives, as already mentioned, only the regression lines.
There 1s undoubtedly some curvilinearity in the upper portions,
evidences of which will be strengthened by more material in the course
of the form-class volume-table study. The significance of correlation
coeflicients 1s mentioned in the following pages. The error of esti-
mates of individual trees means that single quotient units will have
& standard error of so many form-quotient units. If 20 trees in a
stand are taken to obtain the average form quotients of a stand the
standard error of this average is indiecated in the last column of the
table. This was obtained by summing the square of error of estimate
of single trees and the square of the standard doviation of form
quotients in a stand, formerly stated to be 4.5, then dividing by the
number of trees measured (assumed to be 20), and finally taking the
square root of it all. '



http:5.88)2=8.95

44 TECHNICAL BULLETIN 142, U. S. DEPP. OF AGRICULTURE

FREPFARATION OF TABLES FOR PARTIAL STANDS

The preliminary step in the preparation of tables for separate parts
of the total stand was to compute for each plot the percentages of
basal area, number of trees, and volume for the partial stand; also the
size of the average tree included in these portions of the stand.
Then, regardless of site and age, these percentages and sizes were
averaged in classes of average stand diameter, and plotted over these
average diameters. Smooth curves were drawn through the plotted
points. For each partial stand the curves for percentage of basal
area, percentage of number of trees, and average size were drown
s0 as to balance with one another.

The fundamental assumption of this method is that the average
diamecter is the chicf varinble in determining the proportions of bnsal
area, number of trees, and volume represented in any portion of the
stand. In seversl other studies this assumption was found to be
entirely sound. In the present study, however, too much faith must
net be placed on the exteeme values. That is to say, some of the
results will not be very reliable when applied to site 3¢ and site 70
and to the very low ages of the other site classes. However, for the
sites which are commmonly found, and for the cllective ages, the pro-
cedure is sound.

LIMUTATIONS OF TABLES

The specific limitations of some of the tables and charts should be
mentioned. For all the red spruce tables, the values for the low ages
are wealt. The material for stand ages under 35 years tofal age is
very sparse. The material is also scant for the high ages, such as
ages above 90 years, indicating accordingly & weakness in the curves
at this age., As mentioned previcusly, the extreme sites 70 and 30
are very seldom found, but are included in the graph and tables in

order to furnish a meuns of interpolation between the adjacent site
classes.
STATISTICAL ANALYSIS OF RESULTS

Ap attempt was made to study the interrelation of the wvarious
stand characteristics by statistical analysis. The characteristics or
variables used were percentage of mixture {called composition), age,
site, hasnl area, number of trees, cubic volume, and board-foot volume.
For the last four the actusl values were expressed as percentages of
the tabular values interpolated in each case for the age and site of the
particulur plot. These percentages could be called normality per-
centages. The sites of the balsaim and white spruce plots were reduced
to equivalent red spruce site values and compubations were made
for these species similar to those for the red spruce from the red spruce
tables. Multiple regression equations, correlations, and deviations
of several orders wore computed for a number of combinations of the
variables. Only a few of these will be discussed. All plots above
30 years of age at hreastheight {45 years total age), whether under-
stocked, fully stocked, ot overstocked, were used. For red spruce
257 plots were available, for belsam fir 137 plots, and for white
spruce 98 plots.

s For morn detaflad information as to methods, sen 43, 45, 80, 82, 59, 44,
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A few words are needed in explanabion of cowrelation coelliclents.
A correlation coefficient is a computed quantity giving the degree of
relationship between two variables. A negative coefficient means
that if one of the variables increases, the other decrenses. A positive
coefficient means that if onc of the variables increases the other
creases. The size of the coeflicient indicates to a cerbain extent
the amount of relationship, a zero coeflicient indicating no correla-
tion, and small coeflicients signilying little or none. Not until the
values approsch 0.50 and are larger than three times their probable
errors are they ordinarily assumed to have substantial imporbance,
The greater the number of samples used in compuiing the coeflicients,
the more significant will these coeflicients he.

As an indication of the fit of the curves to the basic material, the
value of the correlation coefficients of several variables to age were
considered. Coeflicients of negligible amount with noncurvilmearity
of residuals would indicate a good fit. With red spruce the test was
satisfactory, as is seen in Table 46.

TapLE 46.—Correlation cosfficienis of age with several stand faclors

Correlation Betsween ago and— i Ted SOriee White spruca " Dalsam tir

3

Mormality per cent of board-fogt volume VoG ED 042 1 —0, 26:L0. 064
Normslity per cent of cubie-fool volume. T 07z L 042 ] — .
Normality per ceot of number ol Lregs Vo L 00 W2
Normality per cent of basal area R o= 0k M2 —
Normality per cent of site . HE N 1 -

i

The cocflicients {or red spruce are insignilicant and therefore the it
of the curves to the material is apparently good. Xor halsam fir and
white spruce, the fit is not so good, the correlation coefiicients cxceed-
ing three times their probable errors in aumercus instances. The
negative character of the coefficients indientes that the position of the
curves in the younger ages for all {actors except number of trees is
probably a trifle low for these species or that in the higher ages it is &
trifle high. The need is thus evident for separate tables for white
spruce and balsam fir.

TarLe 47.—Tmperiant correlntion cosfficients between vartous stand factors

Coeflicients for—

Correlation belween normallly nereentages of—
IRed spruce White spruce Balsam Gr

Dewrd-foot volwme, number of troes.. e =040E0.G35 ~0.4040. 05t 0,480 (4
Boerd-fool volume, cubie foot_ : e L8 LBl 050 LAt (HY
Board-loot volume, bosal aren_ LAl 068 Slide (M7
Cubig-fool volume, Lgsal prea.. . . LTI, Nl
Lgsal nres, aunber of Lrees . . AR L 032 I T i) L3l 05

The only important correlation coellicients between any two of
the variables tested are those in Table 47, which bring oul o number
of Interesting points. Although Figure 3 indicates a decided curvi-
linear tendency in the board-foot and number-of-trees relution, the
coefficient of correlation has a significant value. 1f the correlation
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index, which is to the curved line what a correlation coefficient is to
o straight line, were computed, 2 decidedly significant velue could be
expected. Board-foot volume and basul area seem weakly related.
Curvilinearity may in this case hide the true trends. Basal area and
cubic-foot volume are very closely related. For this reason the use
of basel area as an index of normality of a stand which is recom-
mended under the discussion of the application of yield is well sub-
stantiated, or at least for cubic-foot volumes. Tor board-foot volume
it epparently will not serve so well, unless the curvilinear trend of
board-foot volume with basal area be defined. Further study must
be made of these factors.

The effect of percentages of mixture of the principsl species was
also investigated, but no important deductions could be made.

DETERMINING THE PERIOD OF DEVELOPMENT FROM GROUND TO BREASTHEIGHT

BEEDLINGS

The ages of the yield plots were determined by taking increment
borings at breastheight. This procedure necessitated the determi-
nation of the number of years needed to develop from germination
to a height of 4.5 feet. If at all possible, the effect of site on the
length of the period would have to be included. For this purpose 218
red spruce seedlings, 95 white spruce, and 152 balsam fir seedlings
were enalvzed. The majority of these were taken from sites where
full benefit of light was obtained, and if any shading or competition
was ab band, notes were made to that cfiect. Of the total number,
168 of those reaching or exceeding 4.5 fect in height were red spruce,
79 were white spruce, and 134 were balsam fir. TFor these groups
Table 48 gives the average ages at which stump heights of 1 foot and
bresstheight were reached.

TABLE 48.—Number of years required for seedlings lo atlain heights of I fool and 4.6
Jeel

Apo to @ |Age, Moot "Colal ppe
fool tod.oleet to4.5eet

Years

B2 In each locality where seedlings were measured & notation was made
of the site 9s obtained from an adjacent sample plot, if possible, or

from a personal estimate of the character of the soil and the soil cover.
The results were in 2 way disappointing for no distinet velation be-
tween age of reaching breastheight and site could be determined.
At times, in fact, the measurements seemed to be contradictory. For
developing seedlings it is apparent that site is much more specialized
than for maturing trees. ISnch pebble, each bunch of grass, each
depression may affect its development, so that full access to light
alone is not the sole requirement. Large numbers of measurements
are needed if any correlation of age with site is desired, ss the differ-
ences caused by the obscure sife factors are large. A single average
value of 15 years for development from germination to 4.5 feet height
was therefore tentatively taken for sll sites.
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The variation in height growth of seedlings on areas which have
the gross characteristics of equality of site bears out the ¢onclusion
that the minor details of site affect seedling development greatly.
One area in particular can be mentioned. It was an old pasture with
& seattering of white spruce seedlings over the whole of 1t, and with no
competing vegetation except heavy grass. The shortest scedling
taken measured 1.5 feet in height and was 10 vears old, the .tallest
was § feet in height and was 13 years old. Intermediate sizes showed
an irregular variation between these heights. TUsually there is a slight
correlation between age and height of seedlings, which, however, is
not at all commensurate with their respective diflerences in height
development.

Further study will undoubtedly reveal differences in ages upon
various sites, or revesl methods whereby the long period of initial
development can be decreased.  As soon as this is done the total age
of the yicld tables, which is now 15 years plus the breastheight age,
can be casily corrected.

SAMPLE TREES

As the pertod of scedling development was much longer than that
originally estimated, certain comparisons were made to check this
value, The sample frees taken with the preliminary data furnish o
partial comparison. Since measurcments were made on these trees
at 1-foot stump height and at breastheight, either by actual cutting
or by increment borings, there was an approximated measure of
development {from stump to breastheight. For 84 red spruces this
peviod was 5.3 years, for 42 white spruces 4 vears, {or 43 balsam firs
4 yenrs. This is to be compared to the values 7.9, 7.3, and 8 of
Table 48. The weight of numbers lies, however, with the seedlings;
and sinece it is known that they were accurately taleen, the age for
doevelopment to breastheight must be judged {from their measurements.
On the other haud, the very apparent indications that this period can
be less or can be made less by a libtle treatment or care of the soil
should allow some (lexibility in estimating total age.

PERMANENT SAMPLE PLOTS

A number of permanent sample plots were laid out in 1904 and 1906
in pure second-growth spruce stands af Corbin Iark, near Newport,
N. H. Since that time cuttings higve disturbed several ol them very
seriously, so that some of the records do not go farther than 1915.
Subsequent subdivisions had to be made in some of the plots because
the conditions of stocking were judged to vary so widely that the
growth in several portions of the same plot might be radically affected.
Four of the plots were thmned.

Table 49 gives a list of the total cubic-foot volumes per acre of
live trees on ilie five dates of measurement. Table 50 gives the
periodic annual inerements computed directly. Iach period is
assumed to be five years although the months of measurements vary
enough to throw them cut of an exact 5-year interval.  Ilowever, total
volume of live trees snd periodic increments do not tell the whole
story. Mortality is continually taking place among trees, and at
times may involve a considerable volume, which decrenses con-
siderably the net increment of live trees. In this connection, if
Table 51 is observed and the periods of large mortality are noted, it
will be seen that the corresponding inerement in almost every case
is small if not negative.
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Tanur 49.—Slatistics of permanen! sample plois, located in o pure red spruce
stand, Corbin Park, N. H,

Total! Sito ; e
Plat Na. [age in}index; Siza :
1904 i ; October, 1M IIui}',iDlﬂ; Aungust, 1915 July, 192G Iunc, 1035

Tyl volumo per sero op—-

Unthinned: |¥ears| Aere Clubic fect Cubicfret . Cublc feet C:wrc fect Cubu: fccz

71t G5 0. 167 G, 440 G, 720 7,820

7 ; 3, 500 G210

; : 5,970 , 5410
. : 6, 680 T

: 4, 300

G, 340

2,130

Bea‘oml After | Bofore . After
thin- | thin- | b thin- | thin-
. oipg | ning i |l ning . ning
i

l

}

898 4
67 5
A 4
tlz o1

310
9
50
25 .

4,050
4450
37001

14990 15,215,

 hfensured in July, 1906 and Juno, {911, instead of Oc!.ober 1904 rmd Ju!y 1910,

TaBLE 50.—Periedic annual inorements per acre on permanent sample plots

Tlod No. ilﬂ[}l -1010 1911- l‘.?i_; 10i0-19201 19211025

Cumcﬂ:t! Cubrc}'eri Cub:cﬁ'c! C‘ubche%t
—20

M}

TarLe 51.—Volume per acre in dead irees on permanent sample plots

Plot No, : J'.U{}i-li}l() 1811-1815; 19161020 J§21-1885

Unthinped: C‘ublc!mi Cubrcfm Cub:cfm Cathic !ed.
7 126

T e e e i ceceemememe—————
T8

3 Lo S SO

G
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Tables 49 te 51, inclusive, indicate that the stand was at that age
when, according to Figure 10, periodic increments are rapidly approach-
ing low wvalues and thinning becomes advisable. The thinnings
carried out on four of the plots, as shown in the tables, with the
grades of thinning given in Table 52, resulted in benefits more
apparent than real. The gross average annual increments for plots
711A to 723 were found to be 72 and for plots 720A to 7264, 86 for
the very densc plot 762 and its thinned neighbor plot 761 they were
35 and 100, respectively. In other words, in the first group of plots
the thinnings did only a trifle more than utilize the volume of trees
which would have died anyway. In the second group the benefit is
much more real, since the gross increment is substaniially incressed.
One must conclude, therefore, that in the first group the thinnings
should have been heavier or more consistently repeated throughout
the life of the stand.

Tanne 52—Grade of thinnings made an permanent sample plols !

TFirst period , Third period ' Fourth period

I
Basal { Cubic
aren foot

Tlot No, : , ; . S
Trees , Busal - Cubie . .o | Tasal  Cubie

|
N 1
“oaren | feel | mrea | Teer : Trecs

Per cent, Per vent Per cent Per cenl. Per cent Per cent, Per centl Per cent| Per eent
T:!Oﬁ-__.-...m.____-..._... 2 IS 1d 33 o 18 11 1] 5
750 ) !

+No thinning made in sccond perind.

The set of permanent sample plots can also furnish interesting
discussion of the yield tables and their application. In Table 53
there is an efiort to translate o number of plot values in terms of
percentages of yield-table values and by means of this to determine
the reliability of the relation between the percentage of normal
number of trees or basal area and that of volume. The ages and
sites used are indicated for each plotin Table 49. Only the unthinned
plots measured through the whoele 20-year period will be considered.

Tanne 53.—Comparisons af percentages of normal number of lrees and basal area
with regard to prediction of cubic-foot volume for a B20-yeur period

Normsl . Normal

1 . -
basal Brea volume i Dillerences between columns

!

i

1

nimber Irotn I':;igA

} Norwal Voliune
| of trees uro

Tlot No,

18011923 101 ; 10925, 1%H 10251 4-8 {50

P
! i t

1 i

. P.ef. P.ot. P.ot. P! ! :
050 03 102 @8y —B) —g! —3
i 55 8- ! =3 -2 —8
[T e
PG, o8 L 42 bsio 46
D00 1 @l T 1
: =10} —I2
e N ]
.o=1 —-ii 34

§ —1i =12 43

i

iy lerms of ; :
por cent of '
Lorma] vol- ]

14| 54
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Columns 2 and 38 of Table §3 give the percentages of the normal
number of trees at the first and last measurement. Columns 4 and 5
give the corresponding percentage of volume #s read from Figure 3.
Columns 6 and 7 are the percentages of normal basal area and 8 and 9
of normal volume. Columns 10 to 15 give the difference of the
several column values as indicated. The use of number of trees and
the use of basal area as a measure of stocking and f{or prediction of
future volumes can now be compared. According to these limited
datn, both methods give low estimates. Colummns 10, 11, 13, and 14
give the velations of same years, but columns 12 and 15 consider
respectively the prediction of volume after 20 years from the number
of trees and the basal ares at the begnuing of the period. In this
case the two methods result in strikingly similar values. The basal-
area method, however, is the one more commonly used and is probably
not affected so much by groupwise stocking of trees; it is therclore
recommended until further investigation can disclose more satis-
factory methods.
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