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INTRODUCTION

The upland onk region comprises 100 million acres, or one-fifth of
the commercial forest area of the United States. It contains 43
billion cubic feet, or one-third of the total stand of hardwoods; and
furnishes 2} billion cubic feet, or 40 percent, of the annual cut of such
species. In addition, it is favorably located in respect to the great
industrial regions and centers of population. “It is recognized as the
great center of the Nation’s hurdwood resources’ (26).

There are two ﬁ)ﬁncipsﬂ forest types in the region (26),3 the chestnut-
chestnut oak-yeliow poplar type, and the osk-hickory type {fig. 1).
These have been further divided (27) into 21 cover fypes, practically
all of which are represented in this study.

Forest mansgement in this extensive region has been dependent on
a number of volume and yield studies (6, 8, 9, 12, 18, 29, 30) based on
loeal data, some of which were very meager. ~ Since the advent of the
chestnut blight (Endothia parasitica), oak stands in the eastern part
of the region have lost one of their fastest-growing components. 'This
has altered the growth capacity of many stands and sceordi y
lessened the usefulness of some of the earlier yield tables. Recently,
vield tables (15) and yields for the average site (I} for osk in Penn.
sylvania have been published

1 Maintsined st Phlladelphin, Pa., in ecoperation with the University of Petinsylvanis.
:gzglic:numdbgrs in p:kranithmgaa refer to Lijte.r?tgr% ?iwg. D. ﬁl&
ante and Zon's gak-pine Lype was nol Included in this study because of the low reentags of
gouerally occtirs and the resulting higher percentage of the faster growing bines. pe age of oak that

115807.°-—37- 1
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The present study, begun on a somewhat local basis more than 10
vears ago,* was expanded in 1928 to include all portions of the upland
oak region. The yield, stand, and volume tables presented ® were
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Upland Qak Forests
Oah-Chestnut-Yallow Poplar
Gak—HicRory

Fraure 1.—The tpland cak forest regfon, showing loeation of tem]mrar}" samipla plots.  One or more plots

were obtaiued io each designated Ioeality.

computed from measurements obtained on sample plots and from trees
cut on logging operations throughout the region.

1 Prior 1p 1821, W, W, Asho, F. W, Besley, E, H. Frothingham, Russel Watson, and W, D, Sterrett
worked on different phases of no oak growth study. Some of the results were published jn 1931 (§). In
1823, however, the present study grew ont of the former and wis undertaken by Frothingham and E. F.
Meénrthy at the Appalachian Forest Eanerimoent Station. It was § ifled by the estahlishment of &
lerge number of plots, but was limited to the sonthern Appalachinn Mountain region, Flve years later [t
became g joint project of the Allegheny, Appalachisn, and Central Siates Forest Experiment Stations,
under the direction of McCarthy, at that time director of the Central States Stalion, Under McCarthy's
supervigion the field data were callected and the prellminary analyses and compilatizos were made. When
McCarthy left the Forest S8ervics, the project was azsigned to the Allegheny Station for completion.

1 The volume tables were computed under the direction of Dooaid Brucs snd I.. E. Reineke by theip
altnement chart method (2/). _The yield and stand tables ware esmputed under the directlon of the author,
who 1is indebted, however, to F. X Schumacher for invaluable ald io cutlloing the study and in selectlon of
technique.
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THE UPLAND OAK FORESTS

The upland osk forests are mostly second-growth sprout stands;
the author estimates the remaining aress of virgin upland oak to be
350,000 acres, or only about 0.3 percent of the total upland osk ares.
A great number of tree species make up the forest. The averaga
percentage composition and frequency of occurrence of the various
species, a8 found in the present study, are shown in table 1. Although
the 15 species of osk and 50 associated species found in the region
occur in innumerable combinations, from pure stands to mixtures
including a great number of species, the five important oaks—white,
black, scarlet, chestnut, and red—make up an sverage of 83 percent
of the stand basal area.




TaBLE 1.—S8land composition and frequency of occurrence of species on. sample plots

[Composition and frequency of occirrence on the plots]

All plots Site 40 (35-44) Site 50 (45-54) Site 60 (55-64) Site 70 (65-74) Site 80 (75-84)

Stand Stand Stand Siand Stand Stand
composition | pre. [ Composition composition composition composition composition
quen-
N cy of N

um- f oceur- : um-
ber ol | rence 2?::1 ber of
trees trees

Nuni- Num- Num- Num-
ber of 1‘3]’;21 ber of ]?l’r‘ggl ber of 13‘:‘2:1 ber of
trees trees trees trees

Basal
area

Per- | Per- Per- | Per- Per- | Per- Per- | Per- Per- | Per-

. cent | cent cent | cent cent cent | cent cenl | cent

White onk (Quercus alba L.)eoueo.o ... aein| 28, . 3 3 3 . 31.00 | 34.95 . 29,77 3 5. 28.29 . . 18.04 | 24.31

Black oak (Q. velutina La M.)___ . . . Nis . 75. 10.64 | 7.24 | 73. 16.99 3 . 22,84 A 3 20.79 [ 20.89

Scarlet oak (Q. coctinea Muenchh.)... 8 A . 3 3 3 15.02 | 8.46 3 18.28 . 3 16.17 . 3 18.76 1 12.26

Chestnut oak (Q. montana Willd.)....___.| 13,73 3 3. . 8 3 16.57 | 15.20 N 13.25:1 13. 3 13. 3 A X 10.70

Red oak (Q. borealis marima (Marsh.) ) i

Ashe) - . . o 3 : . 5.27| 4. X 5.40 | 4. . : 2.55 | 1.63

Post oak (Q. stellata Wang.). 3 . . 4 X 1.52 B L .25 . 5 o3 . 3 .15 .33

Southern red oak (Q. rubra L. . . . .06 . ., 1.29 . . B X 2.941 247

Pin onk (Q. palustris Muenchh. .27 .7 s i SO . . . . . 3.10

Blackjack oak (Q. marilandica Muen . . . .

Oaks, miscellaneous—Hill's (Q. elllp.!ox-
datis E. J. Hill), bear (Q. ilicifolia Wang.),
dwarf chiuquapm (Q. prinoides Willd.)..

Oaks, swamp—swamp white_(Q. bicolor
Willd.), willow (Q. phellos 1.), shingle
(Q. mlbncana Michx.). oo oL -

§6.07

Hickory i—bitternut (Ilicovia cordiformis
{(Wang.) Britt.), bigleaf shagbark (If.
laciniosa (Michx.) Sarg.

Virginia pine (Pinus virginiana Mill.)___..

Chestnut (Castanea dentata (Marsh.)
Borkh.) .

Red maple (Acer rubrum L.)...

Yellow :poplar-(Liriodendron tu -

Ash—black (Frazinus nigra Marsh.), red
(F. pennsylvanica Marsh.)...caoo_oone o

AYOLINDINDY J0 'IdHd '8 A ‘09§ NILATING TVOINHOEL




Group A, miscellaneoiis—hophornbeam
(Ostrya- virginiana (Mill.). Koch), blue
beech (Carpinus caroliniang Walt.),
persitemon - (Diospyros virginiana L.),
sourwood - (Orydendron arboreur: (L.)
de C.), holly (llex opaca Aiton), sassafras
(Sassafras tarfifolium (Salisb.) Ktze.)._._

Black locust (Robinia pseudoacacia 1..). ..
Pitch piné (Pinus rigida Mill.) . _.._...._..
Group. B, miscellanecus—red mulberry
( Morus rubra L.) redbud (Cercis canaden-
8is L.); staghorn sumach (Rhus hirta (L.)
Sudw.), hawthorns (Crataegus spp.),
dogwood: (Cornus florida L.), service-
berry . (Amelanchier canadensis - (1..)
Med., A. laevis Weig.) .o __..__..
Northern white pine (Pinus strobus L.).
White ash (Frarinus americana L.)..
Unknown or dead chestnut
Black walnut (Juglans nigra 1.)
Beech (Fagus grandifolia Ehrh.)....... -
Black cherry (Prunus serotina Ehrh.)...._
Piguutt)hickory (Hicoria glabra (Mill.)
wee -
Largetooth “aspen (Populus grandidentata
Michx:)

Sugar maple (Acer saccharum Marsh.)_____
‘Sh}:j\gbg;k hickory (Hicoria ovata (Mill.)
131179 J k
Aspen (Populus tremuloides Michx.)
Chokecherry (Prunus virginiana L
Butternut (Juglans cinerea L.)....._
Cucumber magnolia (Magnolia accuminata
L), including) mountain magnolia (M.

raseri Walt
Elm—American  (Ulmus emericana L.)
. and slippery (U. fulva Michx. -
Sycamore (Platanus occidentalis
Sweet birch (Betulalenta L.)_._....._. -
Eastern hemlock (T'suga canadensis Carr.) .
. Mgc}tter;mt hickory (Ficoria alba (L.)
ritt. R
Basswood (Tilia glabra Vent.), includin,
(T. heterophylia michauzii (Nutt.) Sarg.).
Ealft)em red cedar (Juniperus virginiana

B BeSwl
HYUL ¥F B Lusysaw

-
Ep @ ow

gogoco

SISHYOL VO dNVIdA dIADV-NTAT HOX SAIAVE 'OLd ‘dTHIX

1 Undesignated hickories included.
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The majority of the forests are understocked, unhealthy, and in a
run-down condition, owing mainly to indiscriminate cutting and
grazing, and to fire, disease, and insects. The chestnut blight alone
has reduced the stocking and changed the composition (13) of more
than one-third of these forests. However, well-stocked stands made
up of botk sprouts and seedlings are occasionally found throughout
the region. Some of these are the result of one, two, or even three
clear cuttings. For as long as 100 years, many timber areas near the
sites of old ron furnaces were periodically clear cut for charcoal and
at present appear to represent very nearly the growth capacity of the
sites on which they are found.®! A large number of the study plots
were located in such stands. Their yields furnish a measure of the
volume of timber that can be obtained under what are thought to be
the best natural growing conditions for even-aged stands. Even
though the great bulk of the upland oak forests are now understocked,
they should, if placed under good forest management, produce yields
as good as or perhaps even better than those of the old furnace lands.

-aged and understocked stands introduce perplexing variables
which will require further study.

THE YIELD TABLES

The yield values for fully stocked, even-aged, second-growth upland
oak forests as determined in this study are summarized in table 2.
Values are presented for even tens of site-quality index, with relative
quality stated also. Site index is the height attained at an age of 50
years by the average dominant and codominant oak trees. Values
for intermediate site indices can be obtained by interpolation from
the tables or graphs.

The maximum meen annual growth of the merchantable stems on
an average site is 47 cubic feet, or about 0.55 cord per acre. This is
attained at about 50 years and continues at approximately the same
rate up to 100 years. Although the rate is not high, it is fairly constant
for this period of 50 years, or longer. Oak stands do not give heavy
yields in comparison with softwoods, but their ability to maintain very |
nearly maximum growth for many years is much in their favor,

¢ Excepting possibly the poorer sites, where the percentage of seedlings is low.




TABLE: 2.—¥Composite yield of second-growth upland oak (stand 0.6 inches d. b. k. and larger)
BITE INDEX 40—POOR SITE ‘

Total Yield per acre Menn annuaal growth per acre

helght, Avery,

. e
DYOIREG | rees - {Basalarea| diametor
Age (years) dominant peracre | peracre | breast | Entire | Merchantable| . ... Entire | Merchantable | ;...

and co- stem to a 4-inch stem to a. 4-inch Scribner
high stem in- nation- stem in- nation-
dmg;'éa“t side bark ltu?r'l; putside] ;e side bark :‘):‘,ﬂ pgutsidef yyrer | rule?

Board Board
Inches | Cubicfeet| Cubicfeet feet Cubic feet] Cubicfeet| Cords !
2056 20

485
755
1,030

,
1,540
1,765
1,075
2,175
2,375 30,47

TIPS S
D RN TS

SITE INDEX 50—FAIR SITE

270

635
1,000
1,360
1,720
2,050
2,355
2,635
2,900
3,140

i
1l
>
.
H
i
1
.
€
i

350
1,400
3,250
5, 600
8, 150

10,450
38.00 12, 600
41. 41 14,700,

L
53

82E88

]

1.2
2.2
3.4
4.5
5.3
6.1
6.9
7.5
8.1
8.7

€

! Converting factor, 85 cubic feet per cord. 2 }-inch.saw kerf to a 5-inch top inside bark. 1 To an 8-inch top inside bark.

FLEFHOL AVO ANVIIA ATADV-NIFAT Y04 SATAVIL “"OLd ‘TTIAIX
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TaBLE 2.—Composite yield of second-growth upland oak (stand 0.6 tnches d. b. h. and larger)—Continued
SITE INDEX 60—~AVERAGE SITE

Total Yield per acre Mean annual growth per acre

!}llfgsgté Trees |Basalarea (ﬁ:gggg‘
Age (years) dgg]d“::i?t per acre | per acre bl:‘.ﬁagt ?nti!'e stem to a 4-inch Ingier-

1 ig stem in- i natlon-
dominant side bark {;)grﬂ outside | arule

Merchantable ‘Entire Merchantable
Scribner | o in- stem to 8 4-inch
rule side bark topoutside

bark

Inter-
nation-
alrule

Scribner
rule

Sg'm;re Board Board
ee
41

Cubic feet | Cubic feet Cubicfeet | Cubicfeet feel.
345 [wmmnca-ct 34
805
1,265
1,725
2,165
2, 590
2,970
3,325 3
3,055 48,47
3,970 52.71

bt it atabtalaliin
= 00 A9 83 83 S O e

2]

ITE IND O0D. 8IT

410

975
1,525
2,075
2,610
3,115
3,575

4,400
4,780

) (1 R PN

~lIoNGWIIDoT o

1
S OD e NIT e p

TINLIADINDY J0 "IdAd '8 °A ‘098 NILATING TVOINHOAL




490
1,145
1,795
2,440
3, 085
3,600
4,225
4,725
5,200
5, 650

BRFESomainm
E-RN RS EN R R YUY N )

s i vt 2k

o
E
"H‘
5
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3
&
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1
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BASIC DATA

Since permanént sample plots measured at intervals over a period
of years were not available, 1t was necessary to use the temporary-plot
method, for determining yvield. Its use assumes that contemporaneous
measurement of several stands, on similar sites but of various ages,
gives the same results as sudcessive messurements of an identical
stand over a period of years, For the study 409 temporary plots were
measured throughout the region (fig. 1). As stated befors, fully
stocked, even-aged stands were difficult to find except in the vicinities
of old iron furnaces. Nevertheless a fair geographic representation of
most of the region was obtained.

PLOT SELECTION AND MEASUREMENT

The study plots were selected to meet the following requirements:
{1} Thirty percent or more of the dominant stand composed of upland
oak species; (2} fully stocked, as indicated by closed erown canopies
{86 to 90 percent of complete closure) and the sbsence of very dense
undergrowth; (3) even-aged; and (4) uniformly spaced tree stems.
No distinet holes were permitted in the stand either on the plots or
near their boundaries. In a few ingtances, where plofs were estab-
lished in stands containing recently killed chestnut trees, these trees
were measured as if alive.

The field measurements were obtained by the standard methods sef
up by the committee on standardization appointed by the Society of ,
American Foresters (28). Plot surveys were made with & staff com-

ass and steel tape. The dismeters of all trees 0.6 inch diameter
greast high,” and larger were measured with a diameter tape.® Heights
were messured with an Abney hand level, and ages were counted on
cores obtained with a Swedish increment borer.

PRELIMINARY COMPUTATIONS

For each plot & tabulation of basal area, number of trees, end
volume in each of four units (total cubic, merchantable cubie, Inter-
national, and Scribner board feet) was made by species, crown class,
and diameter breast high. These values were punched on cards so
that the various sortings, countings, and summations necessary for
the yield analyses could be made on sutomatic machines. Volumes
were obtained from tables? constructed for this purpose, which will
be explained and presented later. '

7 Dlpmetor breast high, 4.5 feet abovs sverage ground lavel,

& On some nlots, eatabllshed in 1923, o 2.6-inch lower dinmetor itmit wos used. However, the eerors in.
voived are relat{voly small, o3 mpst of these plots are 1o the older age clesses having few trees under 2.4
{nches dinmeter breast helghi,

* The fpllowing tahulation shows the specles for which the varlous vainmme tables were used. Only small
errord ate likely to result from using substitute tables for specles for which no tablos are available, becazise
the percentage of tho stand volums invoived iy very low, as shown Izt tobie 1. Even though the errors are

small, some of the selections are subject to criticisrn.  For example, [t would be more jogieal to use tha red
maple voiunma table for such tolerant specles o3 beech and sugar maple;

Volume table and offizr apreies for which tabls won waed

White 4ok . o eam oot i s amm e m———— e All unknown specles.

Red 0BE . e eeev e ca e mem e mmmert e Post oak, southern red ook, pln oak, blsck-jack oek, and
other miscellansous oak specles,

Hickory.. ... o - Ash.

Virginis pine. _.... i All pine, hemlock, and cedar. (For Seribner veluimes, &8
percent of the Interpational volume waa used.}

Yellow poplar. . ooooooooav .- ASpen, basaweod, cucumber, and sycamole,

Hed gum . .- Black gum,

g
Black cherty ., ccncecccannnas All cherry, beech, sweet birch, eim, suger raple, and
miscollaneous ather specles.
Black walnut. Butternut.
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Height curves for volume determination on each plot were made by
8 spectal process after careful enalysis.’® The yield tables were
construeted by Bruce’s (3) and Reineke’s (19) methods with some
modifications which are expleined in the text to follow.

ELIMINATION OF PLOTS

Even though the sample stands used in this study were carefully
telected as fully stocked, the difficulty met in finding such stands and
the chance that an erratic one would be measured accidentally by one
of the many field crews necessitated some statistical check on degree
of stocking. Reineke (20) shows that the number of trees—average
diameter relation, built up from & sample of an even-aged forest type,
can be used as a standard for determining the density of stocking of
individual stands, This use requires much less computationel work
than the usual basal area ond number of trees tests because the
dependent variable-average diameter takes care of the effect of both
age end site. Also, Reineke shows graphically for a number of
conifers, both in E}t;}l;e snd mixed stands, that this relation is linear if
expressed logarithmically, Application of this method to the osk-
yield plot values was effected %y computation of a logarithmic re-

ression, log number of trees on log average diameter breast high.
%‘he resulting linear equation, representing the average relation for
all of the yield plots, 1s—

Log number of trees=3.8638-—h}.*11191§7 log average diameter breast
&

By computing the residuals of log (number of trees) of the indi-
vidual plots from the regression line, and %foupir_ng in terms of the

standard error of regression, the grouping shown in table 3 was ob-

tained. This shows no plot sufficiently erratic to warrant elimination,

The one plot which is more then three times the standard error from

the regression line is not beyond the realm of chance out of a total of

3109 plote. Therefore, no plots were eliminated beczuse of a>normal
enaity.

It was, however, found necessary during the height-age analysis
later described to eliminate five plots in the 80- and 90-year age
classes. The samples of these two classes were found to be skewed ;
a large portion of the semple in each case was obtained in a single
locality. Arbitrary limitation of the number of plots from any one
locality resulted in more nearly normal distributions in these classes,

10 1n order to utillze the eatlier measnured finld plots am which data for separate helght.dismeter curves
for each major specles had not been obtained, it was necessary o find somo satlsfactory method of assighing
Belghts for volume computotions, After the plots were sorted into 10-foot: helght classes (probably average
dominant height), height-diameter cutves weore Elntted for the two numerleally strongest oge groups. The
80-, 70-, abd 80-foo! helght-dinmater eurves for the 5-year class were found practically to coineide with the
oorragPondlng curves for the 60-year clags, 'This test indicated no effect of aéa other than that already taken
care of by dealing separately with each 10-foot hislght class. To tost the effect of species the 80-foot height
class was used. Beparate helght-dlameter curves were constructed for each of the five major osk spacfm.
whits, black, acarjet, chestput, and red. All of {hese curves followed the same trend: the greatest variation
between the lowest and highest was but 5 foet. This Indicated that specles was of minor importance. A
series of hai'gh:-dlamater curves, oha for each ¥W0-foct height tip, wa3 then plotted on cne sheet, Prac-
tically all of these merged [nto one curve at the tower end. Ergzuiaritles were ironed out and the final sst
of harmonited curves was made. ‘Thls set of curves was tested gﬂph.icaléf by platting height-dlameter
curves from randemly picked plots from severa) belght classes, No bad dlscrepancies were detectad, so
thess curves were consldered auficlent Eaccnrate for volume daterminations, Thls analysls was made
by Ray F. Bower at the Central Btstes Forest Experiment Station in 1928,

11 Determingd from averags basal prea.
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TasLe 3.—~—Distribution of plots aboul regression line for log (number of trees)—log
. {average d. g h.) relation, by standard error groups

Binnderd error grogps Irstribution of plots Stondard error groups Distribulion of ploty

Percent Number | Percent
0G| —2te— 2 0.6
0.8 1] —3to 4., 1 .2
4.8
a0 Tolnd 400 0,0
83

Tanrn 4—Average number of yeara requirved for cak sprouts o reach breast height

Avornge Average
Localliics| Bprouts age ab Speslos Locallttes! Bprouls | ogeat
satnpled | moasurcd| hroast semled | mensured| hrenst
haight halght

Bpecios

Number | Number Years Yeors
G 3ib 13 pt] 3.1

White onk i.8
Bliok cak. ... 1 140 fg
18

Besrlot oak ] 368

LY
7 10 :

YIELD ANALYSES
AGE OF STAND

The average age of the dominant and codominant trees was used as
the stand age. This was obtained on each plot by averaging ring
counts on 5 to 10 cores removed at bresst height from as many
dominant and codominant trees of the species preveiling, The
resulting breast-height ages were corrected to total age by the addition
of 2 years. This correction factor, which represents the average time
required for the trees to reach breast height, was obtained from
sprout analyses, the actusl results of which are shown in table 4.
Preliminary examinetion of the sprout messurements showed great
variations in height at esch age, which indicated both considerable
variation in site from tree to tree and in vitality of the old root systems
and stumps from which the sprouts originated. Assigning site values
to individual sprouts would obviously involve so much speculation
and error that no attempt was made to do it. The general average
for all sites was used instead. If stump ages ars used, & correction
factor of 1 year is sufficient. The sample stands were considered
even-eged if the ages of the individual trees of the dominant classes
did not vary by more than 8 years,

BITE INDEX

The height attained by the average dominant and codominant cak
at the age of 50 years was used as the index of site quality. All oaks
were grouped together in obtaining this height because species com-
position changes with site and no one species oceurs invanably in the
dominent stand on all sites. The diameter of this average tree was
obtained for each of the study plots in the customary way by averaging
the basal aress of the dominant and codominant oaks and reagi'rnlg
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the diameter equivalent from a table. The height was then read as
usual from the height-diameter curve for the dominant stand,*
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FiGURE 2.—Height corves used for sile classifieation.

[v]

The average relation between height and age for each 10-foot site
index is presented in figure 2 and table 5. The site index of any stand
is obtained from this chart in the usual way by plotting the height of

* On & good many plots established during 1924, heights were measured oo ¢nly iwa or three sempls
trees out of the domioant stand, so that it was impossible to construet helght-diameter curves directly.
A careful analysis of the heighl-dismeier relation aod s special technique for £he construction of the curves
were worked out by B, Lucas at the Central States Forest Experiment Station in 1930, ‘The average dom!-
nant beight of each study dplat was frst compated by sveraging the heights of gll the trees measurad. The
plots were then combined by I0foot averspe height groups, aod heipht-dismeter corves drawn for sach

up. e much as 15 feet diflerence ocourred between trees of the sams diameter in ditferant groups,
Efgese oups were next subdivided by crown clusses sod new curvesdrawn. This titnenot much diNerenoe
resulied between the dominant and codominant classes or between the Intermediate and suppressed classes,
but considerable difference was noted between the 2 groups. Comparisons between speciss showed veary
ilttle Qifference. On the basis of these findings 2 sets of harmonited curves were made for the various av-
erags height groups, 1 for the dominant and codominant classes and I for the intermediate and su[ﬁ_gnnud.
With thess harmonlred curves as guides, the height-diameter curves for individusl plots were drawn by
superimposiog the actusl height-diameter measurements for the plot, plotted on transperant graph paper,
on the harmonized cutve representing the same averags hoight class.” Bince the harmonized curves were
made for 10-foot nverage height elasses only, interpolation was neoessary when the aversge haight of ths
E?t Was not en sven 10-foat value, This was sccomplished graphicaily by raising or Iowering the super-

posed sheet the required number of units. Bince the individual plota varfed in density, » shirigﬂ to
1eft or right was then necessary to gl the best fit to the plotted points. Ifa plot was below averaye demalty,
the diamelers tanded to be somewhat larger for the same beight, and if above the av ‘they would ge
smaljer. The spme procedure wes used Lo obtain both the dominant and subdominant purves.
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the average dominant and codominant oak, as determined from meas-
urements of the actual stand in question, over the age of the stand
and reading the site index value from the curve passing nearest to
this point. More exact readings ean obviously be obtained by
mterpolation.

TanLe 5.—Totel height of average dominant and codominant onk

Total helght by site index '— | Totol height by site Index—

Totel age {yenrs) Totel ags {years)
40 &0 60 0 £0 Lit] 50 a0 10 B

L 13 iy 2 20 &7 78 89
j 1/ P—— - 12 15 24 24 45 68 Bl B2
2. ... A ow 23 ] 36 43 Tl 83 05
- T - 2L 28 a5 42 5 73 B85 87
30, oo 2% 3 41 48 50 75 87 2]
5. .. | 28 38 46 54 43 Fi:] B§ oL
40_. N 42 &1 0 60 Vil =0 103
45_ . - 37 46 biii) & Th B B 1M
5. - 10 ri} 11} (1] B0 Fi a2 105
55._ - 43 3 ] 74 85
1 Total boight of averupo domi and codomioant onk ab 56 years,

DERIVATION OF THE SITE-INDEX CURVES

Omne of the most important problems involved in the construction
of yield tables from contemporaneous measurements of different
stands, rather than from periodic remeasurements of identical stands,
is that of assigning a site quality to those stands which are not of the
reference age (in this case 50 years). The contemporaneous dats
may be used only on the assumption that the sample plot distributions
throughout the range of site quality are approximately similer, in a
geometric sense, for each age elass. If so, an average curve of the
dominant heights of all plots over age can be accepted as a satisfactory
approximation of the dominant height—age curve for the average site.
For the oak-yield plots these heights are as given in column 2, table 6.
The points representing plots on other than the average site are dis-
tributed in the form of a comet-shaped belt widening with advancing
age.

& TasLe 6.—Locatton of site-classification curves

Height and Helght by site Index—
tapdard devl-
Total age (years} ntiog of _m-er;
Effo dominan p
oaks a0 40 k] [ 70 4] 80
Feel Feet Feet Feet Feel Feet Feet Fert
I e 18. 14 3.01 4.0 8.3 i2.8 18.9 N2 25,8 2.9
e e m——mm————————— m— e 31,24 532 .4 8.8 2.1 2.5 35, 8 2.2 44. 5
0. .. 42, 74= 6. 42 7.6 25.3 32.9 40, 6 48.3 5.0 63.€
4. 53.44: 7.42 24. 4 33.3 2.1 51.0 50.9 08,8 7.8
50.. 62 74- 8.37 30,0 40.0 50.0 60.0 0.0 80.0 90.0
0. . 68,64 6.23 33.5 4G 55.8 6.6 77.8 8.7 0.7
o 4.3 9.83 35.9 477 50.4 7.2 B¢ o6 166.3
. 77.0-4-10. 20 7.4 49,7 2.0 4.3 8.8 08.9 1.1
90 B0, 3:4:1€, 62 38.8 51.5 64,2 .8 88.5 | 1623 1149
106., 82. 5410, 50 0.0 53.0 85, ¢ 79.0 20| IUst 118.0

In mest vield studies recently made for second-growth stands the
average curve is used to obtain, by anamorphosis, & series of curves
showing the heights attained at various ages on other then the average
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site. These height curves are so spaced as to pass through the 40-
foot, 50-foot, and successive 10-foot points on the 50-year ordinate, or
reference sge commonly used. The use of anamorphosis is a distinct
step forward from the earlier technique of dividing the comet-shaped
belt of points, by eye, into an arbitrary number of similar site-c})ass
belts, and of drawing, freehand, through the midzone of each & curve
representative of height growth on that site. But the use of anamer-
phosis sssumes that the Eercentage relationship between heights on
different sites at 50 yeurs holds for all other ages. #or example, if the
height of the aversge dominant tree at 50 years on the poorest site is,
as In the present case, sbout 60 percent of the height on the average
site, an anamorphic curve for the poorest site would show a height

STANDARD DEVIATION OF HEIGHT OF AVERAGE DOMINANT AND CODOMINANT DAK

15

ot

=

LY
‘\1
10 2a 3 50 60 70 80 an 100
EFFICIENT OF VARIATION OF HEIGHT OF AVERAGE DOMINANT AND CODOMINANT OAK

1
1

STANDARD DEVIATION'

COEFFICIENT OF VARIATION

o

o] 10 20 30 40 50 60 70 80 108
TOTAL AGE {YEARS)
FicURE 4.—Reiatfon of standard devintion spd coelSclent of varfalion of height to nge.

about 60 percent of that for the average site st 20 years or at any
other age,

Actuslly, the percentage varies, particularly for the lesser ages.
This will {e seen from column 2 of table 6. The standard deviation
from the height on the average site at 20 years, if multiplied by 3 and
subtracted from the average {column 2), gives 15.2 feet as the height
on the poorest site,” which is less than 50 percent of the average. At
10 years the ratio has dropped to 40 percent. These percentage
variations were found to be significantly correlated with age, as
shown in figure 3.4

1+ Tf the 20-vear plots are distributed normslly, in o statistical sense, shout their mean, only 1 out of 37

plots would be more than three times the standarg deviation from the average.
1t F. X, Bchumacher originally suggested this test (5.
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Since one percentage value was not applicable at all ages it was
necessary to use varying percentages. This was accomplished by
computing the 10-foot Leight intervals on the 50-year ordinate (the
classification age) in standard units (standard deviation) above or
below the average curved value and applying these on each 10-year
ordinate, converting back to actual height values by using the respec-
tive stendard urnit equivalents and curved averages. The generahzed
equation for computing height of any site-index curve at any age is:

Hf.a=Ha I_Ié'—-_l>
G4 -

where H, ,=height of any site index I at any age a;
H,=average height at any age a;
H,=average height at any reference age 4;
c,=standard deviation of height about the average at any
age @;
aA=sta,t§dard deviation of height about the average at any
reference age A.
The equation for these computations in the present study is:

g (620—
Hf.u“"H.u Tu “—83.?])

where 62.7=average height at the reference age, 50 years, from table 6,
and 8.37:stan<]i)ir.rd deviation at the reference age, 50 years, from
table 6.

Example: What is height of site-index curve 40 at 20 years? From
table 6 the average height at 20 years is found to be 31.2 feet and the
standard deviation, 5.32 feet. Substituting these values in the equa-
tion above and solving—

.7—40
8.37

9
Hiyp=312—-5.32 (G"'

=31.2—-144
=106.8
This method was used for computing the points ‘n table 6 which
were, in turn, plotted to form the customary set of site-index curves
which have been presented in ficure 2 and table 5. Determination of
the site index otp any stend c¢an be made by use of the following

equation:
I= HA '}'0'_4 (}—IO_:%)

where H=average dominant height of the stand in question, and the
other terms are as defined above.

Example; What is the site index of a stand 40 years old with an
average height of 48 feet? From table 6 the average height at 40 years
is found to be 53.4 feet and the standard deviation is 7.42 feet. Sub-
~ stituting and solving—

g0 48534
I=62.7+8.37 (__-—*_7.42

62.7—06.1
56.6
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PLOT DISTRIBUTION

Distribution of the sample stands by age and site index is shown
in table 7. A good sample with respect to both site and age is indi-
cated, though a weakness above 80 years is apparent. Considerable
difficulty was experienced by the field parties in finding fully stocked
plots in the older age classes.

TasLe T.—Plot disiribidion by age clnxs and sile tndexs

Flot disteibatlon by site index—

Tolul nea (¥oars)
404 | a-a) i T | Bi-BD

- | Num- | Num-

gl .pzarizs

NUMBER OF THEES

Yield data for the total stand were hased on all trees 0.6 inch d. b. k.
and over. The average curve of numbuer of trees over age was plotted
on semilogarithmic graph paper, in effect using logarithm of number
of trees over age. Use of this type of paper contracts the eurve at
the younger ages, where number of trees is great, making a decidedly
less pronounced curve than on arithmetic paper and facilitating fitting
the curve to the points." The series of curves for number of trees on
different sites was obtained by a combination of mathematical and

aphic methods of correlation. A multiple linear correlation between

ogarithm of number of trees, age, and site index was computed. The
equetion is:

Log (number of trees)=-—0.01431 age—0.01113 site index—+4.12427

This was modified by using Bruce and Reineke’s (4) alinement-chart
method to teke care of the curvilinear relation betireen log (number of
trees) and age. The net regression of log (number of trees) on site
index showed no curvilinearity. The resulting values read from the
modified alinement chart are shown in table 8 and pictured in figure 4.
The curves shown in this figure have the usual form, dropping rapidly
in the younger age classes, then gradualiy flattening out. %‘hus, an
average site has approximately 4,000 trees at 10 years of age, 1,000 at
30 years, and 500 at 50 years.

1 It wai found & good plan 10 replot this curve en arithmetic papet to be sure of a smooth teend.

115807 —37—-2
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Fiaure 5—Tola) busel aren jrer scra for Lrees over 0.6 ineh ¢, L. b. showing trend with age by site index.
STAND RASAL AREA

The average relation between the total stand basal ares (8]l trees
0.6 inch d. b. 1. and over) and age for the verious sites is shown In
figure 5.1* The values read from these curves are presented in table 9.
This analysis was accomplished graphically by a series of approxima-
tions using the alinement-chart method.V

5 Tt {3 recognized that the strulghi-line relation above 4¢ vears is not nbsolulely maintained and that
there should & tendency for lia corves to flatien out with advancing sge. However, the data would
not permit any but a straipht line. 1t is believed that there may have been a tendency on the part of the
field crews Lo establish the bonndaries of plots in the older stunds top close to Lhe trunks of the trees selected
::sddm this way Incresss the based wrea.,  The diffieiity of 8nding older stands prabahiy contributed to this

ndaney.

17 See fontnots on page 20.
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TasLe §.—Total basal area per acre including all trees 0.6 inch d. b. k. and larger

Basal sren per ncre by site Index— Dasal uren per ncra hy site index—
Totel age Tolal npe

{¥enrs}
40 il o

11

DIAMETER OF THE AYERAGE TREE

Diameter of the tree of average basul ares was obtained in the usual
manner by dividing the stand basal area by the number of trees and
reading the diameter cquivalent from a basal-aren table. The average
relation with age and site was obtained in the snme way from the
average curves of basal area and number of trees.® The average
-diameter equivalents were plotted and smoothed. The nverage
relation with age and site is presented in figure 6 and table 10.
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Ficune 0.—Nameler of nverage Lree i breast belghit showing trand wilk nge by site index.

1t The procedure followed I the basel area—ape-sile correlatlon was as follows: (1) A pereentoge aline-

ment chart was mada by Reineke's (1) mothod. (2] Age and slie scales were ndjusied simultnneansly g

lnined by Reioeke and Brica (21, pp. 11-12). (Uld valtted of age and site used for both adjustments.)
?;?With new ape and site values, now estmmles of basal area were road, {4) With new basai ares valuas
both sge and site axes wera aguin tested and adjpsted if necossary. Only site axis needed sdjusiment.
(5 Basa! aren ovoer age for site indices 40 and S0 were then read and plotted as a tost to s2o if the relation
was bebaving nurmnlly. A constant percentage difference was noted between ihe two sites. (8) New
estlmates of basal aren werp rend snd the uctunl values were plottod over the estimatod. The basal ares
axis was adfusted becsuse tha relntion was not a 45° line. (73 Another test of site index 46 and 80 was made
followed by successive adjustments of sile, nge, sid basal area until ne further improvement was evideat,
1t was found impertant to make the test curves of busal area over apn alter each change ofthe chart.  Appl-
cation of this method of analysls ta thess datn was made by G M. Jemison. .

18 This is & digression from Lhe standard mothed. Thestundard, direct correlation between average basal
area, ags, and stia resulted In nn sverage percentige doviation twiceas largeand a standard error of astlmata
four times as largs as those of the method presented here (sea table 32, p. 34). The difficultiss enoguntered
in this correlation and tha poor results obisined ied to the use of the less deslmble method, which in thly
study gives closer conformity 1o the busic data,
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TaaLe 10.—Diameler of the average troe by age class and sile index

THameter ot 1breast helght by site Driameter at li)rgost height by site
= nder—
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HEIGHT OF THE AVERAGE TREE

Height of the average tree {trce of average basal area) was deter-
mined in the accustemed way by applying a percentage reduction
factor to height values of the dominant stand. Figure 7 shows this
percentage velation and table 11 present the final average values.®
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AVERAGE DIAMETER AT BREAST HEIGHT (INCHES)

FrouRs 7.—Percontago relation belween helght of the arerape troe and height of the aversge dominant and
codominunt osk by avermge dicmater.

TaBLE 11.—Total height of ihe average tree by age class and sile index

Total hefght by site iodex— Total helght by site Indox—
Total age (Fears) Telal age {yenrs)

1 Too much reliance must net be placed on this table, since lark of sufficient helght measurements -
sitated obtaining the aversge helghls in u rongh gmph!c':-al manner. ¢ meces
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YIELD IN CURIC FEET

The total cubic volume analysis was done graphically by construe-
tion of a percentage alinement chart (/9) which was then modified
shghtly by adjustment of the site axis in the manner referred to under
stand basal aren. The relation between stand volume, age, and site,
is shown graphically in figure 8 and the values are tabulated in table
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anel larger tneluded)
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12, These curves show a remarkably steady increase in volume with
advancing age, from the beginning, with practically no early stage of
slow growth. This illustrates the carly vigor of stands contalning
sprotts.
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Fioure 0.—Yleld per nere in cubie feel of merchantnble stemt, including bark (to 8 4-Inch lop outside bark),
showing trends witl age by site linlex,

MERCHANTADBLE CUBIC AND BOARD-FOOT YIELDS

Yields in merchantable cubic volume and board-foot volumes for
both International and Scribner rules at various ages on different sites
are presented in figures 9 and 10, and tables 13, 14, and 15. These
were computed in the usual manner from the total cubic yield values,
using the average ratios for the average diameter of each site-age class
read from the curves shown in figure 11.
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Froune 10—Yicld per acre I3 honrd feet, Internntional rola (1f8-inch kerl) (to e &ioch top. {nside bark},
showlog trends wilh uge by site index.

2

|~
[

INTERNATIONAL VOLUME PER ACRE (BOARD FEET)}

o

Tasre 13.—Yield per acre in cubic feet of merchantable stem, including bark, o a
4-inch lop outside bark

Yield per nvre {merchaztnble) by Yield per acre Emerchnntnbla) by
site inday— sita Index—
Totnl nge Total age
(years) (yeurs)

| 1. 06D
1,250 | 1,EID

TaprLe 14,—VYield per acre in boord feet, International rule, Y-inch aaw kerf, fo o
§-inch top inside bark, including oll trees having af least one 16-foot log

Yield por acre by site index— Yield por acre by site lndex—
Total age Tnisl sge
(years) i 50 0 (years) 1 | 50

Bd.f. Bd.ft.
0 0

1 No irees containing a 16-foot log with a top diameter inside bark of 5.0 inches below E5-yoar class.
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MERCHANTABLE QUBRIC FEET PER CUBIC FOOT
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Fieuse 1i.—Merchantabla cuble foot—total cuble foot tod board foot—tolal cuble {ool ratios for varlous
pverage diameders,
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TaABLE 16.—~Vield per acre in board feel, Scribner rule, lo an 8-inch top inside bark,
tneluding oli trees having at least one 10-fool log

Yiald per nere by site index— Ylegid per aero by sito indax—
Total ngo Tetal nge
{yonrs) * {year} !
40 70

B fr. | ma g, | B
by ] o
il

250
4up

t No {rees contnlning s 18-foot log with o fop dislsoter inslde burk of 8.0 tachus bolow 25-ysar cliss.

Aversge-diameter, number-of-trees, and basal-sres values for the
merchantable cubic- and board-foot stands are presented in tables
16-24. These were also computed from like values for the entire
stand by using average ratios, Perfect checks between these tables
are not expeected, because of differences in weighting.

TasLp 16.—Average dinmeler al breast height of the merchantable cubic-fool stand,
including all trees having any merchanteble cubie volume (lo o 4-inch lop oulside
bark)
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TasLE 18.—Basal areq
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TavLE 22.—Average diameler at breast height of the Scribner board fool stand, in-
cluding all trees having at least one 16<foot log with an B-inch lop inside bark
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TasLE 23.—Number of irees per acre in Scribner board fool stand, ineluding all
trees having at least one 16-fool log with an 8-inch top inside bark
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TaBLE 24.—Basal area per acre in Scribmer board fool stand, including ell rees
having at least one 16-fool log with an 8-inch top inside bark
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YIELD IN CORDB

Satisfactory factors for converting solid wood volumes of oak trees
of various diameters to stacked cords have not been determined. A
recent study ? in osk stands gives an average factor of 85 cubic feet
of solid wood per cord. With this factor the merchantable cubic
yvield was converted to cords, as presented in table 25.

1 Madeby the Allegheny Forest Experiment Station on the Black Rock Forest, Cornwall, N. Y.; basiz,
23 pliea of wood totaliog 10 cords.
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TABLE 25.«~Yield per acre of merchanteble stem in cords, including bark, {o a 4-inch
iop oulside bark
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glem by Eite indax— Total B stetn by slte lodes—

(years?e

£

60 70

g

..
&
g
5

o
[
2EREEEaY

BERAEENSO
)
gag | ©
b1

BEXSAEERLG

EBERENS
EESEREY
HEAEBBIER
BEERRBARD
RERARNAKP
RERBIBGH

e e
R

@
=3
SITE INDEX

B
N
Q
&
3
e
]
§
L
&
¢
N
:
=~
3
2
!
3
b3

20 40 aoc ad 100
TOTAL AGE (YEARS)}

FiGUsE 12.—Mean annual growth per acre in cublc fest of entire stand excluding bark, showing trends
with age by site index.
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MEAN ANNUAL GROWTH

The relations of mean annual growth, in the first four units, to
age and site are shown in figures 12, 13, and 14, and the tabular
velues, including those in cords, sre presented in tables 26, 27, 28,
29, and 30. Culmination of growth in totel cubic volume occurs at
50 years on gll sites. This is the point at which the yearly growth
reaches its maximum. The decline on both sides of the point is so
gradual, however, that there is only 1 percent difference between the
ages of 40 and 60 years. Culmination for the merchantable stand,

8o

/

1]
o

3

o
a
SITE INDEX

1]
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4
Q

MEAN ANNUAL BROWTH PER ACRE (CUB!C FEET)

[o} SE—

f
o} 26 Falsl &G 80 100
TOTAL AGE (YEARS)

Fieunre 13.—Afean annun! growih per acre in cubfe feet of merghantnble stand includiag bark, to g 4-inch
top sutside berk, showing trends with age by site index.

which is of more practical value, takes place st 55 years on the best
sites, and at 90 vears on the poorest. The trend here also is gradual
after the point of culmination is reached, as shown in table 31, which
expresses the mean annual growth as a percentage of the maximum
for each site. This fact permits considerable leeway in determination
of the rotation sge when considering only the volume production.
The growth rate is within 5 percent of the maximum for & period of
approximately 50 years on any site, the best site arriving at this
point at about 45 years and the poorest at 70 years.
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Fiousk 14.—Mean nuoual growth Ner acre in baard feet, Interonulonal rute, MHe-inch kerf ta a 5inch top,

fuside bark, showing Lrends with nge by site index.

TARLE 26.—AMean annual growth per were in cuble feet, enlire stand, ercluding
buriz; all trees 0.6 inch d. b, h. and larger included
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TABLE 27.— Mean annual growth per acre in cubic feel, merchaniable siand, including
bark, to a 4-inch iop culside bark

Aanoual grov;‘lg er sere by site Aatual growth per uers by slte

Total uge naex— Total ags index—

{vaars, {yenrs
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TasLE 28.—Mean annual growth per acre in board feel, International rule, YM-inch
gaw kerf, lo a S-inch top inside bark, including all trees having at least one 16-fool
log

Annuad growtly per nere by sile Annuut gra‘i\'tg er ucre by site
n

Total ags fodex— Toial ape
{years) ! (¥enrs) !
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TaBLE 28.— Mean unnual growlh per acre in board feet, Seribner rule, to an B-inck
top inside bark, including all trees having at least ene 16-foot log
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TABLE 30.— Mean anaual growlh per acre af merchantable slem in cords,! including
bark, to a 4-inch lop outside bark

Anoual prowth per acre, by st i Annual growth per nere, by slie
ind ) index—
Toial ape

t Converting factor, 85 cabie feet per cord.

TabLE 31.— Percent of mazimum mean annval growlh per acre, al sneccessive ages—
merchantable stem, induding bark, {o a f-inch top oulside bark !

MMaximum merchantabla cabi foel per ovre by sile
index—

Totnl e {years)

10 a0 &0 0 ‘ 50

Hercent | Percemt | Percent | Percent | Pereent
[#] 1] 1] 2 3

i
I7
13
62
™
B5
-3
96
98

g

1 Heavy lines encloss ages and siles between which stand may be cot and yet obtain within § pereeat of
the maximum megn annunl growth.

ACCURACY OF THE YIELD TABLES

Measures of the association of the various yield values with age
and site, and the standard errors of estimate of the yield tables, are
given in table 32. The percentage of variation accounted for, shown
in column 3, indicates the part of the variation of the particular yield
unit that is associated with age and site. The differences hetween
these values and 100 percent are the percentages of varlation not
accounted for. The difference between stand basal aren and total
volume with respect to percentage not accounted for is striking. Age
and site account for 88 percent of the variation in volume and onTy
59 percent in basal area—a difference of 29 percent. Yet the stand-

115807 °—37—3
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ard errors of estimate show practically no difference in the reliability
of estimating. The reason for this is the correlation between volume
and height. Site index is based on height and height is one of the
variables which determine volume. Higher correlations are expected
since both the dependent and one of the independent variables contain
height factors, This is true for all correlations with volume units.

TasLe 32.—Check of basic daln against yield tables

Dovinlion Standanl
Corre- | Viris-

i ' error of
Yield (nble unit lition | Lion ac Swndord error

| . yleki-
index "m;::;{‘d Aver- | Agere- af estlmate thbia

Age gate rendings

Pereend | Pereentt Pereent | Units | Pergent| Pereent
Strnd hesal area 54 40y a6 4.5

Number of trees. 7 I i 82 51 +0r ] s 2.7
Avernge dinmelel P [ 57 - 48 T 3.0
Avemgn height. | . s — 28 1. 5.2
Total YOm0 ean vean - as . B 58 - A2 h 14. 2
Merchantuble veluwe ... ., . L dacal] 82 jz] —. 25 R AL
Internetional velutne, board foel..| . UM il E B AL T 47
Scribaer volume il . L L1} 3 —L 8.5

In general the aggregate and average deviations and the standard
errors compare favorably with these found in other yield studies.
One must bear in mind, however, that these data cover a wide range
of conditions as to location and species composition. Distinct differ-
ences in geologic formation, residual soil, and ¢limate oceur over this
vast region. As usual, the tables for merchantable cubic- and board-

foot units have large errors of estimale and percentage deviations,
hecause the decided influence of density on tree size is accentuated
where tree size is the factor governing yield. MeclIntyre's studies in
oak stands in Pennsylvania (15), which indicate an average of 5 per-
cent more onk by basal aren than the present study, show less scatter
about the average.

USE OF TABLES FOR YIELD PREDICTION IN UNDERSTOCKED
STANDS

Application of normal yleld iables to understocked stands is at
best an npproximation, especially when dealing with mixed stands.
The yield table is a measure of the natural growing capacity of the
best stocked stands, indicates what yields can be attained, and gives
a goal to strive for and perhaps surpass under scientific management.
Approximate yicld predictions are usually obtained by correcting
future tabular yield values by use of the present percentage relation
between acturl basal area, computed from a sample of the forest in
question, and tabular hasal area for the same age and site.  Applica-
tion of this percentage correction to tabular values at a future age
gives a conservative estimate of yield, since understocked stands tend
to approach normality with advancing age. For most practical pur-
poses such predictions cun be made for periods up to 20 years. Com-
plete discussions of this general method of application can be found in
a number of publications (7, 10, 14, 15, 81) and in the standard texts
on forest mensurstion.
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EFFECT OF DENSITY AND SPECIES COMPOSITION ON YIELD

Table 32 indicates that 12 percent of the variation in total cubie
volume yield is due to variables other than age and site. To deter-
mine what part of this is due to stand density and what part to species
composition, correlations were made between actual yield, in percent
ofnthe tabular, and these factors. The correlations obtained were as
follows:

Correlation between actusl yield in percent of the tabular and— Correlation
(1) Density, deviation of aetual fromn estimated log number of ceeficient

(2) Basal area of whitc oak group in percent of the total

(3) Basal arca of black oak group in percent of the total

(4) Basal arca of other intolerant group in percent of the total__

{3) Basal arca of ather tolerant group in pereent of the total ___  —. 0462

{6) All five combined {multiple correlation) 4. 7451

A correlation coefficient of (.119 or larger is significant. Therefore

only two of the gross correlations are significant, density being by far
the most important. The multiple correlation with &ll five variables
shows very little improvement over the gross correlation with density
alone. The indications are, therefore, that density contributes about
half (100<0. 718 0.718) of the variation from the tabular values and
that species composition as expressed by these groups is of minor im-
portance. It must he mentioned, however, that species composition
probably affects yield more than these correlations show, but its effect
is largely removed by the original correlation with site index. This
is true because signifieant correlations occur hebween species composi-
tion and site index. These will be shown later in the stand-tahle
discussion.

CORRELATION OF TOTAL CUBIC VOLUME WITH AGE, SITE, AND DENSITY

A curvilinear multiple correlation of total cubic volume with age,
site, and density was made by Bruce and Reinelke’s method (4) and a
very satisfactory chart was obtained (fig, 15). The standard error
of estimate was lowered 29 percent by including density, and o cor-
responding improvement in correlaution was achicved, as shown In
table 33. Comparison of the two estimates of yield ir avatlable in
figure 16. In the younger age classes there is a greater rauge in vield
with variation in site when density 1s consilered as a variable than
when it js omitted from consideration. This might indicate a defi-
ciency of density classes among the younger ages in the sample used.
Also, thereis a tenrdeney for the poorer sites to have higher yields nhove
40 years. This indicates that the density of the older stunds sampled
on the poorer sites waslower than thut of the rest of the stands sampled.
In other words a correlation between density and site is indicated.
This is borne out by the actual correlation coeflicient of —0.1612,
which is statistically significant,
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DENSITY
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50—

Fracre 15—Yield of upland anks—eurvilinear multiple eorrelation of siand volume with age, site index,

nned densily.

TaBLE 33~—Comparisun of yield correlations with and withou! density included as a

varinhle

Tutal cubie v

olume yield

earrelatad with—

Itemm
Are anmd site | Age, site [ndex,
index amd density

COrmelntion MR, . L. ovo i virioe e cmr e rmee i rveemee e ——————— 0.938 0. %60
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Since density is measured by the number of trees present (fig. 17),
the correlation between density and site indicates to some extent that
the better sites have fewer numbers of frees for any given stand
diameter than the poorer ones. On the other hand the correlation
between volume and density is not significant (r=0.1028). Accord-
ingly, if there are fewer trees but the same volume on the better sites
for the same nverage diameter, it follows that there is probably less
range in tree sizes.
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Figure 16.—Comparison between totel cuble volumo curves wien correlated with nge ned slie only and
when density Is ineluded,

A set of total cubic-volume values by age, site index, and density
classes are presented in table 34, as read from figure 15. One can
readily see from this table that even though density was controtled in
the field by selecting fully stocked stends as samples, the variations

1t Examploof computation of density.  I{ tho number of trees In on upland oak forest stand is 500 snd their
averago diimeter b5 5.0 inehies, wimt is the density of the stand?  The logarithun of 5,0 is0.60, Substiiutieg
s valug in tis equaticn—averaga log (nuinber of frees) =3.8038 — 14887 Jog (average dlnnmicter breast high)
wa pet log fnumber of trees) =3.8038—1.44957 (0.0000) und solving=3.8038—L1.0476=2.8167. The antilog of
2.B162=555, or nverage mumber of troes for #n oversgo dinmoeter of 5.9 inches, nnd 5800 i3 50 parcent of 655.
Therefore the densily of the stand {556, T'his ean be computed praphically by direct reading from Bgare 1%,
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obtained are well worth considering, especially in scientific studies.
It is entirely possible to include density as a variable in all of the yield
tables, but this requires further analysis, which leads naturally towards
application studies in understocked stands. These are planned in
future work.
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TasLe 34.—Yield per acre, ezcluding bark, b? densily classes, uge, and sile; ali
frees 0.6 inch d. b. k. and larger included
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t Drensily is percentago of nvernge number of trees.
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TasLe 34.—Yield per acre, excluding bark, by demsily clusses, age, and site; all
trees 0.6 inch d. b. h. and larger tncluded—Continued
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THE STAND TABLES

Stand tables are essential {ur forest management, and it is today
generally aceepted that yield tables are not complete without them.
Knowledge of the number of frees that may be expected in the various
dinmeter classes is necessgry for solving many problems in forest
utilization and valuation. Because osk is used extensively for piece
products, the yield of which depends on tree size, stand tables are
especially important for the oak region.

It has been shown (8, 11, 16, 17, 28, 24, 25) that diameter distribu-
tions of even-aged stands follow certain definite Jaws and have char-
acteristic forms which are determined by certain computed values,
Analyses of several oak stands brought ouf the fact that stands that
contain g number of species having different growth characteristics
and varying in their tolerance and their adaptability to the site have
distributions with several modes. Obrviously, such stands must be
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separated into their component parts and each analyzed separately,
since no two stands have the same composition. Because it was im-~
practicable to analyze each species separately, some grouping was
sought. Inspection of a number of stand tallies showed the white
oaks to be somewhat smaller in size than the black oaks on the same
area. The associated species nlso were found to fall, perbaps maore
pronouncedly, into two groups, one of small trees of tolerant species
and the other of large trees of intolerant species, Four groups were,
therefore, set up as follows: (1) The white oaks; (2) the blacl oaks;
(3) the other intolerant species; and (4) the other tolerant species.”
A test showed the mean stand diameters (mean of the diameters) of
these groups to be significantly different while each individual group
seemeg to be fairly homogeneous. The mean of the differences of
the group means from the plot means (diameter) and their standard
errors are given in table 35. They are all signuficant. Each group
mesan was also found to be very significantly different from each other
group mean, the ratios between the differences and their errors rang-
ing from 18 to 108. Previous investigations (17, 24) show that cor-
relation of the diameter distribution characteristics with mean stand
diameter largely eliminates the effect of age and site, so stand analyses
are generally based on mean diameter. Since these groups differ
gignificantly in mean diameter, they are considered sufficiently dif-
ferent to require separate analyses.

TaBLE 35.—DMeun differences between diameters of species groups and plat

Ratios of
mean dil-
ferenca to
its error

Menn differencel
of dinmeters
from those of

entire plot

Standnrd error
of tha dif-
ference

Species group

White 08KS. oo wmna-n —0. 0573 0. 00819
Black onks +. B4 . 01244
Other intelernnt species. . —, 82 =+. 02300
Other tolerant species —1. 2778 . 01545

The mathematical values which describe diameter distribution are:
Number of trees, mean diameter, standard deviation about the mean,
coefficient of asymmetry (skewness), and coefficient of excess (kur-
tosis). The latfer is of minor importance, is subject to considerable
error, and to obtain it grently increases the volume of computational
work, Moreover, tables of Pearson’s type III function (22), which
disregards kurtosis, were available to simplify the computation of
frequencies. The other valites were, therefore, the only ones consid-
ered. Charlier’s types A and B curves have been used very conven-
iently for diameter distribution analyses (16, 17, 23, 24, 25), again
because available tables simplify fitting them. Pearson’s type L
curve was used in onc instance (23), and was shown to fil exceedingly
well but required a great amount of computational work. FPearson’s
type III frequency was also tested in the latier case; it ‘was found to
fit very well in comparison with Charlier’s curves and has the ad-
vantage of being more easily computed by direct reading of percentage

12 The species grouping is as follows, employing tha miscellanecus group composition given in teble Ir
Whits ouks: White, chestnut, snd post caks, pnd swamp onks. Black onks: Bearlet, bisck, red, sonthern
red, pin, blackjack, and miseellancons oaks. Other tolerant species: Black and red gums, beech, sugar and
red maple, sweat birch, eastern bemlock, basswood, miscellaneous prouns A and B, urﬁmown, and dend
treas, Other iniplerant specivs: Chestnut, hickory, hickories, pines, ashes, cherries, yollow poplar, hlack

locust, biack walout, sycamore, largelooth and other nspen, eim, eastern red eedar, butternut, and ¢ueam-
ber. {(See table 1 for geientific names of species and composition of :niscellaneous groups.)
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frequencies from tables of areas. These tables were, therefore, used
for fitting Pearson’s type III curves to the first three of the above-
mentioned four groups.
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F1g0RE 18.—Relation betwesn standsrd devintion of tree dismeters and menn diameter by specles ETDUPS.
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Standard deviation was computed for each 0.5 inch mean diameter
(of species proup) class separately for each of the four species groups.
The sverage relations are shown mn figure 18. The curves differ but
appesr to be quite satisfactory. An exception is that for the “other
tolerant” group, the shape of which indicates the presence of two
vniverses of data, However, the relative importance of this group
does not warrant further subdivision. Plotted values of skewness
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FiouRE 18.—Relation between skewness and mean diameter for the white sand hlack osk groups.
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in figute 19 show practically the same relation to mean diameter for
both of the oak groups. The curve fitted to both of the onk groups
averaged together was arbitrarily used for the other intolerant group
also. Becauseskewness values as high as 3 were found in the other
tolerant group the tables of Pearson’s type III function could not be
used. Average percentile curves were drawn for this group,

The percent number of trees in each species group changes with
site, as shown in figure 20 and table 36. White oaks decrense and
black oaks increase jn pumber with increasing site quality, while
the other two groups decrease slightly. These changes in percentage
composition are significant for the two oak groups but not for the
others, Similar correlations between specics composition and age
showed no significance.

TABLE 36.—Percent of number of irees in cuch species group on di fTerent stles

v

Trtal number of trees by site index—
Speeivs group

60 70

P reent | Percent

White oaks

Black paks. ... __.
Other inlolerant spee;
Other tolerant species . .

Totale_...u...

MEAN DIAMETER AT BREAST HEIGHT (JNCHES)

Mean Diameter~ Mean gf the
Dameters at Breast Haight

TRRLT. f i AverageDiameter=Diameter of

| 4 [ ! theTree of Average Basal Area

i 2 3 a 5 =] 7 -1 -] [[e} 1t =4 12 3
AVERAGE DIAMETER AT BREAST HEIGHT (INCHES)

o

FIGURE 21.—Relation between mean dinmeter and average diameter of the stagd.
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For stand analysis the mean diameter (mean of the diameters) of
esch species group was used as a basis, whereas for yield analysis
average diameter of the stand (diameter of tree of average basal
area) was used. Figure 21 shows the relation between mean and
average diameter of the stand, and figure 22 the relation of each
species group to the stand.

For each average stand diameter for ench age und site, the mean
diameter of each spectes group was read from the curves in figure 22,
The corresponding cumulative frequencies, in percent, were read from

o |1
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TOLERANT SPECIES

MEAN DIAMETER OF SPECIES CROUP AT BREAST HEIGHT (INCHES)

WEIGHTS = NUMBER OF
TREES IN THOUSANDS

2 3 & ) 5 7 & g 10 H] F4 13 4
AVERAGE DIAMETER OF PLOT AT BREAST HEIGHT (INCHES)

Floure 22.—Relution hetween mean dinmoter of Lhe species groups and average diaineter of the plot.

the tables of Pearson’s type 1IL function {22), for cach of the first
three groups, standard deviation and skewness values having been
obtained from the curves in figure 18 and curves similar to those in
figure 19. The other tolerant group {requencies were read from the
percentile curves. These cumulative frequencies were next converted
to frequencies by successive subtractions. The final step was to
apply these frequencies to the total number of trees in ench species
group—obtained by multiplying the total number of trees per acre
(table 8) by the species group percentages (fig. 20). The completed
tables are presented as table 37.




TaBLE 37:—Stand table—Distribution of trees by successive diameter classes, by species groups and age
SITE INDEX 40--POOR SITE

Trees in each dismeter clnss

Age and spacies group

0.25 inch
5 Inches
6 inches
7 inches
8 inches
10 inches
1l inches
12 inches
13 inches
14 inches
15 inches
18 inches
17 inchies
18 inches
19 inches
21 inches

10 years: ’
White oaks... ...
Black onks.....

Other intolerant..
Other tolerant,

Black oaks...
Other intolerant.
Other tolerant.._

Total. e eeeieiin

30 years:
White onks

Other intolerant........
Other tolerant. . ...

Total

40 years:
White oaks_...._.....
Black oaks.
Other intolerant.......
Other tolerint, :
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‘60 years:

Black onks.

Other intolerant__.....
Other talerant

Total. ...

G0 yeuars:
White oaks......__..

Qther intolerant
Other tolerant..

Total. oo siicanucan.n

70.years;
White 08KkS..ocineeunn
Blnck onks....
Other intolerun
Other tolerant.

Total.....iiic.. -

80 years:
White oaks_.o.. ..o -

90 years;
White oaks_ ... .. .
Blnck:0nKS.cuoneaioin
Other intolerant..
Other tolerant. .

1
n
11

Tolnl,-_-‘-.-_._.;..

100-years: i
Whiteoaks__........ -
Black onkseewooranion »
Other intolerant......-
Other tolerant.........

Total._.-... i .-

55

24
1
9

12

48

SIANOd MVO ANVTIIN QIOV-NUAT HOd SATEVL “0Id 'aTHIX

1 Dinmeter classes are designatéd by mklpolnt values,
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TasLe 37.—Stand table—Dislribution of trees by successive diameler classes, by spccics groups and age—Conitinued

8%

SITE INDEX s—FAIR SITE

I'rees in each diameter class

Age und species group

2 inches

¢+ 4 inches
10 inches
11 inches

! 12 inches
13 inches
14 inches
15 inches
16 inches
17 inches
18 inghes
19 inches
20 inches
22 inches

¥

|

5
P
4
¥
4
'
L
<
N
%
k<
v
b
<

10 years: B
Whité ooks.coce ion.
Black oaks..c...o. .0
Other iutolerant.......
Other tolerant......-..

....... P

20 years:
White oaks....._. . ..
Black onks......
Other intolerant. a
Other tolerant..._.....

Total

30 years:
White 00KS..ocoacnunsn
Black onks...
Other intolerant.........
Other tolerant.....-...

B 01 71Y D 2 s N P R N . R . . i } 1,246

142

40 years: .
White onks__... .- 7 . . SR S . 422
Black onks.. R 1 - X . L . . : 165
E ' .. P R - 112
90

Other tolerant.
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50 years: -
White oaKS. ceenex RN SO
Black 00KS. e eammsmenn]uconnn
Other intolerant...
Other tolerant....

Totaleaoainin e

Anman

= LOSCTT

G0 years: ]
White OAKS. cacewpmmia.| oo
Black 0aKs. .. wavaiaan’ e
Otherintolerint..ca..-
Other tolerant. . oos--.

Total

[ —

'

Fo—L}

T0-years:

) White 00KSeeemcpmessn
Black onks. ... [P
Other intolerant
Other tolerant......

g Vo171 DO

80 years; )
White onks.
Bluek vaks...
Other intoleran
Other tolenint..

’I“otl\l_--_.._-..,.w

90 yenrs:
Whiteonks, oo ivesnen.
© Black-oaks. L.
Other intalecant ... 4.
Other tolerant.... ...

Tothlemsvnsmmaconn-

100 yenrs:
White 0nkS.coemmmmen-|-
Black onks ..o .
Other intolerante......
Other tolerant.
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TasLE 37.—Stand table—Distribulion of trecs by successive diameter classes, by spectes groups and age—Continued

0g

SITE INDEX 60~AVERAGE SITE

Trees in ench dinmeler class

Age iind specles group

10 inches
11 inches
12 inches
13'Ihches
14 inches
15 inches
16 inches
17 inches
21 inches
22 incheg

2inches

3 inches

4 fnches

§ inches
6 inches
8 inches
@ incheg
18 inches
19 inches

10 years:
‘While0akS...... SR
Black onks..oooann..
Other intolerant..
Other tolerant.

Total. o oaaasia,.

years;
White 0aKS.caeserenn.

Black onks... e
Other intolerant, ...

Totalooooivan e e

30 years:
White 08KkS.curvessun -
Black oaks. . ...... .
Other intolerant.
Othertolernnfo.... . ...

Total. . oicvewnsn S

40 years:
White onks.
Black onks...
Other intolerant..
Other tolerant...

Taotal
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50 years:

11}

70 years:
: White oaks FETN P
Black 0nKS e cnveinws
Otherintolerant...... .
Other tolerant...._ e

80y

90

White 08KSemunsvmemsen
Blnck 00KS - v camanstvn
Other intolerant.......

Other tolernnt. g f

Tobtl oo yicoroannn s

yenrs:
White onks.ccacunn.
BInek onkSivienrcmian
Other intolerante....u.

Other tolerdnte.uveorai.

Total. s cansn wraamal

renrs:

White 0nkSu-iolaaus.
Block 08KS ovuvaasin
Other intolerant..,

CALS:

White 0nKS.cmceneanne.
Black onk§..or o oaan
Other intolerant..... ..
Other tolerant...

Totfloencceiinnnn P

100 yenrs:

VHite OAKS.cesrmvnense
Black onkS.win. caccun.
Other intolerant,
Other tolerant_........

Totlici cnmuin wmmnes
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e
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TanLe 37.—Stand table—Distribution of trees by successive diameler classes, by species groups and age—Continued

(44

SITE INDEX 70—-G00D SITE

T'rees in ench dinmeter class

Ageand specles group

10 inches
11 inches
12 inchies
13 inches
16 inches
17 inches
18 inches
21 inches

[ 15 inches
19 inches

i 3inches
? 4 inches
7 inches

i

§

k.
o
B
b

10 yeurs;
Whils onks,ouuee. vun..
Blick 0akS.v. oroueors
Other intoterant.. ...
Other tolerant..... ...

Tota) oo uasionsiin s

20 yesnrs:
While 0akS,woiive o nen
Block onks.. .. . coee
Other intolerant., .. ...
Other tolerant.. ., ..

TOAl s ccmin e mane

30 yenrs:
White onKS.cemens caue.
Bliick ouks. L. oniann.
Other intolerant., ...
Other tolerant. ... ...

Total e

40.years:
White-onKSues o mnsinn
Black onks .. oicenus
Other intolernnt, ... ..
Other tolerint..... ...

Total oy vionirannn

TENLIADIYOHV J0 "IdFA 'S ‘N ‘098 NILANTIAG TVOINHOFEL




50 years:
White oaks,
Black oaks K
Other intolerant....... 0
Other tolerant. . cceuafocncnn

Totaloccioacismmrinn

ears:
White 08kS. vremmmine
“Black oaks.
Other intolerant.......
Other tolerant.

70 years:
White onks

80 years:
White 0aKS Ziocceeannc
Black oaks.
Other intolerant.
Other tolerant.

‘80 years:
-~ White oaks
Black oaks
Other intolerant___..
Other tolerant._......

“Total.._

100

years:

‘White oaks.

Black oaks

Other intolerant
Other tolerant___......

Total._.
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TABLE 37.—Stand table—Distribution of irees by successive diamder classes, by species groups and age—Continued

2]

SITE INDEX 80—EXCELLENT SITE

Trees in each diameter class

Age and species group

11 inches |
12 inches
14 inches
15 inches
16 inches
17 inches
18 inches
19 inches
20 inches
‘21 inches
22 inches

0.25 inch
2 inches
9 inches
10 inches

2 | 13 inches

2
%
o
g

10 years: '
‘White onks

30 years:
‘White odks
Black:oaks
Other intolerant.
Other tolerant

‘White oaks.
Black oaks
Other intolerant
Other tolerant
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50 yenrs:
Whileoaks. __.._.....
Black onks
Other{ntolerant
Other tolerant

00 years:
“White onks
Black oaks
Other intolernnt. ...
Othier tolerant

70 yedrs;
White oaks

Other intolerant. ... ..
Other tolerant.

80 years:
White onks
Black onks
Other intoléerant
Other tolerant. ...

90 years:
White onks
Black oaks.
Other intolerant
Other tolerant

100 yenrs: .

: White oaks.
Bldck odks
Other intolerant

_Other tolerant. - _. ...

Total.
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DISCUSSION AND APPLICATION OF STAND TABLES

The stand tables are based on the assumption that the Pearson
type III function fits the diameter distribu tiong of these species groups.
They are not expected to apply exactly to individual stands, but give
an indication of the diameter range to be expected under natural
conditions in extensive forest arens.  Since the same percentage values
apply on & particular site regardless of age, the sume ratios actually
found between the species groups in a given stand at the present time
may be used at a future age. To predics the future stand the present
ratios are computed, by sites, from the samples of the forest in question
and then apphed to the total number of trees estiniated at the future
age. To facilitate determination of these frequencies, table 38 is
presented. It shows percentage values by mean diasmeter classes in
each species group. The several steps in the computation are as
follows: ,

(1} Estimating the future total number of trecs and average diameter from the
vield tables,

(2} Computing the future number of trees found in each specics group from
the present ratios between species.

{3) Reading the mean diameter of each specics %ruu p from figure 22,

(4) Interpolating the corresponding percentage freguencies from table 38,

{3) Applying to the number of trees in cach species group,




TABLE 38.— Percentage distribution of trees by diameter for various mean diamelers in each spectes group

WHITE OAKS

Percent of trees hy species group of mean diameter o~

Midpoint " of - diameter
breast high class (inches)

2.0 inches
2.5 inches
3.0 inches
4.0 inches
4.5 inches
5.0 inches

l 5.5 inches
6.0 inches
6.5 inches
7.0 inches
7.5 inches
8.0 inches
9.0 jhches
10.0 Inches
11.0 inches
12,0inches
13.0 inches
14.0 inches
15.0 inches
16.0 inches
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TaBLE 38.—Percentage disiribution of trees by diameler for various mean diamelers in each species group—Continued

BLACK OAKS

Midpoint of diameter
breast high class (inches)

Terceiit of trees by species group of mean dinmeter of—

1.5 inches

2.0 inches

2.5:inches

3.0 inches

3.5 inches

4.0 inches

4.5 inches
5.0 inches
5.5 inches
6.0 inches
6.5 incheg
7.0 inches
7.5 inches
8.0 inches
9.0 inches

10.0 inches

11.0inches

12,0 inches

13.0 inches

14.0 inches

15.0 inches

16.0 inches
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THE VOLUME TABLES

Volume measurements were obtained from many sources. Previous
records obtnined from various State, Federal, and private agencies
were supplemented by many hundred trees measured by the field
parties. In all, between 5,000 and 6,000 tree meansurements were
assembled.

General volume tubles were made for the five important osk species
which make up 83 percent of the total basal area of the yield plots,
and for seven other species aggregating 9 percent of the basal area.
Not one of the other 53 species contains as much as 1 percent of the total
basal area. {(Sce table 1.} Reineke and Bruce’s {21) nlinement chart
method was used to construet the tables.

Volume of the entire stem, excluding bark, is presented, for the
various species, in tubles 39-50; merchantable stem with bark to &
4-inch top outside bark in tables 51-6%; board-foot volume, Inter-
national rule, in tables 63—-74; and board-foot velume, Scribner rule,
in tables 75-83.

The nccuracy of cach tuble is shown by the check of the basic tree
data with the tabular volumes. These results are presented in
table 84. '

Fanue 30.—Total cubic-foul volwng Lable: White oak ®

Dinmeter hreast - FE. " ot Sar .
high {inclies) 1 Volusne {entire stein, fess Bnrk), by tatal heiht in feel Basis:
i Num-
i ! ! 1 her of
Outelde | nside | Wl . o m 0 0 w0 | wen | trees
1 U
] ]
f Cubie | Cubic ¢ Cubic | Cubie | (ubde | (nbic Cubie | Cudic
U fert ¢ feet | feet Ject feet feet Jeet Jeet
7 [1X2} A3 [ .. ... R DOV ]
3.0 1.4 143 L R 66
4.5 1,68 o.M kA 3.2 11
5.4 240 b B4 €S 4, “
6.3 gl 418 5.1 [ 73
7.2 .12 & 40 [ 7. 82 72
5.2 5. 15 6.7 8.25 H ] 11.35 48
10 G 8.2 0.2 129 .1 41
104G 1.0 {4 i H.7 1% 0 H
WO . .0 LS 4.8 156G 0.4 3B
1L 8 3 17.2 M7 40 30
128 o0, ¢ 4.1 e <]
137 231 i 2.4 12
i ta | 3us| 68 ]
15, & pul i LA 41.2 12
16.5 $3.3 3.9 46,2 2
74 37,12 4§48 5.5 2
18.3 |. [ S Le..) @A L \ A1 3 [
0.2, . caee ] GRS L . 3 1
Basis {trees)._.f 40 i 123 185 54 4 53 1 I T, [ ¥4

i Measured by Lho Allegheny, Appalachinn, and Centrul States Forest Experiment Stations in Congectt-
cut, Marylond, New York, Obio, Tennessee, Virginin, sod West Virginia, Prepared by the allpement
chart method by ¥, B, Martell in 1928, Volume computed {rom tree graphs by the plsnimeter method,
Stormaps 1.0 foot blel: cubad as eylinders. Apgropnie devistlon: Pable 0.3 percent hlgh, 'Average percentage
deviation, 8.03. Heavy lines indloeste lmits of basic dats,
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Tasug 40 —Tolal cubic-fool volume table: Black oak !

D};}g;{-‘{[’;;‘c:::;‘st Volume {entito stem, less burkd, by tolnl height in feet

Outsida | Inzide
hark bark / ) T

Cuhie } Cubic Ciebic :
Jeet S feet
.40 emammran
LRE
1.0
248
4. 58
1.85
g, 30
A0
B
1.8
IR
b
150

2.7
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L SR,
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Tiasls (troes). .- ; ]

! Musured by e Atlegheny, Appolaching, nnd Cermir Slates Forest Experiment Stations in Conneetl-
cud, Maryland, Xew Jersey, New York, Qlio, Tennessee, nod West Virginin, Preppred by the alioement
vharl nethod by E. K. Martell, J. 11, Luell, 4. L, Sehoor, ond I KL Doy in WA, Volume comtputed from
tree pranhs by e planbmeter method, Stumps 1.0 oot high cubed ws eylinders, Aperegate devinvion:
Tuble 0.7 percent high.  Avempe percentsge devislion, 3.17, Heavy lines {ndicste limlts of boslc data.

Tanane 41— Tolal cubic-foot volwme table: Scarlel aal:

Diawmeler breast high Volume (entire stem, less bark), by totol height In feat Basls:
{{nches) ol

ber of

R - Laside
Cutside hark bark ' 0 > -

{lirbic i i Cubic
Jeet
LG
36
4.5
5o
6.4,
7.3
53
#at

0.2
1.t 5.
12,01,
13.0 ;.
JER]
H.8
15.8
W7 ...

. TG .

R - | S
i
4

T

0.5
20,47,

1 Measured Ly the Allegheny nnd Central States Forest Experiment Stations in Connecticut, Indisns,
Maryland, Kew Jersey, Ohin, Pennsylvanla, Tenpesses. aud West Virginia, Prepared by the alinement
chart method by ¥V, A, Clements in 1930, Volume compigted from tree zraphs by the Planimeler method.
Stumps 1.0 foot high cubed as cylinders, Agsregale deviation: Table 0.5 percent low, Averags parcentage
deviation, 7.1, Heary llnes indicate limnits of basie dala,
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TaBLe 42.——Toial cubic-foot volume table: Chestnut vak t

Dﬁ?ﬁ?:f’: cgf:s‘;'“ Velome {etitire stens, tess hark)d, by total helpht in fent . Basis:
ber of
o
Gutside (inside| o0 | s0 | s | s | e | 70 ] s6 | 00 | o | trees
Cubie | Cudic | Cubie | Cwbic | Cubig
Seet Jeel Jeet feet feet
3! PRI DR ISR U i
3.3 [U N P
.2 6
A1 4. 40
0.G1. .00
ILa 7. i
.8 .85
BY e
. ff 154
G5 15.9
il 4 L4
|3
4.2
4.1
1.1
16,0
0.
.
8.7
7
.4
2.5 -
Buogls {trees). ]

1 Mensyred by the Allegheny, Apputehing, and (entmn] States Forest Experiment Stations In Connecti-
cut, Muryland, New York, Ghio, ind Pennsylvaniz, Prepured by the alinement chart methed hy Q.
Luther Schunr in 1928, Voluno cotnputed {rom tree maphs by tho plaoineter method, Stumps 1.0 foot
high ctabwd a5 eylinders, Aggrepate deviation: Tuble 0.71 percént low.  Averago percentage deviation, 8.7,
Hoeavy lines indleate Hinits of basic duta.
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TapLg 43.—Tolal cubic-foot volume table: Red oak !

Dﬁ?ﬁ:”ﬁ"&k?‘ Volume fentlre lam, legs bark}, by total height in feel Basls:
Nurm-
ber of

Outside Il?i}ia I o0 w0 W 1o | trees

Cubicl C Cubic | Cubiie ie | Cubic Cubic
Jeet Jeet | ferl
a0t . Jerammmn

L B0

7. 50
K5
4,380
8.1

1
Th QI DS

. + T
1

Basfs (trees)..-

| Mensured by the Allegbeny, Appslochinn, apd Ceuniral States Farest Experiment Statlons in Con-
neetiul, Marylanid, New York, Ohio, Virginia, nnd West Virginfa, Prepured by the allnement chart
method by J. T, Buedl in 1028, Volume conputed fromn tree prophs by the phinimeter method. Btumns
1.0 fool high cubed ps eylinders,  Aperegnte devintion: Tuble 0.42 pereent low.  Averuge perientage deviu-
tion, 7.08, Neuvy lovsindicale limits of baste datu.
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Tan1e 44.—Tolal cubic-fool volume table: THckoryt

THameter brenst

high {inches) Volume (entiro stem, less back), by towd height In feet Basls:
— = E"euzni

: raQ

Outsido [ Inside) 10 | oo [ 20 | w0 § o0 | w0 | 50 s | ow ] e | e

Cuble | Cuble | Cabie | Cubic | Cebie | Cuble | Cuble | Crlic | Cubile | Cubic
feet feel | feet | feet Jeet | el | fecd Seet Feed feet

0.9 el ST N R N PR IR P R S ]
L8 g o40 e —maan]
27 .45 ) SR 1 Y R
50 _78 ECY TR N
T S W L2 wOT R0 295 ) ...
53 155 u.8s | 345 s30Tl
;SRS RN 2,05 3.90 | 4600 6D G40
ne T, £000 6.05f 7.0 8.40
33 P R w.30] w80 o.20| 1080
8.9 Y o g0 ] 08 [1.5 §iLe
[T BTN I foe |20 s s
120 20 e PP 1.8 2 |70 |
S S 1 a4 SRR
[T 1ol 5.0 2 | =2
By .81 B 31
14.8 35
15.8 ae
16.8 £
17.8 10
.8 55
198 60
W8 £6
21,8 72
Basls (trecs). .. | 38 @ {113 177 6t 54 45 14 t 1 488

! Measured by the Yale Forest Behool, v Allepheny aud Central States Forest Experiment Siations,
and others, In Alsbams, Arkensas, Conoectleut, Indinnn, Kentneky, Moarviend, Missouri, New York,
Ohlo, Tennesses, and West Virginin,  Preparsd by the slinemment chinrL miethod by V. A, Cletnents in 1920,
Valumo compuled fromt tree graphs by the planimeter method.  Stusnps 1.0 font hizh cubed as eylinders,
Agpregate devintlon: Tablo 6.7 pereent lew, Averege percesinpe devintlon, B8, Tiewvy Hnes Indicate
{imkts of basie doln.

TarLE 45.—Tolal cuble-fool vnlwme table: Virginia pinc!

Diume#(.fgclf\:'lt:;st high Volunie (ehtire stoul, less bark)d, by {otal hetehi b feut Tinsis:
Dt of
W O
Onsidebork 1 IPSed 4o | s | 30 | s f s ] w0 ) o | S0 ) trees
Cubie 3 Cuble | Cubic | Cable | Cubic | Cnbie
feet fret Seet fect Jeet Jeet
b r—— 1.8 311 U,'."-’i 032 042 (L3 S 11
- T L ] ) L .18 L -]
3.8 W . 55 1.3 1.0} EALH 2,40 e]
4.5 08 i3 1,88 L 4a LT RN L I TR IO, 4
54 N 1, 82 2,00 3,540 A b 1] T I D 11
.4 1. 2% 247 X 4. 5t 5, B0 0, W 8.0 0.00 18
7.3 1. 65 338 .58 4. 18 7.5 590 10,34 ik 7@ 7
B2 &1 4.40 500 7.10 L] 30 WG 1500 8
0.2 fronneann 50 7.3 5 iLn 1.0 10,2 2
16, ¢ L s 1
] .1 &
g 0.8 8
7.5 420 0
KT o, &
35.8 | 4.2
40,0 48,1
I8, cempea 4.8 52,0
Bayls (treas} o oeeeo.. . 2 2t 1z 23 i) it P2 [ 111G

1 Meusured by the Central Stales Forest Experiment Statlon nnd W. T Sterrett, In Muryland, Ohin,
Pennsylvanin, Virgiole, ood West Virginin,  Prepured by the slinemont ehart method by V. A, Clenients
in 929, Voelume compuie:d from Iree grophs by the planinteter mothod, Stomps 1.0 foot hieh cpbed s
cylinders. Agyregate devistion: Table .03 porcent low. Avernge percentage duvisilon, 8.3 Hegvy lines
Indicate Nimits of baslc data,
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Tasug 46.—Tolal cubic-fool volume table: Chestnut !

Dﬁ?&‘]“":;’[‘; cll“"eg’;s"' Volime (enlice slaw, less bark), by total helght in feet

Ouislile | Tpside v
hark hark =0 @

Cubie | Crlilc | Cirbic
fred Seet

0. 1)
L72
0
3.7
5.0

asts ftreesd. ¢ 3 (48 gsz' Pig o fug lms

 Mensured Ly the Central Sintes Forest Experiment Stallon, Frethingham, Behwarz, and olhers in
Conneeiieut, Kentueks, Anarvinnd, XNew Yaork, Ohfo, and Tennessee.  Prepared by the alinement charl
methed by Vo AL Clemients in 1029, Vabtune comipited from tree graphs by the planimeter method, Stwmpa
1.0 fooL hf‘gh cubed ng evlinders. Apgrepate devintfon: Table 04 percent low.  Average pergentage deyla-
tipn, V4. Leavy lines ndlente limits of hasic data.

IIG807 3T
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Tanne 47.—Tolal cubie-font volume table: Red maple t

D;gg"}fgc?"e‘%m Volutne {entlrs stetn, loss burk), by lotal heleht in foet

Ouislde | Insida
hark bark 1]

e ff. cu ft. | Cu, fL.
th 4 . ORI S
.58
.85
2.48

35,8

. 40.8
raamanms . . dl. 0.0
K 3 50.8

AT 8

Tnsls (trees). .. i6 s

! Measurgd by Lhe Yala Forest Schonl, Allegheny nnd Ceatral Biates Forest Experiment Statlong, and
otbers, in Connecticut, Maryland, Mlchigan, Now York, Ohde, and Pennsyivanle. Irepared hy the aiine-
ment charl methad by 1, B, Lesen In 1029, Volume camtpated from treopraphs by the planimeter method.
Stumnps 1.0 feok high enbed us exlinders, Aggrepate devintian: ‘Tabla 0,106 pereent lilgh. A Verage jRIcentage
deviation, 7.3. Honvy lines hudienta Himlts of basie data.

TABLE 48.—Tatal eubic-fool valume table: Yellow poplar t

g;;?g;f%?;&’g;s‘ Valizmae {enlire stem, less hark), by total height in feet

Optsld I{fﬁi‘ff £t e | 7o o

Chjt. . L Culfe ) Gt

Rl ]

=

tn

=i e W -2

Aol 22T weraman

o

Basis (trees}.. . 3

I Meastred by the A ppalachisn ) Dentral Stotes Forwst Experlment Stulions in Ohio and West Vir-
#intn,  Prepared Ly tha ulfnomient chert methad hy Lo I Barrett in 1990, Volumte computedd from trea
graphs by the planimeter method. Stumps 1.0 font hikh cuber! ws cylimders, Argregatn deviatfon: Table
©.04 percent Jow. Averugoe pereentage deviglion, 6.4, Licavy lines indiente limits of hasic data.
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TABLE 49.—Toial cubic-fool velume lable: Red gum !

Dlnmeter breast

high (inches) Valune fentdre stem, dess bstk), by {olad helght $n foet

Outside | Inside . p .
bark il W 40 1] 100

Ca.gtlcu micu pion gl oun s, Jew.g. C‘ﬂ.ﬂ.?c’n.)’h
0.34
.78
1, 30

£ S k i A A
L2 P 1.9]. o0
|1 SO . | BLE

Herannenes L Joeean ] 805
30,5

Basis (trees}.

t Mensurad Iyt the Ceniral States Forest Bxperiment Stetlon and Chittenden, In Indinva, Missour], and
South Caroling, Prepored by the plinemuynt chart method by 8. R, Lexen in 103, Veldme computed
from tree graphs by the planhmeter imethod,  Stumps L0 foot hlgh cubed nseylindors,  Aggregnto deviation:
Tubia 0,3 percent high, Avernge percentage deviation, 8.1, Heuvy lines Indleate Mim!ts of basie datn,
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Tasrm 50.—Tolal cubic-fool volume fable: Black cherry!

Dﬂ?g;e%f;c?{g;“t Volume {entire stem, loas bark), by total helght i feet

Outslde Ik:’;s:%u 50 v 1o

Cubic Cble Cubde
Jeel Feet Jeet

. PV

T
LI %) PR
21,01 =2
05,4 7.8

| R, . . 0.0

. X i 46,0

IR

| 1. N .. 5 . 13 AL 5

10 imanans 3 . B GL0)

3 .5 7. 1. 5

(]

8.0

& 8

T

< SR

I S,

1 M,

Rasis {Lrees) ... 4 4 i3

! Aeasured by the Allegheny pud Contra! States Forest Experlment Stations lu Ohle and Pennsyivanis,
Prepared by the allnemnent ebart metliod by {1, Lutler Schiner in 1098, Volome compiied from ros praphs
by tha plapimeter method, Stuinps L0 foot high cubed ms eylinders.  Aggeregate devinton: ‘Tobie 0.068 per-
cent low. Average percentngo deviation, 7.15. Ilugvy Honed indlonie Hmils of brele dola,

TapLe 51, —Merchantable cubic-foot velume table: White oak

Voium (o nL8-neh {op oulsido bark) by (ofal helphit in (ool
Digwster breast
high {inehesy

30 [oF] il . L 1 [R1H]

Cubie Cube | Cuble | Cabie
Jeet fert Jeet
i, 18 RSP .
287
i3, 81
5. 52 90, 40
.47 12,30
|14 d 15, 6t
Ly 0,3

H.&
i74
20. 3
e
o]

.- S,

Bnsis {trees)... 43 Ho

{ Measured by the Allegheny, Appalachian, and Central States Forest Experlmvent Stations in Ceanec-
tieut, AMaryland, New Yerk, Olifo, Pennsyivaoin, Teonessen, wnd West Virginln. Prepnred by tha nline.
ment chart method by B. R, Marte]l in 1628, Yeluinae computed from tree gruphs by the nlanbhisier method.
Stump helght 1.0 foot. Aggrepsie deviation: Tiabie 0,318 ‘ucrccm, ifth,  Aversgo pereentage devinthon {535
trees, 5 inches plus), 8.07. Heavy Mues {ndleate Hmits of basie datn,
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TABLE 52—Merchantable cubic-foot volume luble: Black oak *

Volume (ton 4.0-Inch Lop sutside burk), by tolu) helght In fet

Diameter hreast
high {inches)

30 & ]

Basls {troes}..

! Measured by the Allegheny, Appnlaching, and Central Sintes Forest Experiment Stations in Conneg.
teut, Maryland, New York, Ohio, Penasyivania, Tennessee, and West Virginia. Prepared by the nline-
ment chart method by I H. Bueil and E, R, Marlell in 1638, Volume computed [rom tros graphs by the
planlmeter method. 8Stamp heicht 1.0 foot. Ageregale doviation: Tabie 0.1 pereent low,  Average per-
centage devlation (488 trees, 5 ioches plus), 8.5, Hetvy lines indieat limits of bosic dela,

TanLe 53.~—Merchaniable cubic-fool volume table: Scarlel oak!

Yolume {to a £.0-loch top autside bark), by tola) height in feot

Dlamster breast high
{inches)

20 40 80

feel
L)
291
4.25
5.78

@
S o
HE

9.4

-
I B

12,8

=2

18 PR5

=]
:ﬁ-cnco o

l.j|

5
2 ¢z b 0
=

53
=i

.

g
£
1=

-] =T 51
JABF BERS
oo o

o
Lol Lol - ~]

|

S5 853
oo thoc

a5
tn o

40

-

50

1 Measured by the Alierheny ond Central Sintes Forest Experimont Stutlons in Connesticut, Indisng,
Maryland, New Jersey, Ohio, Penasylvenin, Tennesseo, angd West Virginin. Prepared by the slinement
chart method by V. A. Clemenis iz 130, Valumo compuied from {reg praplis by Lhe plapimeter method.
Btump helght .4 foot. Apgregale devintion: Tuble 0.12 percent high.  Average percentege devistion
(449 trees, 5.0 inches and over), 7.0. Heavy liues indivate limiis of basic data.
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TasrLe 54.—Merchantable cubic-foof volume table: Chestnut oal; !

Volume (to a 4.0-inch top outside bark), by totsl height in feet
Dlametor breast high
{lnches)

n 40

~| & zreld 2 g5

Buasis (treesy..________

i Measured by tho Allegheny, Appalachisn, and Central Bfates Ferest Experient Statlons in Con-
necticut, Maryland, New York, Olio, and Pennsylvanis. FPrepared by Lhe slinement ¢hart method by
. Luther Bchour in 1628, Voluma compated from tree praphs by the planimeter method. Stump helght
L.0Mool. Agpregalo deviation: Table 0.73 percent low.  Aversge perconlage devintion {653 trees, 5.0 jnches
and over}, &.77, Heavy lines indicate limits of basio data.
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TasLE 55.—Merchantable cubic-fool volume table: Red onk 1

Dismeter breast VYolume (1o a 4.0-!nch top outside bark), by total height in foet

high (inches)

&0 &0 a0 110

Cubic
feel
.90 |
217
3.64
5.32 |
%

8

g
o

[ Bl

E

h dedeth RIAW AS AR ol bl

HBBnLz
=] LR 8 SRR

S22 BNE BIEE o

0 &)
A

RBES BHE YR uss;
@ il Wty

Hasis (trees). .

i Measured hy ths Allegheny, Appalachian, snd Central Biates Forest Experiment Statlops in Con-
necticut, Muoryisnd, New York, Ohie, Virginia, and West Virginia. Prepared by the alinement chard
methed by J. H. Buell in 1928. Velume computed from tree graphs by tha planimeter method. Stump
height. 1.9 fopt. Apprepste deviation: Table 0.68 pereent fow. Averspe percentape deviation (207 trees,
5.0 rnches and over), 8.15. Heavy lines indicate limits of basic data.

TarLE 56.— Merchaniable cubic-foot volume table: Hickory

Trameter breast Volume (fo a L.0-inch tap oulside bark), by tofal height in fest

high (inches)

&3

Cubic
feet

2. 1G

600
833

10,94
13.4

18.3

| 126.0

Basis {trees)_..l... 52 2

i Measured by the Yale Forest Bchool, Allegheny and Central Stales Forest Experiment Bistions, and
othiers, o the Btates of Alobama, Arkansas, Connectient, Indigng, Kentucky, Maryiand, Missouri, New
York, Ohie, Tennessee, and West Virginia, Prepared by the slinement chart method by V. A, Cletients
in 1620, Volume compuied Irom trea graphs hy the planimeter method, Biwmp height 1.0 foot.  Agere-
gate deviation: Table 0.2 percant Jow. A'verago percentage devistlon (379 treaes 5.0 Inches and over) 10.2.
Hesvy lines indicate 1imils of basic dats.
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TanLe §7.—Merchaniable cubic-foot vulume table: Virginia pine !

) Volume (to 5 4.0-inch top otitside bark), by lotai height in fest Basis:
Disneier hreasl blgh Nutg-
{inches) ber of
0 $ 40 50 & e B a0 troes
Cubic | Cubie | Cubie | Cubic | Cubie | Cubic | Cudte | Cubic
Jett feet | fret _{rrt__ Jest Jeet Jeed feet
008 [ LU 244 283 | oo H
1,43 .42 15 4.05 4. 55 5. 55 28
2,30 d3. 1 4. 40 580 1.0 38
<o AT 5851 70| a8 ]
e . b0 v 5 10,48 | 1200 18
...... 1] 4.4 15,8 ]
........ L 150 18. % 0
13.8 1B.4 2.0 25,90 7.8 30. 5 B
154 2.5 25 4 .0 4.0 a3 ¢
8.2 23,8 3.8 330 a5 4.2 i1
WG Pl 323 37.2 41.3 45.5 1
,,,,, U .2 36. 2 43 4a.2
- KA 4.0 6.4 5.3
3B e ecemmmm— e - 370 440 5.0 56, &
Basls {trees). .o cavni)oeeen | 13 46 B$ i 14 1

! Mensured by the Centrad Steles Forest Experiment Station agd W, 1D, Storrett in Marylend, Ohio,
Peansylvanin, Virginig, and West Vinginhn,  Prepured by Lhe alinement chart methad by B. R, Lexen in
1920, Velwne eomputed from (ree graphs by the planimeter method, Stunp height 1.0 fool.  Aggregats
deviating: Tabie (.25 pereent low, Aversge porcentege devialion {208 {recs) 8.5, Heavy lines indicate
limnits of basic datn.

TaBre 58— M erchuntable cubic-fool volume fable: Chestnul !

Valame ({a & 4.8-Inch {op oulside bark), by tatal height in feet Basls:
Iameter broash Miin.
high (inches) ber of
on 30 0 5 Gt ) &0 4] e Lrene
Cubie | Cubic | Cubic | Cublc | Cubic | Cotie | Cutic | cutic | Cubic
feet fref frel fref frel Sett feet feet et
- N .4 1.2 L 2,0 23 27 F1
EL
£8
31
58
&4
&2
L.k
b
42
ar
32
-3
b
11
5
3
3
4
2
2
1
Basls {trees) __ . 1 B 36 1L 194 =5 100 A I o]

! Mezsured by the Central Stales Forest Experiment Stetion, Frothingham, Schwarz, and others in
Conpecticut, Kentucky, Maryland, New York, Ohio, aod Tennesses. Prépared hy the alinemsnt chart
method by V. A. Clements in 1920, Volume computed from tree graphs by the planimeter method. Stum
beight 1.0 foot, Apgregate devistion: Table 0.2 percent low. Average percentage deviation {005 troes) ??
Heavy lines indicate limils of basic data.
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TarLe 50— Merchantable cubic-foof volume table: Hed maple !

Volume (o 2 4.040ch Lop oulside bork), by total height
111 fuet

Dilarneter Brenst high {inches)

Basis ({085 s cuaaimmnanna. . 07

1 Measured by the Yale Foresl Seliool, Allegheny nind Central Stales Forest Experiment Siations, and
others, {n Censeeticat, Maryland, Michigun, New York, Ohio, tnd Pennsylvania,  Prepared by the allne-
ment chart method by B. B Lexan in 1020,  Voluine cornputed from ree graphs by the plenlmeter method.
Stump helght 10 foot.  Aggregaie devinilon: Table 0,20 percent luw.  Average nercentuye deviation (310
trees) 8.5, Heovy llpes indicite limits of basie data.

TapLE 60.—Alerchantalle ¢ «bic-foul volume table: Yellow poplar?

Volume (to o 4.0-inch Lop outside burk), by total height in feel

THenweler bregst
high {inches)

ht) 100

BANNIN . . . Cu fr.

Basls {ireesi... o5 95

! Measured by the Appalachian snd Central States Forest Experiient Stations in Ghlo, Pennsyivania,
Virginie, snd West Virginin. Frepared by tiie alinement chnrt method by L. 1. Barrett in 1829, Volume
somputed [rom tree graphs by the planimeler method. Stump heipht).Oloot.  Aggregate devintlon: Tabla
?.m[:mmbggi hi;!h. Averape percoitoge deviation (3H trees, 5.0 inches plus) 0.6. Heawy lines indleste

imlfy of c data,
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TasLe 61.—Merchantable cubic-foof velume table: Red gum

Volune (to n 4.0Ioeh top oulgide bark), by tota! height In feet

Dinmeter brepst
high (Inehes)

20 40 a0 80 110

Cu Jr.| Cut. fr| O
0.6

Al fi.

-3

Dasis {trees)....

1 Mensured by the Central States Forest Experiment Statjon and Chittenden in Indisna, Missouri,
and Svuth Carclinn.  Prepared by (healinemen’, chart method by 1. 7, Flanley in 1920, Volume computed
from tree graphs by the planimeter wethod. Siump height 1.0 foot. Apgregate devistion: Table 0.3
percent high. ~ Averago percentage devistion (313 trees) 10.0. Heavy lines indieate llmits of busic data.

TasLe 62.—Merchantable cubic-foot valume table: Black cherry !

Volume {lo o 4.0-inch top cutside hark) by tolal heighl in feet

1jameter hrenst
Tiigh {{nchng)

&0

S

< SR

14 -

EE BHE B R Bw g
oD CoEme o e =l o

=]

Binsis {lroes) . oo ——.__ i1

+ Mensured by the Allegheny and Cenlrsl States Forest Experiment 'Btutions fin Obdo and Penosyl-
vpuis. Prepared by the alinement chart method by G. L. Bchour {n 1920, Volume computed [rom tree
graphs by the plenimeter method. Stump helght 1.0 foot. Agsregate deviation: Table 0.08 percent high.
Average percentage deviation (137 trees) 7.88. Ileavy lines {ndieats limits of basic data,
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TasLe 63.—Board-foot volume iable Fnternational (Y-inch) rule; White oak?

Dﬁ‘;ﬁeﬁf; c‘;’,fsf‘ Volume (to a 5.0-Inch top Inside bark) by fotal beight in feet

Basls:
Num-
her of

Outside bark | 15l trees

e
6
175
200
237
272
312 |
354
398
442

1)
a2 52 | 40t

nfehid - bl s

b W

f deasured by the Allegheny, Appalachian, and Ceniral States Forest Experiment Statlons in {onnecti-
cut, Maryland, Wew York, Ohio, Pepnsvlvanin, Tentessee, and West Vireinia, Prepared by the alines
ment chart methad by R. K, Day in 1028, Sealed In 16-foot logr lengths with trimming nliowagee of 0,3
foot, additlons! lop sectlons sealed as fractions of & 16-foot, 5.0-inch lof.  Btump height 1.0 foot. Agm‘e?au;
deviatian: Table 4.38 erccm low. Avorage percontage devistion {338 trees, 8.0 inches jnside bark piuns)
I3.87. Heavy lines indicate limits of basic data,

TaBLE 64.—DBoard-fool volume fable Internalional (K-inch) rule: Black oak!

Dﬁgﬁ'ﬁ: ci;lreesi;sb Volume {ic a 5.0-ioch 1op inside bark) hy otal height [n fest

OQutside bark

! Measured by the Allegheny, .-\);]miachian, and Centrat Stales Forest Experimont Stations in Conpecti.

cut, Maryland, New Jersey, New York, Oble, Tennessee, pod West Virginia. Prepared by the alinement

chart methad by E. B, Martell in 1328, Bealed {n {5-foot log lengths with tritmming allowatce of 6.3 foot,

sdditiona! top sections scaled as fractions of a 18-foot, 5.0-inch lop, Stamp helght 1.0 foot. Aggregate

deviation: Table .55 percent low, Average percentage deviatlon (35! irees, B.0 inches inside bark plus)
14.7. Heavry lines indicate limits of basie data,
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TarLE 65.—Baard-fool volume table International {15-inch) rule: Scarlel oak!

m“me}f&ci]’]g)m high Voluine (to s 5.04nel Lo lnside burk), by tows! helghi in leot

Bayis:

i N 1lrjm her

of lrees

Outsids burk Tnside 10 o0 80 70 80 00
bark
Roard Board Hoard Board Board Board
fest fect fart feet ) fed feit
.4 : &) Fii [ P 43
7.3 i 46 [ - a2
8.3 52 63 7S 85 a2
T2 O] B5 i02 124 LH
;.2 &5 107 124 13l 49
1.l 104 128 150 164 T
1210 121 Hi 17 19 4l
1.0 140 174 210 254

120 i w2 241 2 1
H. 8 185 20 il 332 11
N1 a1k 24l a1 ary 3
16,7 PEE i) 30 A L
1.0 54 a4 A58 460 1
8.4 57 355 -I_'.’_.E 510 z

10. 45 a5 L) 402 LT T
=4 143 425 502 40 1
Basis {trees) - o.ouoeoe.oo.. 110 | 134 5 13 370

! Mensured hy the Allegheny rid Central Stntes Forest Bxperiment Stnulons in Connect{ent, 1ndlang,
Maryland, New Jersey, Ohla, Pennsylvinin, Tennossee, and West Virgnin., Preparsd by the alinement
chart method by V. A. Clementsin 1930, Sculed in 18-foot lox lengths with tritnmitig ol lowance of 4.3 toot,
additional top sections sealed as fraclions of » ii-oot, &.f-inch lnp, Btump height 1.0 foat.  Aggregate
devialion: Thble 0.54 percant high., Averape pereettloago dovintion (257 trees, 2.0 inches inside bark plus)
1L.7. Heavy lines indicale lim{ls of basic data,

TaBLE 66.—Board-fool volume lable Internationel (M-inch) rule; Chesinul oak b

THumeter hreasl high . e e ; . g §

{inches) Vahime {to a b.0-inch top inside bark), by total Boight in feet Basis:
Num-

- ber ot

Outsidebark | 'PSe 5y b og0 1 s | g | o | so | wo | aop | frees

Rowrd | Board | ftonrd | fioerd | foard

ferl. fect feel. feel feed .
6. [i £ 12 it 2] 7l
f. 4 14 24 31 ar 6
. iy ) 42 31 58
4% 54 66 54
A3 g0 45
101 54
120 az
141 1)
1G3 &
Z
Mg 3

343 i
770 mmarea-
300 1

332 ) 3p2f 355 | BL§ fe-eemem-

650 432f 5001 865 [~--—-- =
400 i

@8] a0 60| 680 [-------
w3f s an) 6 T 43

! Measured by the Allegheny, A ppainchirn, nnel Centrsl States Forest Experiment Stations in Connecti-
cut, Matyland, New York, Dhio, and Pennsylvanin.  Prepared by the ulinement chart method by E. R.
Martall in 1628, Sealed In 16-foot log Jengihs wilth trimmuing nltowance of 0.3 foot, rdditional top sectlons
scaled asfractions of a i6-foat, 5.0-inch iog.  Stamp beight L0 fagt. Aperegole deviation: Table 0.48 paroent
}?wi. Arvgra edparcentnge devistion (342 trees, 8.0 inches ipside batk plus) 14.0. Eeavy lines lndicats

mits ¢ cdata.
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TaBLE 67.—Board-foo!l velume table Inlernational (M-inch) rule: Red oak!

D’"m‘*igc?gs’f‘ high | volumo (2o s 5.0-lach top Inside bark), hy total helght in feet

Outslde bark I'ggf_‘ﬁ.“ 40

aurd
Jeet

Basls {irees) oo, 4

t Messtired by the Allegheny, Appolnchian, nnd Central States Forast Experiinent Statlons in Connec-
tleat, Marylapd, New York, Ohto, Virginls, aad West Virginia, Prepared by tivoalinement ehart mothed
by 1. H, Buell in 1038, Bcaled In 18-foot Jog Iongths with trimming aliowanes of 0.3 foot, additionsl top
seotlons sealed s fractlons of § M8-foot, 5.0-inch log. Btumyp helght 1.0 foot.  Aguregate devintion: Table 163
percent low, Average neresntngoe deviation (262 trees, 8.0 inches Inside bark plus) 11.87. Henvy Unes indi-
cate Jimits of basle data.

TarLE 68.—Board-fool volume table Fnternational (Y-inck) rule: Hickory !

Dinmoéf;c?ﬂ:g;st high Volume {Lo & 5.0-inch top inside hark), by total helght in fect Basis:
Num-
Inside

her of
hark 100 trees

Quiside hark

B e

g e e S HERE 2

{ Mensured by the Ysle Forest School, Allegheny and Central States Fo
and others, in Alabams, Arkensns, Connectiont, Indiann, Kentucky, Maryl
Ohlo, Tennesses, and West Virginia, Propared by the piinemuent chart method by V. A, Claments in 1993,
Eealed in 18-foot log lengths with trimming aliowsoce of 0.2 feot.  Additional top ssctions scaled as fractions
of a I6-foat, 5.0-loch log.  Stump Beight 1.0 foot.  Aggregate devistion: Tabie0.15 percent fgh. Average
Percentage deviation (100 irees, 8.0 inches {nslde bark plus) 14.4. Heavy lines Indicats 1inits of beslg dats,

rest Experiment Stations,
and, Missourt, New York,
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TanLE 69.—Board-foo! volume lable Internalional (M-inch) rule: Virginia pine’

Driameter breast high (Tnches) | Volume (ta & 5.0-inch 1op inside bark), by totsl height in feat

Outslde bark Tnside

=ny

1
1
130
13.0
4.0
151

4
3
2
2
1
1

8.
4
8.
8.
9.
1.

Lol=1: 2 I -

Basis (110e8) . cmeececmann .- 34

| Mensured by the Central States Forest Experiment Station, W, 1), Sterrett, and others, in Maryland,
Ohio, Pennsylvania, Virginiu, and West Virginla.  Erepared by the plinement ehart method by V. A, Clem-
eptdnnd L. i. Refnekein 1929. Sealed in 16-font log lengths with trimming sllowance of 0.3 [oot, additlonal
top sectioni scaled as fraelions of n 16-foot, 5.0-ingh log. Stump helght, 1.0 fool. .\grregnl.e deviatlon:

Tabie 0.5 porcent hipgh. A verage perceutage deviatlon (49 trees, 8.0 {nehes Inside bark plus) 11.5. Heavy
lines jndlcate Tmits of basic Jata,

TaBLE T6.—Board-foot volume table Tnlernational (Y-inch) rule: Chestnut !

Dinmeter breast itigh (inehes) Valume (Lo $.0-{nch top inside bark), by total helght In fest

Inside
Citside bark bark

Bl

oSS — G ke

ESoom

L VN

[20]
Basls (trees)....... e ——— - T vz

! Meusured by the Central States Forest Experimont Station, Frothlngham, Schwarz, and others, {n
Conpecticut, Kentueky, Maryland, New York, Ohie, and Tennessee, Prepared by the allnement chart
method by V. A. Clements jo 1920, Scaled in Jé-foot Jog lengths with trimming allowance of (.3 foot,
additlonal top sectigns scaled es fractions of a 16-foot, 5.0-inc lo%‘ Stnmp height. 1.0 foat. A

33

E| ta
deviation: Table 0.56 percont high. Average percentage deviation {332 trees, 10.0 inches inside tmrE im
10.5. Heavy lines indlente limits of bastc data. ' plas}
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TazsLE T1.—Board-foot volume iable International (M-inch) rule: Red maple!

Dijameter breast high (Inches} | Velume (to n 5.0-inch Lop Inside bark), by totsl hefiht in feet
Basis:
Number
of trees

Outslde burk | 4o | 4o 50 £0 70 80 %0

Hoard feet| Board feetifloard feetiBoard {e_er Hoard feet) Board feel
E] 14 Erd =

15 -4 4 42

25 a7 48 HE]

34 46 58 0

5 it 83

[ri] &8 106
o] e 128
L4 132 L5t
115 47 180
133 170 212 |
153 199 245

Bausls {treeshooooao- m—— 85 117 40

1 Measured by the Ynde Forest Schoul, Alleghony and Central States Foresi Experiment Statlons, and
others, {n Connecticut, Maryland, Mlebiznn, Now York, Ohlo, and Pennsyivania.  Prepsred by theallpe-
ment chart method by B. B, Lexen in 1629, Scaled in 15-foot log lengths with trimming allowazce of 0.2
foot, additlonal top sectons scaled s fractions of a 18-foot, 5.04nch log. Stump height 1.0 foof, Aggrecata
devistion: Table 0.32 percont low. Averaga percentage deviation (115 trees, 8.0 inches inside bark plus)
13,5, Hesvy lioes indleate dmits of Lusic dats.

TaBLE T2.—Board-fool volume table International (ls-inch} rule: Yellow poplar!

Bilameter breast S hw y
high (inches) Volume (10 ¢ 50-4nch top inside bark), by totul helght in feet

Outside | Inside
hark bark

1\ -
3! S

Busls (trees)..

1 Measured by the Appalachien and Central States Forest Experiment Stations in Chio and West Vir-
ginia, Prepared by the slinement churt method by L. I Borrett io 3928, Scaled In i8-foot log lengths
with trimming silowance of 0.4 foot, ndditional top sections sealed as fractlons of & 16-foot, 5,6-inch log.
Stump helght 1.0fcol. Aggregots deviatlon: Tabio 0.044 percent high. Averape percenlsge deviation {151
trees, 8.0 inches inside bark pius) 10,4, Hesvy lnes indicate limits of basic data.
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TasLE 73.—Board-fool volume lable I'niernational ({-inch) rule: Red gum!

Dé?:?;:?;g#;‘)“l Volume (te a 500ach top lnside buck), by total helpht [o fet Busis:
Nuto-
ber of

Ol | Mustdet 4o [ 50 | 60 { w0 [ 80 | vo | 200 | 1o | 120 | 30 | troes

Hoard | Board | Board | Boord | Board | Board | Bonrd | Board | Hoard | Beard
feet feed | fest Etet Jeet feet Jeet Jeed fezt feet
o] 2 LI — SR R I N 18
15 5a 4
[i5] 80 i
85 10! i |
105 123 Hd 157 I [ . 5
] 152 175 182 208 220 ... 4
154 151 211 22 250 o 3 I Pid
180 218 s ) 275 J 320 M0 1
A8 H5 284 320 340 R 385 =
o 285 330 360 i%0 43 450 s
270 320 375 415 450 440 525 12
it 362 420 465 510 550 585 9
340 410 480 &30 580 830 470 T
380 460 5O B M5 5] 45 ']
420 {1} 7 650 705 To5 825 2
485 0 45 20 T8 i 830 340 2
240 425 825 725 A0 BE0 850 | 1,010 5
S —
.0 W08 678 T ) 050 | 1,630 | LYW . .
treey). .. 4 i 16 | a3 i1 Tl 4 3 268

! Mensured by the Central States Forest Experiment Station and Chittenden in [ndiana, Missourl, and
outh Carolinn.  Prejmeed by the allnement ehart mothod by J. H. IInnley In 1920, Bcaled {1 16-foot io
lengths with trimining sllowance of 0.3 faot, ndditional top sections scaled a3 fractipoa of a 16-foat, 5.0-ing
log. Stump height 1.0 foot., .-\Egregute deviation: Table 0.34 percent low. Avernge percentage deviatiun
(214 treea, 10.0 Inches juside bark plug) 12,1, ITeavy lines indfeato limiis of basle dota,

Tanve 74.—Board-fool volume table International (M-inch) rule: Black cherry |

l)i“"'“iﬁgcl;lr;;s*' high Volume {to o 5.0-inch top Inside bark), by toint elght in feet Rasts:
Num-
ber of
Outsicto tark  (TESHe} 35 1 55 1 5 | 50 | m 80 [ w0 | 100 | trees

Hoard | Beard | Board | Hoard | Hourd | Board | Board | Iteard
Seet Jeet feel feet feet feet feet Jeet

-1
.
-
o
&=
T
H
13
1
H
H
H
—_

Basls (1rees). . . _coceafocacana. remm——— 26 30

! Measured by the Allegheny nnd Central Slates Forest Experiment Statlons In Ohlo ani Peansylvanla,
Prepared by the slinement ehart method by . L. Schoor iz 1626, Scaled in 18-font log lengtha with trim-
ming allowanee of .3 foot, addltional top sectlonsscaled us fractions of o 18-foot. 5.0-ineh leg.  Btump helght
1.0foot. Aggregate deviation: Table G.14 percentlow. Averape percentage deviation (125 troes) 12, Heavy
tines Indlcate Horlis of hasfo data.
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TanLE 75.—Boeard-fool volume lable Scribner rule: While oak !

Dismeif;c!#';sat blgh Volums (ie an 8.04nch Lo fuslde burk), by tetal helght In feet

Baals:
Num-

ber of
insido

} trees
Outside burk | P

3 S &1
M0
0.9
LB
2.8
13.7
4.6
5.5
]
7.4

18.3
1104

w1

Basls {trees) . creoo

t Measured by the Alleghety, Appsinchian, and Ceniral Btates Forest Experiment Stations in Connecti~
cut, Moryland, New York, Ohlc, Tennesses, Virgialn, and West Virglala., Prepared by the slinement
chart method by R. K. Day i 1928, Sooled in 18-foot log lenethe with trimming aliowance of 0.3 foat,
additiona] toy sectinns sealed os fractions of s i6-foot, 8.0-Inch log. Stump helpht 1.0 fool. Agﬁam
devlation: ‘Tabla 0.0 percent hiph. Aversge porcontago deviation (145 trees, 12.0 inches Lnside bark plus)
18.07. Heavy lines Indicats ilinits of basle datn,

TasrLe 76.—Board-foot volume lable Seribrer rule: Black oak !

Trometar hreast high

{inches) Vakuste (o an 3.0-Ineh ton inside burk), by total belght In feet

Inside
Qutslde hark hurk

Basis {troes}cveer—n . -

| Mensured by the Allegheny, Appalschian, and Cenitral Sinles Forest Experiment Stations in Conoec-
tieut, Maoryland, New Jersey, New York, Ohlo, ‘Tennersee, and West Virginfs., Prepared by alinement
chart methed by J. H. Buell, R. K. Day, E. R. Mertei), und Q. L. Bchour, In 1928. Scaled in I6-foot log
jengths with trimming nilowance of 0.3 foot, ndditicnal top sections scaled 83 fractions of s 16-foot, 8,0-Inch
log. SBtump height L0foot. Agegregate deviation: Tablo$.10 percent high, Avernge percentage deviation
(184 trees, 12.0 inches inslde bark plus) 14,78, Heovy }Ines indicatellmits of basic data.

115807 f7——4
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TasLe 77.-—Board-fool volume tahie Scribner rule: Scarlel oak 1

Yolume {tn nn B.0-Inch top inside bark), hy talal

Dlamoter breast high {inches) Teight, In feet Tiasls:
Num[ber
o
Ontside baric Tndide | 5 80 70 80 wo | trees
Baard Board Board Itaard Hoard
feet feel feet feel fret
1 v mm e —————a— L2 [] 14 i 1] 51 | a9 35
45 ab 82 05 43
ki g2 108 127 0
2 113 133 157 L8
3 14 150 188 A
11 156 185 219 12
. 152 180 212 250 1
174 06 241 285 5§
L7 &2 i) 310 1
210 258 403 352 z
. 2H 283 | a3 33 2
. g 312 64 LT R
bl L0 PR am ] 430 304 453 1
TINSIS (ETOES)  aemmmeen e - —eecmsmnaan 10 b7 1o 43[ 13 257

Mparylond, New Jersay,

! Measured by the Allegheny and Centra) Stales Forest F.x{:erimcnt Blatlons in Connectleut, Indianpn,
Ohlo, Ponosylvanin, Tannessee, and

chait mothed by V, A, Clewents in 1930,  Sealed in 16-font log langths with trhnming sllownnce o7 0.3 faat,
additlonn] tap sections sealod as fractions of a 10-foot, 8,0-Ineh jog.  Btump helght 1.0 foot,  Aperegato dovia-
tion: Tabis 0.4 parcent high. Average percantnge deviation {201 trees, 10.0 inches {nside bark plua} 18,0,
Heavy lines indieate 1lmits of basic data,

A'est Virglnla.  Prepared Ly the allnement

Tanue 78.—Board-fool volume table Seribner rule: Chestnut oak !

Dinmeter brenst high

Volume {lo an B-inch (o) instde hark), by tatnl heighl in fest

{Inches) Nas(s:

] Num-

Qutsid 1ngid 'I" 8

niside naide - ; rees
hark brrk A0 ] i} 70 An ] 1 1)

Bosis (L1ees) s cncaaan-

Board | Board | Raerd | Board
feet feet Jeet feet

1

basic data.

foot log lengtha with trimming al
a3 fractlens of a 16-foot, 8.0-Inch log, Stump beieht 1.0 foot, Apgregate deviation: Tahle 0,69 percsnt high,
Avernge percentnge davintion (115 trees, 120 inches Inside bark plus) 10,80, Heavy linea indlcatalimits of

! Measursd hy ihe Mlssi{hun?'. Appalachlan, and Central Siates Forest Exporlment Statjons in Connects-
cut, Meryland, New York, Ohi
Doy in 1928, Scaled in 18-

0, and Pentsylvenia, me:ared by the plinement chart method by B, K,
owange of 0.3 foot, additionn! top seetions sealed




YIELD, ET(., TABLES FOR EVEN-AGED UPLAND OAXK FORESTSE 83

TasLe 79.—Board-fool volume table Scribner rule: Red cak !

Dm“ﬁ;j’g::}“ high Voiums (to nn 8.0-nch top iuslde bark), by total helght in feet

Outside Inside
hark bark

Basis {treas) 32

1 Measared by the Allegheny, Appaiaghlien, and Contral States Forest Exporimoent Biatlons in Conpec-
ticat, Maryland, Hew York, Ohlo, Virginig, and West Virginia, Prapared by the alinament chart mathod
by 1. H. Buel] in 1928, Bealed in 16-foot log lenpths with trirmmping allowence of 0.3 foot, additlonal fo
sactions scaled as fractions of & 16-fnot, 8.0-Ilnch lor, Stump haizht 1.0 foot, Aggrepate devlation: Table
1.58 percent low. Average percentepe devistion (135 trees, 13.0inches inslda bark plus) 12.02, Heavy Hoes
indjcate limlts of basic data,

TareLE 80.—Board-foot volume table Scribner rule: Chestnut!

Dismeter breast high (Inches) Yolume {10 an 8.0-inch !.oig irte::ide bark}, by totol haight

Insida
{Jratsida bark hark

580

Baasle {trees) 72 92

1 Mansured by the Ceniral Biates Forest Experlment Btation, Frothinghsm, Schwarz, and otbers, in
Connecticut, Kentucky, Maryland, New York, Ohle, and Tennesses. Pre¥§m=.d by the alinement chart
method by V. A. Clements in 1929, Sealed in 16 loot log lengths with i:lmming allowance of 0.3 foot, addi-
tional top sections scaled esIractions of & 10-foct, B.C-inch log.  Blump helght 1.0 foot. Agfregate deviation:
Table G,1 percent low. Average percentaga deviation (200 trees, 12,0 inches inside bark pius) 11.8. Hsavy
lines Indicate limits of basic data.
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Tasnm 8l.—Board-foot volume teble Scribner rule: Yellow poplar 1

Driameter braast hiph
{inches}

Volame {tn an 8.0-ioch top Ioalds bark), by totel halght 1n feet

_ Ianshle
Oustslde bark hark

1 Measured by the Appsaischinn and Centrel Stetes Forest Experiment Btatlons in Ohie, Pannsyl{rsnia.

Virginls, snd West Virginis,

Prepared by allnement chart method by L. I BorTett in 1020, Secaled in 16

foot log langths with trimming allowance of 0.3 foot, addltional top sections scaled es fractions of a J6-faot,
8.0-inch log, Stump helpht 1.0 foof. Aggregate doviation: Tabls 6.57 percent high. Average percentage
devistion (46 trees, 12.0 Inches !nside bark plus) 10.2. Henvy Mnes Indicate 1mits of beste dala.

TABLE 82.—Board-fool volume table Scribner rule: Red gum !

Dlametsr breast high
{inches)

Veluma {10 an 8.0-inch top fuside bark), by tots! helght i1 feat

Outslde bark

1060

Board
feel

B
04
125
133
137

2

263

a2
kL
398
450

510

570
848

70

|

! Measured by the Central States Forest Experiment Station sod Chiltenden in Indians, Missour), and
Sputh Carclive, Prepared by the alinement chert method by J. H. Haoley in 1828, Eenled in 16-foot log
tengths with trimming eflowsnee of 0.3 fpot, edditional top sections sceled a3 fractions of o 10-foot, B.0-noh
toz. Stump height 1.0 foot. Aigmgaw devintlon: Table 0.16 percent low. Average percentage deviation

{160 trees, 2.0 Inches inside bar

ius) 13.8. Heavy lines indisate limits of basle dats,
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TapLE B3.—Board-fool volume table Scribner rule: Black cherry !

Dismeter breast high

Voluiie (Lo an 8.4-inch top inside burk), by tofal Leight in feet

- Inside
_Outside bark Bk

50

w

4

&0

)

ity

of trees

Basks (trees'. .. _...

Baurei_ﬂ:t

Board f1¢_c.£

Board feel

Bourd fect

Board feel

L=l
9
122

TE
111
140
108

193
f82
25

Hoard feet
93

122
13
185
212
240
278

Ed
RN
188
202
232
208
302

281

313

—
342

106
144
182
218
250
200
328

7

42

8

1 Measured by the Allegheny snd Central Sintes Forest Experliment Stations in Ohfo and Pennsyivanis,
Prepared by slinement chart iielhod by G. L, Schaur, in 1924, Bealed in 16-foot log lengths with trimming
sliowanoa af 1.3 foot, udditional top sections scalod as Irnetlons of a 16-fuot, B.0-1nch log, Stump height 1.0
foot. Afgregnte deviation: Tablo 0.8 porcent Jow. Aversge percenluge deviatiun (78 {rees) 13. Hesvy
Iiues !ndicate Hmits of basle data,

TanLe 84.—Check of basic date against volume tables ?

Tolnl cuble voluine

Merchantnbie cuble
volume

Internationsl board
foot volume

Serlboer board fout
voluwe

davintion

Apgragube

Averuge
jrereent
deviation

Aggreguto
deviation

Avorage
percent
devintion

deviation

Aggrerate|

Average
percent
deviation

Apgregate
deviaticn

Average
parcent
devistion

FPercenl
0. 30

%:gow 1+ ¥piar.
gum
Black chetty. . ooaaas

Fercent

ekl <hlbal:

Percent
i 10

Pereent

Pereent

Percent
LB

12,60

Fercent

t The pveruge percens deviutions ure Lol exacyly cunipaTROLe.

tSee Individual inbies.)




LITERATURE CITED

AvenaNsaveH, J. E.
1934. YIELD OF THE OAX-CHESTNUT-HARD FINE FOREST TYPE IN PENNBYL-
vaNis. Jour. Foresiry 32: 80-89.
Baiger, T. 8.
1923. NOTES ON THE COMPOSITICN GF EVEN AGED 5TANDS. Jour, Forestry
21: 712-717, illus,
Bruce, D.
1926. A METHOD OF PREPARING TIMBER-YIELD TABLES, Jour. Agr.
Research 32: 543-557, illus.
and RreingxrE, L. H
1931. CORRELATION ALINEMENT CHARTS IN FOREST RESEARCH! A METHOD
OF BOLVING PROALEMS IN CURVILINEAR MULTIPLE CORRELATICN.
V. 8. Dept. Agr. Tech. Bull. 210, 88 pp., illus.
- and ScruMacuer, F. X,
1935. FOREST MENSURATION. 360 pp., illus. New York and London.
Duniap, F.
1921, GROWTH OF OAE IN THE OZARKS. Mo, Apr. Expt. Sta. Research Bull.
41, 28 pp., illus.
Forees, R. D., and Brues, D.
1930. RATE OF GROWTH OF SECOND-GROWTH BOUTHERN PINES IN FULL
sTanps, UL 8. Deph. Agr. Cire. 124, 77 pp., ilius,
FroTHINGHAN, E. H.
1812, BECOND-GROWIH HARDWOODS IN coNNecricor. U. 8, Dept. Agr.,
Forest Serv. Bull. 96, 70 pp., illus,

1931. TIMBER GROWING AND LOGGING PRACTICE IN THE BOUTHERN
%XPPALACHIAN recron. U. 5. Dept. Agr. Tech, Bull. 254, 93 pp.,
iilus,

Hawg, 1. T

1932. BECOND-GROWTE TYIELD, BTAND, AND VOLUME TABLES FOR THE
WESTERN WHITE PINE TYPE, U. S. Dept. Agr. Tech. Buil. 323,
68 pp., illus.

ILVESBALO, Y.

1920. [UNTERSUCHUNGEN UBER DIE TAXATORISCHE BEDEUTUNG DER
WALDTYPEN, HAUPTSACHLICH AUF DEN ARBEITEN FUR DIE
AUFSTELLUNG DER NEUEN ERTEAGBTAFELN FINNLANDS FUSSEND.]
Acta Forest. Fennica 15, 157 pp., illus. [In Finnish. German
summary, 26 pp.]

KirtreDpcE, J., and CrITTENDEN, A. K.

1929, 0AE FORESTS OF NORTHERN MICHIGAN. Mich. Agr. Expt Sia.

Spec. Bull. 190, 47 pp., illus.
Korsrian, C. F., and STIcEEL, g

1827, THE NATURAL REPLACEMENT OF BLIGHT-KILLED cHEsTNUT. 1, 8.

Dept. Mise. Cire. 100, 15 pp., illus.
McArpiLE, R. E., and Meyrr, W. H.

1930. THE YIELD OF DOUGLAB FIR IN THE PACIFIC NORTHwEsT. U. 8,

Dept. Agr. Tech. Buil. 201, 64 pp., iilus.
McIntyYRrE, A. C.

1933. GROWTH AND YIELD IN OAK FORESTS OF PENNSYLVANIA. Pa. -Agr.

Expt. Sta. Bull, 283, 28 pp., illus.
MEevER, W. H.

1928. RATES OF GROWTE OF IMMATURE DOUGLAS FIR A8 BHOWN BY
PERIODIC REMEASUREMENTS ON PERMANENT BAMPLE PLOTS,
Jour. Agr. Research 36: 193-215, illus,

1930. DIAMETER DISTRIEUTION SERIES IN EVEN-AGED FOREBT STANDS,
Yale Usniv. School Forestry Bull. 28, 105 pp., illus.

86




YIELD, ETC., TABLES FOR EVEN-AGED UPLAND OAK FORESTS 87

 (18) Patrox, R. T.
1922, RED OAE AND WHITE OAK: A STUDY OF GROWTH AND YiELD. Har-
vard Forest Bull. 4, 38 pp., illus.
{(19) RewvexE, L. H.
1927, A MODIFICATION OF BRUCE'S METHOD OF PREPARING TIMBER-YIELD
TABLES. Jour. Agr. Research 35: 843-856, illus.

1033. PERFECTING A BTAND-DENGITY INDEX FOR EVEN-AGED FORESTE.
Jour., Agr. Rescarch 46: 627-638, illus.
{21} and Bruce, D.
1932, AN ALINEMENT-CHART METHOD FOR PREPARING FOREST-TREE
voLTME TasLEs. U, 8. Dept. Apr. Tech. Bull. 304, 28 pp., illus.
{22) BaLvosa, L. R.
1930. TABLES OF PEARSON'S TYPE III FUNCTION. Ann. Math, Statis 1:
i 191-198.
{23} Scunuvm, G. L.
1934, DIAMETER DISTRIBUTIONS FOR OLD-FIELD LOBLOLLY PINE STANDS
IN MARYLAND, Jour. Agr. Research 4%: 731-743, illus.
(24) ScHumacuer, F. X.
: 1928, YIELD, BTAND AND VOLUME TABLEB FOR RED FIR IN CALIFORNIA.
Calif. Agr. Expt. Sta. Bull. 456, 29 pp., illus.
(25)
1930. YIELD, BTAND AND VOLUME TABLES FOR DOUGLAS FIR IN CALI-
rornia,  Callf, Agr. Expt. 8ta. Bull. 491, 41 pp., illus.
{26} Smantz, H. L., and Zon, R.
1924. NATURAL VEGETATION. U. 5. Dept. Agr., Bur, Agr. Econ., 29 pp.,
illus. Washington, D. C
{(27) SocieTy oF American Foresrens, ComniTrree oN Forest TyPEs.
1932. ¥OREST COVER TYPES OF THE EASTERN UNITED sTaTES. Jour.
Forestry 30h 451-49%,
(28) CoMMITTEE ON STANDARDIZATION OF VOLUME AND YIELD TaABLES.
1026, METHODS OF PREPARING VOLUME AND YIELD TABLES, Jour.
Forestry 24: 653-660.
{20% Sraern, J. N.
1928, TWENTY YEARS GROWTH OF A BPROUT HARDWOOD FOHEBT IN¥ NEW
YORK: A 8TUDY OF THE EFFECTS OF INTERMEDIATE AND REPRO-
puction ¢uTTINGS, N. Y. (Cornell) Agr. Expt. Sta. Bull. 465,
4% pp., ilus.
Tevrorn, C. J.
1927, A MANUAL 0F WOODLOT MAKAGEMENT. IIl. Nat. Hist. Survey Bull
v. 17, art, I1, pp. {101]-194, illus. ’
UNITED STATES IDEFARTMENT OF AGRICULTURE, FOREST SERVICE.
1929, vOLUME, YIELD, AND STAND TABLES FOR BECOND-GROWTH S8QOUTHERN
riwes.  U. 8. Dept. Agr. Mise. Pub. 50, 202 pp., illue.




ORGANIZATION OF THE UNITED STATES DEPARTMENT OF AGRICULTURE
WHEN THIS PUBLICATION WAS LAST PRINTED

Secretary of Agricullure Henny A, WaLLACE.

Under Secrelery M. L. WiLsoxn.

Assistant Secretary Harry L. Brows.

Director of Extension Work C. W. WaARBURTON.

Director of Finance...._ ... ... ... W. A, Jumre.

Director of Information M. 8. LisENHOWER.

Director of Personnel__ ... .........._... W. W. BTOCKBERGER.

Director of Reseorch_ o ________ . Jasmes T. JarniNe.

Solicitor Masmin G, Walirs.

Agricultural Adjusimeni Administiration H. R. Tonuey, Administrator.
Bureau of Agricultural Economics. ... .. . A. G. Bracx, Chief.

Bureau of Agricultural Enginecring 8. H. McCrory, Chief.

Bureau of Animal Industry_..__ . __. Joun R. Mouuer, Chief.
Bureau of Biological Survey Iiia N. GanrisLson, Chief.
Bureaw of Chemistry and Soils_ .. ... ....... Hesny G. Knicur, Chief.
Commodily Ezchange Adminislration._.__.._ . ). W. T. Duver, Chief.

Bureaw of Dairy Industry 0. E. Reeo, Chigf.

Bureau of Entomelogy and Plent QGuarentine. Ler A, Srronag, Chicf.

Ofice of Fxperimenl Stalions James T. Jarpivg, Chicf.

Food and Drug Adminisiration___. ..____._ . Waurer G. CampeELL, Chief.
Forest Service. ... ... _o.o.... FErRDINAND A. BiLcox, Chisf.
Bureau of Home Feonowmics Lowse Sranney, Chief.

Library Craripen R, BarweTT, Librarien.
Bureau of Planl Industry Freverick D. Ricrey, Chief.
Bureaw of Public Roads__.._ . .. _.__. __ Trouas H. MacDoNaLp, Chisf.
Resetilement Adminisiraiion W. W. ALEXANDER, Administrator.
Soil Conservation Service H. H. Bex~NerT, Chicf.

Weather Bureau WiLuis R, Guece, Chigf.

This bulletin is a contribution from

Foreal Service. oo i FeRrpINAND A, Bincox, Chief.
Allegheny Forest Ezperiment Station__ .. R. D. Forees, Director.

88

U. 5. GOVERHMENT PRINTING DFFICE=[R3T



http:FERDINA.ND




