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INTRODUCTION

Ponderosa pine (Pinus ponderose Dougl) is one of the most im-
portant and most interesting tree species in the western United States,
because of its wide geographic range, its excellent timber qualities,
and its adaptive silvical characteristics. Its range is an area about
1,000 by 1,400 miles, extending from the western border of the Great
Plains to the Coast Mountaing and from Mexico north into British
Columbia (fig. 1). The ponderosa pine type in all its forms covers
more than 50 million acres. The species is commercially valuable
throughout its range, and is widely sought. The wood of old-growth
trees 15 whitish yellow, soft, and essily worked; that of young trees
is much coarser and more resinous, and therefore under present market
conditions less desirable. Like other pines, ponderosa pine is * Lapt-
able to different methods of management and regeneration. Under
natural conditions it most commonly grows in uneven-aged stands, but
in general it thrives equally well in even-aged stands.

1 Submitted for publieation November 20, 1637,

# Grateful acknowledgment, is made to directors and stafl members af tha western forest and range sxper-
iment stations for ndviea nnd for pssistance tn eollecting data in connection with thisstudy. Particulurly
valuable help was received from R. H. Weidmnan, of the Morthern Rocky Meontnin station: & E. Behré,
of the Northeayternstation; D. Dunningand V. A. Clements, ofthe Californiastation; end C. A. Connangh-
ton and E. L. Mownt, of the Intermountsin sintion, Other contributors are ¥, L. Alexander, of the Uni-
veraity of Washington, formerly of the British Columhia Forest Braneh, who took the measurements in the
ponderosa pine of British Columbis, and W. 0. dallaher, E. N. Munags, 5. B. 8how, and L. H. Raineks,
who condueted studles in pondercss pins in California.  For most of the computations 1nvolved in com-

tigtl}g and ecalyzing the date, eredit is dus 3. B. ilayward, of the Pacific Northwest Forest Experiment
on.
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Findings of the national-forest survey now being made by the
Forest Service show that the extent of the even-aged second-growth
stands is xauch greater than has been estimsted in the past. Scme
extensive stands commonly thought to be uneven-aged are composites
of even-aged groups. In the 10 counties of eastern Uregon and eastern
Washington for which survey statisfics were available st the time of
writing, ponderose pine stands classified as second growth cover more
thar 1,340,000 acres. Young, even-aged stands occupy 638,000
gcres of this total; on the remaining 701,000 acres, the stands are
even-aged and of advanced development or else have been subjected

&
NEBRASKHYG
“

Floune L.—Approximaie distribution of foresis in which poodercss pine 5 the dominent species, snd
loeation of plots or groups of plots used ip this siudy.

to heavy selection cutting and now have even-aged understories of
pine reproduction. In California, and also in parts of Oregon, Wash-
ington, daho, and Montana, the even-a ed stand is characteristic
of old nining cuttings. In tbe Black Hills even-aged stands have
becoms established on areas that have not been cut over, origineting
probably after extensive fires occurring in the infrequent years when
seed production and the conditions governing germination and sur-
vival were favorable. 'The srea of even-aged ponderosa pine forests
is constantly increasing, primarily as g result of human activity.

The value of growth and yield studies has been stressed time and
time again in forestry literature and probably is fully appreciated by
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most foresters. A yield study of even-aged pondeross pine forests
wasg Decessary as & complement to the yield study of selectively cut
stands of this species (14),® partly because that study indicated that
the reproduction in selectively cut stands is practically even-aged.

Several studies of the yield capacities of even-aged ponderosa Ppine
forests have previously been made, notably in%alifomia, (11, 22),
Idahe (3, 4), and British Columbia (5). The results of these studies
were limited as to regior of application, and were widely divergent.
In this study an effort has been made to coordinate the best o% the
older date and new supplementary data and to derive a set of vield
tables applying throughout the range of the species. Some of the
older data used were taken as far back as 1910. The new study got
under way in 1928; by 1934 the essential cooperation had been obtained
In all the regions involved, and thereafter new data were accumulated
rapidly. the new data were gathered under one general work
plan and under the direct initial supervision of the project leader,
Sample plots were taken in Californis, Oregon, Washington, Idaho,
Montana, South Dakota, and in a single locality in Wyoming. The
pine forests of the Southwest were left unsampled, because the South-
western Forest and Range Experiment Station after a survey of its
field coneluded that stands of the condition desired were not available.
In the field work emphasis was laid on obtaining data on true second-
growth stands, as distinct from small groups of second growth. The
study was confined to fully stocked stands, which furnish the best
basis of eomparison for stands of all degrees of density.

The old and new data together comprised the records of 848 plots,
The major computations of the study were based on data for 450
plots only, 398 plots being rejected because of nonrepresentative plot
conditions or of incompleteness of data. Most of these rejected plots
were taken for studies in which plot selection was not based on stand
normelity. Data from many of the rejected plots were used in study-
in%éhe effect of stocking upon yield.

this report some mensurational date other then growth and yield
statistics are given that will assist in dealing with problems relating
to stand development.

Beeause of the extensive area covered, the number of cooperators
involyed, and the variation among the stands investigated, the com-
bination of the data into & single coordinated series of tables was not
without difficulties. The sccepted methods of normal-yield-table
construction (6, 7, 8, 20) had to be modified in & number of instances
before acceptable results were obtained.

Detailed descriptions of the data and the methods of aualysis are
given in the appendix.

REGION AND TYPE

The ponderosa pine type has been intensively studied for many
years, and several noteworthy publications have been issued dealing
specifically with the factors affecting its distibution and describing
its silvical characteristies (1, 2, 9, 16, 17, 18, 18, £3,24). The previous
findings, which pertain chiefly to the more common form of ponderosa
pine stand, the uneven-aged, will not be reviewed.

The general characteristics of the even-aged ponderosa pine stand
are its high density, its relatively deep litter and humus, and its high

I Italle numbers in parentheses refer to Literature Cited, p. 53.
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yield per acre at maturity. All these characteristics are distinctly
preferable from the silvicultural standpoint fo those existing in un-
even-aged stands. Even-aged pine culture isnot advocated, however,
except for aress where snnual rairfall is about 25 inches or more,
considerably above the minimum for the type’s existence. If moisture
is inadequate, stagnation results and no progress is made in volume
production without expensive thinning operations.

Ponderosa pine endures a great range of chmatic conditions, which
accounts in part for the differences in development discussed in this
report, Discussion of the climatic conditions under which it grows
is hampered somewhat by the relative sparseness of data. In Oregon
and Washington, at least, weather stations are too few and in too
many instances remote from timber stands to afford data representa-
tive for the type. Baker and Korstian (1) recognized five divisions
of the general range of the species, as follows: (1) Eastern Rockﬁ
Mountain, including central and eastern Montana, parts of Nort
Dakota and South %&kota, most of Wyoming, & part of Nebraska,
eastern Colorado, and northeastern New Mexico; (2) south platean,
including Arizona, most of New Mexico, southeastern Utah, and
southwestern Colorado; (3) central plateau, including most of Nevada,
most of Utah, southwestern Wyoming, and southeastern Idaho; (4}
north plateau, including Washington, most of Oregon, most of Idaho,
and western Montzma; and (5) south Pacific, including California
and southwestern Oregon. According to available ineteorological
records as charted by these authors, annual precipitation averages
for the different subregions are as follows: Central plateau and
eastern Rocky Mountein, about 18 inches; porth and south plateaus,
29 inches; south Pacific, 44 inches. The variation about each of
these averages is of course wide; in the north plateau, for instance,
precipitation varies from 15 inches on the borders between desert and
forest to more than 50 inches on the west slopes of the Cascade Range
in Washington.

More significant, than the amount of annual precipitation 1s its dis-
tribution through the seasons of the year. A summarization of the
dats tabula,tedgby Baker and Korstian indicates that the portion of
total precipitation occurring within the chief growing season, namely,
May, June, July, and August, ranges from 48.8 percent in the eastern
Rocky Mountain subregion to 7.0 percent in the south Pacific sub-
region. On the north, central, and south plateaus 22.1, 25, and 31.8
percent, respectively, of the annual precipitation occurs in the 4
months mentioned. The north rﬁ]&teau has a gradual decrease of pre-
cipitation from January to April, a sudden increase in May, further
decrease through to August, and then a rapid rise to the end of the
vear. The curve for the central plateau is similar. The precipi-
tation of the south platean decreases irregularly through June and has
o, striking increase in July and August and a mild decrease through to
November; thus its curve has two pronounced peaks.

Annusl mean temperatures for the first four subregions were found
to range only between 42° and 45° F. The south Pacifie, however,
has en annual mean of 51°,  The temperature averages for the 4-month
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growing season are sbout 58° to 59° for the first four subregions and
63° for the last.

Conditions for pine growth are far better in the south Pacific sub-
region than in any of the others, although good sites can be found
almost throughout the range of the species. The prevuiling excellence
of site conditions in Celifornia is partly explained by comparatively
heavy precipitation, even though most of this occurs in off-season
months, and by moderately high temperatures.

Although confined to approximately pure stands, this study gives
indications as to the associates in even-aged pondeross pine stands in
the different subregions. In California mecense cedar ({4bocedrus de-
currens Torrey) is a common associnbte, usually as an understory
speeies. Other conifers associnted with ponderosa pine in California,
in descending order of frequency of occurrence, are Douglas fir
{Pseudotsuga taxifolia (Lamb.) Britt.), white fir (Abies concolor Lind-
ley), and sugar pine (Pinus lgmbertiana Dougl). In Oregon the
species most commonly found in mixture are lodgepole pine {P. con-
torfe Dougl.}, white fir, and Douglas fir; western larch (Lariz ocei-
dentalis Nuttell) end Engelmann spruce (Picea engelmanni (Parry)
Engelm.) ave found oceasionally, In Washington and Idsho Douglas
fir and white fir are sometimes found. In Montans Douglas fir is the
chiefl associate, with western larch a poor second.

As a pert of the present study the composition of the minor vege-
tation has been observed by several investipators in different sub-
regions. The grasses are the most common constituents of the
ground cover, but identification of grasses as to species ur even genera
wag seldom recorded. The following tabulation, based on observa-
tions made on 350 plots, shows the genera (with species, when known)
of the herbs, shrubs, and small trees most commonly found, in five
different subregions. The plants are listed for esch subregion in
descending order of number of plots on which e¢bserved. The list is
by no means complete; the observations cover af least 75 different
genera of herbs and 38 genern of shrubs and small trees. A number of
distinetions are spparent, especially between Californin and the other
subregions.

CALITFORNIA

FHerbs Shrubs und small trees
Trifolium sp.
Penistemon spp. Chamaebaliaria Jolivlesa.
Pteridium aguilinum pubescens. Tozicodendron diversilobum,
Arpocynum endrosaemifolium. Arbutus menziesis.
Vicia sp. Rhamnus pursiiana.
Trienialis curopaea latifolia. Alnus rubra.
Pragaria sp. Prunus demissa.
Iriz hartwegi. Philadelphus lewisit.
Gatium sp. Arcinstuphylos viscida and other spp.
Sidalcea sp. Ceanothus velulinus,
Luplnus spp. Eubus spp.
Lathyrus ap. Casignopsts sempervirens.
Potentilla sp. Lonicere involucrata.

fose spp.

Ribes spp.
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ORBGON AND WASHINGTON

Fragaric spp. Ceanothus velulinus.

Ackillea lanulosa. Rosa gymnocarpa; B. nutkana.
Lupinus spp. Purshia tridentaia.
Chamaenerion angusiifolinm. SBymphoricarpos racemagus.
Hieracium spp. Arclostaphylos uva-ursi.
Geranium spp. Odostemon repens. *
Chimaphile wmbellale. Prunus melanocarpa; P. emarginais.
Liltum parvum. Saliz spp.

Lathyrus spp. Spiraca corymbosa.

Pentstemon spp. Vaccintum spp.

FPurolg spp.

Vicia spp.

Veagnera liliacea.
BOUTHERN IDAHO

Apocynum ambigens. Spiraca lucida.
Fragaria spp. Symphoricarpos orcophilus; 8. racemosus.
Aster spp. Amelanchier alnifolia.
Arnica cordifolin. Prunus melanocarpe.
Balsamorhize sagiltata. Qdostemon repens.
Lupinus spp. HRoza spp.

Fraserc montond. O}'pulaster malvaceus.
Geranium wiscosissimunt. Vaectnium sp.

Silene menziesii. Ceanothus velutinus.
Penistemon spp. Rubus pervifiorus.
Chimaphila umbellaia. Arclostaphylos uva-ursi.

NORTHERN IDAHO AND MONTANA

Fragaria glauca; F. vesca. Rose spp.

Achillea lanulosa. Symphoricarpos racemosus.
Balsamorhiza sagitiala. Odestemon ngquifolinm.
Lupinus sericous; L. burkei: L. wyethii, Amelanchier alnifoliu.
Geraniumn viseostssimum. Prunus melanocarpg.
Arnice eordifolia. Arclostaphylos uva-wrsi.
Apocynum androsaemifoliunt. Spiraea lucido.

Leontodon aulumnale. Opulasier malvaceus.
Potentilia gracilis. Crataegus douglasii.

Gualiwm boreale.

Clarkia pulchella.

Antennaric gnephuloides; A. rosea.
Chamaenerion ongustifolim.
Erigeron sp.

Aster app.-

BLACK HILLS
Apocyrum androsgemifolivm. Arclosiaphyles usa-wrai.
Achillea lanulosa. Rosa spp.
Solidago spp. Symphoricarpos pauciflorus.
Galium boreale. Prunusz virginiana melanocarpa.
Vicia americana. Spirace lucida.
Geranium viscosissimum; G. richardsont,  Odostemon aguifelium.
Fragaria vesca americand. Juniperus communis,
Meonarda mollis. Lepargyrea canadensis.
Antenneria divica. Amelanchier alnifolic.
Thalictrum sp- Rubus spp.
Mertensia sp. Ribes spp-

An effort to relate growth capacity of ponderosa pine stands to
soils failed to reveal much of significance. The scils recognized in
the field included silt loams, sandy loams, clay loams, gravel loams,
lecamy sands, clays, sandy clays, pumice soils, gravels, and others.
All the loams, silt loams, cley loams, and clays were associated with
site indexes ranging from 30 to 140 or more. For gravel, loamy sand,
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and pumice areas the site indexes ranged approximately from 50 to
90. For sandy areas they ranged from 30 to 70. Within any single
group of soils, the darker soils seemed to be associated with higher
site iIndexes, Most of the relations observed, however, were general
only. An intensive study of the correlation between site quality and
character of soil would include much more than the soil’s quality,
texture, color, and depth. Pearson (I7) pointed out that in the
Southwest ponderosa pine made its best growth on the more sandy
or gravelly soilz and reproduced more successfully on clay soils where
there was a mixture of rock in the soil to facilitate root penetration.
In the present study, also, it was noted repeatedly that plots where
8 substantial mixture of gravel was present in the soil were of higher
site quality,

Plate 1 shows even-aged ponderosa pine stands on areas of average
gite quality in vouth and maturity. Plate 2 shows stands of the 70-
year age class on areas of very poor and very good site indexes,

DEFINITIONS

Acre.—In thie study, as in other normal-yield studies, 43,560 square feet
measured on & horizontal projection of the ground surface,

Age of sfand.—Average age, in years, of sample dominant and codominant
treea. If the trees sre bored at breast height, to obtain total age in yeara it is
necessary to add to the ring eount a number varying from 6 for lande of the hest
site quality to 16 for Jands of the poorest site quality.

Average diometer ~—Average diameter at breast heighf, in inches, of an entire
stand or of part of a stand, computed by dividing the tofal basal area of the
treea by their number and converting the quotient to diameter,

Basal area.-——Cross-sectional area, in square feet, at breast height.

Breast heighi—A point of measurement on & tree bole located 4.5 feet above
average ground level.

Dominance elasses.—In this study, trees are classified on the basis of position
in stand and of vigor into five dominence classes. Dominance class can usually
be determined from diameter class and diameter growth alone. The classes are
a3 followa:

Dominant.—The largest, tallest, and most vigorous trees in the etand. Crowns
dense and comparatively wide and loug. Growth rates the fastest in the stand.

Codominant.—Well-developed trees that reach into the main canopy but are
subjeet to some sgide pressure from npeighboring trees. Crowns less wide and
dense than those of dominants. Growth rates good, but somewhai less than
those of dominants.

Intermediate.—Trees of inferior development barely reaching into the main
canopy, receiving little top light. Crowns usually narrow and of poor vigor.
Growth rates low in comparison with those of dominants and codominants.

Suppressed.—Trees of inferior development, slow growth, and poor wvigor
below the mazin eanopy, of the same age as those in the main eanopy, receiving
little direet light either from the top or from the side. Crowus narrow and shart,
with scant foliage, Growth practically at a standstill,

Understory—Trees below the main canopy, younger or of different species
than the trees of the main canopy, or hoth. The trees are not necessarily inferior
a8 to development, growth, or vigor; often they are in excellent condition for
their species.

Height curve.—Chart showing average heights of trees of various diameters for
selected ages end site indexes.

Mean annual increment.—Average annual volume growth of the stand from
year of origin to age under consideration.

Normal stand, or fully stockhed siand.—A stand that, so far as apny practical
consideration ig involved, utilizes itz site completely. For ponderosa pine the
canopy of & normal stand is less dense than it is for species of more humid climates
and is not necessarily complete or continuous, especially if the stand is advanced
in age. Maximum stocking iz not implied; it practically never exists over a
continuous area of more than a few acres.
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Normal-yield lables~Tables showing numbers and sizeg of trees, totsl basal

areas, and volumes for normal stands at different ages and on sites of different
ualities.

4 Normality perceniage—Pearcentage ratio between a basal-area, volume, or other

value for & given stand and the value shown by the yield tables for normal stands

of ‘corresponding age and site-quality class. This ratio is used o express stocking.

Number of trees.—Total number of living frees per acre that are above a specified
diameter.

Partial stand.—Partion of total stand that is above s specified diameter. In
this study fwo partial stands are dealt with, those of which the minimum breast-
height dizmeters ere 6.6 and 11.6 inches, respectively. The standard of utilization
represented by values for the trees 6.6 inches and more in diameter is much more
intensive than that followed in the pondergsa pine forests at the present time, but
is ecomparable to that represented in many other yield studies made in the United
States. Values for the trees 11.5 inches and more in dismeter represent a practical
standard approxinating that now followed in most parts of the ponderese pine
region.

Periodic annugl increment.—Average annual volume growth within a given age
interval—in this study, 10 ycars,

Quadrat.—Portion of acre used fo estimate stocking. For even-aged ponderosa
pine forests, the size recommended is 9.33 feet on a side, or 0.0062 acre.

Rotation age—In this study, age at which mean anpual inecrement eulminates;
that is, age at which the periodic and the mean annual inerement become equal.

Sile tndex.~——Height, in fget, of average-diameter dominant and codominant trees
at the age of 100 years, used as an indicator of site quality. “Site index 80," for
instance, means that the dominant and codominant trees on the area referred
to, average, have averaged, or will average 80 feet in height at 100 years.

Site quality —The site quality of a forest area is its relative productive capacity,
determined by climatie, soil, topographie, and other factors; the bigher the site
quality, the faster is trce growth and the grealer is the $imber volume produced
per acre. Seven site-quelity classes, each covering a series of 14 site indexes, are
recommended for approximate rating. These classes are indicated by roman
numerals.

Stand {able.—Table showing distribution of number of tress throughout the
range of diameter elasses. The distribution is expresscd either in percentage for
stated average dismeters of stand or in number for stated site-guality and age
clagses.

Stock table.—Table showing distribution of basal ares or volume of trees through-
out the range of diametfer classes.

Stoeking.~—Degree to which an area'’s produetivity is utilized by the evistent
forest stand.

Stand-density itndex.—Number of trees per acre contained in & stand when its
average diameter is 10 inches. “Stand-density index 400,” for instance, means
that the stand referred to has, had, or will have & density of 400 trees to the acre
when averaging 10 inches in diameter.

Velume table—Table showing the estimated volumes of trees of various diameter
and height classes, expressed in total cubic feet or in board feet, log scale, by the
International rule or the Seribner rule.

YIELD

Practically all site conditions existing in the ponderosa pine region
are represented by the site indexes 30 to 160. 'The indexes above 140
are represented practically nowhere in the region except in the vicinity
of Nevada City, Calif. Table 1 and figure 2 show the heights for ages
less and greater than 100 years that correspond to siteindexes ranging
from 40 to 160 at intervals of 10 in the table and 20 in the figure. By
use of this table or this ficure, the site index of any even-aged pon-
derosa pine stand can be estimated on the basis of the age of the stand
and the height of its average-diameter dominant and codominant
trees,
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FiGURE 2. —Height of dominant und codeminant brees of average breast-high diameter.

TABLE 1.—Height of duominant and codominant trees of average breasi-heighl diameter

Height, by site Index—
Age (yeors)

100

112

11§
119
122
125
128

Seven broad site-quality classes representing the site indexes up to
140 have been in general use in many parts of the ponderosa pine
region for some years and were used in this study with only shght
change (table 2). These classes can easily be distinguished in the
field by the forester well versed in ponderosa pine silviculture.
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Tasrr 2.—Site-qguality classification for ponderosa pine,! with corresponiding heights
al malurily in terms of logs

8ite index Locs In domt
ogs o domingnt trees
Blte quality cless at maturity ! (oumbsr)
Gentral value Range
120 +113 | 10 or more
166 98-132 | S {0 0.
02 . 85-98 | 7.
78 7184 | Sted.
61 57-70 | dto 4.
] 43586 | 2
8 48— 2—.

! The values given ot ponderosa pine.n & previons publleation (14) bave here besz changed slightly to
make the Intervals equnl,
2 Estimated 1o terms of 16-foot Jogs to B-inch top. Mbaturity is sssumed to begin at the age of 250 years.

STAND 0.6 INCH AND MORE IN DIAMETER

Tebles 3 to 6 and figures 3 to 6 give the yield values for all trees in
the stand that are 0.6 inch and more in breast-height dismeter.
Values are given for number of trees, basal area, average diameter,
and cubic-foot volume. These tables and figures are valuable as
indicating & site’s productive capacity, and the vield trends in stands
not vet of merchantable size. They are the standard tables from
which all other yield tables of this bulletin were derived end from
which still other tables, representing other standards of utilization,
may be drawn.

TABLE 3.— Number of frees per acre! 0.6 inck and more in diemeler

Treaz per aere, by site index—

Age (years)
40 50 60 70 a0 o0 00 | 10| 120 | 130 | 240 | 150 | 10

T To nearest whole namber.
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BASAL AREA PER ACRE (S5QUARE FEET)
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FiGune 4. —Basal ares per tete of trees 0.6 inch and mors ip breast-height dismeter.
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VOLUME PER ACRE (THOUSANDS OF CUBIC FEET?
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FIGURE G.—Cubic-fool volume per sere of trees 0.6 inch nod wore io hreast-height diameter.

TanLg 4.—Basal area per acrel of Irees 0.6 inch and more in diameter

Dasal uroa per nere, by site index—
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The tebles do not list values for ages 110 and more for site indexes
146, 150, and 160, because no dete were available for these ranges.
Curve extensions or extrapolations would be unreliahle in these
extremes.

TABLE S.—Average diameter ! of trees 0.8 inch and more in diameter

Aversgo breast-height dismeter, by site index—
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TaBLs 6.—Cubic-foot volume per acre,) including stump and tip but not bark, of trees
0.6 tnch and wmore in diameter

| Yolume per aere, by site index—

Age (vears)

I 410 | 5 100 I 16 120 130

1
Tl Cu ft. L . JU Qe it Gt Qo 2| Cu £
Meeceaaenteaa| 200 d00) 700) 3,400 51,7000 2,300 2,400] 2,75
20, 1 ' L 50| 2, 3,800, 4 200] 4,850

; 150) 5000 5030 6 650
6,650 7,000 & 200

T, B 1MY 6,500
7,860 9, 100| 16, 650
0, 050) 11, 850
10, 700 12, 559
11, 350] 13, 450

11, B
12, 4(5)
12, 850
13, 25
13, B0EH 15, 0D

13,950
14 2501
14, 550
14, 850
15, 100] 17, 650 _-i

1 T pesrest 60 cubic feck.

The maximum number of trees 0.6 inch and more in dismeter per
acre in young ponderosa pine stends has not heen determined. It
must be well over 10,000, and is probably close to 20,000. At a certain
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age it is greater for each successively lower site-quality class. For all
site qualities the number of trees decreases with advance in age,
rapidly at first and then more slowly. The number per acre at
maturity is never more than a few hundred, sometimes less than 100.
On land of site index 80, for instance, a fully stocked stand has 1,750
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Fiavke T.—Numbwer of trees pet ocee 8.9 inches and mare in breast-height diameter.

trees per acre at 30 years, but only 266 st 100 years and only 92 at
200 years.

o form of the basal-area curves in figure 4 is unusual in that the
maximum velue is reached at an enrly age and then maintained.
This trend corresponds directly, however, with that shown by Behre’s
study of ponderose pine in Idaho and eastern. Washington (8, 4).
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STAND 6.6 INCHES AND MOEE IN DIAMETER

Tables 7 to 11 give the yield values for all trees 6.6 inches and more
in diameter. They show number of trees, basnl ares, average diam-
eter, cubic-foot volume, and board-foot volume estimated by Inter-
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Tl B | ;
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FIoune 8.—DBosrd-foot volume (Internstions) mie, M-inch kerf) per pere of trees 0.6 inehes and more In
breast-height dismeter.

Q

o a0 4

national rule for %-inch kerf to & top diameter of 6 inches inside bark,
Charts showing number of trees and board-foot volume for this partial
stand appesr as figures 7 and 8. Other charts can be plotted from
the tabulated data 25 needed.

The number of trees per acre in this partial stand reaches its maxi-
mum at & relatively early age for esch site-quality class, but at a later
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age for each successively lower cluss. The maxima vary from 247 fo
362, roughly corresponding to average spu.cin%s of 13 to 11 feet.

The board-foot values by International rule are much larger than
the log scale obtained under present utilization practice, but are
believed to approximate the mill scale that will be realized when the
logping is conducted according to the bighest standard of woods
utifization and the lumber is cut with band saws. It is reasonable to
sssume that this standard of utilization will be attained as soonin the

onderosa, pine forests as in mostother forests of the far West, particu-
srly of the Pacific Northwest. At present this table will be useful
in making comparisons with yields of other timber species of the United
States, since in most of the yield studies thus far made in the West
these standards of estimate have been followed.

TarLE 7.—Nuwber of trees per acre ! 4.6 inches and move In diameler

Trees jrer aere, by site index —

Age (years I
ol 120 | 130 | 140 | 150 | 160

snlnol:u so ! 9o |00} 110
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A el | 02
401 56 2013
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Eai] 216G H 157
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Tiid
140
[41
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150 1%
132 106 |

! T'o neorest whole mumber.

TavLk B.—Basal area per acre ! af trees 6.6 inches and more tn dicmeler

Tinval arcy per uere, by site Index- -

Age (years)
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! T'o nearest whole number,
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TasLe 9. —Average diameier 1 of trees 6.6 inches and more in diameter

Averape bresst-height dinmeter, by site Index—

Age (yuars)
B0 1] 100 u 120 130

g
caeh srpat

mal
GO ek
-
FEBrey

amy

w

==l
1
2

L et sl ot
S A AT mREKLe HenldE W

et
ol
[
e e

s
P
s

Eommn

3=} TR [+ LR
[
R-Ege Bm
EN_ T TR

—

e

L=

ot ot okt ot

bt o F ol o

-
En
-

=,

—-
e SwE o
L = T O 2 [l -1

kel
L =0 = L7 D
P
EEEEE
SO b

-3 %) o). =g -]
BIBBE

bt ot B
A —

-
3
=

AR HOgEink BOm-dg ki’

Ao mMOoie
Gefnm=100 OECACHOEDA MOOORCANY Sh o7

oo
CrESS
e e e
B rabe
ESR-EN N L]
o
HrsmE
[ AT =1-
o mimi
Bl K2 B3
o ]

@

! To nearest 0.1 inch,

Tabug 10,—Cubie-fool volume per acre,! including siump and
trees 6.6 {nches and more in diameler

Volume pet acre, by site Indes—

Age {years)
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TaBLE 11.—Board-fost volume per acre,t Imternational rule (-inch kerf), of trees
6.6 vnches and more in diamelor

Volume per nere, by site {ndox--

Ape (yenrs) N ) i - i }
44 i) 99 ! 00 1 g ' o0 g ;w0 50 C 168

1
[

B fr.t 0 i T3 ft| Be . 8. ft IB&' St Ed' fi. 1 Od fL. | Bd fL EJM ﬂ Pl ft.
D P | . 200 4. 7,000 10, 16, 500
e e 4001 1, 08y 2, B0a) &, -iDD 3 -ﬂﬂ 12 S 3T, aMy 3300 23 8O0, 36, 200
Cmre manen e - 3. 700 ‘i' 10011 BCNJII: . 000| 23,900 L, 400 A%, 0| 46, 400 -’i.;.?!l]
U SN B 1, 30[! 4 5| 7, T 12,:(3(! 51, BOORE0, 404) 35, 200, 44, 400/ 53, 400 62, 500] T2, 500
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STAND 1L6 INCHES AND MORE IN DIAMETER

Tables 12 to 18 and figures 9 and 10 give values for all trees in the
stand that are 11.6 inches or more in breast-height diameter. The
tables show number of trees, basal aren, average diameter, cubie-foot
volume, and board-feot volume estimated by Seribner rule to an
8-inch top diameter inside bark. The figures show number of trees
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Fioune 10.—Baard-fool valume (Seribver role) per aere of trees 11.6 Inches ntel more o breast-height
diminetar.

and board-foot volume. The other values can be plotted and curved
s needed.

The maximum number of trees per acre for this portion of the
stand varies from 78 to 181 according to site quality. These values
represent an average spacing of roughly 24 to 16 feet. The better
the site quality, ﬂgle larger the maximum number of trees. The
spacing increases rapidly with advancing age of the stand, because
of the reduction in total number of trees of this size range.
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The yield values in board feet, Scribner rule, for this part of the
stand approximate closely those salready reslized under current
logging practice in well-stocked stands in many parts of the ponderosa
pine region. With careful practice substantial overruns will be
obtainad in the mill.

TapLg 12.—Number of irees per acre ! 11.6 tnches and more 7n diameler

i -
. Trees per acre, by site index—

Age (yeers)

&0 U E &0 ug 1140 | 120 | kB ing f fLiin)

Nuta-|( Nuwm-| Num-| Nem- Mt me  Nym-l Nun- Nim- Num-
ber

kK]
116
162
178
174
162
(R

) 11 RO
1, .

1171 P
170

! To penrest whole number.

TasLE 13.—Basel erea per acre ! of lrees 11.6 inches and maore in diameter

Basal ares per acre, by site index—

Age {yeurs)
ug [ 120

.SQJ:.E
35

1 To gearest whole number.
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TaipLe 14.—Average diameler 1 of trees 11.6 inches and more in diameler

Average breast-heiznt diameter, by site index—

Age (years) -
40 0 80 a9 110 120 130 140 150 160
1
Tachex Fnches| Inchest InchexiInches| Inches| Tuchesi Inchen Inchea) Inchea
....................... 12712811291 13.0(13.2) 1
........... 12.7 129 | 13.2]13.4 | 13, 14.1 14.8
1128129 13.3 | 13.7| 140 | 4.5 15.0 15.4
g1 12,9132 13,8} 14,3 1 14.8 | 15.4 | 15. 8 18.8
12,8 | 13.2 1138 & M.4] 1540|1560 16.3 | 168.9 17.6
13.1 | 13.8 | 14.0 151 .
1.4 [ 13.9) 4.5 LB
13.8 | 1441 151 b
14.2 | 14.9 | 15.7 L4
14.0| 14.6 1 15.5 | 16.3 18.3
14.4 | 131 | 14.0 | 160.9 19.1
14.7 } 150 | 16.5 | 17.68 0.0
15.0| 16.0 | 17.1 ¢ 1B 3 20.9
15.4 | 18.4 } 17.7 | 1.0 2.8
1571 16.8 | 18.3 | 19.7 | 2L.1 ) 22.7
36,09 17,3 | 18.0 ] 20.4 | 220 | 23.6
1.4 | 17.8 | 186 | 211 | 2281 24. 5 .
16.8 | 1B.3 ] 20.0 | 2171 23,6 | 25. 5 X
17.1 | 18.B | 20.5 | 224 | M. 4 | 36,5 .6 | 30.0 [ [P P

1 To nearest 0.1 inch,

TasLe 15.—Cubic-fool volume per acre,! tncluding siump and tip bul not bark, of

irees 11.6 inches and more in digmeler

Volume per acre, by site index—

Apa (years)
s | 50 % | oo | 100 120 | 130 ’ o | 150 l 160
Cu | Cufi Q. f2.| Cw fi | Ol fE) Cu Cu. fi.| Cu fi.| Cu. ft. | Coft C‘u[{gﬂ
............. 120 230, 530 1,060 1,
o) 200 970 1,860 2,750 3,760| 4,910
0. 520 2,770] 4,990) 5.230| 0,580| 7,850
470) 2, 060, 4,600 6,170 7,670 9,260 10, TR0
2,040 3,280 g,.3200 8, @, 8301 11, 520 13, 140
3,000 4,440 7,810| 9,730 11, 5904 13, 280| 15, 080
4, 1108 &, 540 8, 210| 11, 1607 13,030| 14, 850( 16,4640
§,010] 6,520 10,280( 12,2301 14, 200| 16,110/ 17, 340
o 5 780y 7,310 11, 1404 13, 140} 15, 180 17, 430 12020
6, 420| 7,050
0| 4, 23 0, #50( 8, 490
4, 640| 5, B50( 7, 400{ 8,450
5,000t 6, 230| 7,780} 9,340
5, 8201 6, 500| B, 120; , 880
5, GOO| 6, 840] 8, 4200 9,
5,840] 7, 0B0] B, 680( 10, 270
6, 06| 7, 320| 8, 920| 10, 500
€, 270) 7, 530( 9, 140 10, 750
6,470] 7,730] ©, 3a0| 10, 950

t To nearest 10 cubic feat.
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TanLe 16.—Board-fool volume ! per acre, Scribner rule, of trees 11.6 inches and more
in diameter

Voluran per sere, by site lndex—

Age (years)
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COMPARISON WITH PREVIOUS FINDINGS

As has been mentioned, studies have previously been made of the
yvield of even-aged stands of ponderosa pine in several different portions
of the range of the species. Reporis on studies of this kind have been
written by Gallaher,* Show (22), Alexander (5), Behre (3, 4}, Dunning
and Reineke (11}, and Reineke.

Of the six studies listed, Gallaher’s showed the highest volumes for
given site indexes and ages, Alexander’s the lowest. The small part
of California to which Gallaher's data refer is unsurpassed for pine
production throughout the ponderosa pine region. The even-aged
stands near Nevada City and Grass Valley grestly excel any other stands,
even on comparable sites, in volume production. However, the rea-
sons for the high values obtained by Gallaher are not fully evident.
His mesasurements were taken more than 25 years ago, and it is possible
that some of the best stands represented by them have since been
destroyed. Repeated surface fires have been set since that time to
improve range conditions, and have reduced the stocking of the stands.
Alexander’s yield values, for British Columbia, are extremely low
owing to the fact that stocking has been greatly reduced by repeated
surface fires throughout the pine region of British Columbia and that
the comparatively bigh ratio of stocking normelity exhibited by the
%lots' measured in the United States was nowhere duplicated in that

rovinee.

Cubic-foot yield tables were included in al} the reports but Gallaker’s
and Alexander’s. Yields indicated by these tables for site indexes 80.
and 120 are shown in table 17. Some of the values shown in the table

S; Gg.g.;umn, W.H. SEconp-GROWTH YELLOW PINE. File memorandum. Calil. Forest snd Range Expt.
B, 12,

! REINERE, L. TI. PRELIMINARY VIELD TABLES FOU SECOND-GROWTH WESTERN TELLOW FINE. Fils
memerandum. Celil. Forest and Range Exph, Sta. 1031,
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can be read directly from the original tables; the others have been
interpolated as exactly as possible.

TaBLE 17.——Ponderosa pine yields per acre indicated by findings of different

tnvestigators ! in the United Slates

Site index 8G Sile index 120
Apa (years} ) .
Dunning Dunzing
Meyer Behre and Show Meyer Behre an
Reineke Reineke?
Cu. fi. Cu. ft. Cu. fl. Cu. fi. Cu. fi. } Cu. fi. Cu. ft,
B e cmemac e —mmmm————— i, U530 1,850 [ I 4, 200 3, 081} 2, 690
B immaeme—en 3, 850 3, 580 5,300 | oo B 150 6, T3¢ & 500
L. 1 &, 300 4,640 7. 850 3, B0 10, T &, 670 13, 600
b N 6, 208 5,610 &, 60 9,970 12, 400 Uy 450 15, #00
1 U 6 850 6, 340 13, 6% 12,020 13, 605 13, 240 13, 400

1 Sgurees of values shown: Muyer, present publication; Bebre (3 Dunning and Relneke (11); Show (22).
3 Vylues are for stands in which beights of domigants and codominaats averaged 46 feet at 56 years.
1 Vaiued are for stands in which heights of d ts and cod nants averaged 80,5 fect ot 50 years.

The values given in the table vary widely, even though the upper
and lower extremes of the range of yield values shown by individual
studies are not included. Meyer's and Behre’s values are fairly com-
parable. For ages 90 years and more Reineke’s values and, with one
exception, Show’s values are far higher. Reconciliation is well-nigh
impossible. The values presented by Reineke, which were based on
data gathered by him and by Show and other investigators, are not
supported by the newer California data. Show’s values represent
chiefly yields of even-aged groups in a generally uneven-aged forest,
and hence may connote & long initial period of highly competitive
growth conditions or of suppression. .

In view of the fact that in application of yield tables the values are
adjusted to existent stand conditions, by means of normality percent-
ages, differences between two sets of y1:1d values are not disturbing
so long as they are consistent, like the differences between Reineke’s
values and those of the present study. After adjustment the two may
be identicel. The chief diffculty with high values is psychological;
many practicing foresters, familiar with average stand cunditions,
cannot put faith in yield tables showing values greatly exceeding
average actual yields.

NORMAL MOEBRTALITY

The enormous reduction in number of trees in & stand between early
youth and maturity involves elimination of much volume that is
seldom utilized under the present crude forestry practice but that
will probably be utilized more commonly in the future in favorable
situations and times. The trees that are normally lost through
mortality should be removed in thinnings before they die.

Normal mortality ss computed in this study is shown in table 18.
The values tabulated were not obtained through long-term studies of
mortality in single stands but were computed from the statistics ob-
tained in the study of live stands, by & method explained in the
sppendix. They are uncurved, and are presented as approximate
only. On land of site index 80, for example, 980 trees 0.6 inch and
more in diameter die out between the ages of 20 and 40 years, 608
during the next 20-year period, 269 durmng the third, and so forth;
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table 18 shows that the volume of the first lot of trees is only 101 cubic
feet, because of their small size; that of the second is 552 cubic feet;
and that of the third is 605 cubic feet. The cumulative totals for the
ages 20 to 100 years, for site indexes 40, 80, 120, and 160, are 1,212,
1,723, 2,695, and 4,360 cubic feet, respectively. 'These totuis are 42,
30, 24, and 23 percent, respectively, of the live volume for these site
indexes at 100 years. It is seldom appreciated that the volume lost
by & forest stand through normal mortality is such a large portion of
the total production.

TasLe 18.—Normal mortality, by 20-ysar periods, for all trees 0.6 inch and more
i breasi-height diameter
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In understocked stands volume loss by meortality is less than in
normsal stends, absolutely and perhaps relatively.

APPLICATION OF YIELD TABLES

In applying normal-yield tables constent emphasis must be placed
on the necessity of determining as accurately as time and cost will
allow the true conditions of age, site, ares, and stocking. For small
tracts precise determination of each of these factors is feasible; for
large areas, approximate or average values must often suffice.

t is especially fruitless to predict yield for nonforest:d land on the
assumption that a satisfactory reproduction stand will be obtained
without silvicultural measurds, Only when a stand has been estab-
lished and age, stocking, and site conditions are known should pre-
dictions of growth rate and yield be attempted.

AGE DETERMINATION

To estimate the avernge age of dominant and codominant trees,
inexperienced fieldmen should make inerement borings in at least 15
to 20 trees or should couni the rings on that many stumps. With

70889°—38—
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experience and practice it becomes easy to dispense with some of the
borings or stump counts. 'To convert sge determined by boring at
breast height to total age, it is necessary to make en addition varying
with site quality as follows: I, 6 years; II, 8 years; III, 10 years;
1V, 12 years; V, 14 years; VI and poorer, 16 years. These allowances
are for free-growing dominant seedlings, not for seedlings subjected to
severe competition; the time required by seedlings of the latter de-
scription to grow to breast height is much greater. For & large area,
often it is impracticable to classify age of stand more closely than to
within 20 years, :
SITE-QUALITY DETERMINATION

An area’s site index, as was previously explained, is obtained by
determining the age and height of representative dominsnt and co-
dominant trees. (%aution must be cbserved to get not the maximum
height for these dominance classes but the average. The most accu-
rate way is to construct & height curve for the stand (which incidentally
may be used for other purposes, such as volume computation}, com-
pute the average dismeter of the dominant and codominant trees
from @ stand tally, and read from the curve the height corresponding
to this diameter. The site index ean then be read from figure 2.
The usual tendency in estimating site quality without following this
procedure is to overestimate.

With experience and practice it is found possible to rely more and
more upon direct ocular estimates of site quality—especially if use is
made of the system of ssven general site-quality classes defined in

table 2.
STOCKING DETERMINATION

In order to adjust normal-yield-table values to conditions actually
existing in a0 even-aged stand, it is necessary to determine the stand’s
stocking. The stocking classification recommended for large areas
is as follows: 70 percent of normel or more, well-stocked; 40 to 69
percent, medium-stocked; 10 to 39 percent, poorly stocked; and less
than 10 percent, nonstocked. Actusl stocking percentages should
be computed by means of the field examinations.

Many different methods of stocking determination have been
developed. None of them is perfect or is in general use. Even if
satisfectory for expressing present stocking, they fail to show what
changes in stocking may take place in the future. Among the
different methods recommended for use on some occasions and in
connection with some problems are: (1) Use of & “normality percent-
age,” the ratio between & certain value determined for an actual stand
and the value shown in the normal-yield table for the appropriate
age and site classes; (2) use of stand-density index; and (3) the stocked-
quadrat method. .

Use of normality percenteges, especially that of basal ares, has been
recommended time and agaln (I3, 15). In this study it has been
proved thet these percentages are useful as means of predicting total
cubic-foot volume, total board-foot volume by International rule,
and other velues for the complete or nearly complete stand. Some
of the correlations between normality ratios of stand factors are
listed in table 19, and the more valuable ones are shown in graphic
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form in figure 11. The low coefficient of correlation bstween the
normality ratio of hasal area and that of board-foot volume by Serib-
ner rule indicates that basal-area ratio is of little use in redicting
Seribner volumes. The multiple correlation of the norm ity ratios
of basal area, average diameter, and volume by Scribner rule is higher,
but not sufficiently high to be useful. Asin other studies, the portal-
ity percentage for board-foot volume was found to be correlated fairly
ciosely with that for number of trees above a specified diameter.
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Figure 11.—Relations of veimme normality to basal-area and number-of-trees normality: ¢, Cubic-foot
volume; &, board-foob volume, Internationsl rule; ¢ and i, board-fout volume, Seribner rule.  The boord-
foot-volume relations represented are those of slands containing nt least 5,000 board feet per acre. For
@, &, and ¢, the independent variable is bosal-aren normality; lor d, it is normality of number of trees 116
inches and more in dinmater.

The stand-density-index method was devised rather recently by
Reineke (21). Ordinarily it requires no knowledge of age or site.
The regression line drawn by Reineke for determining stand-density
index, which fitted date for a number of species very well, did not fit
the data of this study; accordingly a new line was drawn for use with
ponderose. pine. A system of parallel eurves based on this line
appears as figure 12. The relations of normality percentages for
various gield values to stend-density index as determined from figure
12 are shown in table 19 and in figure 13.
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Taere 19—Correlation af measures of stocking with various yield values

. Correla-
Relation tion co- liegression equation
efficlent

Basal-eres normality percentage with nor-
mality percentaps of—

Cubic-foot voluma L CF percent=0.93 B.l percent4-5.42.

Baourd-loot volunte by— BF

. [ . Tz peroent=0.85 BA percent4-8.77.

International rule : -72 | BFn: parcent=G.91 BA percent+8.61,

Scribner rule % - B Fs. percent=0.68 Bl porcoot+26.51.

- BFg, percent=0,60 BA parcent-}-29.2.
Normelity percentage of pumhber of trees

. BFs. peroent=0.74 NT percant420.75.
116 inches nod more d. b, h. with nor- A ¢ \
melity percentnga of bosrd-lcot volume BF4. percent=0.80 N'T prrcenl+23.40.
by Scribmer rle.
Normality percentages af basal aren snd - BFyg, percent=0.82 BA percoot4-1.56
average diameter with normplity pereent- nverupe D percent—148.14.
nge of board-foot valume by Seribner rule. . BFs. pereent=0.85 BA pereent+1.27
averaye [} parcent-113.93.
Siand-density index with normality per-
centage ofl—
Cubie-fool, volume, 350 . CF percent=0.184 SOI-25.0,

Bourd-foot volume by— 0 RF
403 - 4 oy Percent=0.161 SOF428.1,
Tateraational rate { 319 58 | BFim percent=0.107 SHI4+02 8.
{ 417 . R Fy.: percant=0.1%2 SD/4-21,4.
1248 o BFa. percent=0.175 S01433 0.

Seribner rde ..o Loiieiaeaiaas

t Tocluding only plots having o volume per aere of 5000 board leet or more,
t Ineluding only plots on which the sverngo diamater of sll trees was 8.6 inches or mora.

To determine stand-density index by use of figure 12 it is necessary
only to know total number of trees per acre and average diameter.
If, for instance, a stand has 770 trees per acre averaging 7.5 inches
d. b. h., the first step in determining its stocking-normality percentage
is to find in fizure 12 the intersection representing this density and
this diameter. The value of 450 can then be read from the guide
lines by interpolation. According to figure 13 this index is associated
with a cubic-volume normality ratio of 109 percent. Thus the stand
is slightly above normal in volume.

Tests of the yield tables show that there is a slight relation between
stand-density index and site index. The higher average stand-density
indexes are associated with the lowest site indexes and the highest site
indexes. For preatest accuracy, a correlation for site index should
probably be introduced when stand-density index is used #s 2 measure
of stocking ; but the effect is so small that it is justifiable to read indexes
directly from figure 12 if they are to be used in connection with figure
13, about whose regression lines the variation is fairly wide.

The stocked-quadrat method, described by Haig (2) and Cowlin
(10), is particularly useful in estimating the stocking of reproduction
stands. A quadrat is classified as stocked if it contains one or more
seedlings, and if it contains more than one this does not alter the
classification of 8 neighboring nonstocked quadrat. This method
gives directly an estimate of the percentage of the total area on which
seedlings are present in adequate numbers. Good distribution of
seedlings is the silviculturist’s aim rather than large number of seed-
lings per acre, which does not necessarily imply satisfactory stocking.

Tn some Instances the size of the gquadrat has been made to corre-
gpond with the number of trees per acre desired at the rotation age.
For instanee, aceording to table 8 a 120-year-old stand on an area of
site index 80 normally contains 196 trees per acre. If these trees are
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evenly spaced, each has 222 square feet, or & 14.8-foot square, of grow-
ing space. Obviously, this spacing is much too wide for best form
development of small seedlings; it will cause excessive limb develop-
ment and retard shedding of limbs. In other instances quadrat size
has been made to represent the growing «pace of each tree in a fully
stocked, evenly spaced reproduction stand soon =after the stand
becomes established. This has led to use of a quadrat 6.6 feet on the
side, corresponding to a stocking of 1,000 evenly spaced seedlings to
the acre. In the greater part of the ponderosa pine range the §.6-feot
spacing is undoubtedly much $oo close for continued normal develop-
ment. For the time being the author has compromised by dividing
the acre into 500 quadrats. This corresponds to an even spacing of
0.33 feet in ench direction. If ponderosa pine seedlings become estab-
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lished in this density they should grow well, without risk etther of
stagnation or of excessive limb development. This should by no
means be taken to imply that an average density of 500 trees o the
acre is adequate for planting, or that natural seedling reproduction
averaging 500 trees per acre can be expected to develop into a satbis-
factorily dense stand of timber. On’e ponderosa pine area where
each one five-hundredth acre contains at least one estaﬁ;lished seedling,
the total number of such seedlings per acre is likely to be 2,000.

Of the many ways of applying the stocked-quadrat theory, one of
the more practical is to record the stocking of groups of four quadrats
each at some definite interval, such as I chain, along survey lines
evenly spaced through the area. Stopping at the end of each chain
or other chosen interval, the estimator considers himself in the center
of a block of four 9.33-foot quadrats. He looks in the first quadrat
until he finds an established seedling or assures himself that none is
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present, then in the second, and s on. The number of stocked quad-
rats divided by the total number of quadrats examined gives directly
the percentage of stocking. It is often desirable to bresk the totel
runs into definite units, such as 20 chains, in order to Jocelize variations
in stocking,

Number of seedlings per stocked quadrat increases with computed
stocking, In reproduction surveys in pine stands of south-central
Washington, for instance, in which groups of 4 quadrats were exam-
ined at l-chain intervals along 20-chain strips, average total number
of seedlings per stocked quadrat varied with stocking percentage as
follows: 1 to 10 percent, 1; 11 to 28 percent, 2; 29 to 42 percent, 3;
43 percent and more, 4,

or second-growth ponderosa pine stands basal-area ratio or stand-
density index is the most useful method for determining stocking in
terms of cubic-foot volume and board-foot volume by International
rule; number-of-trees normality ratio is the only valid method for
determining stocking in terms of board-foot volume by Scribner rule;
and the stocked-quadrat method should be used for determining stock-
ing of reproduction.

YIELD.SURVEY PROCEDURE

A yield survey involves getting stand tallies as in a valuation survey
and getting the necessary data on age of stand, site quality, and
stocking for each portion of the area. The exact methods of & yield
survey will not be defined in detail; they have been described in &
number of previous publications, particularly the report on the study
of yield of Bouglas fI'L)r in the Paoific Northwost (738).

For greatest efficiency the field work of the survey should be done

by & party of three men—one to run the line and make the map, one
to estimate, and one to make increment borings, messure heights, and
keep account of variations in age and site cluss. A forester working
on & yield study of ponderosa pine soon learns to estimate heights
ocularly to the nearest 10 feet with occasional checks by instrumental
measurement, and eventually learns to estimate age to the nearest 20
years. For the purpose of siie-index determination it is beiter to
estimate numerous heights within 10 feet than to meesure a few
accurately with instruments. For extensive work it is almost impera-
tive that the forester train himself to recognize age of stand and
quaelity of site without much effort. Lack of such training causes undue
delay in the conduct of 2 yield survey.

The survey maps and statistics should show divisions of ares by
age of stand, site quality, and stocking cless. In the office the stand
tallies are worked up, the map is perfected, and the areas are planim-
etered and fabulated. The terms in which the estimetes are made,
and the rotetion age, vary with needs. Sometimes estimetes of cur-
rent growth are needed, sometimes estimates of total volume at future
dates—with or without reference to rotation age; at still other times,
1t 1¢ necessary to calculaie the best time to cut for products of specific
siz&s. Each of these needs and many others are met by use of the yield
tabies.

An mstance of extensive use of yleld tables is the growth calculations
for the entire Douglas fir region of Oregon and Washington.® Similar

*Muver, W. H, BRIEGLER, P. A., aid others. FOREST GROWTH IN THE DOUGLAS FIR REGION, Pacific
Narthwest Foreat Expt, Ste., Forest Research Motes 20, 1836, M !mecgraphed.]
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calculations will be made for the ponderosa pine region of these States
by means of the yield tables presented in this bulletin.

INCREMENT AND ROTATION

Mean annual and periodic annual increments computed from the
yield tables are given in tables 20 to 25. Rotation ages for the three
volume measures are summarized in table 26. For cubic-foot volume
production, they range from 40 to 70 years; for board-foot volume
production estimated by the International rule, from 60 to 160 years
or more; for board-foot volume production estimated by the Scribner
rule, from 90 to much more than 196 years. The poorer the site quality
and the less complete the utilization, the greater is the rotation age.

Lands of the poorest site qualities, those for which the indexes are
40 to 60, apparently are totally unfit for lumber production because
of the long rotations involved. For production of fuel wood and other
small-sized material, they undoubtedly have their use.

In many respects thie rotation ages stated in table 26 are unsatis-
factory, since they were calculated without regard to amount invested,
carrying costs, prospective returns, or other financial considerations.
Calculations In which these values are taken into fecount are neces-
sarily of local and temporary application only. Methods of making
such caleulations are deseribed in most forest-management texthooks.
Calculations of this character made in the course of this study have
indicated rotation ages much lower than those shown in the table,
especially when high rates of compound interest were assumed. Dis-
counting of fina} net financial yield to the present iime to find the
present value of an immature stand further reduces rotation age.

TapLE 20— Pertodic annual cubic-fool inerement per acre of trees 0.6 inch and more
in diameter
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TaBLE 21.—Rfean annual cubic-fool increment per acre | of lrees 0.8 inch and more
in diameler
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TABLE 22— Periadic annual board-fool tncrement, Frternalional rule {*a-tnch kerf},
per acre of Lrees 8.6 inches and more in diameter
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TaBLE 23.—Mean annual board-foot increment Inmternational rule (Yi-inch kerf),
per acre of trees 6.6 inches and more in diameler

Increment per acre, hy site index—
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TaBLE 24.~~Periodic annual board-fool increment, Scribner rule,
11.6 inches and more in diameter
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TasLE 25.—Mean annual board-foot increment,! Scribner rule, per acre of trees 11.6
inches and more in diameter

Increment per acre, by site index—
Age (Years)
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TaBLE 26— Rolation ages for cven-aged stands of ponderesa pine, by cubic-fool and
bogrd-fool measure

Board-{val miensure Boord-foot ressare

. Cublp. |——— s _— e
Elte index foot 1 ife index

. ntor- . Inler-
DERSHIC | yntiona) | Seriboer pational

rule rule raie

Eeriboer
rule

Years Years

L1 (L1 IO 39 0 07
60..._ . { 161 - a7
rizd B?
j+3

STAND AND STOCK TABLES

Table 27 is a stand table for average ponderosa pine conditions
throughout the portion of the range of the species covered by this
study. Table 28 shows the results of applying the percentages shown
in table 27, or interpolated values, to t]ljle number-of-trees yield table
for total stand (table 4). If desired, comparable values can be com-
puted for other ages and site conditions. Since there is a decided
variastion from one region to another, distributions for four Tepre-
sentative sets of local conditions are given in table 29, namely, those
of the west slopes of the Sierra Nevada, of Oregon and Washington,
of Ideho and Montana, and of the Black Hills.
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TasLeE 27— Percentage distribulion of
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TasLE 28— Distribution of tolal number of lrees per acre by diameler ¢lass in stands
of different ages and sile indezes, for range as a whole

SITE INDEX ¢0

Trees por acre, by sge class
Diameter closs
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Nuember | Number] Number| Number{ Number MNumber | Number
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Tanve 28.—Distribution of tolal number of trees per acre by diameter class in stands
of different ages and site indexes, for range as @ whole—Continued.
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TanLE 28 —Distribution of lofal number of frees per acre by diameler class in stands
of different ages and sile inderes, for renge os a whole—Continued
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Table 30 is the stock table for cubic-foot volume and table 31 for
board-foot volume by Scribner rule. These tables represent average
conditions and also conditions in individual subregions. No attempt
is made here to present stock tables for selected ages and site indexes.

Stand and stock tables have many different uses, chief among which
is prediction of the sizes of trees producible in future times. For
the purposes of many calculations it is essential to know exactly how
many trees of certain diameter classes will be obtained or how many
years will pasg before certain numbers of trees attain specified disnm-
eters. These tables are especially valuable in calculation of logging
costs and profits. Often it is necessary to introduce tree size Into
computations of net costs and to deduce from these what silvicultural
treatment is preferable,

The methods by whieh the stand and stock tzbles were construeted
ere described in the appendix.
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in slands of different average breasi-height diamelers! for range as a whole and
ENTIRE RANQE

TanLE 31.—Perceniage distribution of Scribner board-fool volume by diemeter clase
subregions
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HEIGHT

Figure 14 presents seven sets of height curves illustrating for repre-
sentative ages and site indexes the average heights of trees of various
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FIGURE: 140.—Tofal helghts of trees of vorious diameter classes, for seven se1s of represeniative sges sod
site [ndexas 40 to 100

breast-height dismeters. These curves are based on 10,101 height
measurements. ‘They are useful in ealeulating the volume, growth,
and yield of second-growth ponderosa pins forests.
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Curves of this sort are a recent addition to yield studies, in spite of
the fact that many thousands of heights have been taken in stands of
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Frounre 14b—Totnl heights of trees of varfous dintneter elasses, for seven sets of representative ages and
site Indexeg 120 to 160

many age and site classes in every such study. The resson for this
probably lies in the previous lack of a suitable method of analysis.
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The method used in this study, which is described in the appendix, is
stmple and gives fairly accurate results, although it has the fault of
subjectiveness. It is fo be hoped that further study will lead to
development of an objective technique for this purpose.

To apply these height charts, 21l the information required is age of
stand and spproximsate site index. Heights for age classes not shown
in the charis can be interpolated ocularly. Availability of these
charts makes it unnecessary for timber cruisers to measure many tree
heights. Such measurement has commonly been neglected, because
of L1;ghe time and inconvenience inveolved.

YOLUME

A volume study is prerequisite to & yield study. In this project,
special effort was made to obtain all svailable stem and teper analyses
for second-growth ponderosa pine and these data were supplemented
with new material. Table 32 gives cubic-foot volume of the entire
tree, including stump and tip but not bark or branches. Table 33
gives board-foot volume by International rule for }-inch kerf, and
teble 34 gives board-foot volume by Scribner rule.

Tasrt 32.—Cubic-foot volume table for second-growth ponderosa pine, by tolal height
of freest

Volume by total haight
Digmeter
ut brenst
helpht
{inches)

| 190
feet

ISR
£ b 1 DR

BEE e

HUEET e o @

. 446 498 524
l
! Data oollected in Oregon, Callfernia, Arizona, Colorado, Wew Moxico, and Montaon, Basis, 2,047 Lrees.

Volume inelndes peeled stump, sters, oid top.  Table prepsred by ativement-chart method, 1935, Aggre-
gate devistion from basic data, 4-0.24 percent.  Standard deviation, =11 pereent.




YIELD OF EVEN-AGED PONDEROSA PINE 51

TapLE 38.—Board-foot volume iable {Internalional rule, Y-inch kerf) for second-
growth ponderosa pine, by total height of trees 1

Volume {board feet in tens) by total-height class
Diameter ut broast height
(inches)

TO 80 0 00 | 110 | 120 140
feat feat

.| Bd.fR.

3B
52
[ii]
84
103
122
142

-_A-_ji_v | o8 382

! Data collected in Qregon, California, Monotsna, Arizons, Colorads, and New Mexico. Busig, 2,865 trees.
Stumnp height, J to 2 feel. Trees scaled in 16-Ioot log Jengths with (.3 foot trimming allawance to t-inch top
diameter inside bark. Tuble propared by nlinemeni-chart method, 1935, Aggrogats deviation from basic
data, —0.10 percent. Standard deviation, -+18.4 percent.

TasLe 34.— Board-foot volume lable (Scribner rule) for second-growth pondernsa pine,
by total height of trees 1

Volume (board feet in lens) by total-height closs
Diameter at breest height
(foches)

&0 &0 pLLI}

W eeies

264 211 | 332

! Data collected in Qregon, Callfornia, Montena, Colorsdo, Arizona, and New Mexico. Basis, 2,805
trees. Btump height, 1 to 2 feat. Trees sealed in 16-foot log lansﬁtbs with .3-foot trimming allowanee to
8-inch top diumeter {nside bark, Table prepered by slinement-chart method, 1435, Agerepata daviation
trom basiv duta, —0.25 percent. Standard devintion, 2=17.8 pervent.
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The volumes corresponding to given diameters and heights of
ponderosa pine trees are commonly comsidered to vary with site
quality. The results of this investigation tend to support this theory;
but because the data are in some respects incomplete and unsatisfac-
tory, definite statements as to variation with site quality cannot be
made. Instead, the dats have been analyzed as a group for variation
of volume with form. The expression for form tentatively accepted
is the ratio between diameter inside bark st a height of 18 feet up the
bole and breast—hei%lht diameter outside bark. %se of this quotient
takes into accouns the two most important factors, namely the greater
butt swell and the greater bark thickness usually observed on land of
the better site classes.

In applying the volume tables to a specific stand these two measure-
ments should be made on 30 or more trees, either after felling or by
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FiGURE 15.—Second-growih volume edjustment based on ratio of diamelar inside barlk at 18 fest {o diameter

outsids beck at broast haigk.: €, cubic-foot volumne, b, board-foot volusee, Internationsl nitle; ¢, hoard-
font voirzie, Seribner rule.

climbing, the average ratio should be determined, and the correspond-
ing adjustment factor should be sought in figure 15. The correction
faotors are most accurate for trecs 10 inches and more d. b. h.  For
trees of smaller dismeter, the ratio used here s not & good expression
of form and use of the correction factors shown in figure 15 1s not
recommended.

Tf tables 32-34 are to be used frequently for interpolated diameter
snd height classes, it is advisable to convert them to graphical form,
most preferably on double logarithmic paper of the largest cycle
obtainable. Logarithmic paper with & cycle approximately 18 by 18
inches, for instance, has been prepared by the Pacific Northwest
Forest Experiment Station for its own use and has proved entirely
acceptable,
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APPENDIX
BASIC DATA

The data used in constructing the normal-yield tables in this bulletin are
mepsurements taken on 450 temporary sample plots by seven or more investi-
gators and their assistants in five nationai-forest regions. On more than 300 of
these plots the measuremenis were made under one working plan, with general
supervision by the author. Tables 35 and 36 show the distribution of the 450
plots by State, age class, and site-index class. The standard plot sizes in the
normal-yield study were 1 acre for old stands and one-quarter acre for young
stands. Departures from standard size were made ofien, to obtain uniform stand
conditions. The distribution of the 450 plots by size was as follows:

Number
Size {acre): of plols
Less than 0.10
3.10 to (.24
(.25 to 0.49
0.50t0 0.74_. ...
.75 toc 0.99

Efforts were made to sample true even-aged-forest conditions: measurement of
plots in small patches of timber was not favored.

TABLE 35.—Digiribution of plots accepled in mormal-yield study, and their average
sile tndexes, by Slaie

| B : I
PoAverage | ; Average
. site index | State ! Plos site index

Plats

) Number .
Moptaba i
outh Dakots i

1
|

TasLe 38— Distribution of plots accepted in normal-yield study by age cluss and
site-index class

i _ H - | T
Age class (years) | 90-10 | 110120 130-H48 | 150-160 | Total
i { ! i

Number Number | Number
2 1
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Records were available for 398 plote in addition to the 450 accepted in the
normal-yield study; some of these records were used to determine the effect of
stocking upon yield. No data were avsailable for the Southwest.”

Some of the new data were rejected, because they represented stands for which
the density indexes were less than 250 or more than §50. Measures of rejection
commenly used in yield studies, such as deviation by more than twice the standard
error from the average value, were not applied in this study; therefore variation
about the yield-table values as expressed by standard errors tends to be greater
than uvsual. Wide variation had to be accepted becauvse true normality had not
been clearly defined and opinion in regard to it varied among the investigators
themselves.

it may eventually be found necessary to supplement the data for a few sub-
regicns, particulariy the Black Hills. Existing data for the Black Hills checked
closely with those for the other subregions as to cubic volumne, but differed from
them considerably as to board-foot volume, It is probable that separate yieid
tables will be required for the Black Hilis.

METHODS OF TAHBLE CONSTRUCTION

YIELD TARLES

In the ponderosa pine yield study it was necessary to depart somewhat from the
standard methods of vield-table construetion developed by Bruce (8), Bruce and
Reineke (7}, Reineke (20, and Bruce and Schumacher (8).

The success of yield-table construction depends primarily upon correct initial
determination of thesite quality of the plots. The investipator cannot proceed with
the study until be has constructed dependable site curves. In the ponderosa pine
study the site curves drawn up by the standerd method (€) were obviously wrong.
They were $oo flat in the lower range and too steep in the higher, and did not
fit well any curve formed by data taken vnder site conditions known to be uniform.
Attempts to modify the curves by a study of standard deviations and coefficients
of variation (8) about the graduating curve led to errors of the opposite nature.
A new method was therefore used.

The plots of each of 11 major subregions were treated as n separate group. The
average height of average-diamefer deminant and codominant trees for each plot
in the subregion was plotted over age. An average curve was then fitted fo the
datz, and an estimated site index read for the group. The next step was toset up
a chart with site index as abseissa and height of average dominant and codominant
trees as ordinate, to plot readings of the heights for seleeted nge classes of each of
the groups of data, and to curve these readings out by age elass.  The fit was made
easily, the major part of each curve being rectilinear. A little forcing of the curves
at the lower extremities was required to make them pass through the 0:0 coordi-
nate. The final step was to construct a chart showing height over age for site
indexes at intervals of 10. The results were not subjected to any rigid test, but
were found fo correspond fo height-on-ape curves, each representing a single site
index, that were constructed from the height-on-age data aveilable for certain
lgcalities fairly uniform in site conditions.

The suceess of this method depended upon the availability of groups of data for
whieh average site quality varied widely. In this study site index ranged from 41
for the poourest group to 120 for the best. Had the territory covered by the
investipation been limited as in earlier studies, probably this method would not
have been fensible.

After the site-index eurves were constructed, site index was determined for each
plot and all the data were sorted on the basis of 20-foot site-index groups and 10-
year age ciasses. At this stage the standard procedure is fo construet graduating
curves, with age as the abseissa and the stand value as the ordinate, and read the
estimated plot values fram the curve. The site-index curves are then drawn on
both sides of the graduating curve, at intervals determined by ratic of sums of
estimated plot values to sums of actual plot values for each site-index group.
An alternative teehnique for the last step is & study of the coeflicients of variation
(8). These techniques, also, had o be modified. In the first place, for the data
talken on land of good site quality the maximum age class was 70 years, whereas for
those taken on average sites it was 190 years. Also, growth stagnation on a large

1 It Iz possible, bowever, that the ¥ield tabics presentod here can be applied to the even-aged groups com-
men jo the pine stnods of the Kaibab Platesu, through some modifieation of yield-survey technigue and
study of the relatlans between values such es number of trees or volume for the Kaibab stends and corre-
sponding velues of tha normal-yield tables,
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number of plots in young stands and the poor site quality of many others tended
to warp various sections of the graduating curves. For ihese reasons each
graduating curve was confined to average site-index classes, namely those in the
tange from 60 to 100. The curve was ansmorphosed, with age ae abscissa, and
upon the anamorphosed chart the data were plosted by site-index class. The
points for each site-index class ordinarily fell in a straight line, which did not pass
through the origin. Seclected intercepts were then plotted over site index and
curved cut. Finally, the curved values of the intercepts were used directly to
get the spacings of the site-index eurves about the graduating curve. The
customary cross checks were made among basal ares, number of trees, and average
diameter.

The yield tables for partizl stands were constructed by the usual method {6)
with slight modifications. The standard method calls for a single average curve
of a stand value, such as pereentage of total basal area included in the partial
stand, over average diamcter of total stand. The values for site index 40, the
lowest in the scale, differed consistently from the average curve in these plottings
and were therefore curved out and dealt with separafely. The values for site
ingcx gg were interpolated between the values for site index 40 and those for site
index 0.

After the yleld tables were completed checks were made on the fit of the
dats from different subregions to the yield tables. These resulted in certain minor
changes in the tables. On the whole, however, the results were accepted as they
stood. Aggrogate devintions of subregional groups of data from the final yield
tables, and the standard deviations of the entire group, are shown In table 37,
The deviations for eertain subregions may af first glance seem inordinately large;
but they should not be construed as indiating a weakness In the tables, since
rejeclion of plots was not severe.

TaBLE 37— Aggregale deviations of plot data from normal-yield values, by subregion

‘ Aggrogaie prror {poreent of estimated value) for—

Subregi | Board-faat volume
TN .
Nutther [ Basul Cl!rllgéc

of traes et voliure

Interoa-
tignal
rile

Seribner

i Brereent | Fercent | Percent? | Percen
OaorDid. .. ol i 0. B 7.6 +6. 5 +7.8
Cregott and Washinglon . R ) —. 7 =20 —6, ]
i [Vl . 3 -3L.1 —hd =d, 3.7
Southern Idebe.... _ . .. . v —f 4 =100 X =03
Northern Idaho and Montana .. +7.5 —2 % 3. —a.0
Blaek Hilig. ..o ....... .. ... k +15.8 +14.6 . —30. 3

Totnd .l ... . N +.usi . +.13

I Date taken by Belire (3, 4).

For several western timber species ineluding Sitka spruce and western hemlock
(15}, the plotting of yield values over average diameter without reference to site
quality or age has resulted in compact curves in which no effect of site or age can
be determined. Curves of this character have pronounced advaniages, chief of
whieh is the possibility of more relinble yield predietion en the besis of avernge
diameter alone. In the case of ponderosa pine the curve of yield over average
diarlpe_tglr shows a strong residual effect of site and age, which makes its utility
negligible.

BTAND AND STOCHK TABLES

The stand and stoek tables of this study were constructed by the graphical
method used in a recent study of the yield of Sitka spruce and western hemlock
(15). ‘This methed is in part a reversion to one used in early stand-table studies.
It is simpler than the alinement-chart method (?) or any of the mathematical
methods now in use. Its accuracy depends in part on availability of a large
quantity of data. In the author's opinion, for use in coustructing & series of
tables of different kinds it is more accurate than the alinement-chart method or
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the mathematical methods; it may be less desirable than one or another of those
methode in some instances, but it is believed to be the only method now known
that can be applied to normal, skewed, and truncated curves for number of trees,
basal area, or volume with equsl ease and accuracy. The saving in time is
enormous and was & prime factor in this study, in which literally dozene of stand
and stock tables were prepared.

First the plots were sorted on the basis of 1-inch gradations in average dinmeter.
Number of trees (or cubie-foot or board-foot volume) was listed, by diameter
class, for each plot. Cumulative sums and perceniages from smallest to largest
diameter were then obfained for each diarmeter group and plotted oo mrithmetic
frequency paper for successive limiting dismeters. For instance, the percentage
of {otal number of trees in the 1- and 2-inch classes was plotted on the 2.5-inch
gradstion, and that of the 1-, 2-, 3-, and 4-inch classes on the 4.5-inch gradation.
The plottings were curved out only slightly or extended so that readinge of diam-
eter limiis eould be made at the gradustions for certain percentages ineluding 2,
5, 20, 50, 80, 95, and 98. These readings were plotted on ordinary rectangular
coordinate paper with average diameter as the abscissa and diameter limit as the
ordinate, and the plottinge were eurved out by the percentage intervals. Except
for the high percentages, these fittings were made easily. This gave the basis for
constructing on arithmetic frequency paper a eomplete set of fitted and coordinated
curves, which ordinarily needed little further adjustment. Tao obtain table 28,
the percentages applying to the suceessive dinmeter limits of a stand tally were
applied to the yiel&3 table for number of irees in tofal stand {table 3) through the
mediutm of the table for average diameter of total stand {table 5).

In the case of board-foot volume by Secribner rule, the basis of the initial
sorting was average dismeter not of toial stand but of trees 11.6 inches 2and more
in diameier. This switch resuited in much stronger curves in the subsequent
steps.

HEIGHY TABLES

Figure 14, height curves for stands of representative age and site-quality class
was constructed by & method described in reports on vield studies for Sitka spruce
and western bemlicck (15} and for Douglas fir2  This method is largely graphical
and therefore somewhat subjective, but for the present seems to be the only
feasible technique aveailable for constructing such curves. Multiple curvilinear
correlation methods in their present form failed to give 2 satisfactory solution.

First the plots were sorted on the basis of 1-inch gradations in average diameter
and the heights measured on 2ll the plots of each group were listed by diaeter.
The average heights for individual diameter classes were computed and were
plotted over diameter on rectangular coordinate puper. A smooth curve was
drawn through the plottings and the height corresponding to the average diameter
for the group of plots determined. The curved heights corresponding to diameters
8} l-inch intervals were thea expressed as percentages of this height. These per-
centages were next plotied over average stand dismeter and eurved out by 1-inch
dismeter classes.

Preparation of the site-age height charts began with reading the diameters for
selected nges and site-index classes from the normal-yield table for average
breast-height diameter of fotal stand (fable 5). The heights of the average-
dismeter dominant and codominant trees for the same classes were read from
table ¢ and were eonverted fo height of average tree of 2ll dominance classes by
means of & chart not given here.  Percentage height values were read foraverage
diameters of selected ages and site indexes, shown in table 5, and multiplied by
average height in feet to get the heights for the full range of diameters.

The aceuracy of this method depends upon the mvailability of & large quantity
of data,

MORTALITY TARLES

The values for the mortelity {ables were computed through the medivm of the
number-of-trees table (fable 3}, the stand iable {table 28), the height curves
(fg. 14}, and the cubic-foot volume fnble (table 82). The methed of computation
hes been expluined ab length in a previous yield-study report {15) and will not be
deseribed here in full. Ign brief, it consists in deducing by means of the stand
tebles the number and size of the trees eliminated by supression from cone decade
to ancther. For instance, according to teble 4 a stand of site index 80 has at 6G

*MEvER, W, II. HEIGUT CURYES FOR EVEN-AGED STANDS GF POUGLAS FIR. Pacific Nor{hwest Forest
Ezperlinent Btation., 1039, [Mimeographed.]
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%ears 662 treea per acre, and &t 80 years only 393 trees, or 269 trees less, per acre.
rom the stand tables for the two ages (table 28) the differences in number of
trees for individual diameter clusses, starting from the smaliest, are cumulated
until the total loes in pumber is found. In the case cited the loss per acre is
eighteen I-inch trees, sixty-five 2- and 3-inch trees, one hundred and one 4- and
§-inch trees, seventy-four 6- and 7-inch trees, and eleven 8- and 9-inch trees.
The height for each diameter class, for the lower age class, is read from figure 14,
acd the volumes are computed. This method gives actually o minimun estimate
of the volume lost during the period, since it makes no allowanee for growth of the
trees from the beginning of the decade to the time when they die or for death of
any large trees.

YOLCME TABLES

The three volume tables were constructed by the base-alinement-chart method;
separate base charts were used for each table, and the cubic-foot and board-foot
tabies were cross-checked by means of board-foot-cubie—foot ratios.

The deviations computed after the tables were compiefed indicated that volume
may vary consistently with site quality, but the data were too unsatisfuctory and
unrepresentative for definite eonelusions on this point. Many, perhaps most,
of the present volume data are for young trees in uueven-aged stands; thus it is
possible that the data do not fairly represent conditions in even-aged stands. In
future investigations in second-growth ponderosa pine emphasis should be given
to study of varintion of volume with site quality or of the relation befween form
and volume, in order to define relations that may be more satisfactory than those
stated here. When reliable volume data taken in even-aged stands of a good
range of age classes on sites of all qualities are finally obtained and analyzed, if
these data show veristion with site quality the values of the yield tables for
voiume (tables 6, 11, 16) can easily be adjusted,
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