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INTRODUCTION

Ponderosa pine (Pinus ponderosa 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 Mountsins and from Mexico north into British
Columbis (fg. 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 1s whitish yellow, soft, and easily worked; that of young trees
1s much coarser and more resinous, and therefore under present market
conditions less desirable. Like other pines, ponderosa pine is adapt-
able to different methods of management and regeneration. Under
natural conditions 1t most commonly grows in uneven-aged stands, but
in general it thrives equally well in even-aged stands.

1 Submitted for publication November 28, 1937,

I Gratelul acknowledgment is made to directors and staff members of the western forest and range exper-
iment stations for advice and for assistance in collecting data in conuection with this study. Particularly
veloable help was received from B. H. Weidman, of the Northern Rocky Mountain station; C. K. Behre,
of the Northeasternstation; D. Donning end V. A. Clerents, ¢fthe Californiastation; and C. A. Connaungh-
ton and E. L. Mowat, of the Intermbuniain station.  Other contributors are J. L. Alexsnder, of the Uni-
versity of Washington, formerly of the British Columbis Forest Branch, who tock the measuremesnts in the
pondeross pine of British Columbis, and W. H. Gallaher, E. N¥. Munns, S. B. Show, and L. H. Raineke,
who conducted studies in ponderosa pine in Californis. For most of the computations involved in com-

i)éﬁ.g and analyzing the dsts, credit is due 8. B. Ha , of the Pacific Northwest Forest Experinent
on.
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2 TECHNICAL BULLETIX 630, U. 8. DEPT. OF AGRICULTURE

Findings of the national-forest survey now being made by the
Forest Service show that the extent of the even-aged second-growth
stands i1s much greater than has been estimated in the past. Some
extensive stands commonly thought to be uneven-aged are composites
of even-aged groups. In the 10 counties of eastern Oregon and eastern
Washington for which survey statistics were available at the time of
writing, ponderosa pine stands classified as second growth cover more
than 1,340,000 acres. Young, even-aged stands occupy 639,000
acres of this total; on the remaining 701,000 acres, the stands are
even-aged and of advanced development or else have been subjected

F1oure 1.—Approximate distributlon of forests in which pondeross pine Is the dominant species, and
Jocation of plots or groups of plots used in this study.

to heavy selection cutting and now bhave even-aged understories of
pine reproduction. In California, and also in parts of Oregon, Wash-
ington, Idaho, and Montana, the even-aged stand is characteristic
of old Ilﬁnin%m(};]uttings. In the Black Hills even-aged stands have
become established on areas that have not been cut over, originating
probably after extensive fires occurring in the infrequent years when
seed production and the conditions governing germination and sur-
vival were favorable. The area of even-aged ponderosa pine forests
is constantly increasing, primarily as a 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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YIELD OF EVEN-AGED PONDEROSA PINE 3

most foresters. A yield study of even-aged ponderosa pine forests
was necessary as a 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 vield capacities of even-aged ponderosa pine
forests have previously been made, notably in California (17, 22),
Jdaho (3, 4), and British Columbia (). The results of these studies
were limited as to region of application, and were widely divergent.
In this study an effort has been made to coordinate the best of the
older data and new supplementary date and to derive a set of yield
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. All the new date were gathered under one general work
plan and under the direct initial supervision of the project leader.
Sample plots were taken in California, Oregon, Washington, Idaho,
Montana, South Dakota, and in & single locality in Wyoming. The
pine forests of the Southwest were left unsampled, because the South-
western Forest and Range Experiment Station after & survey of its
field concluded 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 distinet from small groups of second growth. The
study was confined to fully stocked stands, which furnish the best
basis of comparison for stands of all degrees of density.

The old snd new data together comprnsed 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 m which plot selection was not based on stand
normality. Data from many of the rejected plots were used in study-
ingit the effect of stocking upon vield.

n this report some mensurational data other than growth and yield
statistics are %—iven that will assist 1n dealing with problems relating
to stand development.

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

Detailed deseriptions of the data and the methods of analysis 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 distribution and describing
its silvical characteristics (7, 2, 9, 16, 17,18, 19, 23, 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

3 Ttalic numbers In parentheses refer to Literature Cited, p. 53.
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4 TECHENICAL BULLETIN 630, U. S, DEPT. OF AGRICULTURE

vield per acre at maturity. All these characteristics are distinctly
preferable from the silvicultural standpoint to those existing in un-
even-aged stands. Even-aged pine culture is not advocated, however,
except for areas where annusl rainfall 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 & grest range of climatic 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 dats. In Oregon
and Washington, at least, weather stations are too few and in too
many instances remote from timber stands to afford date representa-
tive for the type. Baker snd Korstian (/) recognized five divisions
of the general range of the species, as follows: (1) Eastern Rocky
Mountain, including central and eastern Montana, parts of North
Dakota and South %&kota, most of Wyoming, a part of Nebraska,
eastern Colorado, and northeastern New Mexico; (2) south platean,
including Arizona, most of New Mexico, southeastern Utsh, and
southwestern Colorado; (8) central plateau, lncluding most of Nevada,
most of Utah, southwestern Wyoming, gnd southeastern Idako; (4)
north plateau, including Washington, most of Oregon, most of Idakho,
and western Montana; and (5) south Pacifie, including Californis
and southwestern Oregon. According to available meteorclogical
records as charted by these authors, annual precipitation averages
for the different subregions are sas follows: Central plateau and
eastern Rocky Mountain, about 18 inches; north and south plateaus,
22 inches; south Pacific, 44 inches. The variation about each of
these averages is of course wide; in the north platesu, 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 s its dis-
tribution through the seasons of the year. A summarization of the
data tabulated by 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 Mountamn 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 rﬁlateau has a gradusal 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
year. The curve for the central platesu is similar. The precipi-
tation of the south plateau decreases irregularly through June and has
g striking increase in July and August and a mild decrease through to
November; thus its curve has two pronounced pesks.

Annual mean temperatures for the first four subregions were found
to range only between 42° and 45° F. The south Pacific, however,
bas an annual mean of 51°.  The temperature averages for the 4-month

[CDF-122]



YIELD QF EVEN-AGED PONDEROSA PINE 5

growing season are about 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 prevailing excellence
of site conditions in California is partly explained by comparatively
heavy precipitation, even though most of this oceurs in off-season
months, and by moderately high temperatures.

Although confined to approximately pure stands, this study gives
indications as to the assoclates in even-aged ponderosa pine stands In
the different subregions. In California incense cedar (Libocedrus de-
eurrens Torrey) is & common associate, usually as an understory
species. Other conifers associated with pondérosa 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 lambertiana Dougl)). In Oregon the
species most commeonly found in mixture are lodgepole pine (F. con-
torta Dougl.), white fir, and Douglas fir; western larch (Lariz occr-
dentalis Nuttall) and Engelmann spruce (Picea engelmanni (Parry)
Engelm.) are found occasionally. In Washington and Idaho Douglas

fir and white fir are sometimes found. In Montana Douglas fir is the

chief associate, with western larch a poor second.

As a part of the present study the composition of the minor vege-
tation has been observed by several investigators in different sub-
regions. The grasses sre the most common constituents of the
ground cover, but identification of grasses as to species or eveén genera
was 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 each subregion in
descending order of number of plots on which observed. The kst is
by no means complete; the observations cover at least 75 different
geners, of herbs and 38 genera of shrubs and small trees. A number of
distinctions are apparent, especially between Californis and the other
subregions.

CALIFORNIA
Herbs Shrubs and smell irees
Trifolium sp.
Pentstemon spp. Chamaebatiaria foliclosa.
Pteridium agquilinum pubescens. Poricadendron diversilobum.
Apocynum gndrosaemifolium. Arbutus menziestii.
icia s;l). Rhaomnus purshiana.
Trientalis europaca latifolia. Alnus rubra.
Fragaria sp. Prunus demissa.
Iris hariwegi. Philadelphus lewisit.
Galium sp. Arctostaphylos tiscide and other spp.
Sidalcea sp. Ceanothus velulinus.
Lupinus spp. Rubus spp.
Lathyrus sp. Castanopsis semperyirens.
Potentilla sp. Lonitcera involucrata.
Kosa spp.
Ribes spp.

[CDF-123]
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OREGON AND WABHINGTON

Fragaria spp- Ceanothus velutinus.

Achillea lanulosa. Rosa gymnocarpa; B. nutkana.

Lupinus spp. Purshia tridentota.
hamaenerion angustifolium. Symphoricarpos racemosus.

Hieracium spp- Arctostaphylos wva-urs:.

Gerantum spp. Qdostemon Tepens.

Chimaphila umbellala. Prunus melanccarpa; P. emarginaia,

Lilium parpum. Seliz spp.

Lathyrus spp. Spiraea corymbosa.

Pentstemon spp. accinium spp.

Pyrola spp.

Vicia spp.-

Vagnera liliacea.
SOUTHERN IDAHO

Apocynum ambigens. Spiraea luctda.
Fregaria spp. Symphoricarpos oreophilus; S. racemosus.
Aster spp. Amelanchier alnifolia.
Arndce cordifolia. Prunusg melanccarpe.
Balsamorhiza sagitiata. Qdostemon repens.
Lupinus spp. Rosa spp.
Frasera moniana. Opulasier malvaceus.
Geranium piscosisstmum. Vaccinium sp.
Silene menziesii. Ceanothus velutinus.
Pentstemon spp. Rubus parviflorus.
Chimaphile umbellata. Arctostiaphylos wva-ursi.,
NORTHERN IDAHO AND MONTANA
Fragaria glavca; F. vesca. ERosa spp.
Achillea lanulosa. Symphoricarpos racemosus.
Balsamorhiza sagitlaig. QOdostemon aguifolium.
Lupinus sericeus; L. burkei; L. wyethii. Amelanchier alnifolia.
Gerantum viscosissimumnt. Prunus melanocarpa.
Arnica cordifolia. Arctostaphylos uva-ursi.
Apocynum androsaemifolium. Spiraea lucido.
Leontodon autumnale. Opulaster malvaceus.
Potentilla gracilis. Crataegus douglasii.

Galium boreale.

Clarkia pulchella.

Antennarie anaphalotdes; A. rosea.
Chamaenerion angustifolium.

Erigeron sp.
Aster spp.

BLACE HILLS
Apocynum androsaemifolium. Arctostaphylos uva-ursi.
Achillea lanulosa. Rosa spp.
Solidago spp. Symphoricarpes paucifiorus.
Galium boreale. Prynus virginiana melanscarpa.
Vicia americana. Spiraca lucida.
Geranium viscosissimum,; G, richardsoni.  Odostemon aguifolivm.
Fragaric vesc@ americana. Juniperus communis,
Monarda mollis. Lepargyrea canadensis.
Antennaria dioica. Amelanchier alnifolia.
Thalictrum sp. Eubus spp.
Mertensia sp. Ribes app.

An effort to relate growth capacity of ponderosa pine stands to
soils failed to reveal much of significance. The soils recognized in
the field included silt loams, sandy loams, clay loams, gravel loams,
loamy sands, clays, sandy cla S, pumice soijs, gravels, and others.
All the loams, silt loams, clay loams, and clays were assoclated 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
80. 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 indexes. Most of the relations observed, however, were general
only. An intensive study of the correlation between site ﬂu&hty and
character of soil would neclude much more than the soil’s guality,
texture, color, and depth. Pearson (J7) polnted out that in the
Southwest ponderose pine made its best growth on the more sandy
or gravelly soils and reproduced more successfully on clay soils where
there was & mixture of rock in the soil to facilitate root penetration.
In the present study, alse, it was noted repeatedly that plots where
# 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
site qualit{ in youth and maturity. FPlate 2 shows stands of the 70-
yvear age class on areas of very poor and very good site indexes.

DEFINITIONS

Acre.—In this study, as in other pormal-yield studies, 43,560 sguare feei
measured on & horizontsal projection of the ground surface.

Age of stand—Average age, in years, of sample dominant and codominant
trees. If the trees are bored at breast height, to obtain total age in years it is
necessary to add to the ring count a number varying from & for lands of the best
site guelity to 16 for lands of the poorest site quality.

Average diameter.—Average diameter at breast height, in inches, of ar entire
stand or of part of & stand, computed by dividing the total basal area of the
trees by their number and converting the quotient to diameter.

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

Breast height—A point of measurement on a tree bole located 4.5 feet above
average ground level

Dominance classes—In this study, trees are classified on the basis of position
in stand and of vigor into five dominanee classes. Dominance class can usually
be determined from diameter ¢lass and digmeter growth alone. The classes are
as follows:

Dominant.—The largest, tallest, and most vigorous trees in the stand. Crowns
dense end comperatively wide and long. Growth rates the fastest in the stand.

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

Intermediate.—Trees of inferior development barely resching into the main
canopy, receiving little top Light. Crowns usuvally marrow and of poor vigor.
Growth rates low in comparison with those of dominsnts and codominants.

Suppressed.—Trees of inferior development, slow growth, and poor vigor
below the main canopy, of the same age as those in the mair ecanopy, receiving
little direct light either from the top or from the side. Crowns narrow and short,
with scant foliage. Growth practically af a standstill.

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

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

Mean annual increment.—Average annual volume growth of the stand from
¥year of origin t0 age under consideration. .

Normal siand, or fully stocked stand.—A stand that, so far as any practical
consideration ie involved, utilizes its site comupletely. For ponderosa pine the
canopy of a normal gtand is less dense than it is for species of more humid ¢limates
and is not necessarily complete or continugus, especially if the stand is advanced
in age. Maximum stocking is not implied; it practically never exists over &
continuous area of more than a few acres.

[CDF-127]
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Normal-yield tebles.—Tables showing numbers and sizes of trees, total basal
areas, and volumes for normal stands at different ages and on sites of different
qualities.

Normality perceniage.—FPercentage ratio between a basal-grea, volume, or other
value for a given stand and fhe value shown by the yield tables for nermsl stands
of corresponding age and site-quality class. This rafic is used to express stocking.

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

Partial stand.—Portion of total stand that is above a specified diameter. In
this study two partial stands are dealt with, those of which the minimum breast~
height digmeters are 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 ponderosa pine forests at the present time, but
is comparable to that represented in many other yield studies made in the United
States. Values for the trees 11.6 inches and more in diameter represent & practical
standard approximating that now followed in most parts of the pondercsa pine
region.

gjl:’em'odz'c annual increment.—Average sonual volume growth within a given age
interval—in this study, 10 years.

Quadrat.—Portion of acre used to estimate stocking. For even-aged pondeross
pine forests, the size recommended is 9.33 feet on a side, or 0.002 acre.

Rotation age.—In this study, ege at which mean annual increment culminates;
that is, age at which the f1:>eri0dic and the mean annual increment become equal.

Site endex.—Height, in feet, 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 codomingnt trees on the area referred
to, average, have averaged, or will average 20 feet in height at 100 years.

Stte qualty.—The site quality of a forest ares is its relative productive capacity,
determined by climatie, soil, topogrgphic, and other factors; the higher the site
quality, the faster is free growth and the greater iz the timber volume produced
per acre. Seven site-quality classes, each covering a series of 14 site indexes, are
recommended for approximate rating. These classes are indicated by roman
numerals.

Stand fable.—Table showing distribution of number of trees throughout the
range of diameter classes. The distribution is expressed either in percentage for
stated average diameters of stand or in number for stated site-guality and age
clasgses.

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

Stocking.—Degree to which an area’s productivity is utilized by the existent
forest stand.

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

Volume 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 Scribner rule.

YIELD

Practically all site conditions existing in the pondeross 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 site indexes ranging
from 40 to 160 at intervals of 10 in the table and 20 in the figure. By
use of this table or this figure, the site index of any even-a.%ed pon-
derosa pine stand can be estimated on the basis of the age of the stand
and the height of its sverage-diameter dominant and codominant
trees.

[CDF-128]



YIELD OF EVEN-AGED PONDEROSA PINE 9

bl IS T L L L L L L L L L B B IR
240 ) oy % =
220 -.'-‘_"_‘_,.__

N L ; i ‘J/,,-—-" 4
[L.14] I | /// // F_Jfﬁ—_—._-—_—r_ :

; o I | / //////’_______....——-‘:ﬂ— i

g ol / e = ]

T -

g wo - L//// //4/"’# ’
ol Af// - - = -
N o - ]

I —
:" / ///L/ ' y
. /(’ . 1

I ! ' y by ] L] ] . 1 1 1 1 1 I L [ 1
Q 2% 4z &0 a0 IBO 120 140 B0 B0 200 220 240 280 ZBD 300 MO 340 380
ACE (YEARS)

F1GTRE 2. —Height of dominant and codominant trees of average breast-bigh diameter.

TasLE . —Height of dominant and codominant trees of average breast-height diameter

Height, by site index—

Ago (years) T
40 50 60 | -7 20 50 100 | 110 | 120 | 130 | 140 | 3D | 180

16| 20| 25| 30| 35| 40| s5| mo| ss| e
26| 32| 38| s 3| 57| ee| 70| 7P| 8
35| 42| 30| 5| x| 70| 7| a| e| w0
3| 5| | 6| 73| sof| 80| or| ws| 13
so| 88| es| 73| 8| so| eo| wr| 15| 1
6| 64| 73| 80| 89| e8| 108| M6| 125 134
gLl 7o) Tl osel o) a00| Tl 1) 13| 143
G0

88| 02| 5| 129 143 | 156 | 169 | 179 | 191 201
91 | 105 | 11¢ | 133 | 147 161 | 174 | 184 | 196 206
931 108 | 122 | 136 | 151 | 165 179 | 189 | 201 211
95| 10| 125 | 139 | 154 | 169 | 183 | 194 | 203 216
97 | 112 | 128 | 143 | 157 | 172 | 187 | 198 | 208 220

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 slight
change (table 2). These classes can easily be disti.nguishedy in the
field by the forester well versed in ponderosa pine silviculture.

A problem often encountered in evaluating site quality by tree
height and age is the stagnated condition in over-dense stands of
ponderosa pine on poor sites. To meet this problem in the Inland
Empire region Liynch developed adjusted site curves for various levels
of stocking. Curves for average-stocked stands which proved to be

[CDF-129]

v
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TaABLE 2.—Site-quality classification for ponderosa pine,! with corresponding heights
at maturily wn terms of logs

Site index % oo in d ¢
. . 0gs 10 Sominant trees
gite quality class at gamrity 7 {aumber)
Central value Range

) S L I—— ' 120 +113

il ot mere
) U S g gy 106 | 93-112 | B to .
1 U 92 | 8598 | 7.
2P o 3 AU 78 T1-84 | 5to 6.
V. 64 57-70 | 310 4.
VI.. 50 43-56 | 2.
"2 1 U, e m e 36 43— | 2—.

L The values given for pondeross pine in a previons publication (14) bave here been changed slightly to
maks the intervals equal. . . i
t Estimated in terms of 16-foot logs to -inch top. Maturity is assumed to begzin at the age of 250 years.

better suited to the Inland Empire conditions than the present inter-
regional curves were also constructed. These Inland Empire site
curves* adjusted for stocking may prove useful in other parts of the
ponderosa pine region upon careful checking,

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 diameter.
Values are given for number of trees, basal ‘ares, average diameter,
and cublc-foot volume. These tables and figures are valuable as
indicating & site’s productive capacity, and the vield trends in stands
not yet of merchantable size. They are.the standard tables from
which all other yield tables of this bulletin were derived and from
which still other tables, representing other standards of utilization,
may be drawn. '

TasLE 3.—Number of trees per acre ! 0.6 tnch and more in diameter

Trees per acre, by sits indez—

Age (years)
40 50 0 70 80 20 100|110 120 | 13D | 340 | 150 | 180

No. | No. | No. No. | No. | No. | No.| No. | Na. | No.
3,000 | 2250 | 1,700 | 1,280 | 970 | 779 | 850 | 561 | 470 | 304
2,328 | L, 750 | 1.318 | 1,000 | 800 | 649 | 655 | 476 | 400 | 353
1,712 | 1,270 994 TR5 | 642 | 530 | 462 | 405 | 358 | 318
1, 205 725 574 [ 498 | 425 | 373 | 332 | 208

% 540 445 | 389 | 340 | 301 | 260 | 24 | 2

188

850

632 352 244

480 393 328 285 | 252 | 225 | 204 | 185 | 174 | 182
390 316 272 236 | 210 | 189 |, 173 | 156 | 149 | 140
318 265 23 1990 176 182 [ 150 { 139 | 130 | 173
239 225 197 172 | 154 | 143 338 || ofoeas
30 196 17 152 | 136 | 125 | 315 |o.o.o|eocno]acans
203 173 151 134 | 120 [ 10 | 102 oo fonooo]amnan
182 153 134 1201108 | &9 Bl | | |----.
165 138 120 08 | 88| 89| 8 |-.e.o-ooolll

130 126 108 98 88| BI| 75| ofo.ooo|-o-aa.
137 115 100 80| 8t | 74| 69 .. ..j--.--
125 106 62 83| T4 | 88| 63 |oaiiliioieaae.
115 9 85 76| 69| 63| BB [-coociooooi]omann
b 1 1 S, 218 167 120 108 92 79 T 84| 58| H

1 Ta mearest whole namber,

TLynen, Don o L giin o 0T 0 MTTING O g MRASURELLL . AND TIELD OF SECOND-GROWTH
PONDEROSA PINE IN THE INLAND EM®/E. InLeT@iiuizio Forest and Range Expt. Sta. Res. Paper No.
58. 36 pp., illus. 1938, [Pruessol
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FIGURE 3.—Number of trees per acre 0.6 inch and more in breast-height dlameter.
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BASAL AREA PER ACRE (3QUARE FEET)}

AVERAGE DIAMETER AT BREAST HEIGHT ¢INCHES)

TECHNICAL BULLETIN 630, U. 5, DEPT. OF AGRICULTURE
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FIGURE 4. —Basal area per acre of treas 0.6 inch and more-in breast-height dismeter.
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FIGTCRE 6.—Cubic-foot volume per acre of trees 0.6 inch and more in breast-height diameter.

TasrLe 4.—Basal area per acre! of irees 0.6 inch and more in diameler

Basal area per scre, by site index—
Age (years)
0 | 0 | 8 | / 0 } 20 w00 | 110 | 120 | 1301] 160 | 150 | 10
» l :

Sg.ft.| Sg. .| Sq.ft.| Sg.ft.| Sg. | S L. &I-ﬂ-l'Sq.ﬂ- Sg.ft.| So.ft. Sg. fr.| S 1| Sg. 12
........................ 32| 46| B3| 70| g2| o3| 108 15| 125 137| 148 158
0.l 74 90| 06| 123 | 138 | 152 | 165 | 1774 189 | 201 | 23| 25| B/7
7 | 123 | 137| 151! 185 180 | 195| 210 | 22¢ | 238 | 252 | 264 W6 | oW
50l 138 | 183 | 167 | 182 | 196 | 211 | 226 | 240 | 255 | 260 | 3| 206| s
60, . ieeocee....| M1 | 155 168 | 184 98| 23| 225 23| 28| 2| =8| s03| S

141 155 | 169 | 184 | 198 | 203 | =§| 243 | 256 | 3| 288 | 303 | 318

41| 155| 169 | 184 | 198 | 23| 228 | 243 | 258 | 273 | 288 303 | 318

141 155 | 169 | 184 | 108 | @3 | 228 | 243 | 28| 273 | |8 | 08| 318

141 | 155 | 69| 184 | 08| 213 | 228 | 43| 258 | 273 | 288 ( 308 | 318

411 155 | 169 | 184 | 198 | 23| 228 | 243 2881 23 Lo ool |eenins

141 155 169 | 18¢| 198 | 213 | 228 | 243 258 I

141 | 155 | 169 | 84| 108| 213 | = | 298| 258

141 | 155| 169 | 184 | 193 | @3 | 28| 243 | 258

141 | 155 | 160 | 184 188 | 213 | 228 | 243 | 258

141 155‘ 69| 184 | 198 | 213 | 208 | 243 288

141 155 169 | 184 | 198 213 | 28! 243 | 258

141 [ 155 | 69| 184 | 198 | 23| | 43| 28

417 155| 169 | 184 | 198 | 213 | 28| 243 | 258

M| 155| 169 | 184 | 198 | 213 | 28| 298| 288

1 'To nearest whole oumber.
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Ine 8

because no data were available for these ranges.

ber of trees 0.6 inch and more
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The tables do not list values for ages 110 and more for site indexes

140, 150, and 160,

Curve extensions or extrapo

extremes.

TABLE 5.—dverage diameler ! of lrees 0.6 inch and more in diameler
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YIELD OF EVEN-AGED PONDEROSA PINE 15

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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AGE (YEARS)
FIGURE 7.—Number of trees per acte 6.6 inches and more in breast-height diameter.

75

1 N
}I Wl N
I

50

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

e form of the basal-area curves in figure 4 is unusual in that the
maximum value is reached at an early age and then mamntained.
This trend corresponds directly, however, with that shown by Behre’s
study of pondeross pine in Idsho and eastern Washington (8, 4).
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STAND 6.6 INCHES AND MORE 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, basal ares, average diam-
eter, cubic-foot volume, and board-foot volume estimated by Inter-
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\
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VOLUME PER ACRE (THOUSANDS OF BOARD FEET)
|
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T
[
[
o
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\
Y
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N,

N/

/ e
ol b e ! 1 ] | |
) 20 40 BO 80 00 120 140 160 B0 200
AGE (YEARS)

F16URE 8.—Board-foot volume (International rule, Y4-inch kerf) per scre of trees 6.6 tnches and more in
breast-heighi diameter.

national rule for %-inch kerf to a top diarnteter 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 dats as needed. ‘

The number of trees per acre in this partial stand reaches its maxi-
mum at & relatively early age for each site-quality class, but at a later

[CDF-136]



YIELD OF EVEN-AGED PGNDEROSA PINE 17

age for each successively lower class. The maxima vary from 247 to
362, roughly corresponding to average spacings 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
belisved to approximate the mill scale that will be realized when the
logging is conducted according to the highest standard of woods
utilization and the lumber is cut with band saws. It is reasonable to
assume that this standard of utilization will be attained as soon in the

onderose pine forests asin mostother forests of the far West, particu-
arly of the Pacific Northwest. At present this table will be useful
in meaking 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.

TazLe 7.— Number of frees per acre ! 6.6 inches and more in diameler

|
Treas per acre, by site index—

Arge (years) | 7 |
40 J 50 60 70 80 il 100 | 110 | 120 § 130 | 140 | 150 | 160

Num-| Num-| Num- NumllNum--Num- Num-| Num-| Num-
ber ber ber ber ber ber ber ber ber
........................ 8 28 81 104 | 156

=X m
241 | 224 | 205 | 185 | 185 | 146 | 131 | 120 | 109
232 | 212 188 | 170 | 148 | 131 | 118 | 107 98
222 | 00| 175 | 157 | 134 | 118 | 107 a7 &9

23| 188 | 163 | 144 | 122 108 a7 28 &1
204 | 178 | 1s8| 132 | 113 99 8¢ 51 74
196 | 168 | 144 | 122 | 105 a1 i 82 74 68
188 85

180 | 152 126 | 106 a 9| 70 64 58

! T'o nearest whoele number.

TasLe 8.—Basal area per acre ? of trees 6.6 inches and more in diameler

Basal area per acre, by site index—

Age (Pears) T
40 | 50 | 60 | 70 solgolmo 120 | 120 | 1230 | 140 | 150 | 160

LiSg Sl Sguft 1 Sg | Sg St [ Sy | SgU St |Sg.FE | SgL L | S St
2 9 20 36 5% 82 1Y
32 58 94 | 3124 | 148 | 172 192 | 210 7
88| 126 | 161 | 188 | 212 | B3| 252 | 268 2
134 | 165 | 193 | 219 | 241 | 260 277 | 292 306

157 | 185 | 210 231 | 252
172 | 195 | 217 ; 237 | 255

181 | 202 | 222 | 240 256
187 | 207 | 224 | 242 | 257
192 | 210 | 285 | 242 | 257
194 | 211 | 227 | 242 | 257
196 | 212 | 227 | 243 | 258
197 | 212 | 228 | 243 | 28
197 | 212 | 22| 43| 258
197 | 212 | 228 | 243 | 258
197 | 213 | 2381 243 | 258
197 | 213 | 23| 243 | 288
198 | 213 | 228 | 243 | 238
198 | 213 | 228 | 243 | 258

228 258

t T'o nearsst whols nurnber.
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240| 10, 420| 11,830

140
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.370 8,320| ¢, 610

7
9,

Cu.ft. | Cu.ft.: Cu.ft.

220| 5,150 5,950

130
» 380
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130

]

A
4
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b (| R
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850
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i
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930
20
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Volume per acre, by site index—

20
420
260
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Average breast-height diameter, by site index—
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1

iR8% 5837
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TaABLE 9.— Average diameter 1 of trees 6.6 inches and more in diameter

Age (vears)
! To nearest 0.1inch.

TasLE 10.—Cubic-foot volume per acrel including stump and lp but not bork, of
Age (years)

18 TECHNICAL BULLETIN 630, U. 8, DEPT. OF AGRICULTURE
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YIELD OF EVEN-AGED PONDREROSA PINE 19

TasLe 11.—Board-foot volume per acre,! International rule (34-inch kerf), of trees
£.6 inches and more in diameter

Volume per acre, by site index—
Age (vears) p T
40 50 &0 70 | 80 Q0 § 100 | 110 | 120 120 140 150 ‘ 180
Bt Bd.fi.|Bd.ft.| Bd.ft. | Bd.ft.\Bd.f.| Bd.ft.|Bd.ft.| Bd.fi. | Bd.fe. | Bd.ft.| Ba.jt.| Bd.fi.
____________ e e|omea|emma b 2000 £00] 1,400) 2,8000 4,300\ 7,300; 10,800 16,500
.................. 4001 1, 100] 2, 800( 5,400| §, 200| 12, 500| 17, 400| 23, 200] 28, 800 38, 200
____________ 500| 1,800 3,700| 7, 100/11, 00|17, 000| 23, 900| 31,400| 39,000 46, 400, 55, 200
...... | 500 1,800 4,500 7.700|12, Y00(19, 300|28, 400| 35, 200) 44, 400| 53,400| 62, 500| 72, 500
i
100 1, 500; 3, 700| 7, 600{12, 80019, GOO|27, 000|235, 300| 45, 400) 56, 000| 66, 400| 77, 000| 28, 200
4001 8, 000| &, 100/ 11, 260( 17, 00023, 40034, 000(43, 200| 54, 300 66, 300| 78, 100| 90, 2001102, 900
1,000] 4,900 8, 500|15, 000|23, 100;31, 10,40, 20050, 100| 62, 200, 75, 400| B3, 7607102, 306(116, 400
1,900( 7,000(11, 700}18, 600|27, 500{36, 100 (45, 600|56, 300| 69, 300 83, 500| 98, 300(113, 300|125, 860
_| 3,200 9, 200(14, 600722, 00|31, 20040, 300|350, 300181, 800| 75, 600| 90, 800)107, 006|123, 300|140, 200
-| 4, 600(11, 300117, 400|25, 00024, 400|453, 900! 54, 500186, 800! 81,300 o7
.| 6.200(13, 300(20, 000|27, 700|137, 200|47, 200158, 20071, 000| 86, 400
.| 7, 800(15, 20022, 300|320, 206|140, 000| 50, 20061, 600|75, 000 | 91, 000
.1 9, 200(17,000| 24, 406(32, 500(42, 50053, 00064, 80|78, 700) 95, 200
10, T00| 18, 70026, 400(34, 600|44, 800|535, 60067, 800|582, 99, 100
180, i, 12, (00|20, 30028, 300(36, 60046, 900|58, 100( 70, 600(85, 500(102, £00
F( 13, 200{21, 80|30, 000|238, 500|483, 00|69, 500{72, 300(83, 500(106, 300(1
W80 14, 400| 23, 200|31, 600|40, 300| 50, 900|62, 860{75, 00|91, 300109, 800
190 ... ... 15, 600| 24, 600(33, 100|142, 00052, 80|65, 000| 78, 400(94, 000|132, 700(233, 000 . . cemn|ccemmes|oenno .
P11 I 18, 700 25, 00|34, 600(42, 70054, 700|67, 100|80, S00/96, 700|115, 600,136, 300 e voen|ceee o |ooeeeit
§

1 T'¢ t-inch top inside bark, exelusive of 2-foot stump, measurad to nearest 100 board feet.
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20 TECHNICAL BULLETIN 630, U. $. DEPT. OF AGRICULTURE
STAND 11.6 INCHES AND MORE IN DIAMETER

Tables 12 to 16 and figures 9 and 10 give values for all trees in the
stand that are 11.6 inches or more in bresst-height diameter. The
-tables show number of trees, basal ares, average diameter, cubic-foot
volume, and board-foot volume estimated by Scribner rule to an
8-inch top diameter inside bark. The figures show number of trees
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FioURE 10.—Board-Joot vohume (Scribmer rule) ?er acte of frees 116 incbes and more in breast-height
diameter.

and board-foot volume. The other values can be plotted and curved
as 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 avera{%e spacing of roughly 24 to 16 feet. The better
the site quality, the 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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YIELD OF EVEN-AGED PONDERQSA PINE 21

The yield values in board feet, Scribner rule, for this part of the
stand approximate closely those already realized under current
logging practice in well-stocked stands in many parts of the pondeross
pine region. With careful practice substantial overruns will be
obtained in the mill.

TasLE 12.—Number of trees per acre 1 11.6 tnches and more in diameter

Tress per acte, by site index—

Age (years) I : ;
40 50 60 70 | &0 80 | 100 110‘120 130 | 140 | 130 | 180

Num-| Num-| Num- Num-| Num-| Num-| Num-| Num-| Num-| Num-| Num-| Nym-| Numn-
ber t ber | ber | ber' | ber | ber | ber | ber | ber | ber | ber | ber | ber
FOTTRON) PUREU| RO S [ O (D R 4 10 17 35
...... b v | et b < [ e i 8 3 ¢ 20 37 66 92 | 116 133
...... e g et 3 ] 17 36 65, 100 | 127 | 146 182 172
...... - 3 ] 21 4l 84| 110 | 136 | 155 | 1688 | 178 181

el 2 8 18| 42| 70| wel| 12| 10| 18| 1| 1| 1m

1 €| 14| 36| 73| 108 126| 143 | 155 161 | 183 162 | 160

30 11| 27| 63 o4 117 134 | 146 132| 13 18 '

7| 18| 47| 'BS| 107 | 125 | 137 | 143 | 145

11| 3| es| 96| 115 128 | 135 | 138 | 134

16| 47| 81| 104 | 18| 128 | 120 127 | 1=

25| 62| 90| 18| L8| 123 | 12| 18| 113

25| 73| @5| mo| u7| 18| N4 | 109| 104

48 79| 99| 10| 13| 11| 07| 101 | 96

57| 84| 100 | 100 | 08| 104 | 100| 93| 88

64| 88| 2| 107 | w3 | 98| 9| 86| 81| T8 |eeeenfoo

68| 90| 100 | b4 | 98| e2| 86| 80! 74| 89 || |TlilD

72| 92| 10| 00| | 8| 8| 74| 6| 83 |....__ N D

% | 93| 96| so| 82| 75| e | & | &8 | |I|TTTT.
20, amieee..| 38| €3| 96| 92| 8| 8| 70| 84| 58| 5. | I|.J11TD

i To nearest whole number.

TasLe 13.—Basal area per acre ! of trees 11.6 inches and more in diameter

i
|

Basal area per acre, by site index—

Age (vears) :
40 5 &0 70 g0 L) 100G 110 | 120 130 140 150 | 160

255

258

o258

| 2
115 145 172 192 211 228 243 258 £ T [ E P
121 | 150 | 75| 194 | 212 | 228 243 | 238 | evy |LollI|lIiIT|ITTTT
125 | 154 | Ir7 | 195 | 203 | 228 243 | 258 | 273 |--....

-} T'o nearest whole numnber.,
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22 TECHNICAL BULLETIN 630, U. 8. DEPT. OF AGRICULTURE

TaBLE 14 —Average digmeter 1 of {rees 11.6 inches and more in diameter

Average breast-height diameter, by site index—
Age (years)

40 &0 60 70 &0 0 103 110 120 130 140 150 160
Inches| Inches| Inches| Inches| Fnches| Inches| Tnches| Iaches! Incheg| Fnches| Inches| Inches: Fnches
__________________ cecmeafrimmeefme e femeaaa] 127 | 128} 12,9 ) 13.0 ] 13.2 13. 5
...... pmemee|imcre e e | 12T | 22,81 12.9 | 13,20 13,4 ) 13.7 | 1401 4.6
.................. 12.7 | 12,86 | 12.9 | 13.1 | 13.3 | 13.7 | 14.1 | 14.5 | 15.0 15. 6
............ 128 | 12.5 | 129 [ 13.2 13,5 | 138 | 143 | 148 | 154 | 15.9 16.6
...... 1226 | 12.7 | 1229 | 13.2 | 33.5 | 4.0 | 144 | 250 | 15.6 | 163 | 16. 17.8

126 (1227 | 1225 (131 [ 13.5 | 14.0 | 14.6 ({151 157 ) 36.4 | 17.2 ) 17.9 187
127 [ 128 | 331 | 13.4 | 13,9 14.5 | 5.2 | 158 | 6.5 | 17.3 | 18.2 | 18. 9 19.8
128130 13.3113.8 | 144|151 | 158 |16.6 |17.4 | 18.2| 19.2 | 20.0 210
120 | 13.213.6 142 | 149|157 | 36.5 | 17.4 | 18.3 | 19.2 | 20.2 | 21.2 22.2
13.0 ) 13.4 | 140 ) 4.6 | 155 | 16,3+ 17.2 | 183 | 160.2 | 20. 2
13.1713,6 | 14.4 [ 161|160 169 | 8.0 | 9.1 20.2 | 21.3
132 | 18,9 147 | 156 [ 16,5 | 17.6 | 18.8 | 20.0 | 2L.2 | 22. 4
13.4 [ 14, 2| 150 | 160 | 17.1 | 18.3 | 19.5 | .9 | 22 2| 283.5
12.6 | 14.4 | 15.4 | 16.4 | 17.7 j19.0 | 20.3 | 20,8 | 23.2 | 24.8
1381346157 0681183187211 227, 2421258
14.0 | 14.9 11601 17.3 | 18.2 | 20.4 | 22.0 | 23.8 | 20.3 | 27.0
14.2115.2 | 18.4 | 17.8 | 19.5 | 201 | 22.8 | 24.5 | 26.4 | 28. 2
14.4 |15 5| 16.8 | 18.3 | 20.0 | 20.7 ' 23.6 | 23.5 | 27.5 | 20.4
14.6 | 15.7 4§ 17.1 | 18.8 | 20.5 1224 | 24.4 | 26,5 | 28.6 | 230.6

' To nearest 0.1 jnch,

TasLe 15.—Cubic-foot volume per acre,! tncluding stumyp aad lip but not bark, of
lrees 11.6 inches and more in diameler

Volume per acre, by site index—
Age (years) ;
40 50 60 ™ 20 80 100 110 120 1348 140 150 180
1
% Cu fb.| Cu. fi.| Cu. fi.|Cu. f| Cu fb.| Cu. f1.| Cu.ft
YRR SN SRS SR R S 80| 200
[T I I [N I 30| 1200 340 320
4 TN [N I, 30 150 410] @70l 2,050
;10 R . 20|  120] 400; 990| 2, 040) 3,280
b/ | N S 901 310] 870 1,870 3,000 4,440
B0 e 50 X 710 1,650| 2,720| 4, 110 5, 540
| 110 470| 1,310| 2,400] 3,520 5,010 6,520
100 e 240  870| 1,960| 2, 100| 4,270( 5,790| 7,310
0. ..., 1, 370} 2, 5680 3, T10| 4, 890| 6,420 7,950
1200 . TRO| 1,820 3, 0600 4, 2200 5 410| 6, 350 8, 490
10 1, 140| 2,210| 3, 460| 4, 640| 5, 850| 7,400| 8,950
400 ... ... 1,450| 2, 550] 3, 810| 5,000| §, 230 7,730 9,340
.......... 1,720 2,840| 4, 110 &, 320| 6, 560] & 120| 0, 680
0. ... 1,850 3,080 4, 380 b, 6D0) B8, B40) 8, 420) 9, 990
) (T, 2,180/ 3,300| 4, 5901 5, 840| 7,000| 8, 680| 10, 270
jE- N Z 360| 3, 510| 4,810 6, 060! 7, 320 3, 920| 14, 500
190 s 2, 690| 3,710| 5 G20 4, 270 7, 530 9, 1448| 14, 750
-0} J 2, 730| 3,900] &5 220 6,470 7,730| @, 340| 10,
1T pearest 10 cubic feet.
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TaBLE 186.—Board-foot velume ! per acre, Scribner rule, of trees 11.6 inches and more

in digmeter
Volume per acre, by site index—
Age (years)
40 | 50 | 50 | 0 | %0 f %0 | 100 | 110 | 120 | 130 | 140 | 150 | 160
|Ba.se| .| Ba .| Basr By, |Ba.sr | Bap| Ba St
PRSI (S 10G)  400| 900 1,900 3,800 7 308
| "200| 1,000| 2,500 5,200 8, 400|11,800(16, 000| 21, 400
1,900| 4,300| 7, 300(12, 100} 17. 600|23, 100{29, 200| 38, 500
5,000 9, 200(14, 000|20, 200, 27, 400|34, 600(42, 500 51,300
9, 100(14, 800,21, 000|28, 400} 37, 000|45, 800(55, 3007 65, 400
13, 800|20, 50027, 800136, 400| 46, 200/56, 500(67, 300 78, 300
18, 500|26, 000|34, 200143, 900] 54, B00|66, 500178, 600 91, 300
23, 000(31, 200(40, 200150, 800| 62, 700|75, 80089, 200|103, 000
27, 200(36, 100(45, 800|57, 100 70, 000(84, 400(92, 100|113, 900
100(31, 100|40, 600|50, 300
200|34, 700|144, 600|55, 400
000138, 000148, 300| 59. 600
. 500140, 900}51, 700|63, 400
25, 700(33, 800:43, 800{54, 50|66, 500
6, 600(13, 200(20, 100(27, 500(33, 500+48, 100|57, 600|70, 100
7,900( 15, 300(21, 600(28, 20037, 80048, 400(60, 100|73, 000
9, 000116, 00|23, 100(20, B00(39, 600(50. 500|642, 400(75, 600
10, 000(17, 800|24. 50032, 500|41, 30052, 460|64, 600(73, 000
11, 000|19, 000,25, 500 (34, 000|432, 00054, 20066, 70|80, 200

1 In 18100t Jogs to 8-inch top, exclusive of 2-foot stump, measured to nearest 100 board fect,
COMPARISON WITH PREVIOUS FINDINGS

As has been mentioned, studies bave previously been made of the
vield of even-aged stands of ponderosa pine in several different portions
of the range of the species. Reports on studies of this kind have been
written by Gallaher,* Show (22), Alexander (5), Behre (3, 4), Dunning
and Reineke (1), 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 greatly excel any otherstands,
even on comparable sites, in volume production. However, the rea-
sons for the high values obtained by Gallaher are not fully evident.
His measurements were taken more than 25 vears 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
owling to the fact that stocking has been greatly reduced by repeated
surface fires throughout the pine region of British Columbis and that
the comparatively high ratio of stocking normality exhibited by the

lots measured in the United States was nowhere duplicated in that
TOVINCE.

Cubic-foot yield tables were included in all the reports but Gallaher’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:af.}awzx, W.H. SECOND-GROWTH YELLOW FINE. File memorandum. Calli. Forest snd Range Expt.

I RpNgge, L. H. FPRELIMISARY YIELD TABLES FYOR SECOND-GEOWTH WESTERN YELLOW FINE. File
memerandum. Calif. Forest and Range Expt. 5ts. 1831
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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
investigators ! in the United Stotes

Bite index 80 | Site index 120
Age (years) ' ' i
Dunning Dupning
Meyer | Behre and Show Meyer | Behre |  and
Reineke 7 | | Reineke *
Cu. fl. | Cu.ft. Cu. f. Cu. ft. | Cu.ft. | ou f. ‘ Cu. fL.
1 IO L9s0 | 1,850 1,650 | 4,200 | 080 | 2,650
S 3,950 3,590 5300 | 8,150 8,720 & 500
O 5, 300 4, 640 7, 850 580 | 10,700 &, 670 12, 600
120 8, 200 5,610 9,900 9,070 | 12,400 | 10,450 13, 500
150, LI 8,850 | 6 50 1,600 | 12020 ‘ 13,600 | 12,240 18, 400

1 Sources of values shown: Meyer, present publication; Bebre (3); Donning and Reineke (11); Show (£28),
1 Values are for stands in which helgbts of downinants and codonninants averaged 46 feot at 50 years.
# Values are for stends inp which betghts of domingnts and codominants averaged 69.5 fect at 50 vears.

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 genersally uneven-aged forest,
and hence may connote a 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 yield values are not disturbing
$0 long as they are consistent, like the differences between Reineke’s
values and those of the present study. After adjustment the two may
be identical. The chief difficulty with high values is psychological;
many practicing foresters, familiar with average stand conditions,
cannot put faith in yield tables showing values greatly exceeding
average actual yields.

NORMAL MORTALITY

The enormous reduction in number of trees in & stand between early
youth and maturity invoives elimination of much volume that 1s
seldom utilized under the present crude forestry practice but that
will probably be utilized more commoniy in the future in favorable
situgtions and times. The trees that are normally lost through
mortality should be removed in thinnings before they die. ,

Normal mortality as 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 a method explained in the
appendix. They are uncurved, and are presented as approximste
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 during the third, and so forth;
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table 8 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 totals 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 a forest stand through normal mortality is such a large portion of
the total production.

Tasre 18.—Normal mortalily, by 20-year periods, for all trees 0.6 inch and more
tn breast-height diameter
PERIODIC VOLUME LOSS PER ACRE
|

Bite Site Bite Eite Site Bite Bite
Age period (vears) infoex index | index index index index | index

100 120 140 | 180

194 | 101 120
556 | 552 512
307 605 601
427 ¢ 465 T2
307 | e 727
248 427 710
189 425 767
235 420 693
217 347 765

CUMULATIVE VOLUME LO85 PER ACRE

104 101 130 106 8

750 653 743 07 %40 "
1257 | 1,938 | 1,34 | new | 2107 2, 680
et | dwme) ame) sl %360
1,991 2,132 2,793 L L R U
229 | 255 | 8| 4648 ool
238 ( vags | Lo | sl
2653 | 347 | 4960 | 6945 | ... ilTl|IIIIIII
AN IR R A 1§ S —

In understocked stands volume loss by mortality is less than in
normal stands, absolutely and perhaps relatively.

APPLICATION OF YIELD TABLES

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

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

AGE DETERMINATION

_ To estimate the average age of dominant and codominant trees,
inexperienced fieldmen should meke increment borings in at least 15
to 20 trees or should count the rings on that many stumps. With

[CDF-~145]




26 TECHNICAL BULLETIN 630, U. S. DEPT. OF AGRICULTURE

experience and praciice it becomes easy to dispense with some ef the
borings or stump counts. To convert age determined by boring at
breast height to total age, 1t is necessary to make an addition varying
with site quality as follows: I, 6 years; LI, 8 years; III, 10 years;
IV, 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 a large area,
often it is impracticable to classify age of stand more closely than to
within 20 years.
SITE-QUALITY DETERMINATION

ADn area’s site index, as was previously explained, is obtained by
determining the age and height of representative dominant and co-~
dominant trees. aéaution must be observed to get not the maximum
beight for these dominance classes but the average. The most accu-
rate way is to construct a height curve for the stand (which incidentelly
may be used for other purposes, such as volume computation), com-
pute the average diameter of the dominant and codominant trees
from & stand tally, and read from the curve the height corresponding
to this diameter. The site index can then be read from e 2.
The usual tendency in estimating site quality without following this
procedure 1s to overestimate.

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

table 2.
STOCEING DETERMINATION

In order to adjust normal-yield-table values to conditions actually
existing in an even-aged stand, 1t is necessary to determine the stand’s
stock:in%'j The stocking classification recommended for large areas
is as follows: 70 percent of normal or more, well-stocked; 40 to 69
percent, medium-stocked; 10 to 39 percent, poorly stocked; and less
than 10 percent, nonstocked. Actual 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
satisfactory 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 a ‘“normality percent-
age,” the ratio between a certain value determined for ap 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-
guadrat method.

Use of normality percentages, especially that of basal arca, has been
recommended time and again (18, 15). In this study it has been
proved that these percentages are useful as means of predicting total
cubic-foot wvolume, total board-foot volume by Intermational rule,
and other values 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 veluable ones are shown in graphic
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form in figure 11. The low coefficient of correlation between the
normality ratio of basal area and that of board-foot volume by Scrib-
ner tule indicates that basal-area ratio is of little use in predicting
Scribner volumes. The multiple correlation of the normality ratios
of basal area, average diameter, and volume by Scribper rule is higher,
but not suficiently high to be useful. Asin other studies, the normal-
ity percentage for board-foot volume was found to be correlated fairly
closely with that for number of trees above & specified diameter.

140
T | T j T T I T T T
L /
(30

120

110

Hole)

90

8d

70

VOLUME NORMALITY (PERCENT)

60 ¢

S0

40 | t i ! [ { ! ! ! i
40 50 60 70 a0 90 Iec 110 120 30 140

NORMALITY {(PERCENT) OF BASAL AREA OR OF NUMBER QF TREES

F16URE 11.—Relations of volume normality to basal-ares and number-of-iTees normality: e, Cubic-foot
volume; b, beard-foot volume, International rule; ¢ and d, board-foot volums, Seribmer tule. ‘The board-
foot-voluzne relations represented are those of stands containing st least 5,000 board fest per acre. For
@, &, and ¢, the independent variable is bassl-area normality; for 4. it is normality of numaber of trees 11.6
inches and rore in diameter.

The stand-density-index method was devised rather recently by
Reineke (27). Ordinarily it requires no knowledge of age or site.
The regression line drawn by Reineke for determining stand-density
index, which fitted data for a number of species very well, did not fit
the data of this study; accordingly a new line was drawn for use with
ponderosa pine. A system of parallel curves based on this line
appears as figure 12. The relations of mnormelity percentages for
yarious yield values to stand-density index as determined from figure
12 are shown in table 19 and in figure 13.
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TasLe 19.—Correlation of measures of stocking with varicus yield values

Correla- ‘
Rejation Plots tion co- | Regression equation
| efficient |
Bassl-area normality percentage with nor- §
mality pereentage of— Number
Cubig-fool volume. ... ..o ... 541 +0.91 | CF percent=0.93 BA percent—+3.42.
Board-foot volume by— B
: 514 .56 n¢ DEPCEDNT=0.85 B, 877,
Interpationairule................. {5 E & g;“;,‘: %m:ﬁoéﬁ é‘sﬁ o A
431 . 5o Percent=0. A percent—+26.51.
N mi“*””“ “nm?g[ """" v 8| L | B Dorceniooto B porsen it 2838
MNormality percentage of num 0 _
11,6 inches and more 4. b. h. with nor- } ,;.2? i ;lﬂ g;s‘nggijg;gﬁgmmntizzggg
mality percentage of board-foot volume i : 5. pe =0 percent+z3.30.
b¥ Seribner rule.
Normality percentages of basal area and 217 +.58 | BFs. percent=0.82 R4 percont+1.56
average diameter with normslity percent- average D percent—148.14.
age of board-foot volume by Scribner rule. 1209 | +-.79 | BFs. percent=>0.85 B.A percent+1.27

] ] average [t percent—113.93.
Stand<Jensity index with normality per- .

centage ol—
Cubic-foot volume. ... oo oo coaaanan. | 450 4,79 | CF percent=0.194 SDI4+23.9.
Board-foot volurne by— ! o st | 25 0 SDIL%
. | 37 | Ia: DRTCEDL=0.164 AR
fnternational Fule. .-oooooosaoeo - B |{ 319 | .58 | BErmi percent=0.197 $DI422.5.
sq.ibw_MQ________'_'_____‘_____”,_{ 13;; _-';gg | BFz. peroent=0.192 SDI+-21.4.

| BFs percent=0175 SDI+33.0.

! Including only plots having 8 volume per acre of 5,000 board feet or more.
1 Including only plots on which the average diameter of all trees was 8.6 inches or more.

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 perceutage
is to find in figure 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 sssociated
with a cubic-volume normelity 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
1ndexes are associated with the lowest site indexes and the highest site
indexes. For greabest accuracy, a correlation for site index should
probably be introduced when stand-deunsity index is used as & measure
of stocking; but the effect is so small that 1t 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 Halg (72) and Cowlin
(10), 1s particularly useful in estimating the stocking of reproduction
stands. A quadrat is classified as stocked if it contains one or more
seedlings, and 1f it contains more than one this does not alter the
classification of a 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 1s the silviculturist’s aim rather than large number of seed-
lings per acre, which does not necessarily imply satisfactory stocking.

In some instances the size of the quadrat has been made to corre-
spond with the number of trees per acre desired st the rotation age.
For instance, according to table 3 a 120-year-old stand on an area of
site index 80 normally contains 196 treez per rere. If these trees are
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evenly spaced, each has 222 square feet, or & 14.9-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 quadrsat size
has been made to represent the growing space of each tree in a fully
stocked, evenly spaced reproduction stand soon after the stand
becomes established. This has led to use of & 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 6.6-foot
spacing is undoubtedly much too 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
9.33 feet in each direction. If ponderosa pine seedlings become estab-

140 — T T T T
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250 300 350 400 450 500 550 600
STAND-DENSITY INDEX

FicUrRE 13.—Relations of volume normality percentages to stand-denmsity index: g, Cubie-foot wolume
b, board-foot volume, International rule; ¢, board-loot volume, Scribper rule.

lished in this density they should grow well, without risk either of
stagnation or of excessive limb development. This should by no
reans be taken to imply that an average density of 500 trees to the
acre 1s adequate for planting, or that natural seedling reproduction
averaging 500 trees per acre can be expected to develop into & satis-
factorily dense stand of timber. On a pondeross pine area where
each one five-hundredth acre contains at least one established 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 1s to record the stocking of groups of four quadrats
each at some definite Interval, such as 1 chsain, 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 & 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 so 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 break the total
runs into definite units, such as 20 chains, in order to localize 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 1-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 Internationel
rule; number-of-trees normality ratio is the only valid method for
determining stocking in terms of board-foot volume by Secribner rule;
and the stocked-quadrat method should be used for determining stock-
ing of reproduction.

YIELD-SURYVEY PROCEDURE

A yield survey involves getting stand tallies asin & 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 a yield
survey will not be defined in detail; they have been described n a
number of previous publications, particularly the report on the study
of vield of Douglas fir in. the Pacific Northwest (13).

For greatest efficiency the field work of the survey should be dome
by & party of three men—one to run the line and make the map, one
to estimate, and one to make increment borings, measure heights, and
keep account of variations in age and site class. A forester working
on a 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 site-index determination it is better to
estimate numerous heights within 10 feet than to measure & few
accurately with instruments. For extensive work it is almost impera-
tive that the forester train himsel to recognize age of stand and
quality of site without much effort. Liack of such training causes undue
delay in the conduct of a yield survey.

The survey maps and statistics should show divisions of area by
age of stand, site quality, and stocking class. In the office the stand
tallies are worked up, the map is perfected, and the sreas are planim-
etered and tabulated. The terms in which the estimates are made,
and the rotation age, vary with needs. Sormetimes estimates of cur-
rent growth are needed, sometimes estimates of total volume at future
dstes—with or without reference to rotation age; at still other times,
1t 1s necessary to calculate the best time to cut for preducts of specific
Zz&s Each of these needs and many others are met by use of the yield

es.

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

¢ MeYER, W. H., BRIEGLES, P. A., snd others. FOREST GROWTH IN THE DOUGLAS FIE REGION. Pacific
Northwest Forest Expt. Sta., Forest Research Notes 20, 1638, [Mimeographed.]
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caleulations 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
vield tables are given in tables 20 to 25. Rotation ages for the three
volume measures are summarized 1n 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 estumated by the Scribner
rule, from 80 to much more than 196 vears. The poorer the site quality
and the less complete the utilization, the greater 1s the rotation age.

Lands of the poorest site qualities, those for which the indexes are
40 to 60, apparently sre 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 the rotation ages stated in table 26 are unsatis-
factory, since they were calculated without regard to smount invested,
carrying costs, prospective returns, or other financlial considerations.
Calculations In which these values are taken into sccount are neces-
sartly of local and temporary application only. Methods of making
such calculations are described 1o most forest-management textbooks.
Caleulations 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 final net financial yield to the present time to find the
present value of an Immature stand further reduces rotation age.

TaBLE 20.—Periodic annual cubic-foot increment per acre of trees 0.6 inch and more
in diameter

[ Iocrement per acre, DY site index—
|

Age (vears) | [ 7 %
40 | 50 | 60 | 70 | %0 | 90 | 100 | 110 | 126 | 130 | 140 | 150 | 160
| - |

,cu.fr,I,Cu.f:, Cufl.|Cu .| Copt | Cu 1. | Crft.| Cu ft.| Cunft.| Cuft.| Cuft.| Cufi.| Cunst.

25 e [ 601 70| 75 5| 110 | 180 | 130 180 210 | 205 | 240| 250

5. LI {7’55 55| 83| 70! ®0| 95| 110| 130! 145] 180 200 225 | 250

L T 40 | 50 55 60 65 80 95 115 135 155 180 210 35

L 35| 40| 45| s0| 55) 65| so| 95| us| 10| 1wo| 18] 200

85 ol 30| 35| 35| 45| 50| 55| 65| 8| 95| 115| 140 155| 175

75 Ll 30| 30| 30| 40| 45| 50| 60| 7o| 85| 00| 120 130 150

85 ol 25| 25| 25| 35| 4| 4| 55| 0| 75| 90| ws5| uo| 130

T 25| 25| 25| 20| 35| 40| 45| 55| 65| &0 | 90| 95| 110
L0 T 20 20 25 25 30 33 40 45 35
N5l 20! 20| 25 25| 25| 20| 35| 40| 0
Az LTI 15 20| 20| 25| 25| 30| 30| 35| 45
W35, 150 15| 26| 20| 2| 25| s0| 35| 40
145 LT 10 15| 15| 20| 2| 25| 30| 30| 25
185, e eameaans 10| 15| 15| 15| 20| o5| 25| 0| 35
W65 10 10] 15| 15| 20| 20| 25| 30| 30
175, .. 10 10| 5| 15| 20| 20| 25| 2| 30
185, IITITTTTT 0 10| 10| 15| 20| 26| 25| 28| 30
195, DT | 10| 10| 13 | | 2| 20| 2%
| |
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TaeLe 21.—Mean annual cubic-foot increment per acre ! of {rees 0.6 inch and more
in diameler

Increment per acre, by site index—

Age (years) | - 5 T T
40 | 30 ‘ 80 | 80 90 | 100 | 110 | 120 | 130 | 140 { 150 | 160
= | | i
S Cu St Cu fL Cu 1 Cu. fUL Cu fEICu 2| G 8| G f2L | O 2| G f2. G S8 G f2L G 2.
...... | 10| 20 35 50 68 85 0 105 | 120 | 138 168 188 | 218
I B v 48 63 g2 | 100 | 120| 40| 162 | 138! 205 | <228
2% 4 44 | 34 &9 85| 102 | 122 | 141 | 188 | 188 | 210 234 .
% 7 6| 53 68 84| 101 | 121 | 140 | 184 ISGJ 210 234
20 38 46 54| 66 81 g8 | 117 | 1136 | 138 | 182 205 228
20 7 44 51 64 77 93 | il | 130 132| 176 198 221
20 36 42 51 61 74| 8| 106 | 124 :
29 35 41 49 59 71 85 101 110
29 34 30 48 56 88 81 9% | 114
|
25 33 38 45 ] 65 77 92| 108 |
25 32 7 44 52 62 74 88 12
o 31| 8 42 50 3| 70 8| ®w
26 0 34 41 43 57 68 80| 95
25 25 33 39 46 55 65 7o
24 2’| 22 38 44 53 82 74 87
23 oW 31 36 432 51 80 71 84
22 % 20 35 4] 49 58 69 81
Py 25 29 24 40 48 57 66 78
21 24 28| 33 3 45 | 55 ] 64 | 76
|

! To mearest cubic fost.

TABLE 22.— Periodic annual board-fool increment, Inlernational rule (Y-inch kerf),
per acre of trees 6.6 tnches and more in diameter

Increment per acte, by site (ndex—

- |
w0 50 | s0| 0] s | o 00 (10| 120 | 130 | o | 150 | 160
|Bd.ft. Bd.f1.|\Ba.ft. Bd.ft.|Ba.ft. Bd.ft|Ba.fr|Ba.st. B .| Bd. st | Ba.gr. | Ba.st. | BA s
25 ! 280 | 480 | 680 | 970 | 1, 1,550 | 1,800 | 1,970
; 430 | 650 | 30| 1,140 | 1,400 | 1,580 | 1760 | 1,900
560 | 740 | 940 | 1,130 | 1,300 | 1,440 | 1,610 | 1,730
620 | 770 | 890 ] 1,020 | 1.160 | 1.300 | 1,450 | 1,380
640 700 760 00 1,030 | 1,170 | 1,320 1, 460
570 | 620 | 600 | 790 | '910] 1,060 | 1210 | 1 350
500 540 620 710 814 9680 | i, 100 1, 240
420 | 470 | 5% &30‘ 730 | 870 1000 | 1,140
360 | 420 | 80| 570 "
330 | 370 [ 440 | 510 |
300 | 240 | 400 | 460 |
20 | 320 | 370| 420
260 | 300 | 3%0| 290
250 | 280 | 380 | 370
240 | 270 | 300| 350

220 | 250 | 20 310
210 | 240 | 270 290
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TasLe 23.—Meon ennual board-foot increment,! International rule (M-inch kerf),
per acre of trees 6.6 inches and more in diameter

Increment per acre, by site index—

Age (years) T | T
40 50 &0 70 &0 9 | 100 119 | 120 130 140 150 164

.| Bd. fL.
10

93
178
254

317
363
339
401
402

359
393

378
an

160 ceeeeceee| 75| 127 | 277 | 2297 203 368
170, e 78 128 176 226 288 358
138_. ) osn | 129 178 | 224 | 283 | 34Q
180 .. .
200___.......-___[ 84| 130 173 | 218 | 274 | 336

1 To nearest board loot.
Tasre 24.—Periodic annual board-foot increment, Scribner rule, per acre of trees,
11.6 inches and more in digmeter

Increment per acre, by site index—
Age {years) |
40 50 §0 70 80 o0 00 | 110 | 120 | 130 140 150 160
| |
BEd.ft. Bd.jt.|Bd.ft.|Bd.ft. |Bd. fi. | Bd.ft.
240 470 750 990 | 1,220 1,410
500 ( 700 920 1,130 1,320 1,518
650 | 820 | 980 | 1,150 1,330 | 1,480
T 510 a0 | L1201 1,230 1, 410
630 | 800 | 920 | LOTO | 1,200 | 1,340
640 | 750 | 860 | 2,000 3,130 | 1,250
600 | 633 | TO0 920 | 1,060 | 1,170
360 | 830 | 730 860 990 | 1,090
240 | 310 | 340 | 390 | 450 | 500 | 5%0
230 280 | 0| WO 400 | 460 | 530
2201 250 280 | 330 3ITO | 420 | 480
200 220 | 250 | 200 | 340 380 | 440
180 | 200 | 230 | 270 | 310 | 350 | 400
160 180 210 | 250 280 | 320 | 350
150 | 170} 180 | 230 | 250 | 200 | 310
150 170 180 | 210 | 230 | 260 (| 20
140 1€0 170 190 Xy | 3D | 270
130 150 170 180 210 220 250
|
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TaBLE 25.—Mean annual board-foot increment,! Scribner rule, per acre of frees 11.8
{nches and more in diameter

Increment per acre, by site index—
Age (years)

180 41 87| 126 | 172 | 2241 2®Z | 360 | 433 | 531
19 i 44 90| 127 | 172 | 22| 285 | 354 | 429 | 518
180 s Bl 92| 128 | 172 | 220 | 981 | 347 | 420 | 505
I e 93 94| 120 | 171 | Q7| 76| 340 | 411 | 493
0 e 55 95 | 1201 170 | 215 | 271 | 332 | 401 | 480

! T'o negarest bosrd foot.

TaBLE 26.—Rotalion ages for even-aged stands of ponderosa pine, by cubic-foot and
bogrd-foot measure

Board-foot measure Board-loot measure
o a Crubic— e e—— s C{ubic-
te index o0t ite index oot
measure Inter- | goripmer messure | _12YT | Seribmer
national Lale national Tale
rile | mmle
Years | Years Years Years Yearsy Years
L R, L 20 PO B, 120 e 39 78 107
Bl 5 161 196 | 140 s iiviccisiinnn 41 70 7
.. P, 42 107 148 | 360 43 64 87
100 . 40 ] 124
1 1

STAND AND STOCE TABLES

Table 27 is a stand table for average pondeross 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
n table 27, or interpolated values, to the 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
variation from one region to snother, distributions for four repre-
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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Tanre 27— Fercentoge disiribution of lotal number of trees
in stands of different average breasi-height diameters
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TasrLe 2R —Distribulion of lotal number of trees per acre by diameter class in stands
of different ages and sile indexes, for range as a whole

SITE INDEX 40

Trees per acre, by age class
Diameter class

(inches) .
.20 40 ) -] 100 120 140 160 180 200
YEAIS | years | years | yeard | VearS | years | ¥ealS | Yeals | Years | years

Number| Number| Number| Number
9 4 2 1
43 26 16 2
83 47 32 24
£2 58 44 36
75 7 49 40
45 48 43 37
27 30 30 28
14 7 20 22
& g | i3 11
2 ] 3 [
1 i 1 3
................ 1 1
373 02 254 218
1| B e |
& 3 1 1
16 g 4 2
28 H 10 [
37 24 17 11
39 31 22 i6
34 31 24 20
25 23 24 19
16 18 19 18
i0 12 14 15
3 7 9 11
2 3 5 ]
1 1 2 3
........ 1 b2 1
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TanLe 28.— Distribution of toiel number of trees per acre by diameter class in stands
of different ages and site indezes, for range as @ whole— Continued.

SITE INDEX 100

Trees per acre, by age class

Diameter class
{inches)

20 40 60 20 100 120 140 180 120 200
Fears | Vears | ¥ears | Fears | Years | ¥ears | years | yealS | Fyears | years

% Number| Number NumberJNuﬂwer.Nanwer Number| Number

T bt G T = 00 40 0 00 O 0 CF b =

b e RGO O T T AR D b et e |
Bugn T = O =l O O e G D) et e ek

&
&
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TaBLE 28.— Distribulion of lotal number of trecs per acre by diameler class in stands
of different ages and sile indexes, for range as a whole—Continued

SITE INDEX I40

Trees per acre, by age class

Diameter class
{inches) i l
20 40 80 | B0 100 120 140 160 180 200
¥ears | ¥ears | vears | Vears | Years | years | Fears | YVeaIs | years | years
Number Number | Number Number!. Nuwmber Number;Number!Nunwer Number

2
17

23 e eaeaea-
T
- .
59
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Table 30 is the stock table for cubi¢-foot volume and table 31 for
board-foot volume by Scribner rule. These tables represent average
conditions and also conditions in individual subregions. No sttempt
is made here to present stock tables for selected ages and site indexes.

Stand and stock tables have many different uses, chief among which
1s 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 dismeter classes will be obtsined or how many
vears will pass before certain numbers of trees attain specified diam-
eters. These tables are especially valuable in caleulation of loggi
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 which the stand and stock tables were constructed
are described in the sppendix.
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d

ass

in stands of different average breast-height diameters,' for range as a whole an

subregions

TABLE 31.-—Percentage distribution of Scribner board-foot volume by diameler ol

ENTIRE RANGE

Volume In diameter class
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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 varous
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FIGURE 14a.—Total heights of trees of various diameter classes, for seven sets of representative ages and
site indexes 40 to 100.

breast-height diameters. These curves are based on 10,101 height

measurements. They are useful in calculsting the volume, growth,
snd yield of second-growth ponderosa pine forests.
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Curves of this sort are & 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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many age and site classes in every such study.

CAMETER AT BREAZT HEIGHT [INCHES)
FIQURE 14b.~—~Total heights of trees of varicns Giarneter classes, for seven sets of representative ages and

.site indexes 120 to 180

The reason for this

probably lies in the previous lack of & suitable method of analysis.
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The method used in this study, which is described in the appendix, is
simple and gives fairly accurate results, although it has the fault of
subjectiveness. It is to be hoped that further study will lead to
development of an objective technique for this purpose.

To apply thess height charts, all the information required is age of
stand and approximate site index. Heights for age classes not shown
in the charts can be interpolated ocularly. Availability of these
charts makes 1t unnecessary for timber cruisers to measure many tree
heights. Such measurement has commonly been neglected, because
of the time and inconvenience mvolved.

VOLUME

A volume study is prerequisite to a yield study. In this project,
special effort was made to obtain all available 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
table 34 gives board-foot volume by Scribner rule.

TassLE 32.—Cubic-foot volume table foa} second-growth ponderosa pine, by total height
of trees !

Volums by totsl height —

at breast T I

Jeight | w | 30 | 40 | 50 | 60 [ 7o | 80 | 0 | 00| 110 | 10 | 130 | 140 | 150
feet | fest | feet | feet | feet | foet | feet | feet | feet | feet | feet | feet | feet | leet

S

EREEHS

1 Data collected in Oregon, Califernia, Arizona, Colorado, New Mexico, and Montana. Basis, 2,947 trees.
Volume includss peeled sturap, stem, and top. Table prepared by slinement-chart method, 1935. Aggre-
gate devistion from basic dats, --0.24 percent. Standard devistion, ==11.8 percent.
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TasBLe 33.—Board-foot volume table (International rule, Y-inch kerf) for second-
growth ponderosa pine, by tolal height of trees t

_1 Volume (board (eet in tens) by totsl-height class
Diameter st breast height |

{inches) i '

40 | 50 | s | 70 90|90 00 | 110 | 120 | 130 | 140 | 150

feet | feet | fest | feet | feet | feot | feat | fest | feet | feet | foot | feet

| | ' '

Bd.ft.|Ba.jt.|\Bd.ft.|Bd.ft. B jt.| Bd.fi | Bd.ft.| Bd.ft.
SO 1 1 1] 2 £ I
10 el 2 3 4 8 7 9| 10| 12
el | 4 8 8! | 12| 15 17 19
T4 . 6 g| 12! w| 19| 22| 25| 28
36 e 9| 13| 17| 22| 26| 80| 34| 38
18 oririrmw e mmmas 12 17| 2| 2| 24| 39| #| =0
M. Fl it 15| 220 o8| 35| 42| 48| &) 62
35 : 88| 76
82| 9%
%8| 110
114 | 127
131 | 144
148 | 161
164 | 179
180 | 197
197 | 215
214 | 234
02| 253
250 | 272
268 | 201
286 | 311
306 | 331

1 Data collected in Oregon, California, Montana, Arizona, Colorado, and New Maexico. Basis, 2,865 trees.
Stump height. t to 2 feet. Trees scaled in 16-foot log lengths with 0.3 foot trimming allowance to 8-inch top
diameter inside bark. Table prepared by alinement-chart method, 1925. Aggregate deviation from basic
date, —0.10 percent. Standard deviation, ==18.4 percent.

TasLe 34 —Board-foot volume table (Scribner rule) for second-growth ponderosa pine,
by total height of trees?!

Volume (board feet in tens) by total-beight class

Diameter at breast height
{inches) | |
40 30 & [ 70 80 ] 00 | 11¢ | 120 | 130 | 140 | 130

264 289 | 311 | 332 3834 371
|

! Data collecled in Oregon, Calilornia, Montans, Colorsdo, Arizons, and New Mexico. Basis, 2,885
trees. Stump height, 1 1o 2 feet. ‘Trees scaled In 18-foot log lengths with 0.2-foot trimaming allowanes to
£-inch top dismeter inside bark. Table prepared by alinemen method, 1935. Aggregate devistion
from basic data, ~-0.25 percent. Standard deviation, 2=17.8 percent.
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The volumes corresponding to given diameters and heights of
ponderosa pine trees are commonly considered 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 unsstisfac-
tory, definite statements as to variation with site quality cannot be
made. Instead, the data have been analyzed as a group for variation
of volume with form. The expression for form tentatively accepted
is the ratio between dismeter inside bark at a height of 18 feet up the
bole and brea.st—hej%ht diameter outside bark. Use of this quotient
takes into account 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

130 — T T T T T T y—
120

I /.

110

100

QOI- //% 1 ]
74 :

: 4

° /

80 5
C
mé/! 1 ! ! 1 | 1 ]

50 80 70 80 80

RATIC {PESCENT) OF DIAMETER INSIDE BARK
AT 18 FECT TO BREAST-HEIGHT DIAMETER

VOLUME ADJUSTMENT (PERCENT)

N

FIGURE 15.—Second-growth volume adjustment based on ratio of dxameter inside bark at 18 fest to diameter
outside bark at breast beight: g, cabic-foot volume; &, board-foot voluras, lotsraational rule; ¢, board-
foot wolume, Seriboer rule.

climbing, the average ratio should be determined, and the correspond-
ing adjustment factor should be sought in figure 15. The correction
factors are most accurate for trees 10 inches and more d. b. h. For
trees of smaller diameter, the ratio used here is not 8 good expression
of form and use of the correction factors shown in figure 15 1s not
recommended.

If tables 32-34 are to be used frequently for interpolated diameter
and 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 a cycle approximately 18 by 18
inches, for instence, 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
measurements taken on 430 temporary sample plots by seven or more investi-
gators and their assistants in five national-forest regions. On more than 300 of
these plots the messurements 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-guarter acre for youn
stands. Departures from standard size were made ofien, to obtain uniform Btang
eonditions. The distribution of the 450 plots by size was as follows:

Number

Size (acre): of plats
Less than 0.10 . oA ea-- 8
0.10t0 0.24 . e e mmmmmm———— s 184
0.25 60 049 e 170
0.50 80 0.74 e mmmmmm———ee e 38
0.75 80 099 L e mmm————— e - 47
1.00 ormore. - e e- J 3

450

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

TaBLE 35.—Distribution of plots accepted in normal-yield study, and their average
svie indexes, by Slafe

Average A
State Plots site index State FPlots site index
Number
73.6 || Montana . ocome e 119 83.2
73.5 || Sonth Dsekofa_.._........ 31 51.4
109. 2
8.5 Total... eemmeas 450 ( ............

TasLe 36.—Drstribution of plots accepted *n normal-yield study by age coss and
stle~ndex class

Age class (years) 3049 50-69 70-89 90-109 110-129 —[ 130-149 | 150-188 Total
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Records were available for 398 plots in addition to the 450 accepted in the
normal-vield study; some of these records were used to determine the effect of
stocking upon yield. No data were available 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 550. Measures of rejection
commonly 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 ususl. Wide variation had to be accepted because true normality had not
been clearly defined and opinion in regard to it varied among the investigators
themselves.

1t may eventually be found necessary to supplement the data for a few sub-
regions, particularly the Black Hills. Existing data for the Black Hills checked
closely with those for the other subregions as to cubic volume, but differed from
them considerably as to board-foot volume. It is probable that separate yield
tables will be required for the Black Hills.

METHODS OF TABLE CONSTRUCTION

YIELD TAELES

In the ponderosa pine yield study it was necessary 1o depart somewhat from the
standard methods of yield-table construction developed by Bruce (6), Bruce and
Reineke (7), Reineke (20), and Bruce and Schumacher (8).

The success of yield-table construction depends primarily upon correct initial
determination of the site quality of the plots. Theinvestigator cannot proceed with
the study until he has constructed dependable site curves. In the ponderosa pine
study the site curves drawn up by the standard method (§) were obviously wrong.
They were too flat in the lower range and too steep in the higher, and did not
fit well any curve formed by dats taken under site conditions kaown to be uniform.
Attempts to modify the curves by & 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 mejor subregions were treated as a separate group. The
average height of average-diameter dominant and codominant trees for each plot
in the subregion was plotted over age. An average ¢curve was then fitted to the
data, and an estimated site index read for the group. The nextstep wastosetup
a chart with site index gs gbscisse and height of average dominant and codominant
trees as ordinate, to plot readings of the heights for selected age classes of each of
the groups of data, and to curve these readings cut by age class. The fit wag made .
easily, the major part of each curve being rectilinear. A little forcing of the curves
&t the lower extremities was required t¢ 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 to correspond to height-on-age curves, each representing a single site
indez, that were constructed from the height-on-age data gvailable for certain
localities fairly uniform in site conditions.

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

After the site-index curves were constructed, site index was determined for each
plot. and all the dats were sorted on the basis of 20-foot site-index groups and 10-
vear age classes. At this stage the standard procedure is to construct gradusting
curves, with age as the abscissa and the stand value as the ordinate, and read the
estimated plot values from the curve. The site-index curves are then drawn on
both sides of the gradusting curve, at intervals determined by ratio of sums of
estimated plet values to sums of actual plot values for each site-index group.
An alternative technique for the last step is a study of the coefficients of variation
(8). These techniques, also, had to be modified. In the first place, for the data
taken on land of good site quality the maximum age class was 70 yvears, whereas for
those taken on average sites it was 190 years. Also, growth stagnation on & large

7 1t §s possible, however, that the yield tables presented hers can be spplied to the even-aged gronps com-
1mon in the ping stands of the Eaibab Platesy, through some modification of yield-survey teggl ue and
study of the relations between values snch a5 number of trees or volume for the Kaibab stands and corce
sponding vatues of the normal-ylald tables.
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number of plots in young stands and the poor site quality of many otbers tended
to warp various sections of the graduating curves. For these reasons each
graduating curve was confined to average site-index classes, namely those in the
range from 60 to 100. The curve was anamorphosed, with age as abscissa, and
upon the anamorphosed chart the data were plotted by site-index class. The
points for each site-index class ordinarily fell in a straight line, which did not pass
through the origin. Selected intercepts were then plotted over site index and
curved out. Finally, the curved values of the intercepts were used directly to
get the spacings of the site-index curves about the graduating curve. The
¢ustomary cross checks were made among basal area, number of {rees, and average
diameter.

The yield tables for partial stands were constructed by the ususal method (6)
with slight modifications. The standard method calls for a single average curve
of & stand value, such as percentage of total basal area included in the partial
stand, over average digmeter of total stand. The values for site indexz 40, the
lowest in the scale, differed consistently from the average curve in these plottings
and were therefore curved out and deslt with separately. The values for site
index 38 were interpolated between the values for site index 40 and those for site
dex 60.

After the vield tables were completed checks were made on the fit of the
data from different subregions to the vield tables. These resulited in certain minor
changes in the tables. On the whole, however, the results were accepted as they
stood. Aggregate deviations of subregional groups of dats from the final yield
tables, and the standard deviziions of the entire group, are shown in table 37.
The deviations for certain subregions may at first glance seem inordinately large;
but they sbould not be construed as indicating a weakness in the tables, since
rejection of plots was not severe.

TapLE 37.—Aggregele deviations of plol dela from normal-yield values, by subregion

Agpregate arror (percent of estimated vslue) for—
Board-foot volume
Subregion Plats Cubi

Nugber | Basal f%o?

oftrees | &re2 | volyme | IIT2- | geribner
rale
rale
. B Number | Perceni | Percent | Percenf | Percent | Pereent
California. oo 109 +2.6 +7.6 +6.5 +7.8 4 2
Cregon and Washington ... ..o ... 66 -7 -3.9 ~G.2 -.5 +5 3
a0t e iee B3 =311 —5. 4 ~3.4 +3.7 +7.7
Southern Idaho_._____._ ... ._...._...... 42 —6.4 —10.0 ~9.0 —9.3 —8.7
Northern Idaho and Montana............ 137 +7.5 -2 ~3.6 ~%0 —1L5
Black Hills_ ... M mramimmaeeamammaa oL k1 +15.8 -+14. 6 -2 7 —30.3 ~—8L0
Y U 450 +. 4 —+.43 ~L25 +.13 -2

1 Data taken by Behre (3, 4).

For several western timber species including Sitks spruce and western hemlock
(15), the plotting of yield values over saverage 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 advantages, chief of
which is the possibility of more reliable yield prediction on the basis of average
diameter alone. In the case of pondeross pine the curve of yield over average
gleséll?;tglr shows & strong residual effect of site and age, which makes its utility

e.

STAND AND STOCE TABLES

The stand and stock tables of this study were constructed by the hical
method used in a recent study of the yield {;f Sitka spruce and vi?estemggzll:)nlock
(18). 'This method is in part & reversion to one used in early stand-table studies.
It is simopler than the alinement-chart method (7} 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 constructing a 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
methods in some instances, but it is believed to be the only method now krown
that can be applied to normal, skewed, and truncated curves for number of trees,
basal ares, or veolume with equal ease and accuracy. The saving in time is
enormous and was & prime factor in this study, in which literglly dozens of stand
and stock tables were prepared.

First the plots were sorted on the basis of 1-inch gradations in average diameter.
Number of trees (or cubic-foot or board-foot volume) was listed, by diameter
class, for each plot. Cumulative sums and percentages from smallest to largest
diameter were then obtained for each diameter group and plotted on arithmetic
fregquency paper for successive limiting diameters. or instance, the percentage
of total number of trees in the 1- and 2-inch classes was plotted on the 2.5-inch
gradation, and that of the 1-, 2-, 3-, and 4-inch clesses on the 4.5-inch gradation.
The plottings were curved out only slightly or extended so that readings of digm-
eter E.:mts could be made at the graduations for certain percentages including 2,
5, 20, 50, 80, 95, and 98. These readings were plotied on ordinary rectangular
coordinate paper with average diameter ss the abscissa and diameter Limit as the
ordinate, and the plottings were curved cut by the percentage intervals. Except
for the high percentages, these fittings were made essily. Thig gave the basis for
constructing on arithmetic frequency paper s complete set of fitted and coordinated
curves, which ordinarily needed little further adjustment. To obtain table 28,
the percentages applying to the successive diameter limits of & stand tally were
applied to the yield table for number of trees in total stand (table 3) through the
medium of the table for average diameter of total stand (table 5).

In the case of board-foot volume by Scribner rule, the basis of the jnitial
sorting was average diameter not of total stand but of trees 11.6 inches and more
in diameter. This switch resulted in much stronger curves in the subseguent
steps. .o

HEIGET TABLES

Figure 14, height curves for stands of represenistive age and site-quality class
was constructed by & method described in reports on yield studies for Sitka spruce
and western hemlock (I6) and for Douglas ir.8  This method is largely graphical
and therefore somewhat subjective, but for the present seems to be the only
feasible technique available for constructing such curves. Multiple curvilinear
correlation methods in their present form failed to give & satisfactory solution.

First the plots were sorted on the basis of l-inch gradations in average diameter
and the heights measured or all the plots of esch group were listed by dizmeter.
The average heights for individual diameter classes were computed and were
plotted over diameter on rectangular coordinate paper. A smooth curve was
drawn through the plottings and the height corresponding to the average diameter
for the group of plots determined. The cutved heights corresponding to diameters
at l-inch intervals were then expressed as percentages of this height. These per-
centages were next plotted over average stand diameter and curved out by l-inch
dismeter classes.

Preparation of the site-age height charts began with reading the diameters for -
selected ages and site-index classes from the normal-yield table for average
breast-height diameter of total stand (teble 5). The heights of the average-
diameter dominant and codominant trees for the same classes were read from
table 4 and were converted to heigfl'lt of average tree of all dominance classes by
mesans of & chart not given here, ercentage height values were read for ave
diameters of selected ages and site indexes, shown in table 5, and multiplied by
average height in feet to get the heigbts for the full range of diameters,

fThe sccuracy of this method depends upon the availability of & large quantity
of data.

MORTALITY TABLES

The values for the mortality tables were computed through the medium of the
number-of-trees table (table 3), the stand table (table 28), the height curves
(fig. 14}, and the eubic-foot volume table (table 32). The method of computation
has been ezplained at ienIgﬁh in a previous yield-study report (16) and will not be
described here in full. In brief, it consists in deducing by means of the stand
tables the number and size of the trees eliminated by supression from one decade
to another. For instance, according to table 4 & stand of site index 80 has at 60

*MEVER, W. II. BEIGHT CURVES FOR EVEN-4GED STANDS OF DOUGLAS FIR. Pacific Northwest Forest
Experiment Station. 1836, [Mimeographed.]
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yvears 662 trees per acre, and at 80 years only 393 trees, or 269 trees less, per acre.
From the stand tables for the two ages (table 28) the differences in number of
trees for individual diameter classes, starting from the smallest, are cumulated
until the total loss in number is found. In the case cited the loss per acre is
eighteen l-inch trees, sizsty-five 2- and 3-inch trees, one hundred and one 4 and
5-1nch trees, seventy-four 6- and 7-inch trees, and eleven & and 9-inch trees.
The beight for each diameter class, for the lower age class, is read from figure 14,
and the volumes are computed. This method gives actually & minimum estimate
of the volume lost during the period, since 1t makes no allowance for growth of the
trees from the beginning of the decade to the time when they die or for death of
any large trees.

YOLUME 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
tables were cross-checked by mesns of board-foot-cubic—foot ratios.

The devistions computed after the tables were completed indicated that volume
may vary consistently with site quality, but the data were too unsatisfactory and
unrepresentative for definite conclusions on this point. Many, perhaps most,
of the present volume dats are for young trees in uneven-aged stends; 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 variation of volume with site guality or of the relation between form
and volume, in order to define relations that may be more satisfactory than those
gtated here. When relisble volume data taken in even-aged stands of & good
range of age classes on sites of all qualities are finally obiained and analyzed, if
these data show variation with site quality the values of the yield tables for
volume (tables §, 11, 16) can easily be adjusted.
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