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INTRODUCTION

The portion of Oregon and Washington west of the Cascade Range
is one of the most important forest regions of the country. Its
forests now contain about one-fourth of the entire standing-timber
supply of the United States; its lumber mills are now producing
yearly about one-fourth of all the lumber cut in the United States.
This forest region is of immense economic importance to the Nation,
not only because of its present great supply of virgin timber and its
large annual contribution of useful lumber products but also because
of its great possibilities for the continuous production of superior
forest crops in large quantities from lands eminently suited to that
purpose alone.

Western Oregon and Washington is spoken of as the Douglas fir
region on account of the preponderance of this species, which makes
up 66 percent (340,000,000,000 bd. ft.) of the total stand of all species
estimated at 515,000,000,000 bd. ft. Here Douglas fir {(Pseudotsuga
tezifolia) reaches its best development, both in size and quality of

* Material supplled by Donald Bruce for the 1940 revision (see p. §4) was derived trom
the brsle dita yned o the commpliation of this bullertu,

In the 1961 revision, clarifying muaterlal has been ndded {p. 12), with n reference ta
a 1855 publication.
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the individual trees, and in density and rapid growth of its stands.

The original forest of this region covered about 28,000,000 acres, but

logging, fires, and land clearing have reduced this area to something
_less than 24,000,000 acres (9).

A vast acreage of primeval forest thus remains, embracing many
large tracts of splendid old-growth timber, with trees 5 feet and
larger in diameter and cruising over 100,000 board feet per acre.
However, not every acre is covered with a dense stand of old-growth
trees. Many stands have been thinned by fire, and in some places
the old growth has been completely exterminated by fire or logging.
Still other stands are decrepit with age. As for the logged-over
and burned-over aress, many have satisfactorily restocked with
young trees, but others are only sparsely stocked or are entirely barren
of second growth. Ownership of forest acreage in the Douglas
fir region is rather evenly divided between the public and private
i)wners, but the volume of timber in private ownership is considerably
arger,

In this region an immense logging and lumbering industry has
come into being within the past.few decades. Washington now ranks
first among the States in volume of lumber production, and Oregon
has second place. Each year approximately 75,000 acres in western
Oregon and 145,000 in western Washington are logged over. The
579 sawmills and 144 shingle mills in the western part of these two
States in 1927 cut 9,881,414,000 board feet of lumber, and of this, 80

er cent was Douglas fir. Inasmuch as the stand of virgin timber
18 by no means unlimited, the permanence of this lumber industry,
which now contributes 65 per cent of the entire industrial pay roll
of Oregon and Washington, hinges to a considerable degree upon
the continued production of forest crops from lands chiefly suitable
for this purpose.

In western Oregon and Washington, both inside and outside the
national forests, at least 15,000,000 ncres of land is estimated to be
chiefly snitable for the continuous growing of crops of Douglas fir
and its associates. As the supply of mature timber becomes less
the forests which to-day are immature and the lands which are yet
to be reforested will furnish an increasingly large part of the timber
supply. Ultimately the lumber production of the entire region must
come from such young or second-growth stands.

Since the continued existence and prosperity of the lumber indus-
try in the Pacific Northwest is so dependent upon the growth that
t:ies place in these still immature stands of Douglas fir and upon
areas yet to be logged and reforested, it is important to have definite
information concerning the potential yields on these forest lands.
The owner of timberland who contemplates raising crops of timber
on his land in such succession or alternation as to produce a sustained
annual yield of a fixed volume, the investor in growing timber, and
the manufacturer locking for a future supply of raw material, all
are interested in kanowing the growth and yield possibilities of
Douglas fir stands. They should know Low many years it will be
before trees now too small to cut will be of merchantable size, how
many trees of each size class there will be of various ages during the

3 Italic mumbers iz parenthesea refer to Llterature Clted, p. 74,
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life of the forest, and how iarge a harvest may be expected at any
ven age.

glAnti(Epating this need, the Forest Service has prepared the yield
figures here presented. They will help anyone who is interested in a
future timber crop in this region to determine the profitableness of
timber growing on various classes of land, to decide upon the best
age at which to cut the timber, to predict the probable future size of
the trees, and to estimate the prospective value of the crop.

Opportunity to study the yield of young Douglas fir forests was
sbundantly afforded by the many areas where such forests of various
ages and on various types of land have originated naturally after
ltig%ing or following severe fires that killed the former stands.” Many
of these youn% forests are so uniform and well stocked that they are
a fair index of what may be expected hereafter under intensive forest
management, Some are very extensive, even aged, uniformly stocked
with trees, and unbroken over thousands of acres; others are but
small patches surrounded by timber of another age, or, rarely, are a
comy. osite of several age classes.

Estimates place the total area of Douglas fir forests originating
on old burns and now 20 to 120 years old at 2,500,000 acres in
Oregon and 2,000,000 acres in Washington; in addition there are at
present in the two States about 500,000 acres of Dougles fir second
growth on cut-over lands. Over half of this 5,000,000 acres is pri-
vately owned. A survey made in 1922 by the Forest Service on
5,910,529 acres of national forests within the Douglas fir zone showed
2,008,580 acres of Douglas fir under 120 years old. From this survey
it appears that about 34 per cent of the stands on the national forests
in the Douglas fir zone are less than 120 years old (pl. 1) ; these areas
are rather evenly distributed between the various age classes except
that the 1 to 20 year class is relatively larger. This proportion of
young growth to old growth probably is not as large on privately
owned lands cutside the national forests.

The yield tables here given were constructed from measurements
of trees on sample areas laid out in a great many representative
young forests, and supplemented by the periodic remeasurement of =
number of permanent plots which have heen under observation for as
long as 15 years. Figure 1 shows the location of the 261 individual
forests or tracts covered by the studg. All told, during the course
of the survey measurements were obtained on 2,052 sample plots.
Some were in stands only 20 years old, some in stands 160 years old,
and others in forests ’ofynearly every age between these extremes.
The principal combinations of soil and climatic factors in this re-

ion were considered, ranging from localities with very little rain.
glll to those where over 100 inches of rain falls every year; gravel
soils, clay soils, loam soils; and altitudes from a few feet to over 3,000
feet. In this way a series of composite pictures was built up, one
illustrating the conditions existing at various ages in forests grow-
ing under highly favorable circumstances, another showing the con-
ditions under the least favorable circumstances, and still others il-
lustrating intermediate conditions. The measurements so obtained
from representative forest areas, reduced to tabular form, show what
probably will be yielded or produced by & forest at different sta%::s
m its life. The study of Douglas fir growth was begun in 1909 by
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Thornton T. Munger (8}, was continued in 1911 by K. J. Hanzlik
{(4), and has been materially augmented by a large amount of field
work by the author in 1924-25.

THE DOUGLAS FIR REGION AND ITS FORESTS

Douglas fir grows naturally in most of the temperate portions of
western North America! It natural range is, roughly, from nor-
thern British Columbia southward in the Recky Mountains through
Idaho, Montans, Wyoming, Utah, Colorado, New Mexico, and Ari-
zona to Mexico; and in the coastal States through Washington, Ore-
gon, and as far south as central California. This bulletin is con-
cerned only with the region west of the Cascade Range in Wash-
ington and Oregon, where Douglas fir is the dominant forest species
and reaches its maximum development, a long narrow strip extend-
Ing from the upper slopes of the Cascade Range to the Pacific Ocean
and from southwestern British Columbia almost to the Oregon-Cali-
fornia boundary, an area approximately 100 miles wide and 450 miles

long.

’Igypical of the region are rugged mountains and broad fertile
valleys. The soils include sterile gravels, sands, heavy clays, looss
friable loams, volcanic ash, and almost every possible combination
of these individual classes. As a rule, the mountain soils are mostly
clays and loams, and the soils of the valleys are largely loams and
gravels; but no hard and fast line of distinction can be made, for
the several soil classes are to a great extent intermingled in many
areas. Hven within a township 1t 1s often possible to find several
distinct classes of soils.

The climate of the Douglas fir region is exceptionally favorable
for conifer growth. Except at high elevations in the mountains,
the winters are short and rarely severe. The growing season thus
is long and usually free from extremes of heat or cold. The average
temperature during the season for tree growth is about 56° F. The
amount of annual precipitation varies from an exceptional minimum
of about 20 inches on the leeward east slopes of the Olympic Moun-
tains to over 100 inches along the coast and on the upper west slopes.
Most of the region has an annual precipitation of 40 to 60 inches.
Below 1,500 feet nearly all the precipitation is in the form of rain,
but from June to September t{)lere is little rain anywhere in the
region.

Although Douglas fir predominates in the region and grows under
almost every variety of conditions up to the limit of its distribution,
the forests of western Oregon and Washington are by no means re-
stricted to this species. According to the species predominating, the
Douglas fir region may be divided into three subregions called the
fog-belt type, the upper-slope type, and the Douglas fir type proper.

he fog-belt type occurs as a narrow strip along the seacoast,
where the rainfall is exceedingly heavy and moisture-dripping fogs

1 Two apecles of Paeudotsuga ere patlve to North Amerlea: Douglas fir, P. tarxifelia,
and bigcone spruce, P. macrocerpd. Some botknlsts gubdlvide P, tfexrifolic according to
the color of the follage or form of tree characteristic of different reglons. Thus, the
greer Douglas Ar of the Paclfic vgast 16 celled P. tarifelia, the blue Douglas fiv of Colo-
rado 1 called P. glewes, and aoother form intermediate between the green and blus
formm is sometimes referred to mg P, tazifelia var. cacrig, There are aleo a number of
varieties af Douglas fir recognized by erboriculturists. In Burope, P, fgrifolic iy upuslly
ealled P, Douglazii.
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roll in from the ocezn even during the summer months, Here the
very moist soil and ecol atmosphere conditions favor the growth of
western hemlock (ZTsuga heterophylia) and Sitka spruce {Picea
sitchensis), often to'the exclusion of Douglas fir. In the southern
part of the fog-belt type, the valuable Port Orford cedar {(Chamaecy-
paris lewsoniana) also takes a prominent place in these forests.
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resent pericdle remensursments of one or a group of permanent snmple plots

The upper-slope type of forest occurs at moderate to high alti-
tudes in the Cascade Mountains, where Douglas fir graduslly yields
its place to western red cedar (TAuja plicata), western hemlock,
westerns white pine (Pinus monticola), noble fir (Abies nobilis),
silver fiv (4. amabilis), alpine fir (4. lasiccarpa), mountain hem-
lock (Tsuga mertensiana), and Alaska cedar (Chamaecyparis noot-
katensis),
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The Douglas fir type proper occurs in the valleys of the Puget
Sound-Willamette River Basins, on the mountains of the Coast
Ranges, and on the foothills and lower slopes of the Cascade Range,
These forests consist almost entirely of Douglas fir intermingled
with small quantities of western hemlock, western red cedar, lowland
white fir (4. grandis), and occasionally silver fir, noble fir, and
western white pine. The few broad-leaved trees of most common
cccurrence here and in the fog-belt type are bigleaf maple {Acer
maerophyllumy, red alder {Alnus rubra}, black coftonwood (Populus
trichocarpa), and Oregon white oak (Quercus garryana}.

GROWTH CHARACTERISTICS OF THE FOREST

Young forests, whether on old burns or on logged areas, consist
to a high degree of Douglas fir, most stands being over 80 per cent,
and many 100 per cent, of this species. This is due to the ability of
Douglas fir to establish itself by natural means more success ully
than any of its associates in open areas following fire or logging.
(Pl 2.) These young forests as n rule are even aged, the larger
trees in any one forest seldom varying by more than a few years.

Although a new forest starts with many thousands of small
trees to the acre, only 2 small proportion” of these survive until
the stand reaches maturity. (Pls. 8 and 4.) At 10 years of age
on reasonably good land there are about 900 trees'to the acre, some
of them 10 or 12 feet tall and clothed to the ground with hving
limbs. At 30 years of age at least one-half of these trees are dead,
several of the survivors are more than 12 inches in diameter and
90 feet tall, and on all the surviving trees the lower branches, though
they still hang on, dry and brittle, have been killed by the intense
shade. When the forest is 100 years old there are only about 80
Hving trees to the acre, but most of them are now 2 or 8 feet in
diameter. The larger trees are nearly 200 feet tall and have nearly
attained their full height growth; dead branches have dropped off
the trunks for at least haif the total length; the bark has thickened
greatly, become deeply furrowed, and turned a dark gray-brown.
The ground is strewn with trees which have died, and the holes
so made in the forest canopy admit enough light to permit the estab-
lishment of shrubby plants and occasional small hemlocks, cedars,
and white firs,

Most of the present young stands of Douglas fir, such as were
studied for the purposes of this bulletin, originated naturally fol-
lowing fires which destroyed the previous forests. Other young
forests have come in on logged-over aress. The extensive stands
of Douglas fir now 60 to 80 years old in the Willamette Valley and
on the foothills in Oregon are commonly assumed to have originated
about the time that intensive settlement of the valley brought to an
end the setting of brush fires by Indians to maintain pasture for
their horses.

Overmature forests have a large proportion of other species,
mostly western hemlock and western red cedar. This is due to the
fact that Douglas fir does not endure heavy shade, and for this
reason there is no_understory forest of young Douglas fir to take
the place of the old trees as they die from cﬁd age or lose out to
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their neighbors in the competition for sunlight. Western red cedar,
western hemlock, white fir, and other species which can grow in
the shade of the mature forest fill in the places left vacant by the
dying Douglas firs,

GROWTH CHARACTERISTICS OF THE TREE

In the Pacific Northwest, Douglas fir is a tall, massive tree with
slowly tapering trunk, attaining great size and age. Excepting only
the sequoias of Cgiifornia, Douglas fir is the largest tree of the
North American forests. Trees 5 or & feet in diameter and 250
feet tall are common in mature forests. In general, however, trees
more than 8 or 9 feet in diameter and 275 feet in height and more
than 500 years old are rare.*

The inability of Douglas fir to live in its own dense shade insures,
in well-stocked stands, the early death and gradual shedding of the
lewer branches and the production of clear lumber thereafter. Sen-
sitiveness to shade varies with age, young trees being more shade
resistant than old trees. Likewise, trees having favorable growth
conditions are more tolerant of shade than those on the poorer sites.
Early in life Douglas fir is able to withstand some side shading, but
after about the twenty-fifth year the tree is unable to make satisfac-
tory growth or to live in either side or overhead shade.

“oung Douglas firs are fairly safe at present from indigenous
fungous disenses. Studies by J. 8. Boyce indicate that in stands less
than 100 years old the loss through decay ordinarily amounts to less
than 2.5 per cent of the total merchantable volume of the stand.
Damage by tree-killing insects is restricted to a very few species, and
the only serious attacks have occurred near the marginal limits of
the tree’s distribution. Ice storms occasionally break the tops out
of trees, and those so damaged seldom recover their places in the
forest canopy. Crown fires sometimes destroy many acres of Doug-
las fir forests, but are rare.in young stands. Surface fires, on the

*The greateat (iometer sp far authentlenlly reported 1s of n tres uutll veryr recently
standing in & prove of glant cedars and firs pear Minerel, Wagh, (Pl 5.) hiz_ tree,
measured in 1924 with steel tape and Al:ne(y level, had o diameter of 15.4 feet ot 4.5 feet
above the mean ground Jevel, and & height {up to a broken top) of 225 feet. A large part
of the Interior of the tree hag been burped sut nt the base, lesving a doorlike opening at
one afde. The rings of 151-em'l_\- growth are plainiy vialble in the charred waills of the In-
terior, and by counting these tings the age of the tree was estimated to be 1,020 yeara {in
1924), Another large tree about 15 feet in diameter was reported In 1900 by E. T. Allen,
who writed, * It wra about 3% miles from Ashford, Wash., on the Mount Ralnler road, and
was e fallen trec which itself lay quite sound, but the sinmp which was ebout 25 feet
bigk bad been burnt or rotted out from one side, leaving & lerpe opening. I rode B
horse into this stump, turoed him around, and rode out again, It was a small horse,
but you can gee it wes also n big tree.” The tollest Douglne fir on record was repoerted
in 1800 by B, T. Allen. This tree, found neer Llitle Reck, Wash., was 330 feet tall
and bad a dlameter of T1.86 inches. A down tran 380 feet long has been reperted, bat,
upfortunately. the defatlis of the mensurement were never recorded snd the exact locatfon
of the tree forzotten, Other tall trees for which eccurate information Ie mvaildble are
the following : One near Hoquiam, Wagh,, 318 feet; one a+ Little Rock, Wash., 310 feet;
one near Derrington, Waah,, 325 feet: one near Pawn, on the Stuslsw National Forest
In Oregon. 205 feet. Several Instances of exceptional volume of individual Douglias fr
Iogs have been reported., At Belllpgham, Wagh., a log 12 feet !n digmeter nt the b,
278 feet long, scaled 105,000 board feet, Berlbner rule. At Clear Lake, Wnreh., & log
12.9 fect In diameter at the butt, 170 feet long, scaled 78,000 board feet, Scribner rule.
The oldest Douglas fir of which there I any authentic record was found in 1913 by
Raui r Hilllgoss on the Finney Creek watershed nbout 30 miles enst of Mount Vernen,
Wash., The age count wes made ob a gection ebout 40 feet above the atump, and the
gge st that point was 1,378 years. Since at legst 25 yeara were required to reach the
height at which the age count was mede, this tree orust bBrve been over 1,400 Feare old
when cut, The next cldeat is the tree at Mineral, There mey be tuller, oider. or larger
trees theo theme, but the Forest Service hae no record of securately measured trees
which surpass those described,
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other hand, do little damage to mature trees protected by their thick
bark, but are responsible for a great deal of damage in young stands,
scarring the bases of the thin-barked trees and thus exposing them
to windthrow or fungous attacks.

Douglas fir reproduces itself only from seed; it does not sprout
as do many of the hardwoods and a few of the conifers. The seed
matures in August and September and most of it falls from the cones
within a month or two; but good seed often continues to be shed until
the following spring. As a rule, Douglas fir has a large seed crop
over the entire region about every three or four years, the interven-
ing crops being either total failures or light.

Douglas fir normally is a deep-rooted species on the drier loams
and very dry gravels, but this characteristic of the root system ap-
pears to be determined largely by the quantity of moisture present
In the soil. On wet clay soils so shallow a root system is developed
that isolated trees are liable to be overthrown by the wind; and
windthrow is particularly prevalent in the wet soils of river bottoms.

Douglas fir stands, as well as logs and Iumber, are often referred
to as “red fir ¥ or “7yellow fir,” according to the color and quality of
the wood. Both kinds of wood may be i1 the same tree, the coarse-
grained center being reddish and the ﬁne-grairlged outer portions
of the stem yellowish. The yellow fir is considered more desirable
than red fir because of its color, fine grain, and easy-working qual-
ities. The formation of red fir wood is commonly attributed to
rapidity of growth, and since the rate of growth diminishes with
age, the trees in old forests are likely to contain a relatively large
proportion of the yellow wood. For this reason, young Douglas
fir forests are frequently referred to as red fir forests and older
stands classed as yellow fir forests.

FACTORS INFLUENCING YIELD OF DOUGLAS FIR

The yield of the growing forest at any given age is determined by
site quality and degree of stocking. A brief analysis of these factors
will be presented; a complete discussion of them is beyond the
scope of this bulletin. The actual yields obtainable from any stand
are affected by other factors also, such as the intensity of the utiliza-
tion and the amount of defect; these are discussed in later
paragraphs.

SITE QUALITY

Various combinations of the physical characteristics of forest
areas, such as soil, drainage, rainfall, temperature, altitude, slope,
and aspect, result in different degrees of favorableness for tree
growth. The combined effect of these characteristics on the stand is
embraced in the term “site ” or “ site quality.” (PL 6.) DBetween the
best and poorest sites in the Douglas fir region is a range in produe-
tivity, as measured in cubic feet of wood produced, of over 250 per
cent. It would he difficult, if not impossible, to determine the part
that each physical factor has in making an area productive, althongh
this study has given some indications of the combinations of factors
thet contribute toward productivity. For practical purposes in
using yield iables it is essential to have only a measure of the
combined effect.
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F19502T 203870

THRIFTY YOUNG STANDS OF DOUGLAS FIR ARE ABUNDANT ON OLD
BURNS AND LOGGED QFF LANDS
A {exterlor) and B (Interlor) vlews of Douglas fir stondse about 45 yearsold. ‘The remarkably uniform helght

development of the young trees and the overtopping sead trecs ere characterlstic, 3tand B, which ison
land that once wos cultivated, has 438 irees and 6,789 cuble feet o the sere.
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THE LIFE CYCLE OF A DOUGLAS FIR FOREST

A, A dense stand 9 years old.  There are thousands of trees to the acre, some of which are 10 or 12 feet tall. The period of rapid height growth has begun and during the next
decade these trees will make their greatest yearly increase in height; B, the stand is now 52 years old, and has retained about 275 trees to the acre, averaging 12.5 inches in di-
ameter, of which 136 trees are 12 inches of larger in diameter with a volume of 27,000 board feet (Scribner fuil scale). Within the next 20 years many of the dead limbs now
pel'(aliistl:ng gn the trees will fall to the ground, and through the death of many of the young trees the stand will open sufficiently to admit sunlight for the establishment of
underbrush,
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THE LIFE CYCLE OF A DOUGLAS FIR FOREST

» A, By the time the stand is 140 years old many of the trees have been shaded out. There are now 170 trees to the acre, averaging 20.2 inches in diam-

eter, and the 158 trees 12 inches and larger in dismeter contain 84,500 board feet (Scribner full scale). Asaresult of growing in a full and evenly
stocked atand the trees are straight, and free from large knots; B, when the forest resches 300 or 400 years old, about 50 or 60 Douglas fir trees to the
scre remain. The forest canopy has opened greatly owing to the Geath of many of the trecs, and a number of young hemlocks and cedars are taking
full advantage of this opportun ty to obtain a dominant place in the forest. .
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QUALITY AFFECTS GROWTH IN VOLUME
A, Douglas fir on site Class TII; the forest is 66 years old, there are 364 trees to the acre, averaging 10.6 inches {n diameter, and the volume of the 119 trees 12 inches and

larger in diameter is 20,000 board feet (Seribner full scale); B, Douglas fir on site Class 11 in the same forest; the forest is 70 years old, there are 152 trees to the acre,
averaging 16.8 inches in dinmeter, and the 124 trees 12 inches and larger in dinmeter have a volume of 52,000 board feet (Seribner full scale).
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THE EFFECT OF DENSITY OF STOCKING ON QUALITY

A, Limby timber is the result of trees growing in a sparsely stocked stand. 'This is the kind. of timber foresters and timberl.ud owners do not want to grow and which
can be avoided with proper forest management, - This 64-year-old timber has plenty of volume but will produce lumber of very low quam.z; B, proper density of stock-
ing results in an excellent stand of timher typical of what mey be expec! under gond forest management. Diameters are smaller than when grown with a wide

spacing but there arc more trees to the acre and the individual trecs have fewer large limbs on the lower portions of thelr stems. This Is the sawne stand asin A, but
here the trees average 200 to the acre of which 175 are 12 inches and larger in diameter, snd yield 80,000 board feet (8cribner fuil szale).
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THZ YIELD OF DOUGLAS FIR 9

Altitude influences the productivity of an area by shortening the
growing season and lowering the mean temperaiure, Since at high
elevations growth begins late and stops early, high-altitude areas are
less productive than thuse at low elevations, even though soil, drain-
age, and other conditions are favorahle. In this study, 89 per cent
of the arees ranking as Site I were faund below an altitude of 1,500
feet, and no Site I sreas were found above 2,000 feet.

Aspect was found to be an imporvant factor in regulating the
productivity of forest sites. The mos; rapid growth was found on
slopes facing north, northeast, and esst, probably because the soil
on these exposures is less subject to the drying rays of the summer
sun and consequently remains meore tnoist than on other aspects.
Ninety per cent of the Site I areas measured during the course of
this study were on north, northeast, and east aspects. The south to
west aspects were found to be more variable in their effect on site
than the north to east aspects. Although the leest productive areas
were found on south, southwest, and west aspects, occasional Site I
areas and a moderately large number of Site II areas were found on
these exposures. All of the Site V plots were on south fo west
aspects, or on level ground.

Soil undoubtedly plays a most important part in regulating the
productivity of any area. Even though there be abundant rainfall,
a long, warm growing season, and every other condition conducive
to rapid growth, if the soil is lacking in foud substances ﬁor if there
is an excess of certain substances), if it is extremely shallow or the
drainage is deficient, growth will be slow, and Iar%re yields will not
be attained. The most rapid growth and the largest yields of
Douglas fir are obtained on deep, well-drained san?iy loam soils.
Clay soils apparently rank second in productivity, and those soils
which are mainly gravel are the least productive.

It is difficult to separate the effect of rainfall from the effect of
other physical factors influencing site quality. The results of this
study indicate in general, however, that abundant precipitation is
essential for rapid growth and large yields. The most productive
areas having favorable soil and a%titude were found in locsalities
where the annual precipitation is more than 60 inches. Conversely,
on areas where the soil and altitude apparently are favorable, but
where the rainfall is less than 30 inches annually, the frees were
growing slowly, and the total yields were small.

Slope affects site quality by reason of the fact that, even when
other factors remain the same, a change in the gradient may result in
an increased or decreased rate of growth.®

STOCKING

The completeness of stocking of & forest area has a decidedly im-
portant, effect on yield, not only on the volume production but also
on the quality of the wood produced. Where there are but few trees
per acre the Increase in volume of individual trees is very rapid, but

¥ Agide from the Influence that siope hae oo site quality, the degree of slope alap affects
the yield per acre. For horizontally meassured acres an increase in slope results ln an
inereazed mrea of ecil surface per acre, An increage in gradient llkewlag makes poasible
o moare advantageous exposure of the erowna with resultant increase it denalty of atock-
ing, and thls holds true even 1f the hiliside acre is surface measuved acd thus has the
same Burface ares BB g&u acre on level ground. The effect of slope on yleld 1s deseribed
in o later paragraph,
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trees growing under these conditions will have many large limbs, a
gnarled, rough appearance, and lumber from such open-grown trees
will contain large knots, will be coarse grained, and consequently
will be of low quality. When the trees are closely spaced the limbs
on the lower portions of the stems are small and die early hecause
of shading, and the lumber from closely grown trees therefore has
fewer and smaller knots, a finer texture, and a higher quality.

The density of stocking may also affect the character of the prod-
uct (pl. 7), determining, for example, whether a large or a small
proportion of the trees has the proper taper or clear surface which
rend.t;;*s them suitable for special purposes, such as telegraph poles
or piling.

Though quality production is perhaps of as great economic impor-
tance as quantity production, the present study was confined to the
latter phase, and no systematic information is vet available regard-
in% the quality yields at different ages, for different site qualities,
and for different degrees of stocking,

GROWTH AND YIELD TABLES
TERMS USED

The following explanations are given of the terms used in the dis-
cussion and tabulation of growth and yield.

Yield—The volume per acre in fully stocked stands at stated
ages by any one of several standards of measure. The yield-table
values include only living trees, and do not show the very consider-
able increase in total yield which can be had by taking advantage of
thinnings, even if the thinning operations do no more than remove
the trees which normally will die as the stand grows older, No
allowance is made in the computations of yield for possible loss in
logging through defect and breakage.

Mean annual increment—The average yearly increase in volume
computed for the total age of a stand at any period in its life. See
below.

Periodic anmual increment.—The average yearly increase in volume
during a short period—in this instance a 10-year period is used.
The figures for mean annual increment and periodic annual incre.
ment are for living trees only and take no account of the trees which
die between measurements; nor is allowance made for possible loss
in logging through defect or breakage.

Dominant and codominant trees—Trees with well-developed
crowns forming the general level of the forest canopy and ocea-
sionally extending above it; the larer trecs of the stand. (The
group corresponds to the twe upper classes of a crown classification
having four divisions—dominant, codominant, intermediate, and
suppressed trees.}

Age~—As given in this bulletin the age of the stand is the average
total age of the dominant and codominant trees. It is the number
of years since the stand started from the seed, not the number of
years since the previous stand was removed,

Stocking.—Stocking is a term here used in describing the degree
to which an area is covered by Dovglas fir trees. The ideal or most
effective number and distribution of trees is calied uormal, or full,
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stocking. Normal stocking, as used here, is not theoretical maximum
stocking but represents the condition of & lar%]e numbker of selected
acres in natural stands where no accidents have interfered with
growth, Normal stocking as indicated in this bulletin can be found
on single acres in all parts of the region and in many forests uni-
formly over an area of 10 or 20 acres.

Assumed utilization—For tables in cubic feet, the volume is the
total cubic volume of the entire stems including stump and top but
excluding bark and limbs; for tables of the total stand all sizes of
coniferous trees over 1.5 inches in dizmeter, except those of the
understory, are included. The yields in board feet Il):ry the Scribner
log rule allow for 2 minimum top diameter of 8 inches, a stump
height of 2 feet, a trimming allowance of 0.3 foot for each 16-foot
log, and represent the volume of all trees 11.8 inches in diameter
{12-inch class) and larger on one fully stocked acre, The yields in
board feet according to the International log rule (¥-inch kerf)
allow for & minimum top diameter of 5 inches, & stump height of
1.5 feet, a trimming allowance of 0.3 foot for each 16-foot log, and
represent the volume of all trees (1} 6.6 inches in diameter (%-inch
class) and larger, and (2) 11.6 incbes in diameter and larger on 1
fully stocked acre.®

Scale—The volumes given represent full scale, no allowance
having been made for possible loss thraugh defect, breakage, or
incomplete woods utilization.

Site Quaiéty.—Sepamtion of forest land into the various classes of
productivity (sites) is based on the average total height of the domi-
nant and codominant trees. The average total height which has
been or will be attained at a given age (in these tables at 100 years)
is the “site index,” and the tables here presented show the yields for
forests of all site indices from 80 to 2107 For the sake of compact-
ness, only the 10-foot site indices (as 80, 90, 100} are shown, but
intermediate values (as site index 82, 87, 88, ete.) can be obtained by
interpolation between two adjoining 10-foot classes. To simplify
the application of the tables, the site indices are grouped in five
broad classes, called Sites I, IL III, IV, and V. Each site class is
arranged in these tables to include three of the 10-foot site-index
classes which may be used as high, low, and median values in each
cite class. The median values of the five site classes correspond to
the following site indices:

Site index

Site I 200
Site II - 170
8ite III 140
Bite IV _ 110
Site ¥ 80

Total basal area—The sum of the cross-sectional areas in square
feet (including bark}, at 4:5 feet ahove the ground, on 1 acre; eom-

s Since the Internatlonel rule nesumes rather closc utillzation, a saw kerf of ohe-elghth
of zn !nch is here provided. If, bowever, a 3¥-lnch saw korf is ueed with the Inter-
patlonai rate, the yields Indicated !n thesc tubles must be reduced 0.5 per cent.

74 Site indexr " '8 hot & mow term, zithough it hos been ilttle used in the United States.
Theodore and Robert Hartlp used the system in growth and yicld wtudles, and so did
Huber, a8 reported by Sterling {2). Frivie {5} devcloged & sysfem of site Lndices similap
to the one descr/bed here, and Roth (18} ;)ropused s scheme essentiglly the same, although
he did not mentlon the term “ site iudex.”
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puted in this bulletin for three groups of living trees, namely, (1)
all the trees, (2) thoss 7 inches in diameter and larger, and (3) those
12 inches and larger.

TABLES OF NORMAL YIELD

Normal-yield tables such as are given in this bulletin take into
account the variations in yield due to site and age. But the normal
tables do not reckon with the variations in yield due to stocking,
degree of defect, or utilization practice. The' normal tables are
standards to which actusl yields UF extensive areas can be referenced.
In using the yield tables, proper allowance must be made fer utiliza-~
tion less complete than is indicated ; for possible loss through defect
and breakege; and for eny estimated de%ree of stocking more or less
than that represented by the normal tables,

Conventional normal yield tables such as the ones in this bulletin
show only yields of live timber, or net yield. No attempt is made to
measure the Jarge segment of the forest that dies during natural stand
development.

A recent publication by Staebler (77) presents gross yield tables
for Douglas fir based on data from the present bulletin and permanent
sample plots. Gross yields (net yield plus mortality) give an approx-
imation of muximum yields that might be achieved by intensive man-
agement in which mortality can be anticipated and ufilized.

DETERMINATION OF SITE QUALITY

Obviously, before yield tables can be used, the site quality of the
area in guestion must be determined. As already stateg, the average
total height of the dominant and codominant trees at a fwen age
is the accepted index of site. Whenever there is a stand of Douglas
fir on the area, either young growth or old growth, site cgn be de-
termined readily by comparing the average total height of selected
dominant and codominant trees with the standard heights corre-

Tasie 1.—Average tolel height of deminant and codomingnt trees, by site
clazaes

Bite Clam V|  Blie Class [V Bite Class 11 Bite Class IT 8lta Cleza I

Age (7eam8) | gieg | Bite | Bite | Bite | Site | Bits | Bite | Site | Bits | Site | stte | Site [ Bite | stte
index(index!inder|index(index|index/[ndex{lndex|index(index|index|indax|Index{lndax
S| W |1 120 | 130 | 140 | 150 160 | 170§ 180 [ 190 | 200 | 210

=
=

Feeb | Fect | Fedd | Feet | Fe | Feet | Feet | Ferl | Fret | Feet | Feet | Fert | Feet | Feel
21 24 o o] 4 34 a7 39 42 44 47 49 52 54
87 41 46 50 55 80 i3 83 74 7B 3] £8 92 ]
48 5 60 66 72 KL B 0 86 W2 WA 1W; 1AW 126
56 a3 70 W B4 91 88| 105| 12| 19| 125 132| 139 146
83 i 75 86 3| 101 0B | NTf 124 12| 40| 4B | 156 153
&8 Fid 85 o 07| o | e 127 13| 14| 1521 181 | 1w 7a
73 a2 01| 100} 109| 1B 127) 136 145 14| 143 172 181 190
7 B 98 105| 115] 225 | 134| 144 | 153 | 183 | 172| 182 | 192 al
80 90 00| 10 120) 130 40| 50| 60| 1| 180 | Wo| 200 21G
83 P31 104 ) 10] 124 135 45| 185| 88 1784 187 197 | AW it
25 96| 104 117 128 138 149 160 170| 181 192 | 202 213 A
87 €8 108 ngy 131 | 41| 1620 183 174) 185) 198 207 | 28 229
&8 el onupl ol o3y 144 1640 w8l 177 18R 0 190 29| 221 For]
o o101 | 2t o123 134 | I45| 156 | 188 170 1sa ) 201 | 23| 22 235
PO M2 113 124 1387 MY 168G ITH| 181 82| 203} 25| 2% b<r)

sponding to the age of the stand as given in Table 1 and Figure 2.5
As an example, if the age of the stand is 50 years, and the average
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total height of the dominant and codominant trees is 98 feet, Table
1 shows that this height at 50 years corresponds to site index 140,
or Site III. Height measurements of 15 or 20 dominant and co-
dominant trees and age counts on about 10 should be sufficient for
site-quality determination if the area is homogeneous. Since age
counts usually are made several feet above the ground, these counts
must be converted {Table 19) to total age.

It is less easy to determine the site class of an old burn or {reshly
logged ares devoid of trees. Where such bare areas are adjacent
to standing timber on land of apparently similar site, the non-
forested areas may be assumed to be of about the same sifte as the
adjoining forested areas. Methods for determining the site of bare
areas are now being sought,

The normal-yield tables are presented in three ways: Table 2 for
total stand, all sizes of trees included; Table 3 for tnat part of the
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Ficurp 2.—Averepe tetal height of dominant and codominant trees

stand 7 inches in diameter and larger; Table 4 for the stand 12
inches in diameter and larger,

YIELD TABLES FOR TOTAL STAND

Table 2 comprises a group of yield tables covering the whole
stend and includes four items, the total number of trees per acre,
the diameter of the average tree at breastheight, tota] basal area,
and- the cubic volume of the entire stems. The values for each item
are arranged by site indices from 80 to 210 in 10-foot classes. Fi%-
ures 3 to 6 present the same data by means of curves but include only
the median values for cach of the five site classes. All conifers
(but not understory trees, if present} 1.5 inches in diameter and
larger are included 1n the table for the total stand.

# The Bgures In Teble 1, and Figure 2 up to 180 yenrs are based ob the Mmerstrement of
stands used in the yield study, but for the benefit of thome who may want to detormlne
site quality of land now sunpurn:;f old-growth flmier the figures in Figure 2 have Lreen
cxtended to 440 ivenrs by W. H. Meyer. The cxtenslon !a bnsed on the measurement of
helghts 1n 40 diferent forests by varlous membera of the Fovest Bervice




TasLe 2.—Yield tables for Douglas fir on fully stocked acre, lotal stand
TOTAL NUMBER OF TREES

Bite Class V. Bite Class IV Bite Class ITT 8ite Class IT Bite Class I
Age (years) . N
Site index|8ite index(Site index|Site index|Site indexSite index|Site index|Site index{Site index|8ite index|Site inde=i2ite index|Site index|Site index
80 90 160 110 120 130 140 150 160 170 180 190 200 210
Number | Number | Number |- Number | Nuinber | Number | Number | Number | Number Number | Number | Number | Number | Number
6,920 5, 500 4,150 3, 069 2,324 1,815 1,460 1,210 1,012 880 756 654 571 | 420
2, 700 2, 200 1, 800 1,472 1,219 1,030 865 735 840 555 483 408 350 300
1, 530 1,275 1, 090 927 798 880 585 510 445 385 335 282 240 203
1,050 890 764 858 72 496 430 377 331 200 248 208 178 150
780 670 580 500 439 380 337 206 261 228 195 164 138 116
625 537 468 405 352 310 274 242 214 188 160 136 113 95
525 455 304 345 303 268 232 207 182 159 138 115 97 81
451 308 347 304 25 205 180 158 138 118 100 84 nn
403 352 3n 271 230 200 184 161 142 123 106 89 75 64
362 3i9 281 247 217 188 166 146 128 111 85 81 69 58
331 202 259 224 197 173 152 134 116 101 87 74 63 53
305 271 240 209 184 161 141 124 108 64 80 69 5 49
284 252 224 105 171 149 131 115 101 88 75 64 85 45
266 238 211 184 160 141 123 108 95 82 71 60 23 42
250 225 200 175 152 133 117 102 980 78 67 57 48 £0

DIAMETER OF AVERAGE TREE AT BREASTHEIGHT

Inches Inches | Inches Inches Tnches Inches Inchiza Inches Inches Inches Inches Inches Inches Inches
1.3 L5 L8 2.2 28 3.0 3.4 3.8 4.2 4.5 4.9 5.3 5.7 6.2
2.8 3.0 3.4 3.8 44 4.9 5,6 8.0 8.5 7.0 7.8 8.3 9.0 9.8
3.8 4.4 4.9 5.5 81 6.8 7.4 8.0 87 9.4 10.2 11.2 12,2 13.3
4.9 5.6 6.3 7.0 7.7 8.5 9.3 10.1 10.9 11.8 12.8 14.0 16.3 16.7
6.0 6.8 7.8 B.5 9.3 10.2 111 12,0 12.9 14.0 15.2 16.8 18.2 19.9
7.0 7.9 8.8 9.8 10.8 11.8 12,8 13.8 14.8 4.0 17.5 19.1 20.9 22.8
7.9 8.9 9.9 10.9 12.0 13.1 14.3 15.4 18.8 17.9 10.6 213 23.3 25.5
8.7 9.7 10.8 11.9 13.1 14.3 15.6 18.9 18.2 10.6 21.4 23.3 25.6 28.0
9.4 10.5 118 12.8 14.2 15.5 16.9 18.2 19.7 21.2 3.1 25.1 2.6 30. 1
10.1 11,3 12.4 13.7 15.2 16.6 18.0 1.5 21.0 22.8 24.6 26.9 28.4 32.2
10,7 1.9 13.2 14.6 16.1 17.6 19.1 20.7 22.3 240 28.1 28.5 3L.1 34.2
1. 3 12,5 13.9 15.3 16.9 185 20.1 2.7 23.5 25.3 27.5 30.0 32.7 36.0
1.9 13,1 14.5 16.0 17,7 10.4 211 22.8 24.5 26.5 2.8 314 34.3 31.8
12.4 13.7 15.1 18.7 18.4 20,2 22.0 23.8 25.6 27.7 30.0 32.8 35.8 30.4
129 14.2 15.7 17.4 19.1 2L0 22.8 24.7 28.6 28.9 8L2 34.1 3.2 4.0

HHAIINOIEOV 0 “IJAd 'S 'O ‘T07 NIIATING IVOINHOGL  H




TOTAL BASAL AREA

Sq. fL. Sg. ft. Sq. ft. Sq. 1, Sg. L. Sg. ft,

70 76 81 86 89 92
105 114 122 128 135 140
132 143 153 162 170 177
153 165 177 w7 196 204
169 182 195 207 217 226
183 197 211 224 235 244
14 210 224 238 249 259
204 220 235 249 262 272
212 229 245 2 273 283
220 238 254 269 282 292
226 245 261 277 290 301
233 251 208 284 208 309
218 267 275 201 305 317
243 263 281 208 312 324
248 268 287 304 318 331

Cu. ft. Cu. ft. Cu. fL. Cu. ft, Cu. ft. Cu, fl. Cu. ft,
870 990

1,330 1,610 1,930 2,270 2,630 2,080 3,300

, 52 : 3, 560 4,150 4, 690 5§, 250

2,840 3' 410 4,080 4,780 5540 6, 300 7,050
200 ’

i
—
=
=)
(X3
8
2
=]
[¥]
=3

3, 500 5,010 5,880 6, 880 7,760 8,700
4,090 4,920 5,820 6, 830 8, 9, 100 10, 150
4, 580 5, 510 6, 530 7, 690 9, 000 10, 240 11,350
5,000 6,010 7, 12 8,400 9,810 11,160 12,390
5, 350 6,420 7,620 9, 000 10, 510 11,040 13,270
5,640 6,780 8,050 9,500 11, 080 12,610 14,

5, 900 7, 8§ 410 9,920 11, 580 13,180 14,600
6, 130 7, 340 8,720 10, 290 12, 13, 650 15, 140
6,340 7, ' 10, 620 12,370 14,080 15,610
6, 520 7,810 9, 280 10,920 12,710 14, 490 16,

6,670 8, 000 9, 500 , 13, 040 14,850 16, 490
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YIELD TABLES FOR STAND OF TREES 7 INCHES IN DIAMETER AND
LARGER

For the siand of trees 7 inches in diameter and larger, Table 3
records the number of trees, the diameter of the average tree, total
basgl area, cubic volume, and board-foot volume by the Ynternational
log rule. Figures 7 and 8 illustrate the change mn number of trees
and in beard-foot volume, with age.

The tables and graphs are self-explanatory with the possible excep-
tion of the graph for number of trees, (I% ig. 7.) The number of
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F1e0RE T.—Number of trees per acre 7 inches in diameter and larger

trees larger than 7 inches in dismeter must increase as the stand
grows older and the trees gain in dizmeter. The trees which die
and drop out of the stand during this peried presumsably are small
trees, mostly less than 7 inches in diameter. Since the stand must
some time reach an age when all the trees in the stand are over 7
inches in diameter, trees dying after that time must come from the
ranks of the 7-inch and larger trees. Hence, afier a certain age,
there is a decrease in the total number of these trees; this accounts
for the sudden reversel in direction of the curves,
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During the period when part of the total number of trees are
smaller than 7 inches in diameter, the diameter of the average tree
in the stand 7 inches and larger is greater than the diameter of the
average tree in the total stand, and basal area and cubic volume are
less. gLa.te): the values become equal in both stand groups.
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FIigoas 8.—Volume per acre in bomrd feet by the Interpational tog rule (if-loch
erf), trees T inchea In diameter end larger

YIELD TAELES FOR STAND OF TREES 12 INCHES AND LARGER IN
DIAMETER

Table 4 records, for that part of the stand in and above the 12-inch
diameter class, the number of trees, diameter of the average tree,
total basal area, cubic-foot volume, board-foot volume by the Inter-
national log rule and board-foot volume by the Scribner log rule.
Figures 9 and 10 illustrate the change with age in the number of
trees and Scribner board-foot volume,




TaBLE 3.—Yield tables for Douglas fir on fully stocked acre, trees 7 inches in diameter and larger
NUMBER OF TREES

8ite Class V Bite Class IV 8ite Class III Bite Class II Bite Class I

Site Index|Site index(Site index|Site indexSite index{Site index|Site Index|Site indexiSite index|Siie index|B8ite index|Site Indéx|Site index!|Site index
80 80 100 110 120 130 140 150 160 170 180 190 200 210

Number Number
[1] 0 (4 0 7 76 99 9 34 148

247
124 218

282 259 173
276 306 326 137
305 13
97

198 152 ur

DIAMETER OF AVERAGE TREE AT BREASTHEIGHT
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BASAL AREA
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TaBLE 3.—~Yield tables for Douglas fir on fully stocked acre, trees 7 inches in diameter and larger—Continued
YIELD IN BOARD FEET, INTERNATIONAL RULE (4INCH KERF)

Site Class V Site Class IV Bite Class II1 Bite Class II +Bite Class I
Age (years) . . |

Site index|Site index!Site indexiSite index|Site index|Site index|Site index|Site index|Site index!Site index Site index|Site index|8ite index|8ite index

80 90 100 110 120 130 140 150 160 170 180 180 200 210

Bd. ft. | Bd.fi. | .Bd.fi. | Bd.f. | Bd.ft. Bd, ft Bd. ft. Bd. ft. Bd. p. Bd. f. Bd.fi, | Bd.f. | Bd.f. Bd. f1.

20, 0 0 0’ 0 0 0 200 800 1, 500 2,100 2, 800 3, 900 4, 900 6, 000
0 0 1,000 2,400 4,300 8, 200 8, 400 10, 700 13, 300 16, 000 18, 800 21, 400 24, 400 27, 600
1, 500 3, 800 6, 400 9, 200 13, 400 17, 400 22, 000 28, 000 30, 500 34,000 { 39, 000 43, 000 47, 000 51, 500
5, 900 9, 500 13, 600 19, 000 25,100 31, 400 37,100 43, 300 49, 200 55, 000 60, 000 65, 200 70, 500 75, 300
10, 500 15,900 21,700 28, 900 37, 000 44, 500 52, 000 59, 500 68, 200 72, 800 79, 000 85, 100 90, 800 98, 200
15, 400 22,100 29, 500 37, 900 47, 200 56, 500 65, 600 74, 300 82, 000 89, 000 96,000 | 102,400 | 108, 500 114, 500
20, 300 27, 800 36, 300 45, 700 56, 300 66, 00 71,200 88, 800 95,200 [ 103,200 | 110,000 | 118,100 | 124,700 131, 100
24,900 | - 32,700 41, 900 52, 200 63, 900 75,700 88, 700 96,800 | 106,100 ( 114,700 | 123,000 | 130,800 | 137,700 144, 000
28, 800 37, 200 48, 700 58,100 70,600 83, 000 94,700 | 105,600 | 115100 | 124,400 | 133,500 | 141,500 | 148,900 155, 400
32,000 41, 000 51, 300 63, 200 78, 300 89,500 | 101,500 | 113,000 {..123,400 | 133,000 | 142,000 | 150,100 | 157,900 164, 900
34, 700 44,000 55, 100 87, 500 81, 400 84,700 | 107,200 | 110,200 | 130,100 | 140,300 | 149,4C0 | 157,500 | 165, 500 172,700
37, 000 46,900 58, 600 71, 000 85, 800 99,300 | 112,200 | 124,700 | 136,200 | 146,500 | 155, 700 64,000 | 172,000 179, 500
39, 200 49, 500 61, 400 74, 300 80,700 | 103,500 | 116,900 | 129,900 | 141, 400 152,000 | 161,300 | 169,900 | 178, 000 185, 400
41, 300 51, 700 63, 900 77, 500 93,000 | 107,800 | 121,100 | 134,500 | 148, 100 156,700 |- 166,500 | 175, , 300 190, 900
43,300 54, 000 686, 200 80, 100 96,000 | 110,800 [ 125,000 | 138,800 | 150, 161,100 | 171,400 { 180, 188, 100 196, 000

FIALTINOIEOY JO “TJ9d S 0 ‘102 NITTTIAL TVOINHOEL i (4




TaBLE 4.—Yield lables for Douglas fir on fully stocked acre, irees 12 inches in diameter and larger
NUMBER OF TREES

Site Class V Site Class IV Site Class IIT -~ Site Class IT Site Class I

Age (years)
Site index|Site index!Site index|Site index|Site index|Site index|Site index|Site index|Site index Site index|Site index|Site index;Site index|Site index
80 90 100 110 120 130 140 160 170 180 190 200 210

Number | Number
G 0

0

7
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58
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149
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TABLE 4.—VYield tables for Douglas fir on Jully stocked acre, trees 12 inches in diameter and larger—Continued
BASAL AREA

Site Class V Site Class IV 8ite Class III Site Class II Site Class I
Age (years)
Site index|Site index|Site index|Site index|Site index|Site index|Site index|Site index|Site index[Site index|Site index|Site index|Site index|Site index
80 90 100 110 120 130 140 150 160 170 180 190 200 210
Sg. ft. Sq. 1t. Sg. ft. Sq. ft. Sq. ft. Sq. ft. Sg. ft. Sg. ft. Sq. ft. Sg. Jt. Sq. ft, Sq. ft. Sq. 1t

0 0 (1] 0 Q 0 0 0 0 2 4 6 9
0 0 0 0 1 6 10 16 24 33 M 58 74
0 2 7 14 23 H 48 82 80 160 120 . 138 155
7 15 27 42 61 83 108 127 149 170 187 200 211
21 37 59 84 113 140 164 183 202 217 238 244
44 67 98 130 160 186 207 224 238 249 7 264 268
69 100 133 166 197 220 238 251 263 272 278 283 287
95 129 162 196 224 245 261 273 283 289 208 301
119 155 188 219 244 264 279 280 207 303 308 311 314
140 i76 208 238 262 280 203 302 309 314 319 323 325

158 194 225 253 276 293 305 313 319 324 329 332
173 209 239 266 287 304 314 322 329 334 338 341 344
187 221 251 277 297 313 323 331 337 343 347 350 353
199 233 261 286 306 320 330 339 348 351 354 357 360
210 242 271 205 313 328 338 346 353 357 361 364 367

YIELD IN CUBIC FEET!

LCusp | Cugr | Cuft. | Cufgt | Cuft [ Cug | cupr.| cupt. | cusr. | cus | cup. | cup. | cu 1
0 0 0 0 0 0 0 0 0 30 80 140 200
0 0 0 0 7 150 300 490 730 [ 1,020 1,400 1,850 2,450
0 60 160 430 760 | 1,190 1,860 | 2,250 ( 2,060 3.770] 4750 | 5650 6, 450
170 470 8501 L430] 2200|3100 4120 5200| - 6300 7380 &40 | o200 10000
801 L04 L®0 | 3,030 4225 5650 7,000 8200 0400 | 10400| 11,330 | 12,050 | 1270
L3800 21900 34004 49701 6550 8000( 0400 10850 | 11,820 | 12750{ 13850| 14330 18 950
ZU0Y 33001 480)  6500)| 8380 9010 11,380 | i2570| 13720 14,650 | 15500| 16230 15900
29804 4370 6100) BOSO| 9,800 11,430 12850 14,100 15230 16200| 17050 18, 500
5,600 5,3%0) 7,170  8130) 10,850 | 12,620 | 14,000 15300 16,410 17,440 | 18300 10140 - 19820
Po45001 6100 80s0f 10020| 11,88 13530 | 14930 16290 | 17430 18,450 | 19,350 , 20, 340
5150 | 6,800 (7601 10,760 ¢ 12,620 | 14,3001 15760 | 17,100 | 18,270 | - 19,300 20,220 | 21080 | 20 8%
57201 7470|9360 11,360 |- 13,240 | 14,020| 16,410| 17,760 | 18,060 | 20/0c0| 20080 | 21’840 | - 22 660
G1o0| 790 9,80¢ 1L880) 13,790, 15,450 16,080 15,350 | 19,580 | 30,640| 21.610| 22520 | 73460
6.600| 8300) 10300/ 12,320 14,250 | 15910 | 17,480 18,870| 20,130 | 21270 | 22250 | 23170 24080
6,950 | 8,730 | 10,700} 12,750 | - 14,690 | 16,340 | -17,950 | 19,350 | 20,650 | 21'820 | 29,830 | - 23760 24, 660

! See appendix table 22, . 65, for cubic-foot yield table for fully stocked Douglas fir, trees larger than 5.0 inches d, b, h. (Farest Survey stundard).
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YIELD IN BOARD FEET, INTERNATIONAL RULE (14INCH KERF)?
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1 Volumes shown allow for a minimum top diameter of 5 inches (see p. 11, See appendix table 23, p. 66, for yield in board feet, International rule (3i-inch kerfd to an 8-inch top.
3 Volumes shown allow for a minimum top dinmeter of 8 inches and for sealing by 16-foot logs (see p. 11}, See appendix table 24, p. 67, for yield in board feet, Scribner rule, for trecs
15.6 inches in diameter and larger to a 12-inch top, scaled by 32-foot logs.
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APPLICATION OF NORMAL-YIELD TABLES 'TC ACTUAL STANDS
PRINCIPLES AFFECTING NORMALITY

The normal-yield tables in this bulletin indicate the volume yields
and other stand values that may be expected in normally stocked
forests. Buch valves were actually found in natural stands, but
only on plots selected for their uniform distribution of trees and
freedom from openings. Normsl stocking does not occur uniformly
over large areas in the natural stands of the present day, nor is it
likely that full stocking will prevail in the forests of the immediate
future,

~ A T3 ]
:: / o / \\"‘\.\ //
N - 3 /%\\ v <
§;,,a N | - 4

3 Sl 1o/l N/ N

Vo J,)/ AIANIHINZANS

E; [ 7 ; \\ y H\"“'\.
2 / { 5‘9‘ e

£ ] AR
T T SN
BERNINAY

i [ /

_ 1/ /

Y

AL MAA Y

o I0 M0 M D D T S 90 A0 M0 20 IO A O se0
Ags in years

FiaCRR 9.—Number of treeg per acre 12 Inghes in dirmeter and larger

The forest manager or landowner, therefore, who wishes to as-
certain the capacity of his land to produce forests or wishes to
predict the yield that he muy obtain 10, 20, or more years hence from
growing forests now immature must apply a discount to the normal-
yield tables. To de this he should know how to judge normality
and should have s knowledge of the allowances to be made for the
inevitable disperities between the actual average stands and the
standard fully stocked stands.

Small areas, but not extensive forests of Douglas fir in this re-
ion, are sometimes overstocked in reference to the standard tables.

arge areas may appear fully and unifc:-mly forest clad, but closer
inspection nearly always discloses “holes ™ or blank sprces that
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aiggregate enough to bring the stand volume materially below that
of the normal-yield tables,

In considering the relationship of actual stands to the normal
standard for any area of homogeneous forest, it is obvious that only
minor holes or breaks in the uniform continuity of the canopy are
considered—those less than about 150 feet across. Upon the guan-
ity of these small blank spaces depends the degree of understock-
ing. Breaks that are large enough to be mapped, such as those
made by meadows, rivers, or cutting operations, or changes in the
forest type under consideration, are eliminated as “ surveyable open-
ings ” and so have no part in affecting the degree of understocking.
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Obviously these surveyable openings must be listed according to
their respective types in the forest inventory, but should not be
confused with those minor and well-nigh universal breaks and thin
places in the canopy of any naturai forest which cause the condition
of understocking,

In order to ascertain the relationship between the stand values of
avernge extensive forests and the normal yield table values for
selected plots, a special study was conducted during the field sessons
of 1926 and 1927, following the conclusion of the collection of the
data for the normal-yield tables. An auswer was songht for such
practical questions as the foilowing: What causes und what consti-
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tutes understocking? Does the understocked stand always remain
understocked or does its relationship to the normal change during its
life? How may the degree of understocking or overstocking be
recognized? By how much must the normal yield tables be dis-
counted to give correct values for actual average stands? What
field operations and office technic are necessary to employ normal-
yield tables in determining the probable production of extensive
actual stands?

This study of average stands comprised the running of 62 miles of
very detailed strip surveys through 83 Douglas fir forests of various
ages, the analyzing of 482 sample-plot records to test their relation-
ship to normality, and finally the making of a complete survey of a
4,000-acre forest as a basis for perfecting the technic of yield-table
application. The results of this researcﬁ are published elsewhere?
and but a brief summary of the findings will be given here,

VARIABILITY OF STANDS

Uniformity in the stocking of a forest is rare; variability seems to
be generat and the range from one acre to another quite wide. This
was found to be so in comparing individunal acres on strip cruises of
the study referred to. The degree of stocking, as expressed in
volume of cubic feet, ran all the way from 23 to 138 per cent of the
normal stocking indicated by the yield tables, and averaged 80.5
per cent. Two-thirds of the individual acres came within 20 per
cent of the average cubic volume, either above or below; i. e., be-
tween 60 and 100 per cent of the yield-table volumes. The indi-
vidual-aere basal areas show similar departurcs from the normal;
and this is also true of the board-foot volume by the International
rule,

Tracts of several acres may vary in respect to cubic-foot volume,
basal area, and board-foot volume (International rule) from as little
as 40 or 50 per cent of normal stocking to as much as 120 or 130
per cent. When still larger tracts are considered, the range in de-
partures from the normal is not quite so wide. Over extensive areas
the stand values will be approximately 80 per cent of those in the
norma! yield tables. This may be taken as a fair regional approxi-
mation since it 1s based on a survey of 83 forests, but a discount for
local application to single stands, which may differ widely from the
average, must be ascertained by methods described below wherever
detailed yield oredictions are to be made,

CAUSES OF UNDERSTQCHKING

A variety of causes may affect the stocking of a stand, actually
producing small holes or gaps in the forest canopy which can be
piclced out as a strip is run. On the average, the sum of such de-
terminable small interruptions amounted in this study to 10 per
cent of the area, although understocking itself was 20 per cent be-
low the normal. The remaining 10 per cent is probably attributable
to the wide spacing of trees. Understocked stands seem to have
both actual holes in the canopy and thin spots due to wide spacing,
beth conditions contributing alike to subnormal stand volume.

¢ MevEr, W, II. & STUDY OF THE RELATION BETWEEN ACTUAL AND NORMAL YIELDS OF
IMMATURE DOUGLaE FIR FORESTS. 1930. [Uppublished menuseript. )
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The principal causes of understocking include—

(1Y An ipsufficlent number of seedlings per acre when the stand originated to
fully utilize the soil and crown space;

{2) Topograpble or soil conditions, such as ledges, swampy spois, or water-
courses, which preclude oecupation by trees of the type under consideration;

{3) Breaks in the canopy of the main coniferous stand cccupled by clumps
of hardwoods, which are not considered in the final ylelds;

(4} Openings caused by action of sneh factors as tire, wind, snowbreak, and
insects or other depredators: and

{5) Minor cpenings made by man, such as the cutilng of a few trees to
make way for roads or trails.

EFFECT OF SLOPE ON YIELD

Tt has been mentionad that slope is one of the elements that con-
trol site quality. But apart from this consideration there is a dif-
{erence in stand values, or stocking, with changes in slope, site for
site. All the normal-yield table values are for acres measured on
the horizontal, which is significant in topography such as that in the
Douglas fir region, where slopes of 80 per cent or more are not
UNCOIMMOnn. Tﬁe slopes of the areas upon which the normal-yield
tables were based averaged probably between 20 and 30 per cent,
The question has often been raised whether the yields di(fe not in-
crease with increase in slope, just as the surface area of a hori-
zontally measured acre increases. It seemns natural that this should
be so since the soil surface and crown exposure increase for the
horizontally measured acre with increase in gradient. A test of
433 sample plots indicated that this condition did prevail up to a
certain point and that the largest yields were found on slopes of
about 40 per cent. Broadly speaking, on 40 per cent slopes the
basal area of the stand averages 6 per cent and the cubic foot
volume 9.5 per cent above that on the average or 25 per cent slope,
whereas on level areas the values are 6 per cent and 5 per cent,
respectively, less than the normal.

In this connection it is significant that a horizontally measured
acre on a 40 per cent slope has 4.6 per cent more surface area than
one on the average 25 per cent slope, and a level acre has 2.8 per
cent less surface aren than an acre on a 25 per cent slope. It is
obvious, therefore, that in the application of these normal-yield
tables to areas where no stand tally is available there should be
some correction for slope if the bulk of the area is on land the
slope of which is different from that for which the tables were

made.'?
INDICES OF STOCHING

In the study referred to an attempt was made to determine the
most reliable criterion to use in judging normality of stocking. The
ultimate definition of stocking should be made in terms of volume,
Volume computations, however, are tedious and make the applica-
tion of normal yields much more time-consuming without appre-

1 Suggested correctiona for slope, all referenced to the horlzontelly measured acre, are
a8 follows, expressed in cubic-foot volume:

On levei areas dlscount figures in normal-yleld tables § per cent.

On 10 to 25 per cent slopes no dlscount or Increase need be mado,

On 30 to 50 per cent slopes lncrense fgures in normal-yield tables 5 per cent,

On 60 per cent slopes moke ba disgount or locreeke.

On 80 per cent slopes dlacount Agures in normal-yleld tobles 10 per cent.
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ciably incressing the sccuracy. Therefore it is advisable to seek in
a simpler stand value, such as number of trees or basal area, an index
to the degree of volume stocking,

A study of the factors which might be used in Douglas fir forests
for a determination of the degree of stocking confirms the conclusion
reached by other v vestigators in other forest types, that the fotal
number ofy trees per unit ares is & very unsatisfactory, if not useless,
index. On the other hand, basal area ‘was found to be & most reliable
index and one easily obtained, since it requires only a tally of the
stand and simple computations. The relation between basal area
and cubic-foot or International-rule board-foot volume is very regu-
lar; the degree of normality of any tract will be approximately the
same whether expressed in basal area, in cubic-foot volume, or in
International-rule board-foot volume. To illustrate: Should a tract
be found to have a basal ares approximately 75 per cent of that given
in the normal-yield tables, it is probable that its cubic-foot contents
and its International-rule board-foot contents would be approxi-
mately 75 per cent of that given in the normal-yield tables for the
same age and site class, yet the number of trees per acre is quite apt
to bear a different ratio to the normal-yield values.

In the younger stands, where many of the trees are below 12 inches
in diameter and therefore can not be measured in terms of board-
foot volume by the Scribner rule, it was found, as wonld be expected,
that the ratio of their Scribner-rule volume to the normal values was
very erratic. However, in stands where most of the living trees were
12 nches or more in diameter, the number of such trees was a. fairl
good indication of the degree of stocking in terms of Scribner board-
foot volume. Nevertheless, the ratio befween the number of trees 19
inches or larger and the Scribner-rule volume of such trees is not a
straight-line relationship, as in the case of some other stand vaiues,
but can be defined by a curve, from which are derived the ratios
shown in Table 5.

TasLe §—Comparison of perceniages of stocking as determined by number of
lrees 12 inches d. b. k. and larger and by board foof volume {Seribner rule)

Corre- Corre- Corre-
Number ; Nurmber ; Number i
sponding spunding sponding
oftrees | “yolume ofiress | Uoume of trees | "5 ieme

Percent | Per cent Pireent Per cent Per cent

Kit] H i) I
] 16 120 118
S -8 130 135
60 &8

ALLOWANCES FOR INCOMPLETE UTILIZATION AND FOR DEFECTS

In the application of yield tables to actual cases, 2 very important
consideration is the discount that should be made for defect in the
trees, for breakage in logging, and for incomplete utilization. Ear-
lier pages have indicated that the normal-yield tables assume ali
trees to be sound and make no allowances for breakage and wastage,
yet inevitably there will be a certain amount of disparity between the
normal and the realizable volumes, even under most intensive prac-
tices. In predicting future yields it is necessary to assume pro-
phetically that certain standards of utilization will apply years hence
and discount the normal yields accordingly.
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No general rules can be given for these discounts; they will vary
greatly from stand to stand with age, topography, type of logging,
character of product, and all the other variables. In making yield
predictions the forester must depend largely on experience and judg-
ment for the fixing of defect ang utilization allowances.

A few general statements may be a guide. As there is little rot in
immature stands of Douglas fir the correction on that account is
inconsequential. The timber destroyed in logging or left in the
woods unutilized in immature Douglas fir forests that are of good
merchantable size, has been estimated by A. H. Hodgson (§) to
amount to 12 or 15 per cent of the volume of the original stand. It
may amount to very much more than this sometimes, particularly
where some of the trees are not of a size to be merchantable for the
groduct sought, and are left uncut, a prey to wind and fire. Present-

ay utilization is therefore at least 15 to 20 per cent below the nor-
mal-yield table values; how much less the discount should be for
stands to be cut one, two, or three decades hence, is problematical.

It should be clear that the above discussion of utilization standards
is based on tree or log measurement and takes into consideration only
the portion of the forest stand that is taken out of the woods and
has no reference to the material that i3 wasted or fails of utilization
in the manufabturing process-—such as sawdust, slabs, and trim-
mings—except as these are allowed for by the log rules themselves.

TREND OF UNDERSTOCZIED STANDS TOWARD NORMALITY

There is in nature a tendency toward equilibrium, which in forest
growth appears to manifest itself in a trend toward normality. Un-

erstocked stands tend automatically to become more like the normal
stand of the same age, and the converse is probably true of over-
stocked stands. Positive information on this point is meager, and
nothing could be learned from the analysis of gata. from plots mea-
sured but once. However, the statistical history of some Douglas
fir permanent sample plots that have been under observation since
1910 leeds to the tentative conclusion that the change toward nor-
mality goes on at the rate of 4 per cent each decade (4). There is
apparently much irregularity in the progress of stands toward nor-
mality, beceuse of occasional accidentel setbacks. Until further
data are gathered from permanent plots over a longer term of years,
this percentagle rate of increase should be used conservatively in
correcting yield predictions, and only with stands within the age
range of the permanent plots so far studied, namely, between 40 and
80 years. Data on the rate of regression of overstocked plots to-
ward norma! conditions are still too scanty to justify even tentative
cenclusions.

METHODS OF CONDUCTING YIELD SURVEYS

The preceding paragraphs have shown briefly the relation between
actual and normal stands and how these differences may be judged.
To develop the technic by which a set of normal-yield tables might
be applied to a large area preliminary to making yield predictions
for a forest management plan, an actual survey was made of an aréa
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of over 4,000 acres. Although space will not permit a complete ac-
count of this yield survey, its principal steps are ontlined here to serve
as a model or illustration for forest managers who have such sur-
veys to make for either small or large properties. This experimental
project was carried on in more detail than need be the case in exten-
sive practice, in order that by using intensive methods the relative
importance and practicability of each step in the field and office
work might be tested.

On the test area of over 4,000 acres, on the Sauk River watershed
of the Snoqualmie National 7Forest, Wash., 2,631 acres were mapped
as second-growth Douglas fir type and this comprised the area for
~which yield predictions were to be made. The remainder of the
tract was old-growth mature timber, hardwood type, and rivers
or other surveyable openings, and so was excluded from considera-

tion.
FIELD WORK

The purpose of the field work is to obtain (1} a map showing the
location and size of each ares of uniform site and uniform age class,
and (2) a tally of the diameter and height of the trees by site and
age groups and by legal subdivisions if desired. The tract is sam-
pled%)y means of strips covering only a small percentage of the actuel
urea.

The most convenient crew consists of three men, one of whom acts
as compass and map man, the second as caliper man or estimator, and
the third as rear chainman taking borings and heights and correct-
ing distances for slope.

Horizontal and vertical control is run as in the usual timber-
cruising projects, by means of established section lines, rights of
way, surveys, traverses, and so forth. The intensity of the control
will depend upon whether a topographic map exists or has to be
made. -

Strips 1 chain in width are run at 10 or 20 chain intervals, depend-
ing upon the complexity and size of the area, thus giving a 10 or 5
per cent estimate. In a typical survey the compass man runs the
line, carries the chain, and makes the map on a scale of 8 inches to
the mile. The estimator tallies all the trees on the strip in 2-inch
classes, actually measuring as many as possible, and tallying within
the class all diameters 0.4 inch below and 0.5 inch above; for instance,
trees 11.6 to 18.5 inches in diameter are tallied in the 12 to 13 inch
class. Since the largest chance for error in any survey is in main-
taining the proper width of the strip, this should be checked con-
tinuall; , either by pacing or by means of a small range finder with
which the caliper man can easily and quickly determine whether a
certain tree is inside or ouiside the belt. The rear chainman takes
borings to ascertain the age of the trees on that strip, converting the
number of rings at breastheight to total age by means of the values
found in Table 19, and, for convenience, rounding off the age of each
stand to the nearest decade. He also takes, with hypsometer or
Abney level, total heights of average-sized dominant and codomi-
nant trees, in order to make the site determination. After such a
crew is well organized, they can work as fast as & 2-man timber
survey crew using a chain and correcting for slope, if not a little
faster.
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Wherever the site or age class changes, a new tally sheet is started
by the estimator. If the estimate is desired by 40-ucre divisions the
tally sheet should be changed-also after each forty., This frequent
change of fally sheets means that all three members of the crew must
work in close contact so that the sheets will r:ot be changed without
a corresponding change in the map.

The five site-quality groups, I to V, will be used ordinarily, the site-
index system being applicable only to small tracts or single stands in
which the sites are not too variable, All three members of the crew
should be on the watch continually for a change in site, as indicated
by the average height of the larger trees in the stand. No site or
age class distinction less than 2 cheins along the strip need be
made. Before concluding the field work a careful check should
be made between the tally sheets and the map to discover whether
any discrepancies exist,

OFFICE WORK

The office work differs more than the field work from the con-
ventional methods of timber surveys. It will therefore be deseribed
in grester detail, and will be illustrated by computations drawn from
the above-mentioned actual survey,

First, the field maps are combined into a project map, drawn either
to the same scale of 8 inches to the mile or to a smaller scale if more
convenient. A legend must be chosen that will show without con-
fusion the several site and age classes of the major type under consid-
eration and the areas of other types. With a planimeter the acreage
of the individual site-age classes is compiled. In some surveys it may
be desirable to keep these by legal 40-acre divisions, but this increases
the work two to three fold and should be avoided wher not necessary.

When the site and age class acreages have been compiled, the
tallies applying to each of the individual areas must be worked up.
The total basal area and the number of trees in diameter classes 12
inches and larger are first computed. Should the portion of the stri
in the tally not be an even acre, the basal area and number of 12-inc
trees must be converted to the acre basis. Following this, the values
are applied to the total area inside the individual ares under consid-
cration, and total basal areas and total number of 12-inch trees are
found. For instance, in the example given in Table 6, section 19,
torty 11, has 5.4 acres in age class 80, Site Class III. Basal area for
this class is 116.1 square feet per acre; trees in and over the 12-inch
diameter class number 50. Thus the total basal area for the class is
627 square feet, and the total number of trees is 270. In the illus-
trative survey (Tables 6 and 7) the present-stand volumes were also
computed. However, in ali prospective yield surveys, if & knowl-
edge of the present volumes is not essential for immediate purposes
the computations should not be made, since to do so gresatly increases
the amount of office work,
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TaRLE 8.—Sample form for summarizing stand values in ¢ yield survey by 40-acre
subdivigions

Voluma

Beribner
rule

80

&0

0
Outs.

Teotal. ..

TapLe T.—Sample of summary of yield figures by sile-age clasges

S8ITE ILL

v
Troes 1 olame

jnches and

more in
dismeter Cuble Scribmer

MNumber
630

BITE IV

j ] [} ]
And 5o lorth for other sites and ages

8ummmr---_| 2,631.0 475,460 | 186,530 | 24,789,300 | 13L845

This 40-acre tally can be further simplified by adding all site and
age classes together, thus obtaining a forty estimate, which, however,
has no use in the yield prediction.

After the computations are completed for each individue! tally
sheet they are combined in a single table arranged by age and site
classes, in which each age and site class contzins all the areas of that
particular category in t%xe whole survey. This grouping is necessary
In order to facilitate further computation, except for small areas or
those where the types are not complex.

The last step before making the yield predictions is to compute the
average degree of stocking found 1n the various site and age classes.
This 1s done by dividing the total basal area of each site-age class
by the number of acres to get the average basal area per acre and
then comparing this with the basal area ver acre of the fully stocked
or normmal forest of the same age and site. The ratio is the degree
of stocking expressed as percentage of normal.

For instance, in Takle I’;, “age 80, Site ITL,” has = total basal area
of 23,840 square feet on 126.75 acres, or an average of 188.1 square
feet per acre. According to Table 2, the basal area of this age-site
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class in the normal forest is 259 square feet. Dividing 188.1 by 259
gives 72.6 per cent, which is listed as 72.5 per cent 1n Table 8, in
which normality is given to the nearest 0.5 per cent,

TaBLE 8. —8ample form for computation of yield predictions 30 years hence

Predicted volume per acra for nor-

Normality maul stocking

Corre-
sponding
Seribner-
rule nor- Inter-

mality national
tule

Trees i2
faches ar
more in
dismetar

Scriboar
rula

Per eent | Per cent i Hoard fert | Board feet
40.5 46. 5 12,390 55, 000
53.5 6L 5 . 69, 400
o 0 GLO 75,000
5.0 58,0 80, 000
56. ¢ 84,0

Predicted voiume per acre rediced .
t0 correspond to ctusl stocking Predicted volume for total area

Cubis Inter- Scribnar International] Scriboer

national
Measiire ruls rule rule rile

Board feet | Board feel | Cubic fee? | Hoard ftet | Bogrd feet
26, B77 575 50, 317 352, 059
73, 588 1, 258, 512 9,327, 779
67, K36 B14, 463 5, B8O, 313
v, Bo2 f 3, 560, 108 24, 382, 259
69, 32 63, 257 5, 748, 122

Ete., ate., ete., for all retnaining site and age classes

27,038,374 | 204, 020, 968 | 161, 201, 474

Similarly the Seribner board-foot volume ratio of normality can
be computed ; but it should be remembered that this scale rule, being
an arbitrary and somewhat erratic unit of volume measurement, ¢an
not be expected to give always a consistent and accurate index of the
stocking; furthermore, it sﬁould only be applied to site and age
classes in which the majority of the trees are over 12 inches in diam-
eter. In this comparison the actual number of trees 12 inches and
over for the site-age group under consideration is first divided by
the number in the comparable normal stand. (Table 4.) Then,
since the normality ratios of trees 12 inches and larger and of
Scribner-rule volumes, unlike those of basal area and cubic-foot vol-
ume, are not the same, it is necessary to adjust the percentage of
stand te get the correct Scribner-rule volume ratios of normality
according to Table 5. For instance, if the percentage of normsl
number of trees 12 inches and larger is 50, the percentage of Scribner-
rule volume would be 58, and the latter figure would be entered
in the compilation table under “ Corresponding Scribner-rule
normality.”
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After the computation of the degrees of stocking of all age and
site classes have Eeen made, the yield predictions themselves can be
made. Briefly, this is done by reading first the values for cubic-foof
volume or board-foot volume from the normal-yield tables (Tables
2, 8, or 4) at the age for which the prediction is to be made, and then
reducing them by the proportion that the actual stand is under-
stocked {or enhancing the normal-yield values if overstocked). and
finally applying the altered figures to the whole area.

In the example given in Table 8 it is assumed that all stands will
be cuf 80 years hence,

To make clear the several steps in this procedure, a single line of
calculation will be followed through. Age class 60, Site 11T, has an
area of 13.1 acres, a total basal area of 920 square feet, and 630
trees 12 inches or more in diameter at breastheight. The normal
values per acre for this age and site are 226 square feet basal area
and 118 trees 12 inches and larger. (Tables 2 and 4.) The gross
basal area of the age class, 920 divided by 13.1 and then divided
again by 226, gives 31 per cent of normal stocking. Similarly 630
trees divided by 13.1 and then by 118 gives 40.75 per cent, the ratio
of normality in number of trees 12 inches and larger. According to
Table 5, this 40.75 corresponds to a Scribner-rule volume percentage
of normality of 46.5. These values are then entered in the computa-
tion form under * Normality.”

Thirty years hence this 60-year stand will be 90 years old. The
normal values at this age for volume in cubic measure, and board
measure by International rule and Seribner rule are 12,390, 86,700,
and 55,000 feet, respectively, and are listed uncler “ normal stocking ”
per acre. To the cubic-foot volume and board-foot volume by In-
ternational rule the present day basal area normality percentage at
60 years (31 per cent) is applied; that is to say, 12,390 and 86,700
are multiplied by 81 per cent and the values entered in the columns
marked “ Reduced for actual stocking.” The normal Scribner vol-
ume is multiplied by 46.5 per cent and entered in the third column of
this group. Fimally the reduced amounts are multiplied by the
total acreage and the results entered in the last three columns as the
volume 80 years hence for the total area.

This is repeated for each age-site class and totaled for the entire
tract.

The question may arise as to why no correction was made in this
comparatively young age class (60 years} for the advance it may
make to a normal condition. In this particular survey there was
only 13.1 acres of this age class out of a total of 2.631 acres. A
correction would have been of little weight in the final result; and
it is a good rule in practice to adopt methods to fit each case and to
avoid refinements when they are useless.

However, to exemplify the methods through which correction for
advance to a more normal condition may be obtained, the 13.1 acres
in age class 60 will be treated as if it were large enough to be of
significance. Stands of this age—between 40 and 80 years on the
average—are expected to approach a more normal condition ut a rate
of about 4 per cent per decade. In 30 years the increase in normality
ratioc would thus be 12 per cent, which when added to the actual
percentages of 31 and 46.5 for basal area and Scribner volume indi-
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cate ratios, respectively, of 43 and 58.5 per cent, Normal volumes
of 12,390 and 86,700 in cubic measure and bhoard measure by Inter-
national rule are multiplied by 48 and board measure of 55,000 by
Scribner rule by 58.5, giving predicted volumes per acre of 5,328 cubic
feet, 37,281 board feet International and 32,175 board feet Scribner.
For the whole acreage in age class 60, 13.1 acres, the total predicted
volume will then be 69,797 cubic feet, 488,381 board feet Interna-
tional, and 421,492 board feet Scribner, compared to the uncorrected
volumes of 50,317 cubic feet, and of 352,089 and 335,032 board feet,
respectively. In actual computations, of course, the volumes would
be rounded off to the nearest hundred in cubic feet and the nearest
thousand in beard feet.

. After the computations have been completed and before the report
18 written, the results should be arranged in suitable summaries,
covering such items as—

Area of each type expressed in acres and in percentage of the total.

Area of each slte and age class of second-growth Douglas fir in acres and in
percentige of total area in the type.

Average stocking (obtained by muliplying the areas in each site-age class
by thke degree of stocking, summing these reduced areas, and dividing the snum
by the total area in the type).

Predicted volumes in cubie feet, board feet Internstional, and in board feet
Secribner.

Additional summaries can be suggested to fit each case,.such as
when the forty estimates are of consequence, or when certain areas
are blocked out for cutting while others remain uncut until some
future time.

ADDITIONAL CONSIDERATIONS

A number of further questions are likely to arise in the application
of yield tables. One question is in regard to the making of predic-
tions for cut-over or burned areas which have not yet become re-
stocked. On areas which are not restocked to seedlings but which
have a good chance to stock, a period of one to five years must be
added to allow for one or two good seed years,

Uneven agedness of 2 forest 1s often a complicating factor. Acci-
dents, such as fire, may overcome the tendency of second-growth
Douglas fir to be strictly even-aged, and make a stand two-aged.
When this is so, the more important age class—i. e., the one with the
larger amount of timber—should be used when calculating the stock-
ing percentages. Planted forests should theoretically have a more
uniform and complete stocking than natural stands. Especially
where survival of the young trees has been good, plantations above
normal in volume stocKing might be looked for. As no artificial
stands were investigated in this study, positive information on this
point is still lacking for Douglas fir forests.

To obtain & knowledge of the variability of a tract and of the
relation of its stand values to the normal, either sample strips or
sample plots may be measured. This study showed that, if the
width o? strip is properly controlled, sampling by strips is more
reliable than sampling by plots, in spite of the fact that ns a general
rule the error incurred in the measurement of a plot is proportional
to the length of its perimeter. The variability of stocking in a
forest is so great that a sample strip gives a truer average of con-
ditions than a series of sample plots.
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The area on which the illustrative survey was made had a large
assortment of age classes, great diversity of types and sites, and a
ruggedness quite typical of the region, and therefore made a good
illustrative area to work out every complication of technic. But in
many actual instances conditions would be more regular, and the
methods could be modified accordingly, particularly on small areas.
The smaller the area the less will be the variation of age and site
class, and therefore the more possible will it be to treat each indi-
vidual site and age class by itself instead of grouping them by site-
age classes. At fimes the site-index system will be found preferable
and will give more accurate results. This is the case especially in
the poor site classes when the site quality does not fall npon the
exact center of the class. Thus, stangs in the upper range of Site V
will have contorted Scribner board-volume percemtages. The fact
that it is contorted may not aifect the predictions, but yet gives a
wrong impression of the stocking. Therefore, if the areas in these
sites are of consequence, an apparently more correct result is ob-
tzinable if the average site index is computed and checked against
the site-class value,

CHECK UPON THE METHOD OF COMPUTING YIELDS

An approximate check upon this method of computing yields can
be made by applying the yield tables to the present ages and com-
paring the yields derived n this way with the actual volumes com-
puted from the tally sheets directly. In the illustrative survey this
resulted in an estimate by yield tables of 23,754,000 cubic feet and
an actnal computation of 24,789,000 cubic feet, or an underestimate of
4.2 per cent. Computing the volume in board feet by Scribner rule
gave an underestimate of 1.6 per cent. It can hardly be expected
that yield calculations will always attain this degree of accuracy.

RESUME OF METHODS OF MAKING YIELD PREDICTIONS

The preceding pages have shown the relationship of the actual
forest to the normal, the reasons why the former is usnally under-
stocked, and the methods of judging the degree of understocking;
and the technic of making an actual yield survey of an extensive
tract has been described. The principal allowances to make in using
normal tables for yield predictions of actual tracts may be briefly
summed up as follows:

1. Before classifying in site and age groups the area for which
yield fredictions are to be made, the areas of surveyable openings
and of other types are taken out.

2. The stand values of each site and age group are discounted
by the percentage that each is undemtocke§ (or overstocked), basal
area being used as the index of normality.

3. In understocked stands between 40 and 80 years of age, allow
for progress toward normality at the rate of 4 per cent each decade.

4. If the slopes are markedly different from those for which the
normal-yield tables were prepared, increase (or decrease) the pre-
dicted yields accordingly. (This applies only when an actual stand
tally has not been made.)
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5. Discount the predicted yield for assumed defect, breakage, and
probable waste in wood utilization.

6. Where restocking is not established add a sufficient number of
¥years to the rotation period to assure it.

Yield predictions of course assume good silviculture and good
protection. If the stand is prevented from restocking as expected,
or if disastrous fires thin down the stand, the most carefully made
yield predictions will be quite futile.

The first requisites of sccurate yield prediction are a thorough
knowledge of the forest, accurate determination of age, site, and
area, correct stand tallies, and good judgment as to what the stand
will do. The mechanies of applying the tables and making the
several mathematical allowances is secondary to * knowing your

forest.”
INCREMENT TABLES

The mean annual increments in cubic feet, in board feet by the
International rule, and in board feet by the Scribner rule, are given
in Table 9, and are also shown graphically in Figures 11 to 186,

TarLE O.—Mean annual increment on a fully locked acre aocording lo three
units of meagcurement: (1) Cubio feet; (2) board feel, Scribner rule; and
(3) board fect, International rule, {Yi-inch kerf)

CUBIC FEET:

Site clasy Site tlnss
Total age Totnl age

{years)
111

-
<

a3
0%
K1)
i
144
144
142

BRERFBEE

RULE

1,430
1,432
| 12w
1,022
L&l
1,29
1,178

:Voiume In cuble feet includes ail trees.
Volume in bourd feet by the Scrlbuer rule lncludes ouly those
Iz diameter,

¥ Yolume in board feet by the Interoe
mors e, in boa ¥ croetlonal rule Includea oply those trees 7 inches or

trees 12 Inches or more
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The periodic annual increments, by 10-year periods, are given in
cubic feet, International board feet, and Scribner board feet in
Table 10, and are also illustrated in Figures 11 to 18,

Tasre 10.—Periodic annuel incremend on o fully stocked acre gooording to
threg unils of medgeurement: (1) Oubic feet; (2) board feet, Soribuer rule;
and (8) board feet, International rule (14-inch kerf)

CUBIC FEET:!

Age perlod
{years)

=

v

140
132
121
100
L]
83 JR—
Kt 41 (] 160 to 160__.___

g3apLuy
BE8Y8ES

BOARD FEET, SCRIBNER RULE *

EZS82h

EILTEER
EsEEREE

! Yolume In cubic feet lbcludes all treea.
; 'd\;olume in board feet by the Scrlbner role includes only those trees 12 inches or more
n dismeter.

2 Volume In board feet by the Internaticnal rule ineludes ooly those trees T inches or
more in diameter,
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The mean annual increments indicate for any given age of stand
the average yearly increase in volume per acre up to that age.
That is, if a forest on Site I were cut at 40 years o age, the aver-
8ge yearly increase in volume would be only 188 cubic feet per
acre; if cut at 60 years, the average yearly growth would be 208
cubic feet; or if cut at 100 years, 191 cubic feet per acre,

The rate of volume growth is not constant throughout the life of
a forest; hence the sverage annusl increase in volume reaches s
maximum and thereafter diminishes. Thus a forest on Site I
reaches the maximum of average annual increase in Scribner bogrd-
foot volume at about 90 years of age.




46 TECHNICAL BULLETIN 201, U. 8. DEFT. OF AGRICULTURE

The periodic annual increment, as used in these tables, indicates
the decade of most rapid volume growth. The largest yearly in-
creases in cubic-foot volume, for example, occur, in forests on Site I,
during the third decade of their life. During this period 292 cubic
feet per acre are added annually, whereas only 236 cubic feet per
year are produced during the 50 to 60 year period, and 106 cubic
feet per year during the 100 to 110 year period. -

The amount of increase varies according to the productive capacity
of the site. During the decade of greatest productivity a forest on
Site V adds annually only 270 Scribner board feet per acre, whereas
on Site I an average of 1,960 board feet is produced during the
deczde of most rapid volume growth.

A thorough discussion of the choice of rotation age and other
problems of forest management is obviously beyond the scope of this
bulletin, Theoretically, the age at which to harvest the forest
crop is the age at which mean annual increment culminates, since
this coincides with the period of maximum average annual increase
in volume. But so many other factors than maximum quantity
production in minimum time enter into a choice of rotation age
that each case must be decided according to the prevailing conditions,
It may be that quality instead of quantity is desired, or that finan-
cially it is impossible to withhold cutting until the time of maximum
volume production, or that trees of a certain size are desired for a
certain purpose; any one of these considerations alone will then
control the length of rotation. All these points and many others
must be taken into account when deciding upon a suitable rotation
for a crop of timber.

STAND TABLES

For some purposes it is essential to know the approximate number
of trees in each diameter class. Table 11 shows for selected site
qualities the approximate number of trees in each 2-inch diameter
class at various periods in the life of a stand from 20 to 160 years
of age. Additional tables for other ages and site qualities may
be prepared by following the procedure outlined in the appendix.
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Tapre 11.—S8fand fable for Douglas fir?

BITE I
Number of trees by age classes
2-Inok-diameter class
20 yenrs | 40 years | €0 yenrs | B0 years | 100 yesrs | 120 wears | 140 veara | 180 years
3
=3 8
157 27
1] 42 T . -
48 12 3
42 15 £ 2 |----
34 18 a4 k4 2
x 18 o & 2 1
11 12 e 8 3 2
5 18 11 il 4 2
13 hin r 4 3
10 7 1] 4
..... & 9 8 8 4
. 3 E 7 5 4
6 7 -] 4
4 4 5 §
..... . 3 4 & 5
2 4 5 4
2 4 +
2 3 £
RS PSRRI AR 2 2 3
1 2
...... 1 2
1 1
U S 1
1
Total-__._...... 571 240 138 o7 Ft & 1. )
BITE II
2 368 #
[ o T emmmmamaan .- i) i ] |- ) R [ F—— S —
o (ST 119 8% i3 3
80 .. _ L4 ki 8 3 - -
-1 w 13 18 4 3
12-18_ 41 35 20 1¢ ] 3 2
14-15. 1% a8 2 i3 T 4 3
117, 30 i 13 9 8 3
1818 o J— 20 2 14 10 8 &
20-21 10 1% 15 10 8 L)
b < 8 14 ia 11 ] T
24-25. - 13 11 @ 7
o PSR SO R 5 i 9 8 7
28-29. & 3 @ 8 7
30-31___. J— i — 4 8 7 8
32-33 3 & i 4
M35 . i — 2 3 4 4
3637, 4 3 5
3835 ... i 2 3 3
4041 N _— 2 2
4243 ——— 2
d4-45, i . R 2z
Total oo ] 850 385 225 158 12 101 88 78

1Table 11 ahows for a lully stocked acre the spprozimate nuesber of trees in each 2-lnok diameter group
for given ages ard aite qualities. In this table the total umber of trees wlii check with the values given
§n Tabls 2, but {he number of trees 7 inches and larger and 12 inches and larger in diameter mey oot aIwaE_l
be [dentical with the values for correaponding ages and elte %uslltiua sa given in Tables 3 and 4. Thisd.
erepancy i3 to be arpected sinoe stacd tables sre, ai best, only at approximation; their purpose is only o
{liustzate in about what ordey the trees are distributed smong the varions dismater glasaes,
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TaBre 11.—8tand table for Douglas fir-—Continued
BITE IIT

Number of treea by ags classes

60 yoars | 80 years | 100 years | 12 years
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YOLUME TABLES

The volumes of the trees on the sample plots of the yield study
were computed with the aid of volume tables, Tables 12 to 16
cover volumes in cubic feet classified by diameter and total height
of trees; merchantable volume in board feet, Scribner rule, classi-
fied by diameter and log lengths, and by diameter and total height
of trees; and merchantable volume in board feet, International rule,
classified by diameter and log lengths, and by diameter and total
height of trees.

hese volume tables are based on the measurement of nearly 2,000
trees, most of which were obtained in 1909 by T. T. Munger, of the
Forest Service, and the rest in 1921-1924 by } . 5. Boyce, then of the

Buresu of Plant Industry. The tables were constructed by the
author according to the procedure developed by Donald Bruce and
L. H. Reineke of the Forest Service.

The volumes shown in the tables include no allowance for defect
(all the trees measured having been scaled full}). These tables are
applicable to Douglas fir trees less than 160 years old which are
within the specified range of diameters and heights.




TaBLE 12.—Cubic-fool volume table for second-growth Douglas fir

0¢

[Western foothills of Cascade Mountains, Washington and Oregon—All site qualities, 1926]

Height of treein feet

120 130 140

Volume in cubic feet
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32 " . —--[151.0 [ 163.0 [ 175.0 | 188.0 | 203. 0§ 220.0-| 241.0 | 263.0 | 285.0 [ 312.0  336.0 {3620 | 301 | 4218 440 4831 34
3377 158.0 | 1710 | 183.0 [ 196.0 | 2120 | 230.0 | 25270 | 276.0 [ 20,0 | 325.0 | 350.0 { 378.0| 400 | 443d 42| s06| 81
3 1910 [ 204 0 | 221,0 § 240.0 | 263.0 | 2800 | 3100 | 3380 | 35.0 | 305.0 | 428 | 462] 406 | £32|
35 20 M 190.0 | 2120 {2310 § 250.0 | 275.0 [ 300,0 | 3220 | 352.0 | 3810 | 4120 | 447 | 483 ] 19| 660 | 19
38 220.0 | 230.0 | 250.0°F 286.0 | 3100 | 335.0 | 366.0 | 306.0 | 430.0 | 465 | 504 ] 53| me2| 18
37 : Tl 2280|2480 | 259.0] 20803210 348.0 | 3700 | 0120|4470 85| 625 ) 565 eos| 12
3877 27,0 | 257.0 | 270.0 | 307.0 | 33270 | 300.0 | 303.0 | 427.0 | 4650 503 | 547 ) 588 | e32| 10
39 I 244.0 | 266.0 | 280.0 [ 3160} 343.0 | 372.0 | 407.0 | 443.0 | 4820] 523 ] ser § a2 | 57| .7
10 b : 253.0 | 275.0 | 2980 | 325.0 | 3530 | 334.0 | 421.0 | 458.0 | 5000 542 | o0 ) 36| 83| 6
s .| 3340 | 365.0 | 3980 | 435.0 | 475.0 [ 518.0| 562 6100 ec0| 708 | 3
o T N N B N 7|33 0) 3760 | 410.0| 448.0 | 400.0 | 5350 | 58t | es2l es2| 72| 8
43 L e 353.0 | 387.0 | 422.0 | 462.0 | 506.0 | s53.0 | 601 (@5 707 | 760 | 4
44 o i 32,0 | 308.0 | 435.0 | 470.0 | 5220 | 572.0 | e22| e75| 732 | 786! 3
45 372.0 1 400.0 | 448.0 | 480.0 | 537.0 | 560.0 | ed2| 696 | 754 | s12| 3
45 : 3 460.0 | 504.0 | 553.0 | 607.0 | ee2| 78| 778! 82| 7
47 TR0 5.0 560.0 e250| es2| 7e0| so2| se3| 2
8 | 485.0 | 5320 | 585.0 | 6430 | 7ol | 762 | 826 | ses 1
498.0 | 545.0 | 600.0 | esz 0| 721} 782 | 50| o14] 7

5110 | 550.0 [615.0) 680.0] 742 | 805 | s74 | ear |

5230 | 572.0 | 631.0 f 698.0 | 767 ] 828 | 808 | ees |3

536.0 | 5860 | 647.0 | 716.0 [7ET] 848 | 022 | 0w 1

548,0 | 600.0 | 663.0 | 735.0 | 803 | 808 | 945 [1,018 |......

562.0 | 615.0 | 679.0 k7540 | 825 | 800 | 070 {1045 | H

11, 956

The volume is total cublc volume of the stem, including stump and top, but excluding bark. Prepared [rom curved form factors, Block indicates extent of basic data. Aggre-
gate volume by table is 0.2 per cent lower than aggregate volume of basic data.
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TaBLE 13.—Board-foot volume table (Scribner rule—16-foot logs) for second-growth Dougles fir

[Western foothills of Caseade Mountains, Washington and Oregon—All site qualities, 1926]

Number of 16-foot logs

Volume in board feet
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TasLe 14.—Board-foot volume table (Scribner rule—iotal height) second-growth Douglas fir
{Western foothills of Cascade Mountains, Washington and Oregon—All site qualities, 1026]

Total height in feet

D. b. h,,inckes 140 156 160
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5o 156 9 2,440 [ 2,732 | 3,004 | 3,463 | 3,805 [ 4,282 1 4,663 | 5,102 { 5,626 | 8
P 500 | 2801 | 3174 | 3,560 | 3,078 | 4,413 | 4,807 [ 6258 | 5720 7
47.... R TR NN DO RN NN AR MU -éﬁr , 3,667 4,546 § 4,050 | 5,420 | 5,800 2
............... 2300 | 2630 | 2048 | 3348 |2 762 | 4,210 | 4683 | 5007 | 5585 | 6085 | 1
. - | 2373 | Zeo0 | Fozr | 3433 | 3850 | 4,335 | 4,816 | 5,245 | 6,744 |6 236 | 7
T F N o DY O NG IO S 242 | 2,753 | 3,107 | 3,516 | 5060 ) 4,453 | 4,948 | 5,388 | 5,907 | 6,409 |-...-.
810 - B Y Y A I 7485 | 2821 | 3,189 | 3,600 | 4,050 | 4,568 | 5,082 | 5,536 | 6,060 | 6,570 {3
5200000 5540 | 2,884 | 3,268 | 3685 | 4159 f 4,686 | 5,215 | 5,670 | 6,225 6752 | 1
o = Y A o 7593 | 2047 | 3,351 | 3,760 | 4,250 | 4,804 | 5,348 | 6,822 | 6,338 | 6,925 |.._..
“_ I 2,658 | 3,010 | 3,434 | 3,863 | 4,357 (4922 '&Tl 6965 | 6,554 | 7,003 | 1

1,434

: Prepared by applying curved board foot-cubic foot ratios to cubic foot volume table. Stump height 2 feet. Volume includes all of stem to 8-inch d. i. b. in top except stump and
0.3;00: ltrimm}ng“gil og:tgm for each 16-foot Jog. (Gross scale—no allowance for defect. Block shows extent of basic data. Aggregate volume by table is 0.1 per cent higher than aggre-
gate volume o ¢ .
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TaBLE 15.—Board-foot volume table (Iniernational rule—18-foot logsj for second-growth Douglas fir
[Western foothills of Cascade Mountains, Washington and Oregon—All site qualities, 1626}

99

Number of 16-foot logs
Cone
D. b. h., inches 1% 2 3 4 5 8 7 8 o 10 i 12 13 | frystum | Busis,
factor
Volume in board feet

10 “ 58 m 87 0. 808 58

23 38 61 82 108 131 155 o054 68

5] 4 o 105 | 137 170 23 1 PV I IONR MU IR M 1.018 o

b1d 56 91 129 208 250 1.034 63

2 | 62 306 151 198 245 297 1.032 50

s &l 18 171 225 340 1,025 53

32 74 132 192 254 318 382 1.018 83

33 79 145 213 283 3556 429 1.009 95

M 8 160 237 313 392 473 553 638 T 999 87

35 04 176 261 346 433 614 706 o84 70

38 100 200 385 480 578 671 769 866 o2 72

37 105 207 314 417 524 630 _1!5'] 840 47 050 5

38 113 b~ T 452 568 882 705 011 1,027 45 5

39 120 240 365 | 487 | 611 737 g8 | BB 1,18 1,230 . 030 60

40 128 257 393 523 656 T2 | 925 1,08 1,191 1,323 915 6

41 138 73 417 557 700 846 990 1,135 1,282 1,430 o * 900 62

43 145 293 447 598 750 907 1,060 L7 | 1312 1,528 ‘802 59

45 155 312 478 640 807 975 1,138 1,306 [ 1,472 1,638 1,805 |oceneennn 884 67

47 185 35 510 684 861 1,043 1,22 1,400 1,579 1,755 1,938 "870 51

174 357 545 732 923 1,117 1,309 1, 500 1,693 1, 884 2,075 874 58

ar 580 780 985 1,192 1,308 1,601 1,810 3,071 2220 870 53

................ 1,278 1,494 1,712 1,930 2, 149 2,366 1870 12

O - 1,363 1,592 1,822 2,050 2, 281 2,515 ' 868 i6

B IO, 1,443 1, 688 1,037 2,184 2,430 | 677 865 56

PO NN AN 1,534 1,792 2,055 2,318 2, 580 ém .......... .863 31

................. - 1,619 1,898 2,175 2,451 2,730 3,015 3,300 *861 34

33 1,700 2,002 2,305 2,802 2,905 3,155 3,450 ' 860 3t
7 SRR NSUUUUUU IO RO RSSO AR, 1,810 2,105 2,415 2,715 3,015 3,320 3,825 . 855
35_ N SO A MU DO 1,800 2,215 2, 535 2,860 3,190. 3, 500 3,820 853
36 1,098 2,335 2,675 3,010 3,350 3,600 4,020 .850
37 I 2,080 440 2,805 3,165 3,510 3,870 4,220 87
38 I - 2,195 _'%'W' 2,950 3,320 3,600 4,070 4, 440 843
39 . - 2,208 2, 680 3,075 3,465 3,855 4,255 m] .840
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Prepared by the frustum form factor method, Stump height 1.5 feet. Trees scaled in 16-foot logs with 0.3-foot trimming allowanos to 5 inches d. 1. b, in top, International
rule (34-inch kerf), Gross scale—no allowance for defect, Block shows extent of basic data, Aggregate volume by table s 1,01 per cent lower than sggregats volume of basic data.
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TasLE 16.—Board-foot volume {able (International rule—total height) for second-growth ‘Douglas fir
[Western foothills of Cascade Mountains, Washington and Oregon—All site qualities, 1926]

Total height in feet

D.b. h,,inches 130 140 150

Volume in board feet
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APPENDIX
BASIC DATA

It was Impractical to get measurements of forests for every age and sife
quality, but a good distribution among the possible combinations of age nnd
site guality was obtained. Table 17 shows the distribution by age and site
index cleuses of the forests forming the basis for these vield tabies,

The geographical distribution of the sample plots has been illustrated in
Figure 1. No atiempt was made to have an equal number of plots for every
county; o some countles there are only a few age-site quality combinations and
for these counties there were fewer plots measnured than for tounties where
thiere are many varieties of growth conditions. In Oregon, 128 tracts were
Ilngilinred comprising 1,003 plots; and iIn Washington, 133 tracts comprising

k plots.

TasrLe 17.—Distribution of composite plots by ape and site-inder classes

Distribution by site-inder class

Age rlass 80 | 50 {1001 t0| 20| 130! 1ee| 150 | 180 170 | 180 | 390 | 200 | 210 { TO!
to Y to fto [ to]|te | tojla| to]tolte]| to]to, to) to
88 | 98 |00 {110l 1201 139 | 140 | 159 | veo | 179 | 189 | ro0 | 200 | 218

2 &

4 18

5 2

[:] 48

9 50

] 45

2 15

i 8

3 g

1 i

7

4

3

1

..... . B G

_____ | U (OSSR SR AR 1

Total.een . s o ol sl | w| = el nl sl w| w| 3| 1] 2

In these tabulations, a “fract” represents B forest of uniform gge and site
quality in which a proup of plots were measured. The number of plots per
tract varied from 1 to 33, but, as & rule, each tract comprised 5 to 10 plots.
The original feld work before any plots were discarded covered the following: ™

Tracts - 261
Individnal plots 2,052
Total acreage of plots 1,371.05

The plots varted in size from onesizteenth of an acre to 4 acres. The dis-
tribution of plots by size is shgwn in Table 18.

Tanry 18, —Disiribution of individual ploty by size of plot

Sire of plot Flgt 8izc of plot Plot

Number
B53

2, M9

TECENIC OF PREPARING YIELD TABLES
FIELD WORK

It is customary in constructing yield tables to select & single plot as repre-
rentative of u forest traet of uniform ape and site quauliky. (PL 83 In this

1 These Bgures lpclode a few pericdic measurements of permacent sampie plofe 1D
Daugles fir, vach remessurement being considered us a tract,

60
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YIELD TABLES ARE BASED ON THE MEASUREMENT OF SAMPLE PLOTS IN TYPICAL FORESTS i

A, Measuring the diameters of trees on ssmple acres is one of the first steps in the preparation of yield tables; B, the age of a tree is dotermined by counting the annual
rings of growth on stumps or by counting the growth rings on a small core of wood extracted from the standing trees with an increment borer.
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study it was possible to take advantage of the nafural cecurrence of Dougles
fir in extenslve even-aged sfands of uniform site quality and to measure severgl
plots in eaen forest. The group of plots for each forest subsequently was
averaged to obtain a composite piot. By thus sampling the seemingly homo-
geneous conditicms in various parts of each forest, more accurate yield tables
have been obtained than would be possible with but one plot to the tract, no
matter how carelully it might be selected. This assumption was supported
when the data were analyzed, for although each plot of & tract was selected
by inspection as representing normal stocking, considerable variation was
found between sister plots in the same tract.

The plot boundsries were surveyed with a compass and steel tape. All
plots except, perhaps, half a dozen were square. Arthitrary limits of error
in closure of plot surveys were set at . feet for i-acre piots, 2 feet for half-acte
plots, and 1 foot for quarter-gera plots,

All living frees on the plots were calipered =nd recorded by inch classes
according fo species. Hardwoods apd the small trees of the understory,
although they were not used in the yield computations, were measured for
diameter gnd recorded.

For each tract enough total-height measurements were taken with steel tape
and Abrpey level {or Forest Service hypsometer) to draft a curve of height
over diznmeter.” These trees were selected throughout the tract and were
representative of the group of plots.

Age determinations were made by counting the annual rings on increment
borings, or on stumps where a part of the stand was being logged adiscent
to the plots. The age counts were made throughout the stand on representa-
tive frees of every crown class, although most attention was given to the domi-
nant and cocdeminant trees because the average ape of these trees was taken
as the age of the stand. Since the sge determinations were usuzlly made at
several feet above the ground level, it was necessary to add to the ages obtained
at these heights the number of years required to reach the height of stump or
inerement boring. Table 18, based on 1,228 messurements of dominant Douglas
fir seedlings, was used to convert the ring count tc totel age.

TaBLE 19.—Height growth of deminant Douglas fir seedlings

Qrowing period required, by site clusses—
Helght above
ground {feet)
I I 1 v Y
Yeary Years Years Years Years
| SR 3 3 3 ] 5
2 ——— 4 5 6 L1 K
- S 3 [} 7 8 o3
L 4 7 8 2 ig
|, 7 8 9 0 i1

For each forest in which measurements were taken & description was pre-
pared recording details of the stand as a whole. The following liems were
included In this description: Location, relief, field estimate of site quality,
soil, ground cover, underbrush, reproduction, the stand itself, injurtes, and

history of the stand.
OFFICE COMPUTATIONS

The first step in the office computatlons was the elimination of tracts that
could not be psed. Certain essential information pertaining {o some tracts
apparently had been lost in the years between 19611 and 1924 ; other tracts
obviously were unsuitable becsuse of indeterminate age, or because the stand
had been thinned or cut Into. Sixteen tracts comprising 468 plots {32.725 acres)
were 50 dlsearded.,

Individual plots of some of the remaining tracts Ukewise were discarded
because species other than Douglas fir predominated or because there was
doubt as to the uniformity of age s compared with the other picts of the
same tract. Seventeen plots (15.6205 acres} were 3o eliminated.

1* The height meaguretnent of trees on steep slopes wag greatly fecllitated by the devel-
opment of & method permitting the use of surface mersure instead of horizontal measure
in obtalning the distance from the observer to the tree. A full description of this method
bag Geen publisked by R. E. McArdle and R. A. Chepmar (6).



http:dlameter.lJ

62 TECHNICAL BULLETIN 201, U. S. DEPY. OF AGRICULTURE

The remaining plots were then apalyzed by tracts. Individual plots were
discarded if their total basal area dlffered from the average basal area of
the tract by more than twice the standard deviation about the average.
Seventy-three plots (48,51 acres) were so eliminated because of overstocking
or understocking. There were left, after the elimination of these data, 245
tracts comprising 1,916 individual plots.

The remaining plots of each tract were comblned Into one composite plot
to be used in all subsequent analyses as representative of that partieular
site and age ciass. This was done by averaging the number of trees in each
diameter class, and converting these averages, where necessary, to a l-acre
basia. The basal area of esch diameter class of the composite plot was com-
puted. From a curve of height over diameter the average height of each
diameter class was obtsined. The cubie-foot, International board-foot, and
Seribner board-foot volumes for each diameter class were computed with the
aid of volume tablea. (Tables 12, 14, and 18,) Totals for each of the flve
items (number of trees, basal ares, and the three volumes) were obtalned for
(1} the total stand, (2) the stend 7 Inches in diameter and larger, and (3}
the stand 12 inches in diameter and larger. The basal area of the averuge
tree was obtained by dividing the total basal nrea of the composite pot by the
total number of trees. The age of a composite plot gnd the average height of
its dominant and codominant trees™ were taken from the measurements of
the tract represented by the composite plot.

TapLE 20.—Check of yield tables agatnst basic data (deviation of actual values from
esttmated values)

TOTAL STAND

Deviatioz

Aggregate | Average

Per cent | FPer eent
Nomber of (rees 27 14. 5
Basal ares.
Cubic volume
Basal ares of average trea

STAND 7 INCHES CR MORE IN DIAMETER

Number of trees

Hasal are. -

Cubie volnme, -
Taternational board-foot volume

BETAND 12 INCHES OR MORE IN DIAMETER

Number of treed
Basal area_...
Cubic volums N
Internntlonal board-foot volume.
Beribner board-fagt volume

1= The height-dlameter tallles of a_tract showed specifically which of the trees measured
for height were in the dominant and codemlnant erown classes, When the data for some
of the eariler menpured tracts were examiued it was discovered tbat the belght tall
sheets sbowed onlg diameter and helght, and had no note concerning crown classes. t
would ordinarily bave been impossible to determine the slte quallty of these tracts on
the basis of the aversga beight for dominant and codominant trees. Experimentation
with data of tracts for which there wes complete tnformation showed a relatlonship
between the dominant and codominant trees and the rest of the atpnd and thus permlitted
the use of some of the data which otherwise cpuld pot bhave been nsed. It was found
that the deminant and codominant treea constituted &5 per cent of the entlre rapge In
diameter classes of a tract. In young stapda this range included only o tew alzes of
treks becanse the entite range of dlametera wes small; old stands had a wide range 1n
slzer and the domlnant and codominent classes therefore included more dinmeter <lABEEE
than the young stands. With this knowledge it was possible to determine the probalde
lower diameter llmit of the domlpant end codominent crown cligges. Then from the
Liefght tally or from the height-dlameter curve the zverage helght of the trees In these
classes wag obtalned. A somewhat different method of approach to this Brublem would
be to compare the average diameter of all crown classes eotabloed with the everage
dipmeter of the deminant and codomlnant clasees.
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From this point on, the composite piots were treated exactly as the single plots
of the ordinary vield study. The method used is that developed by Donald Bruce
}'olli the yield study of southern yellow pine (f). Briefly, the procedure is as
ollows:

Prepare curves representing site index,

Construct preliminary curves of total basal area.

Reject plots which have erratic values for total basal area. (The application
of two standard deviations centered on the mesan resulted in the Douglas fir yield
study in the elimination of 10 composite plots, representing 19 individual plots
or 22 acres.)

Using the accepted data, construct four basic tables—total basal area, basal
area of average tree, total number of trees, and cubic-foot volume.

Tabies for the stand 7 inches in diameter and larger and for the stand 12 inches
in diameter and larger are derived by means of econversion factors from the tables
for the total stand,

The yield tables were checked against the data from which they were con-
structed. These checks are given in Table 20.

The final basis for the yield tables, when all data, for whatever eause, had been
eliminated, was as follows:

Composite plots (tracts), 235.

Individual plots involved, 1,867.

Total ares, acres, 1,252.29.

Stand tables were originally prepared by plotting on logarithmic-probability
paper the percentage distribution of number of trees in ench diameter class, as
described by Bruce (/). The computsation of these stand values is simplified by
%n align;nent chart recently devised by L. H. Reineke and presented here as

Figure 17,
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Floure 17.—Btand table alignment chart,
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To use this chart & straightedge is iaid across the three graduated seales, inter-
secting the seale for lower diameter limit at the desired figure. and the scale for
average diameter at the figure corresponding to the diameter of the average tree
of the total stand. (Table 2.) The stand of trees above the selected lower dism-
eter limit is then read on the scale at the extreme right, in percentage of total
pumber of trees. Afler computing the number of trees above successive fower
diameter lHmits the number of trees in each diameter group is subfracted from
the number in the group immediately preceding to obtain the number of trees in
each group. The sample computation given in Table 21 will make this clear.

TasLe 21.—Sample compuiaiion of stand table

Dinmeter-class | !l::r‘:eet’;r Treed shove lower | Trees in
Eroup Vimit {imit [ide1i]v]
Iuches frches Percent | Number | Number

34 0.8 137 22

5.5 BL 5 s 5

T.h i7. 5 261 67

8.5 5.5 194 T4

1.5 300 ¥t 55
NS 15,5 &5 3%
[ ] BO 27 18
i 7.5 [ 27 g ]

Total, ...\ ... IE ..... |oar

i

» !

Age, 60 yenrs; site index, 140; dikmeter of average tree. 1.1 inches {from Table 2), total number of Lrees,
337 {from Tabie 2},

A REVISED YIELD TABLE FOR DOUGLAS FiR

A primary purpose of the yield table is fo predict the future condition of given
stands of second growth. It seems self-evident that such prediction is possible
only when the yield table well describes such stands as they are today. The
conveniional normal yield table described in the body of this bulletin does not
mect this requirement. Iis failure is widely recognized in the case of partially
stocked stands that have fewer and larger trees than a normel stand.  This leads
to a confused definition of normality or normal stend density. Normality per-
centage by numbers of trees may not be closely related to timber volume, and
normalities by basal area, cubic-foot volume, and hoard-foot volume, are often
grotesquely different.

The conventionzl table also fails frequently in the ease of stands that may be
considered normal in terms of oue but not ail standards of measurement. This is
heeause subnormal stands may become normal with the passage of time. A
stand having normal board-foot volume, for example, may have been normal for
many yaars or for enly a few  If the stand has been normal for many years, it
will consist of considerably more smaller troes than a stand that has been normal
only & few years. ln other words, the difficulties in defining normality will
persist even after normaslity hes been atiained,

Preliminary vield tables for Douglas fir that are free from most of these dif-
ficulties are presented here. They should be more applicable than conventional
tables to subnormal stands, and in many cases o normal stands as well. No
ciaim i{s made, however, that they are accurate for use with all types of sub-
normai stands or with extreme cases of understocking. They must be thoroughly
tested before their applicability can be clearty determined, Thus, the new tables
sre presented Lo permit actusl Lests against typieal stands.

A furtber advantage of the new tables is thal the independent variables used for
predicting stand volumes can be more easily and accurately measured, Site
index is eliminated completely, and age essumes & minor rote. ~ The important
independent variables arc average diamcter, number of trees per acre, and s
height relationship based on a minall number of measured samples.

Basic data for the new tables are from the same plots used in preparing the
main part of this publication, Permanent sample plots established and periodi-




TaBrLE 22.—Yeld ! of Douglas fir on fully stocked acre, trees larger than 6.0 inches d. b. h. (Forest Survey standard) *

Site class V Site class IV Site class IIT Site class I Site class I
Age (years) o . X . | :

Site index|Site index|Site indexjSite index|8ite index|Site index|Site inder!Site index|Site index|{Site index Site index|Site index|Site index|Site index
80 90 100 110 120 130 14C 150 160 170 180 190 200 210
Cu. ft. Cu. ft, Cu. ft. Cu. ft. Cu. ft. Cu. ft. Cu. ft. Cu. ft. Cu. ft. Cu, ft. Cu, ft. Cu. ft. Cu. ft. Cu. fl.

50 50 100 200 300 400 500 850 800 950 1,100 y 1,450 1,850
400 550 800 1,050 1,350 1,700 2,100 2, 500 2,900 3, 250 3, 600 3,950 4,200 4, 400
1,050 1,350 1,800 2, 350 3,000 3,700 4,300 4,900 5, 500 8,000 6, 400 8, 750 7,080 7,259
1,800 2,350 3,000 3, 800 4, , 600 6, 350 7,060 7,700 8, 300 8, 9, 300 9, 700 10,000
2,800 3, 500 4,300 5,200 6,250 7,200 8,150 9,000 9,750 { 10,400 [ 11,050 | - 11,800 | 12,050 12,400
3,700 4, 400 5, 300 6. 350 7,500 8, 600 9, 650 10, 550 1t, 400 12,150 12, 850 13, 500 14,050 14, 500
4, 300 5,200 6, 200 7, 300 8, 550 9,700 10, 850 11,900 12,850 13,700 14,500 15, 200 15, 850 16,350
4,750 5, 700 6, 800 8,050 9, 400 10, 700 11, 900 13,050 14,100 15,050 15,900 16, 650 17,300 17, 800:
5,100 6, 160 7,300 8, 650 10, 100 11, 500 12, 800 14,000 15,150 16, 150 17,100 17, 900 18, 550 19,050
5,400 6, 550 7,800 9,200 10,700 12,150 13, 550 14, 800 16, 000 17,050 18,000 18, 800 19, 850 20,100
5, 700 6,850 8,150 9, 600 11, 200 12, 700 14,150 15, 450 16, 650 17,750 18, 800 19,700 20, 450 21,150
5, 950 7,150 8, 450 10, 000 11,650 13,270 14, 700 , 17, 250 18, 400 19, 450 20, 400 21, 2% 21, 500
6, 150 7,350 8, 750 10, 300 12, 000 13, 620 15, 150 16, 500 17,850 19,000 20,100 21,050 21, 850 22, 550
6,300 7, 550 9,000 10, 620 12,300 y 15,600 16, 950 18, 300 19,.500 20, 650 21, 620 22, 500 23, 200
6,450 7,700 9, 200 10, B5C 12,655 14, 400 16, 000 17, 400 18,759 21,000 21,150 22,150 23,050 23,800

! Rounded to nearest 50.

2 This table was derived from cubic foot volume and yield tabies presented in the body of this publication.

Volumes are stem volumes, exclusive of bark and limbs, between

stump and 4-inch top d. i. b. Stump height equals d.. b, h. for trees up to 24 inches d. b, h.; for trees 24 or moré inches d. b. h, a stump height of 2 feet is assumed. The table was
compiled by P. A. Briegleb, Pacific Northwest Forest and Range Experiment Station, March 15, 1941.
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TaBLE 23.—Yield of Douglas fir on fully stocked acre, irces 12 inches in t)iiameler and larger, to an 8-inch top, International rule (one-fourth
inch kerf) !

Site class V Site class IV Site class I11 Site class IT Site class T

Age (years)

Site index!Site index, Site index)Site index|Site index|Site index|Site index|Site index|Site index|Site index|Site index|Site index|Site index|Site index
80 90 100 110 120 130 140 150 160 170 80 190 200 210

Bd. ft. St .St .. . Bd. ft. Bd. ft. Bd. ft. Bd. ft, Bd. ft. 5 Bd, ft L. Bd. 1.
. 400 1,100 1,800 3,100 - 12,400
3,100 5,400 7,700 10, 600 14,000 3
9, 900 20, 000 26,000 31, 800
21,100 34, 300 41,700 48,000
32,400 48, 700 57,000 ,
42,600 61, 600 70,000 78,400
51,600 k 72,100 81, 500 89,900
39, 400 7 80, 900 90, 3
65, 800 98,500 | 107,900
71,600 83, 500 105,900 | 115,000
76,700 88,600 110,800 | 121,000
81, 100 116,000 | 126,200
7 84,900 120,800 | 131,000
36, 500 88, 500 113,900 | 125,200 | 135,500 | 145,000 162, 400

gs

SO =1hs Q0 En NI

3sg8sssss

.%.

! Derived by adjustment of Scribner volumes in table 4, p. 27, by P. A, Briegleb, December [$8,
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TaBLE 24.~ Yield of Douglas fir on fully stocked acre, trees 15.6 inches in diameter and larger, to a 12-inch top, Scribner rule!

_Site class V Site class IV Site class I1I Site class 11 Site class I
Age (years)

Site index|Site index!Site index|Site index|Site index|Site index|Site index|Site index|Site index|Site index|Site index|Site index|Site index|Site index

80 90 100 110 120 130 140 50 160 170 180 190 210

Bd. ft. Bd. ft. A Bd. ft. Bd. ft. Bd. ft. Bd. ft Bd. ft Bd. ft. Bd. ft. Bd. ft.

. JREU FREORIDRIURN NP NUIRUUIIPUI NP HOR PR VPRI MR 500 1,000 2,000
[ 500 2,000 3, 000 5, 000 8, 500 12, 000
.......................... 1,000 2, 800 5,000 9, 000 13,000 19, 000 25, 000 32,000
...... 800 1, 500 , 000 6, 500 10, 000 14, 500 19, 500 26, 000 33, 000 42, 500 54, 000
..... 2, 900 5, 000 9, 000 14, 000 19, 500 26, 000 33, 000 41, 000 49, 000 58, 500 68, 000
RO . 5, 500 9, 500 15, 000 22,000 29, 000 37,000 46, 0600 55,000 64, 000 73,000 83,000
1, 500 4, 500 8, 500 14,000 21,000 30, 000 38, 500 47, 000 57, 000 66, 000 76, 000 86, 000 98, 000
4,000 7,000 12, 000 19, 500 28, 000 38, 000 48, 000 58, 000 67, 500 78, 000 87, 000 97, 000 107, 000
5, 600 10,000 16, 000 25, 000 36, 000 46, 000 56, 500 66, 500 76, 000 86, 500 96, 500 106, 000 115,000
7,000 12,000 20, 000 31, 000 42, 000 52, 500 63, 000 73, 500 84, 0G0 94, 000 104, 000 114, 0600 124, 000
9, 500 16, 000 24, 000 36,000 47, 500 58, 500 69, 000 80, 000 80, 500 101, 000 111, 000 121, 000 131,000
140 . ecee o eanbaas 6, 12, 000 18, 000 27, 500 39, 000 52,000 63, 500 75, 000 86, 000 86, 500 107, 600 117, 500 127, 500 137, 000
150. 8, 13, 500 21, 000 31, 000 43, 500 56, 000 68, 000 80, 000 91, 000 102, 000 113,000 123, 500 133, 500 143, 000
160, 0otnonolan [, 9, 500 16, 000 24, 000 34,000 47,000 59, 500 72,000 84, 000 96, 000 107, 000 118,000 128, 500 139, 000 149, 000

1 These values were derived from board foot volume and-yield tables presented in the body of this publication.  Trees scaled by 32-foot logs. Allowance was made for 8 2-foot
stump. Volumes are gross scale and no deductions have been made for breakage or defect. They. were read from curves prepared by W. H, Meyer, {zutuary 1633, at Pacific North-
west Forest and Range Experiment Station, October 1946,
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celly remeasured by the Pacific Northwest Forest and Range Experitnent Station
were used for ehecking the tables. Other suxiliary data were taken from W. H.
Meyer’s study, Height Curves for Even-Aged Stands of Douglas Fir, reported in
& processed peper in 1936, and his Journal of Agricuitural Research article, A
Study of the Relation Between Actual and Normal Yields of Immature Douglas
Fir Forest, issued in 1930. Auxiliary data from an article entitied New Methods
and Results of Growth Measurement in Douglas Fir, by P. A. Briegleb and J.
W. Girard, issued in the Journai of Forestry in March [943, were also used,

AVERAGE DIAMETER AB & BASIS FOR YIELD TABLES

Over 20 years aga it was found that some of the more diffeuit problems of
normal vield table construction were easily solved by using average stand diameter
(regardless of site and age) as the independent variable. This led . H. Barnes
to suggest in an article published by the British Columbia Farest Service in 1931,
The Importance of Average Stand Diameters as a Factor in Foreeasting Timber
Yields, that a similar treatent might profitably be applied to the entire process,
Further studies confirmed the impression that stands of the same average diameter
breast high were much mere nearly alike in every way than were stands of the
same site and age class. Meyer in United Stafes Department of Agriculture
Technical Bulletin 544, Yield of Even-Aged Stands of Sitka Spruce and Western
Hemlock, issued in 1937, presented partie! yield tahles based on average diameter
at hreast height as well as the complete yicld tables based on site and age, The
tables given here are an extension of this same principle.

Table 25 is the basic description of second-growth Douglas fir stands when
average stand diameter is the independent variable. This was derived from the

TanLe 25.— Revised Douglos fir yield table, based on average diameler instead of
gile and age

Volume per tree,
Volume per treg l?énches d. b h,
and over
Averaged. b, h.tof | numbert| & of
sland (inches} of trees | trees 5 inches | T inches | 12 inches

raore | Average [ Total 4. b h d.b.h d.b. b, | [nterna-

pe €] d b FI sipnid 2 R - e . e tiunal | Scriboer ¢
snd en- and ?veﬂ' ?nd pver: and ;J\"Ei: l§-inch rile
12 4-inc 0 4-inch | to 4-inc]
tire stand top top tap rulad
Culiic Cutic Cubie Crbic Bogra Board
Fret feel fest Jeet fezt Jeet Jest
4, 486 ' (R SR
2,487 i1 I R RN (A,
1,530 38 1.8 0.¢ 0.2
1,084 47 3.2 il A

818 ah &1 3.B 2.6 L9 30c I R R,
644 82 .6 6.2 4.8 1.1 5 3
524 59 0.8 B4 8.0 2.5 18 11
437 i3 14.9 13.4 12,1 5.3 35 B
a7 83 19.6 180 18,7 9.5 ] 4
Lo} L1} 25.2 1.8 2.7 181 102 ar

280 o7 a5 24,8 26.3 21,7 148
248 4 385 Jo.6 38, 5 28,5 el 149
221 11 6.6 44.3 4.3 38.3 bii 184
198 117 58. 5 5B 52.8 48,0 M7 236
180 12 B85 62 B2 o8 412 206
164 130 K 72 72 53] 521 I
150 135 &7 Bi %] Bl 18} 420
138 141 w 13 U5 e TH 510
127 147 112 108 108 10h3 5 Fed
118 152 126 121 i21 118 58 483
110 147 142 136 136 134 1,075 70
2 142 158 o2 52 50 i, 205 888
96 167 175 6y 160 LG8 1,338 wa
g1 171 173 186 184 185 I, 48§ 1,125
85 176 213 205 205 204 1, 653 j, i
80 180 234 227 el 227 1,826 L4058
b 18% 256 249 paty 249 2,03t i, 582
72 169 27 i) 27 an 1,248 1,730
8 1 302 purk] 203 293 2,478 1,905

* Welghied by basa} arpa, ¥ Tg S-ineh tap,

1 Totsl stand; |. ¢,, Lrees over 1.5 inches In d. b, h. 1 To B-inch 1o,
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same plot data that were used to compile the yield tables in the main body of
this publication. The method of derivation is simple, involving merely sorting
the plots by diameter-breast-high classes and summarizing, averaging, and
eurving the corresponding number of trees per acre, normal height, and the
various expressions of velume shown in table 25. Because some of these items
had not been worked out for the individual plots, ratios based on other available
studies were used to derive them to save time. Obviously, additional columns
{such as the number of trees per acre more than 12 inches in diameter) could
readily be added to this table if desired, thus covering all the standards of measure-
ment presented in the normal yield table.

Table 25 may be applied to any given second-growth Douglas fir stand for
which average diameter and number of trees per acre have been determined.
Volume per acre, as defined in the heading of any of the last six columns, is ob-
tained merely by multiplying the volume per tree by the number of trees per
acre as determined by field sampling. This use of the table is, in effect, a short-
cut method of cruising second-growth standa.

CORRECTIONS FOR HEIGHT

The short-cut method described ahove has heen checked for accuracy by using
it to estimate the volume in cubic feet of the basic temporary plots and also of
the permanent sample plots. The standard error of estimate for individual plots
was found to be 6.5 percent, even when average diameters were interpolated to
the nearest 0.1 inch.

The cause of this rather high error was found to be associated with variations
in height. 1t is, then, clear that stands of the same average diameter at breast
height may vary in the height-diameter relation. This variation was in turn
found to be loose%y correiated with site. The looseness of this correlation suggested
& correction based directly on the height-diameter relation rather than indirectly
on the site index.

It was found that, if the estimates of volulne in cubic feet on cach plot were
sdjusted in proportion to the ratio between (1) the average height of the trees of
average diameter at breast height on the individual plots and (2} the corresponding
normal height given in table 25, column 3, the standard error of estimate was
reduced to 2.6 percent, a very satisfactory figure. The maximum error discovered
in stands 10 inches or more in average diameter breast high was 4 percent.

In 1936 Meyer prapared & series of standard Douglas fir height-diameter curves,
referred to on page 68, for each combination of site and age (Height Curves for
Even-Aged Stands of Douglas Fir). Table 26 was taken from his work sheets
and represents 8 similer series of curves based on average stand diameters,

To correct volume estimates for variations in height, one need only measure
a small number of mechanically selected trees that are near the stand average in
diameter. (In practice, they would be measured before stand diameter was
precisely determined.) The sum of the total beights of the measured trees
dividerd by the sum of the corresponding total heights taken from tahle 26 will
give a correction factor that should he applied to the volume. For instance, if the
actual Lrees are 5 percent higher on an average than is indicated by table 28,
volume estimates from table 25 should be raised 5 percent, ete.

For board-foot volumnes, greater errors were found, particularly by the Scribner
rule. The standard crror of estimate in Seribhner volume for individual plots was
10.8 percent. It was found, however, that the large errors were concentrated in
the stands of small average diameter. For stands with an average diameter breast
high of 12 inches and over the standard error was only 4.1 percent.

Many may believe that errors in determining board-foot volume of a stand
with small average diameter are of little concern, sinee the volume is in seattered
trees of merchantable size and the stand as a whole is unmerchantable. More-
over, such errors tend to diminish as the stand grows older. If this epinion is
acecepted, the present tables appear to meet the reguirement of adequately
describing typical second-growth stands as they are today. It remains to supply
8 means of predicting future volumes,

NORMALITY

Attention should first be called, however, to the simplificatien intreduced into
the concept of normality. When tables 25 and 26 are used, normality by number
of trees and by volume, however expressed, are identical. Normeality may,
therefore, be defined as the ratic between the actual number of trees per acre and
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TaBLE 26.—Standard heighl for well-stocked second-growth Douglas fir, based on
average diameler of stands !

Total height when average d. b, k. of stand fs—
Tree d. b. h.
(incher}

& 8 it} 12 14 15 iB 20 2 U 25 b3 a

! Derived from Walter H. Meyer's Heighl Curves for E_vuun-xg;ui_slg;:_ﬂ.s.\of -I_)Bizéins-?_i;;ﬁé"from lﬁs
work shects,

that shown in table 25 for the corresponding average diameter breast high (inter-
polated to the nearest 0.1 ineh). ‘g‘he similarity between this expression and
that found in Perfecting & Stand-Density Index for Even-Aged Forests, by L. H.
Reineke (published in the Journal of Agrieuitura) Research in 1933} is self-evident.
The percentage form is more easily understood and leads to simpler computatiuns.

PREDICTED DESCRIPTIONS OF FUTURE STANDS

If tables 25 and 26 are to be used for future stands, a method must be provided
for predicting the future average stand diameter, the future number of trees per
zcre, and the future height correction.

Diameter will be considered frst. Conventional yieid tabies rely on age and
site as the sole basis for determining trec diameter, even though these two variables
usually lead to erronsous estimates of the present diameters. Table 27 provides
for predicting the diameter growth (10-year) directly on the basis of the present
diameter and the age. These two variables are an expression of preceding diameter
irowth, 50 that, in effect, estimated fulure growth is related lo that of the past.

s figures in table 27 indicate, however, future diameter-breast-high growth is
not assumed to equal that of the past. Allowance is made for normal decline
i growth as nge advaneces.

Table 27 is merely a transformation of the information contained in the con-
ventional lable showing the relation between average diameter breast high and
site and age. (Bee p. 14} Some technical objections may be raised to the in-
direct graphical method used in deriving the table, but it appears L0 be an aceept-
abie first approximation essily exiracted from the availabie data.

1{ seems probable that better estimates might be obtained by use of current
diameter growth determined by increment borings, but here the additional prob-
lem grises of estimating the “Talse prowth’” resulting from the death of smailer
trees. Pending further research the present tsbie seems reasonably satisfactory.

A couservative estimale of the future number of brees may be obtained by
ealeutating the present normality and muitiplying the normal number of trees for
the predicted average diameter breast high (tabie 25) by this percentage. This
ignores the tendency of understocked stands to approach normality. To allow
for that tendency, tabie 28 has been derived from g study by Briegleh and Girard
{see p. 88) of understocked stands. When data obtained in that study were
plotted in the form indicated by table 28, a straight regression lue was fairly weil
defined. By use of this table a corrected future normelity can be predicted, and
presumably a more accurate forecast of the future number of trees can be made,
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TasLE 27— Estimated diemeler growth per decade in normal stands of second-
growth Douglas fir!

Average Diameter growth when sge of stand in yesars is —
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1 Figyres derived from yicld 1ableson page 14.  Ahove figures include "*false growth' resulting Irom denth
of smaller trees and hence will not sgree with actual dismeter growth of sueviving trees as determined by
borings.

TanLE 28.-~ Estimaied increase in normalily in e [0-year period

10 years' | Normality 10 vears' | Normality
Mormality | inereass in wiler E Narmality | Incrense in alter
normality | 10 years |» narmalily 10 years
0.30 0.08 0.38 0.95 0.02 0.7
35 Bir) .42 1.00 .02 102
40 07 AT 1.05 I 1.08
45 i Ol | L0 .0l 1.11
it i .5 T 1. 14 LY 1.15
33 . G .61 v .20 .00 1.2
B0 .05 65| 1. 24 .00 1.25
5] Nl .70 1.3 —.01 1.28
i M LT i 134 —. 01 1.34
75 N i ; .40 —. 02 1.34
it .03 LB y 143 —.02 1.43
B5 N N ! 1,50 —. 03 1.47
. H 02 .82 i

Variations of heights from those in table 26 will presumably persist for many
years. A careful search of all available permanent sample plot information
failed to reveal any definite tendency for the ratios of actual to standard heights
either tc increase or decrease. The preseni height ratios may, therefore, be used
for future stands without change.

EXAMPLE OF USE OF THE TABLES

The following caleulations will clarify the manner in which tables 25 to 28
may be used.
Assume that the data collected give the following information:

Average number of trees per acre (NUMBEr) - . o . oo oo e e 15
Average diameter {inchesY ___. ___ . ... ... ... ... e 14. 5
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Sample treex
IHameler breast Migh (inches) Height (feet) Diameter breast high {inches) Height (feet)

Average age, 70 years.
Wanted:
{I) Estimated cubic foot volume today in trees 7 inches and over diameter
breast high to 4-inch top.
(2} Estimated volume today in Scribner board feet 12 inches and over
diameter breast high.
{3) Estimated volumes 10 years hence as above,
Present cubic foot volume is 151 X48.55 (from table 25, by interpolation), or
7,311 cubic feet per acre.
Present Scribner volume is 151 X 218 {from {able 25, by interpolation), or 31,710
bosard feet per acre.
Height correction Fabudar height
Diameaer breast high Actual keight {from table £6)
104
108
112
i1l
115
118

868=0. 95
Adjusted volume per acre=0,85X7,331=56,664 cubic feet,
or=10.95X31,710=30,124 board feet.

Growlh of average diameter breast high—=1.7 inches {from table 27, interpolated},
Estimated sverage diameter 10 years hence—=14.5 inches+ 1.7 inches=16.2 inches.
Present normality=151-+210 (table 25)=72 parceni; pradicted normality=76
percent (table 28).
Number trees 10 yvears hence=178 (table 25} X 0.76=135.
Volume=135X 64 (table 25)}X0.95=28,208 cubic feel,
or=1353¢309 {table 25) % 0.95= 239,529 bosard feet.
8,208--86,064 .
Growth per year=—"——mp——= 124.4 cubic feet per acre per year

20— 1
or W =050 board {eel per acre per year.

PREDICTIONS FOR PERIOD OVER 1¢ YEARS

Predictions for two or more decades may be made by successive 10-year steps,
the final stand at the end of the first pericd being {nken as the starting point for
the prediction for the second period. Intermediate periods can be derived by
interpalation.

ACCURACY OF ESTIMATES OF FUTURE YOLUME

The accuracy of predictions of future volumes depends on the securacy of pre-
dictions of three factors: The future average stand diameters, the number of
trees per acre, and the height ratics. The resulting errors will be augmented by
any errors that arise in computing volumes from these data.

A study of the Douglas fir permanent sample plots permits a preliminary
appraisal of the accuracy with which future volumes can be predicted. The
permanent sample plots were all at least fairly well stocked. he best figures
now available for the permanent sample-plot study are 2.8 percent standard
error of estimate for i0-year future average stand diameters; 5.1 percent for 1G-
year future density; and 3.4 percent for 10-vear future height ratio. Predictiona
for moderately understoeked stands should be nearly as accurate, provided that
the density of the stands is not so heterogeneocus as to cause very abnormal diam-
eter distributions.



http:668=0.95

YIELD OF DOUGLAS FIR 73

The standard error of estimate of 10-year future votume in cubic feet will reflect
the combined result of these errors, plus that of caleulating the cubic volume in
the simple way herein propesed (2.6 percent). Theoretically, if the errors are not
intercorrelated, this should be for the permanent sample plots

v2.924+5.174 3.4 1+ 2.6'=7.3 percent.

A direct caleulation shows a value of 7.6 percent for the same plots, which is a
remarkably close check.

The similar standard error for volumes based on the Seribner log rule and for
?}tegmds larger than 12 inches in average diemeter breast high should correspondingly

V2,94 5.174+ 3.4+ 4.1*=7.9 percent.

A direct calculation shows only 6.6 percent.,

If predictions are carried further into the future, the theoretical standard errors
should be (if the errors of the Jater decades are not correlated with thase of the
eatlier) the foregoing figures multiplied by /2=1.4 for 2 decades, by V3=1.17 for
3 decades, etc. Available data confirm this theory reasonably well, although the
actnal errors are about 18 percent higher, which suggests that surplus or deficient
growth rates have a slight tendency to recur.

Again, it must be remembered that these figures apply to plots of 1 acre or
smafler, and that estimates of future volume on such small areas are very failible
because of the erratic occurrence of tree mottality. Better results should be
obtained for large tracts of land, although even then it must be recognized that
abnormal condifions such as disease, insect infestation, and sleet damage, may
invalidate the predictions. Such occurrences, of course, will upset calculations
based on the conventional yield table as well.

IN CONCLUSION

This is not an argument for the complete abandonment of the conventional
form of yield table. Such tables are useful for making general determinations of
the growth capacity of forest land as distinct from the growing stack that hap-
pens to be thereon, Most of the problems of forést management, however, are
concerned with actual growing stock thet is seldom normal. For these prob-
lems the new tables seem to have decided advaniages. Their limitations can be
determined only by further testing.
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