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INTRODUCTION

The western white pine type is the most important-forest unit over
Jarge areas of rough uplands in northern Tdaho and adjacent portions
of eastern Weshington and western Montaua. It occupies through-
out this region the cooler, moister sites between elevations of 2,000
and 5,500 feet, 'reachit;t,lz its best development in northern Idalio
between the international boundary and the Lochsa River (10).! The
type is distinguished by its luxuriant growth and great complexity
and characterized by the presence of western, white pine (Pinus
montwola D. Don) in association with a Jarge nuiaber of other species,
principally western red cedar (Thuja plicate D. Don), western hem-
lock (Tsuga heterophylla (Raf.) Sarg.), ﬁ:vrland white fir (Abies grandis
Lindl.), western larch (Lariz occidentalis Nutt.), and Douglas fir
(Pseudotsuga tazifolia (Lam.) Britt.).

These mixed forests constitute & very desirable natural resource.
The stands sre unusually dense and the timber yields are large.
Moreover, the western white pine and one associate, western red

1 Xtalic figires in parentheses ruler to Literature Cited, D, 66. 1
125313°—22—1
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cedar, furnish special-use woods of high value. As a result the lumber
and allied timber industries in northernt Idaho and adjscent fimber
centers have been built up very largely around the white pine type.
These forest industries are locally of great economic importance. In
Idaho, for example, where they reuk first among the manufacturing
industries, they are valued at $100,000,000 snd produce snnually
materials worth $41,000,00G; they employ some 18,000 persons and
have an annual pay roll of over $22,000,000; and ths freight revenue
derived from these industries amounts to nearly $11,000,000 & yesr,
an important item in the budgeis of the rail carriers of this section (72).
In addition, the materials produced represent the crop vaiue of some
10,000,000 acres of and in northern Idaho alone, 3,000,000 acres of
which is in the western white pine type. This land, because of
surface featurss and climate, is largely unsuitad to the production of
other crops. In view of these facts the maintenance of forvest indus-
tries is unquestionably essential to the economic prosperity of
northern I{iaq.ho and adjacent Washington and Montana.

Future yizlds of western white pine depend largely upon the control
of the white pine blister rust, However, results ﬁready cbtained from
the large-scale experimental control work carried on in the western
white pine forests give ample reason to believe that adequate protec-
tion from the disease can be realized where such measures are feasible.

Therefore, in view of the rapid depletion of the virgin timber stands
on which these forest industries rely {9), it becomes increasingly
iraportant to know the timber-producing capacity of the large aress
of second-growth stands to which the region must turn for raw
material within the next half century. Ii is the purpose of this
bulletin to sum up for forest managers and timberland owners the
available information on the growth and yield of second-growth
western white pine stands. To simplify presentation, the first part
of the bulletin contains only the discussion mecessary for a proper
understanding snd application of the tables. KEssential supplementsary
discussion has been relegatel to the sppendix.

DEFINITIONS OF TERMS USED

The following definitions explain the fechnical and semitechnical
terms used in deseribing the yield tables.

Diameter breast high—Dianmeter at 4.5 feet above the average
ground level. Commonly abbreviated as d. b. h. As used iz con-
nection with standing trees, this means diameter outside bark.

Basal area.—The basal area of a tree is the area in square feet
(including bark) of a cross section taken 4.5 feet above the aversge
ground level. The basal area of 2 stand is the sum of the eross-
sectional areas of the trees composing it, Bssal-ares values for trees
of various diameters are easily obtained from published tables.

Total age.—The age of the oldest dominant tree. This will coincide
in most cases with the period elapsed since fire, logging, or other
agency removed the previous timber stand.

Fuen-aged stands.—Stands in which the ages of the youngest and
oldest trees are within 20 years of the same age.

Stocking.—The degree to which an ares is effectively covered with
living trees. Fully stocked or normal stands contsin as many trees
per acre as can properly utilize the growing space available,
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Composition—The mixtures of tree species forming the stand. .
Western white pine stands often contain from four to six tree species
in widely varying combinations and proportions. )

Dominant—In this stpdy any tree with wel-formed crown that
receives full sunlight from above and ab least some light from the
sides. It includes both dominant and codominant es ordinarily
defined (8).

Site quality—The relative wood-producing capacity of a given
ares measured in this study by the height growth of the dominant
white pines {6},

Site index.—The height attained by the aversge dominant at 50
years, as a measurs of site quality. L

Moean cnnual increment—The average yearly increase per acre In
4he volume of & stand, computed by dividing its total volume by its

oe,

Periodic annual increment—The average yearly increase in volume
per acre over & short period—in this case 10 years.

[Hilization standards.—Cubic-foot volumes include the total wood
contents of the entire peeled stem, comprising ssump and tip but not
Limbs and bark, for all trees 0.6 inch d. b. h. and larger. - Board-foot
volumes by the Seribner rule allow for & minimum top diameter of 6
inches for white pine and 8 inches for other species, a stump height of
1 foot for white pine and 1.5 feet for other species, and a trimming
allowance of 0.25 foot for white pine and 0.3 foot for other species
for each 16-foot log length. Board-foot volumes by the international
rule (Y-inch saw kerf) allow for a minimum top iameter limit of 5
inches and for the same altowance for stump height and trimming as
with the Scribner tables. Yield-table volumes are always given in
Zall scale, 10 allowance being made for possible loss in defect, breakage,
or incomplete woods atilization.

Yield—The wood content per acre messured in some standard
unit, such as cubic or board feet. The yields given in these tables
are for fully stocked stands and show gross volumes, no allowance
being made for defect, loss in breakage, or leck of complete utiliza~
tion.

DISCUSSION OF YIELD TABLES

BASIS AND SCOFPE

The yield tables in this bulletin give the number of trees, the
average size of tree, the rate of growth, and the guantity of wood per
gcre at different ages andsqualities of stte for even-aged, fully stocked
western white pine stands. They are the resuit of a study begun by
the Forest Service in 1909-1912 ¢ and reinitiated and completed in
1924-1926 by the Northern Rocky Mountain Foresi Experiment
Station. In this study the yields of fully stocked, even-aged western
white pine stands between 20 and 160 years of age were measured on
306 small sample areas scatiered throughout the western white pine
type. Figure 1 shows the geographical distribution of these plots,
On each sample srea the age of stand, site quality, number and size
of trees, and quantity of wood in both cubic and board feet were
carefully determined. These values were then grouped and averaged

£ Under the direction of F. T. Rockwall and A. O. Benson. Datu on 31 per ceni -af the plots used wers
collected by Rockweil, snd dato on I0 per cent wWere collerted by Bensen in the 1903-1912 work.
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. m_:_i shoﬁr? tl;e ﬁelds per acre commion to each age-site condition. The - 1
- field and office methods'employed in this work have been outlined in "

CANADA _
UNITED STATES

MONTANA

®LiBaY

i Pt = L
\"a EPQKANE Ny ; THOMPSON

WASHINGTON

OROFIND
] ]

\

FieURE 1.—Map showing Jocation of sample plots; each dot marks s locality where ooe or more
plOtE_i were takes

l(ﬁlei:ai] by other investigators (15, 2) and need not be further elatorated
ere, '
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The resulting viz2ld tables are applicable to western white pine
stands throughout the entire region described, local differences in
rates of ’%rowth and yield being accounted for in site-qusality differ-
ences. The tables are slso applizcable throughout the region to any
stand containing 15 per cent or more of western white pine. Full
recognition has been accorded the fact thit white pine grows only
rarely in pure stands and quite commonly in mixed stands of great
complexity and that there is some tendency for eertain combinaiions
of species to produce higher or lower vields than other combinations. -
Nevertheless, these trends are largely obscured by other factors,
and a thorough mathsmatical analysis indicates that the tables
presented are, within reesonable limits, applicable to all -even-aged
western white pine stends regardless of their composition. The
tables are directly applicable, however, only to fully stocked stands;
i. 8., stands with as many trees as can properly utilize the growing
space and which are without blanks or holes in the forest canopy. In
applying the tables to stands other than fully stocked, the tabular
velues must be adjusted after the manner described on a subsequent
pege. WESTERN WHITE PINE YIELDS

Tables 3 to 24, presented hereafter, constitate a complete set of
vield tables, of which Tables 3 to 7 present values for the entire
stand; i. e., for all trees in and above the 1-inch diameter class. The
remaining tables list partial stand values, or yields per acre for all
trees in and above the 7, 8, and 13 inch diameter classes, respec-
tively, and for the dominant stand (all dominant and ccdominant
trees). Each table shows values for one item, for example, number of
trees for all age-site conditions. A summary of the values of chief
interest is given in Table 1. One of the most interesting features
brought out in this table is the characteristic density of fully stocked
western white pine stands as indicated by the large number of trees per
acre and the relatively small size of the average tree. Note also the
rapid growth, averaging on good sites at 120 years some 116 cubic
or 760 board feet (international rule) per year, and giving at maturity
gross board-foot yields of over 90,000 board feet per acre on good
soils over small acreages.

TaABLE 1.—¥telds per acre, fully slocked wesiern while pine slands
POOR SITE—-INDEX 40

*Pptnl volgme 1 Average yearly growth

Hoight .
DFJ-] b n. . Intginetional International Serib-

aver- Y-inch rula " |Cubic-| i6-inch rule nul:r
rule,

treas
Troes . Trees | Trees- t{g&s

1268 : 6.6 126
inches {nches } inches 111!]:1;:8
plus plus | plus | P

Bdfi. | Bd f. | Cufi.| Bi . | Bd. ft.

Biw

b 125 1
3,200 40
11, 000 0
21, D00 - 175
23,100 . 20
198

wmppan @
[~
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TasrLie 1—Yields per acre, fully siocked western while pine stands—Continued
FAIR SITE—INDEX %0

Total volume Avasrage yearly growth
Aver-

HElERt ay | 5¢e, | Basal Tnternstioonl | Scrib- 1nternationst | Serib-
Total | ,oer [ 5988 [ 67 Srpes }6-inch rule ner  |Cubfe| 3&-lachruls | ner
8E0 pi 0.8 trees | 0.6 Troas _| ruia, ! foot, rule,
(vears) |gomot| 2R | "5& | fnen | .06 trees | trees treas
nant § B0S | o0 | Dims | imel | Trees | Trees | 325 0.6 | Trees | Troes | 128
ol R plus | B8 126 | ineh  fmeh ¢ 86 | 12.6 |inches
P inches | inches | plas | plus [ inches| tnches| pias

plus phus plus | plus

Imlhg Sn-ﬁ- cu.agzd ' Bi.fi. | Bdf. | B f|Cuft | Bd R BA L BAR.
27| u8l| 2wl 1,50 B B T

4.5 208 | 5050 13,700 1,00 a0 84 by 17 12
a4z >0 | 7750 33, 300 B, 400 £, 500 By 416 105 8L
801 29110500 | si30| 00| 19304 014 5@ | 26y 102
6.0
0.3

316 | 12,000 | 70,300 | 44, 100 | 32, 200 10 586 268 388
327 {13,250 | B0, 40D | 55,600 1 41,000 95 574 397 203
B€2 | 14,000 | 850001 G0, 200 | 45, 500 88 57 ¥ b2

G00D SITE—-INDEX 80

L3 48 400 20
3.5 145 | 24850 4, 40C . 86 D3 LN R, S,
58 21 5830 3300 5,003 | 3,700 8 388 83 02
B2 263 1 9,000 | 48,700 24 10§ | 17,900 112 508 301 224
10.5 292 | 15,850 | 72,5001 54,000 | 46,300 18 735 540 403
2.2 314 | 23,050 | 01,2001 75,3001 59, 118 760 630 592
i 331 1 15,400 | 102,700 | ©0, 300 { 70, 500 10 734 645 504
33.6 346 | 16,350 | 105,900 | 98,300 | 74,900 02 697 618 481

EXCELLENT BITE--INDEX 70

18 i 2,800 1.7 47 470 . 24
W LI 4.5 151 | 3,430 8, 200 &0 400 kil 23 16 10
i} 780 7.4 223t 8710 | 33,8001 13,400 | 10,300 12 564 n 172
115 4501 10.4 B | 33, 350 | 63,508 | 46,008 | 34,600 125 754 515 432
¥ 138 apo | 13.5 206 | 13,500 | 64,500 | E1,000 | (3, 200 35 WS 810 632
154 B5| ST 318 | 15,800 | 108,400 | 203,300 | 81, 000 132 912 861 675
164 @20l 187 335 | 17,500 1 121,300 | 116, 100 § 91, 60G 125 866 820 a5
171 215 1.2 350 | 18,450 ¢ 128,600 | 123, 6OG | 96, 800 1156 B4 2 605

HEIGHT GROWTH AND SITE INDEX

Figure 2 portrays the trend of average dominent height over age.
These curves asre based on the growth of dominanf western white
pines only. On good sites (site index 60) white pine dominants
average about 1 foot & year in height growth in stends between 40
and 140 years of age. The dotted lines in Figure 2 indicate the
limits of each site-index group at any age between 20 and 160 yeers
in terms of average dominant height.

The site indices used in the present study are merely more exact
expressions of the following general descriptive terms not capable of
exact definition: '

Sita index
Very best or excellent {Site Ty _ . . oL 80-70
Good (Site T1) o o e —mmmmmmm—mm e 60
Fair (Site T} oo oo e 50
Poor (Site 1Y) ————— 40

Very poor (8ite V) oo oo 30
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EXCELLENT SITE (INCEX 70) ——.— FAIR SITE (INDEX 50)
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Figyme 2.—Helght gurves for aversso dominant and codeminant western white pine
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NUMBER AND SIZE OF TREES

Figure 3 depicts the total number of trees 0.6 inch d. b. h. and
larger. The extremely rapid decrease in number of trees with increas- -
ing age i strikingly apparent. On good sites (site index 60) the total
number of trees per acre drops from 4,700 at 20 years to 720 at 80

“years, and to 390 at 120 years. 'The number of frees also decreases
rapidly with increase in site index. On poor soils (site index 40)
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EXCELLENT SITE {INDEX 70)° —-—— FAIR SITE {(iNDEX 50)

— —— 00D SITE (INDEX 60) ~—-=— POOR SITE (INDEX 40)
Fiaurx 4—Cuorves for dlameter breast high of average tree

white pine stands average about 980 stems per acre at 120 yeers, and
on excellent soils (site Index 70) about 235 stems at the same age.
The occurrence of more trees per acre on poor sites than on good sites
in natural stands beyond the scedling stage is typical of all forest
types sc far investigated both here and abroad. The number of tree
v};ﬁes given in the tables, however, must be considered little better
than approximations, as the total number of trees per acre is extremely
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variable in western white pine stands. Occasionally the usual tend-
ency is reversed, and individual stands on good sites coutain more
trees than stands of the same a%e on poor sites, and commonly the
number of trees on individual plots differs greatly from the average
values given in the table.

The size of the tree of average basal area for various age-site
conditions is shown in Figure 4. %n general, the trees in fully stocked
western white pine stands run very small. On good sites at 120
vears, for example, the average tree is only 12.2 inches d. b. h. At
this age on iood sites some 27 per cent of the trees are still under 7
inches d. b. h. and about 60 per cent still under 13 inches 4. b. h.

CUBIC-FOOT VOLUMES

Figure 5 portrays the total wood produced, including stump and
tip, but not bark, in all trees 0.6 inch d. b. h. and larger. Density

20,000 — y T
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t : 1
B0 100

TOTAL AGE (YEARS)

EXCELLENT SITE {INDEX 70) ~—-—— FAIR SITE {INDEX 50)

o — .+ GO0D SITE (INDEX 60) —— POOR SITE(INDEX 40)
F16UEE 5.—Curves for total cuble-foot volume per acre, excluding bark

of stand and rapidity of growth both contribute to prbduce high
cubic-foot volumes. The average fully stocked stand on site index
60 produces close to 14,000 cubic feet of wood at 120 years.

BOARD-FOOT YOLUMES

TREES IN AND ABOVE THE 7-INCH-DIAMETER CLAEB

Figure 6 shows the total board-foot contents produced in fully
stocked stands. These yield values include the volume of every tree
6.6 inches d. b. h. or larger that will furnish at least one 16-foot lo
with a 5-inch tep diameter. The international (%-inch) rule accord-
ing to which the yields are estimated is the most satisfactory log rule
for estimating the board-foot content obtainable by complete utili-
zation and with good sawing practice. The timber-producing capac-
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ity of western white bine' stands is strikingly apparent in the total |

board-foot tables, the average fully stocked stand producing sbout
90,000 bosrd feet (intermational rule) at 120 years on good sites.
Yields of this character are not obtainable, of course, over large
aress in natural stands in which yields are reduced by blank spaces
and irregulaxities in the stand, defect, and lack of complets utiliza-
tion to the limits shown in the tables.. Natural openings, resulting
from lack of seed, snow breakage, insect attack, and similer phe-
nomens, all reduce yields. In addition; the tables are constructed
to show gross yields; i. e., the content of every tree above a given
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— —-—-600D SITE {INDEX €0} —-— POOR SITE {INDEX 40)

Froone 8.—Curves for total board-foot volume %er acré,--ihtemationa! rula (3&-Inch saw kerl),
trees 6.6 Ioches d. b. h. and farger

diameter limit regardless of species and defect. Under present log-
ging fraetices, however, a considerable amount of materisl is invari-
ably left in the woods in the form of small trees end trees that are
defective or unmerchantable on account of their low market value.
These factors must all be considered when comparing the total yields
shown in Figure 6 with present stands and the cut from areas now
being lo . Extensive cruises indicate that well-stocked weatern
white pine stands, exclusive of the larger nonstocked areas such as
n&turaf meadows and nonreproducing burns, aversge about 70 per
cent by basal ares of the values listed in the yield tables {(according
to unpublished data compiled by C. R. Watson and Donald Bruce,
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'1928). On several national-forest timbor-sale aress appioximately
such volumes have been cut.? ' ' )

TREES IN AND, ABOVE THE IS-IiNTCE-DI“_ETEB CLASS

Figure 7 depicts the board-foot yields by the international (3-inch)
rule m all trees 12.6 inches d. b. h. and larger. Fully stocked stands
on good gites at 120 years contain about 76,300 board feet per acre
in trees 12.6 inches d. b. k. and larger, scaled to a 5-inch top diameter.
Note in Table 1 the material differences between the international
and Scribner values for trees 13 inches and up. These discrepancies
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EXCELLENT SITE (INDEX 70} =—-—— FAIR SITE (INDEX 50}

———GOOD SITE (INDEX 60) === POOR SITE (INDEX 4G}

FiauUaE . —Cuarves for board-foot volume per acre, Infernationsl rule {3¢-inch saw kexf), trees 12.6
inchéa d. b. h. and larger ’

are principally due to the log rule. If computations for overrun are
omitted, the international rule shows much more accurately than the
Seribner rule the actual board-foot contents that can be cut out under
efficient sawmill ?r_act.ice (6). The internationsl rule used here
assumes the use of saws cutting & ¥-inch kerf. If a Y-inch kerf is
cut, the yields should be reduced 9.5 per cent. .

t For examyle, Scott Creek on the Ceenr d*Alepe National Forest, averaged 39,600 beard feet per atre
by sotoal log scale, Seribner rute, 'This cul was'o: 9 to 100 old_timber from a drainege ares of 750
peres. ‘The stand, therefore, actually cut about 74 per cant of normat 100-year velume for good eite (site
indez &)}, (Tsbls 13) If nnmerchantable and uncut material left in the woods is incladed, this stand ran
75 bo 85 per cant of ormal over mere than & soctiom.
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- INCREMENT AND ROTATION AGE

Figures 8, 9, and 10 show the rate of growth in western white pine
stends in terms of periodic and mean snnual increment. Figure 8
portrays growth in cubic feet and Figures 8 and 10 growth in board
feet in tress 6.6 inches and 12.6 inches in diameter or ‘more, respec-
tively. - The periodic inecrement curves show thé average rate of
growth by 10-yeer pertods, the peak of the curve in each instance .

indicating the decade of most rapid growth.  This peak occurs be-
- tween the ages of 50 and 120 years, varying with the kind of product

and the site conditions. The peak %ation of mean annual
growth does not come until considerably later. This peak aleo is
_influenced by site and kind of lproduct, and occurs on good sites
{index 60} at 105 years for total wood producticn in cubic feet, at
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— — — 60D SITE (INDEX 60} —-+— PCOR SITE {INDEX 40)

F109RE 8.—Curves for perlodle and mean anngr?l {oerement In ¢uble feat, trees 0.6 inch d, b, b,
and larger

115 years for total wood production in board feet (international rule)
for trees 6.6 inches d. b. h. and larger, and at 135 years for board-
foot volumes (internationsl rule) for trees 12.6 inchez and up.
Growth in total board-foot volumes eulminates at 110 years on excel-
lent soils and at 130 years on poor soils. This point of culmination,
or period at which maximum mean annual growth occurs, is usually
spoken of ns the rotation age. A stand cui et this time will vield
the maximum volume return per year of growth. :
Rate of growth, of course, is only one of & number of factors to
be considered in fixing the proper age at which to cut a given stand.
The type of product desired, the run of Iwmber grades, the financial
aspects of prolonged holding, and the silvicultural festures of the
forest must all be considered in deciding upon the age at which to
out. Nevertheless, volume production alone is an important item to
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" consider in western white pine stands, i which on most sites the
-~ board-foot contents are néarly doubled or more than donbled between
* 80 and 120 years. L o _ o _ .

'PREDICTING THE YIELDS OF SECOND-GROWTH STANDS

- To use the normal tables 1n predicting future yields of natural
‘second-growth western white pine stands, it iz first necessary to de-
tormine the age, site quality, and degree of stocking of the stands

T T T | S— I B T

BOARD FEET

e

~pEmICDIc | S 0 S /
L ARNUAL {_{
INCREMENT

AV
L _— ‘ /
/

i

0 L 1 1

a0 a0 ao 100 120
TOTAL AGE {VEARS)

L MEAN
ANNUAL
INGREMENT 4. -
U

] 20

EXCELLENT SITE (INDEX 70) --—-— FAIR SITE. {NDEX 50)

i = — 00D SITE (INDEX 80)  —:--—= POOR SITE(INOEX 40}

Fiours 9.—Cuorves for periodic and mesn annual ingrement jo board feet, international rule,
trees 6.4 inches d. b. b. and larger: )

for which such ferecasts are to be made. These factors can be de-
termined with relative ease on small fracts by measuring one or more
selected sample areas. But for good-sized tracts this task will usually
require & strip or line plot survey to locate and map age-class divi-
sions, nontimbered arcas, and distinet differences in stand demnsity .
angd site conditions, The general procedwre in this work is practi-
cally the same as in 4 timber cruise, and the same factors determine
the degree of intensity with which the survey is conducted. Site
mepping introduces a new element, but as the range of sites in the
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ractical purposes.” - :
_practical p _ : AGE DETERMINATION

The first. step in the application of yieid tables is to té.ll_'y on each

sample strip or plot the total number of fregs m each diameter class.

- 2,000 =7

LB00 b

I,BOC

=
‘w
W
w
ol
<
Q
m

PERIODIC
ANNUAL
INCREMENT

{ # NV
MEAN . l o
ANNOAL A [
INGREMENT . | .

20 BD &0 130 120 . 140
- TOTAL AGE (VEARS)

EXCELLENT SITE (INDEX 70) —.— FAIR SITE (INDEX S0}

——~—GO0D SITE (INDEX 60)  ——-~— POOR SITE(INDEX 40}

FievRE 10,—Curves for periodic and mean annmal increment in board fest, Internatlonal ne.
" irees 12.§ inehes d. b, b, and larger

1 inch and up for later use in computing stand density. In conjunc-
tion with this work, ege determinations should be made on each
sample plot or at frequent intervals glong the strip line by counting
the growth rings of several dominant white pines, either on the stump

or on & core to the pith extracted with an increment borer. These

Wwestern white pine type is relstively small, the division. of & tract:
into two. or at most thme .Sit__e classes. .siio_u]d be sufficient for all
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ring counts should be ‘taken 1 foot above the average ground level
or the count adjusted by adding in the number of whorls between
the point of count -and the 1-foot level. (The whorls or successive
points along the trunk at which branches have originated are usually .
distingmishable on white pine trees by the knots even when the
branches are entirely gone.) Add 5 years to this count on average
soils, 4 years on better-than-average soils, and 6 years on poorer-
than-average soils. This is the period required by dominant seed-
lings to grow 1 foot in héight. The &ge of the oldest tree determined
in this manner is taken ss the age of the stand, provided the age of .
this tree does not differ by more than three years from that of the
next oldest tree. This latter precaution is to avoid taking the age
of veterans or Telics of a former, older stand, individuals of which -
mey have escaped the fire or other cause by which the present stand
was established. Check the age by additional borings at eny point
where a change in age class appears to have taken place. Qccasion-
ally an intermediate or suppressed tree should be bored to see if the
stand is essentially even-aged; i. e., all trees within about a 20-year
range.
SITE DETERMINATION

Site determinations should also be made in conjunction with the
strip or line-plot survey. Thisis done by measuring at fairly frequent
intervals the heights of 15 to 20 dominsnt (dominant and co oIni-
nant) white pines growing in a fairly demse portion of the stend.
These heights should be measured wit{l s Forest Service Abney level
or some instrument of equal accuracy, and the distance should be
taped, not paced. Extreme care must be taken to measure dominant
trees of ail sizes from those barely codominant up to and including
the tallest trees in the stand and to distribute the measurements
well over the range between these limits. Care should be taken also
to exclude eny surviving veterans of an older-age class. Then, for
each group of trees measured, average the heights taken, refer either
to Figure 2 or to the site-classification chart, Figure 11, and eonvert
average dominant height to site index. ~This is done with Figure 11
by passing s straight line through the age of the stand on scale A
and the average height just computed (the average height of the
dominant and codominant trees) on scele B. Read the site index
where this line erosses scale C. In the example illustrated, a 30-year-
old stand in which the dominants averaged 20 feet in height, the
site quality is classified as poor (site index 40).

DETERMINATION OF STOCKING

From the cruise data in hand, map out the major age-site divisions
and compute for each the average age, site, and basal area, the latter
being readily calculated from the stand tally of trees by diameter
class. Then for each major area divide the computed average basel
area by the yieli-table basal aree for the same age and site index,
expressing the result as a percentage. The tabular yields at any
future age for the same site index multiplied by this percentage will
give the yields to be expected at that age.

For example: Given a stand 80 years of age with an average basal
ares per acre of 184 square feet and a site index of 60 feet; to predict
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: the yields i in basal a.rea, cubic volu.me, and” board-foot voluma when
‘this gtand reaches 120 yaars, or Totation age:

.o HE'GHT OF
" AVERAGE DOMINANT
: {FEET)
250 =

3538
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A

Fraurs 11.—Alinement chart for determining slis inder from 3 of stand and haight of average
domingnt white pina b

At 80 years, site index 60:

Actual basal area =184 square feef.
Yield-table basal aren  —263 sguare feet.
Percentage of stocking = 70 per cent.

Yield-table values at 120 years (international rule—6.6 mches
d. b. k. and larger):

Basal aren = 314 square feet.
Cubie volume =13,950 cubic feet.
Total board-foot volume=91 200 board feet.

Thess values reduced for 70 per cent stocking are:
Bassal area = 220 square feet.

Cubie volume = 9,657 cubic feet,
‘Total board-foot volume=63 ,840 board feet.
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A conservative operator would reduce these predicted yields by
at least 10 per cent more to allow for breakage in logging and defect.

OTHER FEATURES OF APPLICATION

The method of application here suggested is the conventional one
of applying normal-yield tables. It has been fried on a fairly large
scale in the Douglas fir region and found workable and satisfactory
as far as the ficld work is concerned. It is based on the assumption
that the present relationship between actual and tabular yields will
be the same at any period in the future within the tabular limits.
This assumption is, of course, subject to some error. For example,
there is considerable evidence that understocked stands tend to
approach or equsl tabular yields with increase in age. Changes in
this relationship might also be brought about through the influence
of stand composition, through a materisl increase in the amount of
defect, through the influence of climate, particularly of wet and dry
eycles, or through further losses caused by smow breakage, insects,
or disease. Nevertheless, the method suggested is the best now
available and shounld prove entirely satisfactory under our present
economic conditions and rough methods of management.

When board-foot-volume predictions only are desired and the stand
is sufficiently advanced in years to contaln a reasonable number of
trees of merchantable size, a somewhat simplified procedure may be
adopted. Age and site class must be determined as before. But
degree of stocking can be computed by simply counting on represent-
ative areas the totel number of trees above the chosen diameter
limit; for example, the number of trees in and above the 7 inch or
13 nch diameter class. This number should be expressed as a per-
centage of the tabular number above such limits for the same age-
site condition. Then the tabular figures for board-foot yields above
similar diameter limits multiplied by this percentage figure will give
the predicted hoard-foot yields. This method is recommended for
short-time predictions only. Where applicable, it is probably more
accurate than the conventional method.

The Forest Service is now conducting several studies in an attempt
to check and improve the application of normal-yield tables (11).
If, as 15 expected, one of these studies should be undertaken in the
western white pine type, it may make possible a better definition of
the board foot-basal area relationship and of other improvements in
application technie.

DISCUSSION OF STAND TABLES

Stand tables ordinarily show numbers of trees per acre arranged by
diameter classes. They may also be made to show tha percentage
of total number of trees per acre, or the percentage of the total volume
per acre found in each diameter class or above any diameter limit.
Tables 25 to 34 give the proportion of number of trees, basal area,
cubic and boa.rdg foot volume occurring above various diameter
limits in fully stocked western white pine stands,

125913°—32—2
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APPLICATION OF STAND TABLES

To apply these tables it is necessary to know only the average
diameter of the stand and the total number of trees, basal area, or
volume per stend or unit of area. For example, the yield tables show
that 120-year-old fully stocked stands on good sites contain on an
average 390 trees, with an average diameter of 12.2 inches breast
high. The stand tables, properly interpolated for an average ¢ ameoier
of 12.2 inches, furnish the percentage of total number of trees above
various diameter limits, Then a series of readings at successive
diameter limits, each reading subtracted in turn from the preceding
tabular value, give the percentage of trees in each individual diameter
class. These percentage values are easily converted into sctual
number of trees by m%itiplyin by the total number of trees in the
stand, in this case 390. Table 2 was derived in this way. The
number of trees in any sin(%rle diameter class or above any given diam-
eter limit can be computed in this manner for any stand for which the
average diameter and total number of trees are known. Basal area
and cubic and board foot values can be obtained in similar fashion.

TaBLE 2.-—Sample compulation of stand fable, showing the distribution of tre.s
in a fully stocked 120-year-old stand on good site (sile index 60)

Diameter breast high (incbes) | STMUOn o lreos | yypsmeer breat high (inches) Distzfutinoltrees

Per eent
- 13
a
103

The stand tables, therefore, make an excellent supplement to the
yield tables proper, for they add to the yield-tabie figures on total
number of trees or volumes per acre, additicral information on the
number of trees of different sizes, and the volume above various
diameter limits. These figures are obviously of considerable interest
and value to any operator or forest manager who is contemplating
diameter-limit euttings, or who wishes to know asbout how many
trecs or what percentage of the total volume will be available for
various products, depending somewhat on size; for example, ties,
pulpwood, or saw timber.

EFFECT OF STOCEING AND COMPOSITION

The stand tables are directly applicable only to fully stocked
stands of average composition. They should, however, furnish satis-
factory approximations of the distribution of trees and volumes in
stands epproaching full stocking, a condition fairly common in the
western white pine {ype, in which well-stocked stands exclusive of
large openings average, as has been said, about 70 per cent of normal.

Composition, of course, alsc affects tree distribution tolerant
species tending to concentrate in the smaller diameter classes and
intolerant ones in the larger. The general tendency, therefore, is to
underestimate the number of small trees and overestimate the number
of large trees in stands running heavily to cedar and hendock. These
errors due fo composition are not very serious, and may be eliminated
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entirely for number of tree values by the use of tables showing the
distribution by diameter of trees of individual species. Tables 26
to 31, inclusive, show the distributior of the number of irees for the
six most common species in the western white pine type. To use these
tables it is necessary to know only the average diameter of the stand,
all species included, and the number of trees of each species per unit
of area. Then, dealing with each species separately, the percentage
of trees in each diameter class is computed as before. The percentages
for each species are then multiplied by the total number of trees of
that particular species per unit of area, and the number of trees of
each species in the various dianeter classes derived in this way. The
values for each diameter class are then added to obtfain the total
number of trees in each class for this particular stand composition.

DISCUSSION OF VOLUME TABLES

Volume tables show the contents of trees of various sizes in terms
of some standard unit, such os cubic or board feet. Tables 35 to 64
give the volumes of the six most important species occurring in the
western white pinie type, namely, western white pine, western larch,
western red cedar, Douglas fir, lowland white fir, and western hem-
lock. Tables are given in both cubic and board feet, the latier in
both the international (3-ineh) and Secribner rules to both total and
merchantabie height.

These volume tables list correct values only for trees of the species
named occurring in western white pine stands under 160 years of age.
Within these limits, however, they are usable throughout the entire
western white pine region, regardiess of general locality or site con-
ditions, for 2 careful mathematical analysis indicates that these
factors have listle effect on tree form in second-growth stands and
hence on tree volume when the variables of dizmeter and height are
eliminated. Some adjustment may be necessery in local use, how-
ever, and the procedure to be followed in checking and adjustiog
the tables is explained in detail in the volume-table scstion of the
appeadix. :

YIELD TABLES

TOTAL STAND

TasLe 3.—Nuinber of irees per acre 0.6 inck d. b. h. and larger

Number of trees, by site index— Number of trees, by site index—

Total age ‘Total age
(years) {years)

4G 50 G 70 80 30 40 i

=

prp e el
SEERSBES

2, 800| 2,050 o 1,
I, 46 1,420 1 1,
1,370 1,000
1,000
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TanLw 4.—-Size of average iree, baied on diameler breast high of tree of average basal
= areg

Averspe dinmeter breast high {inches), o Average diameter breast bigh (Inches),
by &ite index—. - by site index—
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TanLE 5.—PBasal area per acre in frees 0.6 inch d. b. L. and larger -

Busal area (square feet), by site lndex— Total EBasal area (square feet), by site index—
Bge

(yeurs) w | o] e | w0

L1 1

6.— Total cubic-foot volume per acre, tncluding stump and tip but net bark for
all trees 6.6 inch d. b. h. and larger

Volwume (pubie feet), by site index— Totel Yolume (cubic [Bet), by =ite index—
age

40

g

30 50 60 FU]

6,7 8, 10, 1 11, 13, 500

| 7,350 25011, 1501 13; 000 14,
7,800 9, 08012, 000) 13,9501 15,

8, 10, 550412, 71 14, T 14,

£ 74011, 00013, 2500 15,400] 17,

9, 010{11, 35113, 7 5,49 18, 100)20,

9, 200{11, 650{14; 000| 16,350 18, 45021, 000
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TasLE 7.—Mean annual eubic-fool im}remem per acre in trees 0.6 inch d. b, h. and
arger

Increment (cubic feel), by site index— Incremeat (cubic feat), by site index—

Total

30 50 70 30
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TREES 6.4 INCHES D. B. H. AND LARGER
TabLr 8.—Number of irees per aere 6.5 inches d. b. k. and larger

Number of trees, by site index— E . Number of trees, by site Index—
iTotal age :
"t (years)

P

21 7C

80l
L A

1 Nedata.

TasLE 9.—Average diameter of irees per acre, 6.6 inches d. b. k. and larger

Avernge dismeter breast high (Inches), Avernge diomstar breast high (loches),

r site i — ite i —
Fots =0 by site index: Total age by site index
(years)

50 &0 0

g

11.1
123
13 6;

g o P 00 73

AT ok B3 g )
S

Gron S D GE0
T e B

t Mo data.

TaABLE 10.—Basal area per acre in trees 6.6 inches d. b. k. and larger

Busal area (square feet), by site index— Basal area (squara feet), by site index—
Total age Totsl age

30 50 o0 ¢ a0

TasLe 11.—Total board-foot volume per acre in irees 6.6 inches d. b. h. and lorger,

international rule, Yi-inch saw kerf

Volume {board feet), by site inder— Volume (board feet), by site index—

BE)
20 0 304050|au 70[30

24, 70013, 000(54, 300 73, 500 108, 100
30, 200145, 100(63, 100{ 83, 200 117, 300

700
34, 800|51, 000[70, 3008 &1, 128, 500
2 38, 400{55, 800]75, 900 97, 500N 133, 700

41, 000158, B0, 102, ™ {:;
L

43, 10011, 700783, 800(106, 7 %
44, TO0{63, 600{35, S00[109,
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TasnLE 12.——Méan annual board-fool increment per acre in lrees 6.6 inches d. b. h.
and larger, interrational rule, Yinch saw kerf

Incremant (boned feet), by site Index— || Inczment {(board feet), by site index—

20 : _.,40|m @0,

54
41 574
R
428 B4
42 i
411F 557
3988 537

TREES 7.6 INCHES D. B. H. ANT} LARGER

Taviy 13.—Board-fool volume per acre in trees 7.8 inches d. b. k. and larger,
. Seribner rule

Volume (hoard leet), by slte indox— . Voluma (board feet), by site index—

30 40

! No data.

TaBLE 14. —Mean annual tncrement in trees 7.6 inches d. b. k. and larger, Scribner
rule

Increment {board feet}, by site index— Tnerolnest (board feet), by slte Index—

BE
30 i | &0 60 70 60 ‘ 70

160 - o]

TREES 126 INCHES D. B. H. AND LARGER
TA®RLE 15.—Number of trees per acre 12.6 inches d. b. h. and larger

Number of trees, by site Index— Number of trees, by site Index—

30 70 1 50 70

4
17|
49
88

115

I

145

147
147
147
148
iy
148 {1

Z[ZREY

1 No 12.8-inch trees below 4(-vear class.
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Taste 16.—dverage diameler of frees 12.6 inches d. b. k. and larger

Average dlnsoster breast high (inches), || Avorsge digmeter breast bigh (fnches),
by site (ndex— Total by site Index

40

.

13. 8|
138 s
138 13.9! 3 . 2 N

B9 114 . o 5.9
I 145 3 17. &

BBk
=1n e ba 0 (b

t No [2.6-iach trees below 40-year class, T Mo data.

TasLe 17.—Basal area per acre in irees 12.6 inckes d. b. h. and larger

Biasul area {square feet), by site index— Basal area (square fest), by site index—

Totsl
BEH

nge
{yesrs) 60 A 10 50 w0

Total

124
146
166
181

a1 191
135 168,
175

I o 12.8-Inch .00 helow {0-ynar class, . 1 Mo dats,

Tanre 18.—Board-fool volume per acre in trees 12.6 inches 4. b. A, and larger, inler-
natienal rule (M-inch saw kerl)

Voluzine {board feet), by site Indez— Voluma {hﬁ:mi feat), by site Inder—
Total ngu
{yosrs,
70 50366 | m | s0

IMennn| 7, 93, 5000113, 500
103, :.rz.!cm
3

2 : be
5 1

4, Jr 2001120, 50 ¢

64, 800) B4, 500 31, 700160, 200] 6K 061123, 0000 (-

81, 0001100, Y00

)

1 No 12.61och trees below $D-yeor class. Mg data.

TaBLE 19.—Board-fool volume per acrc in irees 12.8 inches d. b. k. and larger,
Sertbner rule

Volume (boord feet), by site indax— Volume (hoord feet), by site index—
Totsl nge
{years)
a 50 60 70 80 i)

1, 5, 5,
7, 16, 59,
17,
34, 000 N3t “0. 3
&0, 500 ]
;9,

83,
79, 100

¥ No L2.6-loch {rees below 40-year class, ¥ Na data..
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TABLE 20 ~—Mean annual beard-feol increment

and larger, tniernational rule (M-inch saw kerf)
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er acre in trees 12.6 inches d. b. k.

Increment (board feet), by sits index:—-

40

13

1]

Increment (board feet), by slte lndex—

50

60

bl

32
568

a7

1 No 12.6-inch trees below Bl-year class,

TanLe 21.—Mean annual board-foe! increment per aere in trecs 12.8 inches d. h. h.
and larger, Seribner rule

fanty

)

Tncrement (board feet), by slte index— Increment {hoard by site index—
Total age -

{years)

50 6o 70 50 60 ki)

2%

68
285
203
-2

{ No 126-inch trees below 4i-year clnss. * No data.
DOMINANT STAND

Tasns 22.—Averege diameler of dominanl stand {dominant and codominant lrees)

Tatal age
(¥ears)

Avergge diatnoter breast high {iaches),
by site index—

3
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Total age
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‘TasLE 23. —Cubic-fool volume per acre in dominant siand (dominani and
codominant irees)

Volume (cabic feet), by site index— Veolumea {cuble teet), by site index—
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\TABL!J 24, —Height of average dominant {dominani and codominani) western while
pine

Helight {feet}, by slta lndex— Halght {feet), by site index—

ge
50 ] w0 40

16
35

53
70|
88
101
113
128

STAND TABLES

TaBLe 25, —Percentage disiribution of trees in and above successive diameler classes
in stands of different guerage diemeier; all spectes combined

Tistribution {per cent) by average stand diameter

Digmeter
class
{inches}

6 inches
| 14 inches
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© o Tamm 26 -—Percen!age Ehsm'buuon of irees in.and aboue successive dwmezer ci.’aaaes
ir stands of ‘different average diameler; wesiern. while pine only

Distslbutfon {per cont) by average stand diswioter -
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Tapre 27.—Fercenlage dzstmbuiwn of frees in and above successive diameler classes
in stands of different average dzameter_. weslern larch only

Distribution (per cent) by average stand dlameter
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 TanLE 28.—Percéntage distribulion of trees in and above uceeasive diameler claszes
in, slands of different average digmeter; weslern hemlock only

Distribution {per cent) by average stand dlameter
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TaBLE 20.— Percentage distribution of trees in and above successive diameler classeé
in slands of different average diemeter; lowland white fir only ’

Distribution (per cent) by average sisnd diameter

Distneter class
{inches)
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T.usli:i: 34.—Percentage distribulfon of board-foo! volume in and abave successive
diameter classes in stands of differeni average diameler; gll species combined

Digtrihution (per cent) by aversgs stand diamater
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VOLUME TABLES

CUBIC-FOOT FOLUMESR

Tables giving volumes of individual trees of the different species in

the western white pine type are presented in the following pages.




TABLE 35.—-—-0&1)1’0.—)'00! volume table for secmid-growlh western white pine

-

Voluitie (cuble feot) by total helght of trees {u feet

Dinnirter brenft high

(inches 50 60 70 80 100 |10 | 1207 130 | 140 | 160

g8
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0.49
1.12
2.00
3.10
4.4
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20
26

™30 |
36
43
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-
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50
]
(]

REy

176 |-
188
201
215
220
243

i 208 239 258
32.- = N . 229 260 | 275 0| 805

Basis (trecs) <15 3 27 48 38 65 60 80 81 24

Blockindicatesextent of basicdata. Datacollected throughout the western whitepinerégion in stands from 30 to 160 yearsof age. Volumeincludes peeled stump, stem,and top; Table
prepared by alignnient-chart method, 1027, Aggregate deviation from basle data, less than 0.5 per cent. Average devintion of individual tree volumres from tabular values 7.4 per cent.
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TABLE 36.—Cubic-fool volunie table for sccond-grotwth western larch

Volume (cuble feet) by total height of trees In foet

Diameter breast: high
(inches) 70 80 % 100 10 | i20 | 130

]
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+
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BERBBENSEE e

176 I'TB’E'
186

186

1 208 40

1951 2071 2191 230 204

- 2053 218 | 230 278
1 1n 24 21 24 28 B { 32 36 17

TEALINOIEDYV I0 “Iddd *S "0 ‘838 NLLATINE TVOINHOAL

Basis (trees)

Block indicates extent of basic data. "Data collected throughout the western white pine re{leon in stands from 30 to 160 years of age, ‘Volume incliides peeled stumip, stem, and
top.” Tree volumes computed bg planimeter method. Table prepared by alignment-chart method, 1927. Aggregate deviation from basic data, —-0.6 per cent., Avernge Jevintlon o1
individual tree volumes from tabular values, 8.4 per cent, .
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SECOND-GROWTH YIELD IN WESTERN WHITE PINE

TanLe 37.—Cubic-foot volume table for second-growlh weslern hemlock

Dameter Volume {cuble feet) hy total height of trees in feet
t

0 F 56 7 60 (70|80 | 8G 3100 110 120 | 130

‘ DBasis (trees) _
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Block Indicates extent of basic data. Data collected principally on the Coenr d’Alene and Kanthsy
Hatlons] Fotrests In stands from 30 to 150 years of age. Volums includes peeled stump, stem, and top,
Tree volulnes computed by pianimeter method. Table prepared by alf ent-chart mothod, 1927. Ag-
gms:m g;ﬂpitrion r;om basic data, 0.31 per oent, Average devistion of Individual tree voluimnes from tabular

alues, L+ oent.
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TaBLE 38.—Cubic-fool wolume table for second—growth lowland white fir

Dlamater Volume {cubic tset} by total height of trees in fpat
breast

(hEtI‘_ihes} 0| 53 | 60 | 70 | B0 | 90 { 1006|1107 120] 10| 140

Bayls (trees)|
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Binck indicates extent of basic dats. Data collected ptincipally oo the Coeur d'Alene ant Kanfksg
National Forests in stands from 30 to 160 Years of age, Volame ingludes stomp, stent, and top. .
Tree volumen computed by planimeter thethod, bla pmé:ud by alignment-chart matﬁod, 1927,
Aﬁmsu.e deviatlon from basic data, 0.02 per cent, Average deviation of individoal tree volumes feamt
tabular vaiues, 8.0 per cent. i




SECOND-GROWTH YIELD IN WESTERN WHITE PINE

TaABLE 39.—Cubic-foot volume lable for second-growth Douglas fir

Volame {cublo feet) by total height of trees in feet’

Diameter,
high

80 | 00 | 100 110 120| 130] 140

Basis (trees) .. 22 2

Block ind!cates extent of hasic data.  Data collected throughont the western whica plae region In stands
from 30 10 i60 years of age, Volume ineludes peeled stump, stem, and top. Tree volumes coamputad by
placimeter method. Teble prepared hy alignment-chart method, 1927, Aggregate deviation from basic
data, —0.8 per cent, Average deviation of individual tree volumes from tabular values, 9.9 per cent.
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TaBLE 40. —Cubic-fool volume table for second-growth western red cedar

Volume (cubic feet} by total height of trees in feet

Dinmter, braast high
(inches}

50 | 60 [ 70} 807 b0 |100|110|120)130

Basls {traeu)

I~ [<ry

o

| SO
o R

| &

B NE

b bl

06
1
11

125
132

1218 13153 |13 ) 30 54 41

' Block indicates extant of basic data, Data collectsd thronghout the westarn whits Dine ragion In stands
from 30 to 180 years of aagi Valume includes peslsd stump, stam, and top. Tree volutnes compated b
5

gimlmeur method, Ta prag-l‘qd by mﬁ;ﬁ'“m method, 1927. A
atw, —0.05 per oant. A veTage deviatiok of vidua] tree volumes from tabular values 6.0 per cent,
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SECOND-GROWTH YIELD IN WESTERN WHITE PINE 37

BOARD-FOOT VOLUMES, SCRBHEI RULE

Tun.n 41. —erd-}'aot volume table {Scribner rulc-—!otal height} for second-growth
western while pine

Volume {board feet} by total helght of trees in feet

o |3067110) 120 | 130 | 140 | 150 | 180 | 170

B ba GEEEE S 2GRS Ry [Pl Creen

1
24
3
380

REBRE SR EEE

Basts (o)L 3 19 :ml s ) 8 axl

Block thdleatas extant of basie data. Diata oollected throughont the western whits pine region in stands
from 3 to 160 years of gﬂ Sturap height, 1 foot. ‘Trees scaled in 16-foot log lengths with 0.25-foot trlm-
ming allowance and additional top section to 8-inch top dmmeter {inside bark). F'sble prepated by
ment-chart method, 1827, Ag to devistion from basic dats, .44 per cent. Avermga deviation of 1nd1-
vidunl tree ¥climes from tabular valuss, 11,6 Dec veat,

125913°—32——+4
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TasLE 42. —Board-feol volume table (Seribner rule—lotal height) for second-growih
western larch

VYolume (board feet} by total height of trees in leet

100|119 120 | 130 ] 140 | 150 10

47| 3|

—
=
&

B
]

£UEE

@
i

BBHELS

E7a

1 BBEEEEE S ERBEY

1

Basis {trees) E i § 19'I 241 3 22

Block Indicates extent of basic data.  Dhats collected thronghout the western white pine reglon in stands
from 30 to 160 years of age. Stummp helght, 1.5 feot. Treessealed in W-foot log lengths, with 6.3 -foot trim-
ming slownnce, and additlonal fop section to 8-inch top dinmeter {inside bark)., Tahle prepored by
olignmant-chart method, 1927, Agpuregate deviztion from basic date, 0.7 pet cent. Averape devistion
of indlvidual tree volumes from tabular values, 15.7 per cent,

TapLE 43. —Board-foot volume table (Scribner rule—total height) for second-growth
western hemlock

Volume {board feal) by total height of trees (b faot

Tarmeter breast
high {inches)

70 119 120 14

Busls (trees)

41
o
]

100

.
g

'Y
3

)1 P,

G ml £ B B e b3 BT k]

2868

21
x
3
24 -
]

b T —

=]
el
o

[

P
ZEEB ER E8

1,370
1, 4R0

- - "

Bests (trees) 3 8| M 5 58

Beb U el s

Block indicates extent of basfe date, Dats collectad priuciﬁﬂ.]ly on the Coaur A'Alene and Kanlksu
Nationgl Forests in stands from 30 to 160 years of age.  Stump height, L5 feet, ‘Troes scaled in 16 foot log
lengths with 0.3-foot trimming allewsnee and additional top sectlon to $-inch top diameter {inside bark).
Table prepared by alignmentchart methed, 1927, Aggregate devistion from basic date, —0.23 per cent,
Avernge devistion of Individug] tree volumes from tabular values, 11.8 per cent.




BECOND-GROWTE YIELD IN WESTERN WHITE PINE 39

TapLy 44, —Board-foot volume table (Scribner rule—lotal height) for second-growth
lowland while fir

Volume (board fect) by total height of trees in fest

[ ter breast
high (inches)

110 130 | 140 | 150 | 160

Basls {lrees)

—

Pt bl B B EA D =) OO de O BB 3 OO

Basts {irees)_ . il 4 8 o1’

Plock ipdimtes extent of basic data. Dats collected princlpally on the Coeur d"Alena and Eeniksu
Natienal Forests In stends from 30 to 160 years 6l age. Stunrp helght, 1.5 feet. Trees scaled in I6-foot log
lengths with 0.3-[oot trimming allowance and additiona} top section te B-neb top diameter {inslde bark).
Table prepared by alignment-chart method, 1827, Aggregate deviation from basle dats, —0,18 per cent.
Avernge deviation of lndividual tres volumes from tabular values, 15.8 per cent.

TAnLE 45.—Beard-fool volume table (Scribner rule—lotal height} for second-growth
Douglas fir

Volume (board feat) by total hefght of trees in feat

Liameter breast
high (lnches)

70 110 | 120 | 330 160

o]
TS
17

woo

BHE 8 lBasis (troes),

425
465
0

605
&/

00|

Bl
85

7
7
D
|
Basis (£roos). o g 19 3o s zsl o 2

Tiock {ndiceates extent of basic dats.  Data collected thraughout. the western white pine region in stands
frotn 30 to 160 voars of age,  Stump height, 1.5 feet. Trees sealed in 18-foot log lengths, with 0.3-foat trim=
ming allowsnce, aod additipnal top section to Sinch top dinmnoter (jeside bark). Table pregnmd hy
allgnment-chart method, 1677, Aggregate deviation [rom basle data, 0.7 per cent, Aversge deviatlon
of [ndtvidugl tree volumes from tabulsr values, 23,3 per cent,
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TaBLE 46.—Board-foot volume table {Seribner rule—total he:ght} Jor second-growth
western red cedar .

e Voluine (board feet} by tots] hefght of trees in fost
Dinmeisr - Bisls

breast .
high (loches) o . {troas)
50 70 | 20 130 § 140

H
i
6
iog
125
© 145
170
185
215

24y
270

0

815
o0
975
1,080

‘r

| Efd  BEaHuRE S8 HBE

Basis (trees) . . 4] M| 33

Hlock indicates éxtent of basic dats.  Dats collected throughout the western whitae pi I
from 30 1o 160 years of age. Stump height, 1.5 feet. Trees sealed in if-foot Io ‘;a 4 I}:igﬂg(igl-{o%ﬂar?g?
n]liins anotwnnoa andtl?gitiig%d t?‘p awt!glg dt:;ﬁh-‘laoeh ;og»mdtl?az;etg 1Esiu.:allde g;k Yy Tabla preparsd by
allgement - chart me N A i ¢ dats, Iewm ¢ . A F
daviation of Individual tree volumes from tabnlar values, 15.6 per cent, 1 1 per cont verake

Tasre 47.—Board-foot volume table (Scribner decimal C rule) for second-growth
western white pine

t b g
Dicmeter breast high Volame (board feet in tens) by total namber of 16-foot logs
(inches) 2 1

7 8

e e GG CAlley B
0O ~Mab htH G4 o W

SB NRSTS :sla 88

TR ehY BLLY

ERpE R asa'mss&: 8RR :ssgzla: wa |

33
&

15 kol 124 it

Block indlcates extent of basic data. Daia collecied throughout the western white plte region I stands
from 32 te Isog'enm‘n! age. Stump helght, 1100t. Trees scaled in 18-foot log lengths with .25-foot tritnming
slowgnos and additionsl top section to &inch top diameter (inside bark}, Table prepared by alig-zi:mant-
chart method, 1227, Aggregats devistion from bnsic data,—0.13 per cent. Average deviation of individual
$toe volume imm fab values, 8.5 per cent. .
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TasLE 48.—Board-foot volume fable (Seribner decimal C rule) for second-growth
. ’ . weatern larch :

Volame (hoard feet in tens) by iotal namber of 16-foot loga

Dinmeter breast high
(inches)

2 3 ] & 7 8 @

b3
=

BE3 a‘ﬂ.SJSgS&:t Lt g 4] 883;5

BRSeduaua

5| seeny o nhau EJM mszg; *

Jss 288

RIVBRBE sslmss: B

28R

b
_
[

150
8

5 |SE2 8 puusRRT BANS s&;l;ﬁ

12 o

.
™

Block indicates extent of basle data. Drata eollected throughout the western white pine region in standa
from 30 to 160 years of age, Stum? helght, 1.5 fect, Twees scalad Lo 16400t log lengths with 0.3-foot tritnming
allowance and acditlonal top section to 8-Inch tep dinmeter (Inslde bark), Table prepared by nllgmnent-
chart method, 1927, Alﬁgegntﬂ devlation from basic data, —0.25 per cent. Average deviation of iIndividual
tree volumes from tab values, 8.2 per cept.

TApLE 49. —Board-fool volume table (Scribner decimal C rulg) for second-growth
western hemlock

Volume {board Ieet in tens) by total number of 16-toat logs

THameter breost high
{inches)
' 1Y 5 i} 7 8

oy
o

—_
-

GG a1 =] Ol e T e

K
B8R B3 z:mssa;;

DL G O b BRI b

5| 2N 28 zs:slass-ag g2 :sselsg _

3 5 13

Block indicates extent of basie dats, Data collected pr[m‘:igally en the Coeur & Alene and Kaniksu
Mational Forests n stunds from 30 to 180 years ofn?a. Stump height, 1.5 feet.  T'rees scaled in I6-foot log
langths with 0.3-foot trimming sllownnee and additional eop section to 8-inch top diameter (inside bark),
Tgble prepared by nlignment-chart method, 1927, Aggregate deviation from baslo data, ~0.08 per cant.
Average deviation of individiual tree volumes (rom tabular values, 8.6 per cent.
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Tun!: 50 —Board—foat volume table (Scribner denmul C mle) for second-growth
" loolonid white fir

Volume (board et in tans) by total nuziber of 16-foot Togs

Diameter breast high (tnche)——— —
pEZ N I T S T R A s

BY Pu aaa;g__:slgz __

_ aas:_se.i:'sjsxémw B
8|55 aa:_;;lsssaaagsal' a1

5 'z?Eﬁ%Is‘s gzﬂu_sséss X3

S e G i nE 0B S B (D

B
%

m- -
‘Basiz (brees) . oooom. .o [i} 1 16 12

Block {ndicates extent of basic data. Dats collected principaliy on the ‘Ceeur ¢’ Alene and Kanfken
Nations! Forests in stands from 30 to 360 years of aga Stump he!ght. 1.5 feet. Trees gealed in 18-foat
Jog Jengths with 0.3-foot trimming sYowance and acditional top seciion o &inch to p d.lamaber (inside
park). Teble prepared by alignmeut-chart method, 1927, Aggregsate devistion from basic -date, ~8,14
per cent.  Average deviation- ot individial tres volumes from tabular valoes, 8.2 pnr cent,

TaBLe 51.—Board-fool volume table (Scribner decimal C rule) for second-growtﬁ
Douglas fir

Volume (board feet in tens) by total nomber of i6-foot fogs

Diameter breast high (inches) I
14 i 3 1 &

&

B EEE)o o - m

=
=)

-
[

THEHLR za:sl;s%

1 s mw msonoe CRER RS «

SRSRE L B RENRER RER ElB 3

BARLEREE gaaamamléaaa'

o
=
&

g

2 5 4

Block inﬂwauas extent of basic data, Idata collected thromghout the. westam white-pine nﬂg{on In stands
from 30 to 160 years of age, ‘Stump hejght, 1.5 feet, Trees sealed in J6-foot log lengths with 0.3-foot trim-
Tning allowanoe and adr}itmnn! top section to B-inch top dimmeter {inside bark). Table ‘pmpnmd by n!iﬁ'
ment-chert method, 1927, A%gregate deviation from basie data, —L.0 per cent. Average deviation of
d¥ idual tres voltutmies from t ular valoes, 9.8 per cent, )




' BECOND-GROWTH YIELD IN WESTERN WHITE PINE 43

.'Th'n.!: 52-——Board—fooi volume fable (Seribner decimal C rulé) far second-growth
. . western ted cedar - o

 Volnme (boand feet 1t tens) by total number
of 16-foot togs

1% 1]

TSRS EEE S T R

samesussbmqq_

% |56 SRERBER BI;za CI

B oenliias

5 z|s FEIBBSS 4 2R BUER ae‘sl; gi |

o | B a:‘sgaazla B REEE NG

Rasis (trees) hi:} 52

_ Block indicates extent of basic data. Data collected throughout the western white nine region in stands
from 30 to 180 years of age, Stump-height, L5 eet, Trees scaled in 16-foot log Jangtdis with 0.3-foot trim-
‘mring allowande and additionzl top section to 8-inch top diameter {inside bark}. Table prepared by elign-
ment-chart method, 1827, Aggregate deviation Iom basic data, 0,35 per cant. Average devistion of io.
dividuoal tree volumes from tabiular values, 6.7 per cent, N
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BOARD-FOOT YOLUMES, INTERNATIONAL RULE

TABLE 53. —Bogrd-foot volume toble (international rule) for second-growth western
while pine

Diamster Volume (board feet) by total helght of trees in foet
breast

00 20 160 | 170

Basis{troes)

“EEe SERES S BN SRR

[

500, 1, 610' 1,710] 1, 62
590{ 1,70'.?{ 1,810} 1,930
1, 680) 3, 800 1,920} 2 040
. T70] 1,910, 2 040] % 160

14mlmis4wsa 8t

Ope-eighth-(nch saw ker!, 1doeh boards, For L-inch kerf dedupet 0.5 per cent. Block indicates extent
of busic dats. Data eollected throughout the western white pioe r_aEInn in stands from 30 to 180 years
of age. Stump beight, 1 foot. ‘Trees scaled in if-foat Jog leagths with 0,25-foot trimming allowance nnd
agd;? tional top section to 5-imch top diameter (inside bark). ‘Table prepared by slignieent-chart method,
1

- Aggregate deviation from baise data, —0.25 per cent. Average deviation of individun! tree volumes
from tabular velues, 11.1 per cent.
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TasLe 54,—Board-fool volume tabie (i?ter}r:uh'onal rule}, for second-grotmth western
arc

Yolutae (hoard feet) by total height of trees Io feet

Pasla{ireca)

h
(12&@ 70!30‘90 100|110 ] 120 | 130 | 140 | 150 | 160 | 170

p SR 19] 24 29
32 %
18 9)
6] 92
85l 108 115
105] 129 145
104 130] 1508 176
M 1 205 ‘ .
15 175| 20 2 NS,
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1. 4504 1, 1H0
1, 1, 630
i, 1. 720
1,720 1, B10;
1,830 I, 930] 2, 0002

Basis
{trees).. I I o W3 J 17

Ope-efghih-ineh saw kerl, i-inch boards. For 14-Inch kerf dedyet 9.5 per cent.  Plock indicates extent
of basic datn. Date colleclwl thronghout the western white-pine region in stends from 30 to 160 years
of nge, Stump height, 1.5 feet. Vrees scaled in 16-foot log lengths, with Q.3 -foot trimming sllowance
and eddifional 1op section to 5inch top diameter (inside bark), Table prepared by slignment-chart
method, 1977, Ageregate devisllon fromn besic dsin, —0.39 per cent. Average deviatipn of individoal
tree volomes from tabular walues, 12,2 per cent.
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FasLE 5.~ Bogrd-fool volume table E{inuimgtimal rule) for second-growth western
EMioe, ’

Volutme (board feet) by totad height of trees in feet
Diameier
breast high
{tockes) % | 50| 100 10 | 150

Basis(trees)

525
it

-
et En ot e O e bD B D D e

75
860
964
1, 0G0
5170
1, 280
1,280 | 1,390
1,50
1, 40
1630 | 1,550
1,750 1 1,900
1,880 | 2 630

Tasis (rees)..__ |- : 5 1

Qoe-elghil Inch saw ¥erf, 1-lnch boards.  For 3{-inch kerf deduct 9.5 per cent. Block indlrates extent
of basic data. Datn collectad prineipally on the Cocor d'Alene and Faniksti Nationa! Forests in slands
from 3¢ lo 100 yeus of ape.  Stump helght, 1.5 feet. ‘Trees scaled in 16-foot log lengths, with 0.3-foot
trimming allowance gnd ndcitional 1op seetion 1o Ainch rop diameter {inside bark). Table prepared hy
olipnment-chart methed, 1927, Agpregate devintion from basic deta, —0.44 per ceod, Average devistion
of jodividiel tree volimes from tabular yalues, 10,3 per cent,
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Tanix 55.-—Rogrd-fool volume table (i:’:ter}ational rule} for necond-growth lowland
whife fir

Volame (board feet) by totsl height of tress in feot

110 | 3¢ | 140 | 150

Tinsla {treas)

b

i L3 2n En D] G e D RIS BB S W

-

Basle (troes).|..-. 2 i lE-l 17

Ouoeeightt [nch saw kerdf, 14nch boards.  For Y-inch kerf deduct 5.5 per cent. Block indicates extent
of basic dotn.  Date collected prigeipally on the Coeur d'Alene and Kaniksu MNetiopal Forests in stands
from % to 160 vears of age. Stump beight, 1.5 feet. 'Trees scaled in 16-foot Iog lengths with 0.3-foot

allowrance and additiona? top section to Sinch top diameter (inzlde bark). ‘Table pmémud by
aligmmneni-chart methnd, 1927, Aggregate daviztion from basic data, =0.5% per cent, Average deviation
of individual tres volnmes from tebular walues, 13.6 per cont.
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TaBuE 57. —Board-fool volume lable (infernational rule) for second-growth
Douglas fir

Yalume (board feet) by total height of trees in feet

0 80| 90 W0 120 | 130 | 140 | 130G

| Tasls (trees)

1,560 1,980
B3l 1,980[ 2,110

Busls {irees). 5| 20

Ons eighth-inch saw kert, 1-inch boards, For 3-Inch kerf deduct 9.5 per cent.  Block indicates extent
of basle data, Data collected throughout the western whits pine region {n stands from 30 to 150 years of
sge.  Stump beight, 1.5 feet. T'rees scaled in 19-foor Ici lengths, with 0.3-foot trimming allowance, and
sdditlonal top section to Sluch top diameter (inside bark). Table prepared by algnment-chart method,

947, Ageregate deviatlon from basle dats, less thsn 0.5 per cent. Averags deviation of individual tree
volumes from tabular values, 15.4 per cent.
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TARLE 58.—-Board-foot volume table {internaiional rule} for second-growth western
. red cedar :

Volume (board feet) by total height of trees In feet

80

Basls (rees)

90 10| @20 130 140

)
4y 2
4y 42
£71 57
5] B
T4 90
| 1M

130G
15%
1
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=0
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1,020
1,080
1,140
1,200
1,260

g
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2
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£

~
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£8
o ! B8

-
.
|

Basis (trees) . ___ li 1j 12| 3¢ | H

Oze sighth-inch saw kerf, 1-ineh boards. For }4-inch kerf deduct 8.5 per cent, Block indicates extent
of basle Gats. Data collected throughout the western white pins regios in stands from 30 to 160 years of
age. Stump height, 1.5 feet. Trees scaled in 1¢-foot log lengths with 0.3-ood trimming sllowance and
sdditional top section to &-inch top dismeter {Inside bark). Tahle prepared bdv slignment-chart methad,
1927, Aggregate devistlon trom basic data, less than 1.0 per cent. Aversgs devintion of individus] trea
wvolumes from fabulor vaiges, 11,4 per cant,
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TanLe 59.—Board-foot volitme table {(international rule} for second-growth twestern
white pine

Volume (board feet) by total number of 16-foot logs

Dlameter breast high
{inches)

3 4 5 ] 8

55 B0 100
riod 5 1 126
| 115 M=
] 135
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Oze-eightth-ineh sew kerf, i-ioch boards. For -ineh kerl deduct 6.5 por cent.  Block indicates extent
of basic deis, Drata collected throughout the weslern white pine region in stands from 30 to $50 years of
age.  Stump height, 1 foot, Trees sealed in 16-Toot log lengths, with ¢.25foot trimmming aliowance and
ndditions! iop section ta $-inch top dizmeter (inside bark). Table prepared by alignment-chert method,
1927, Aggreguta deviation from basic dats, 0.13 per cent.  Average deviation of individunl tres volumes
from tabuisr values, 8.5 per cent.
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TaBLE 80.—DBoard-fool volume table {z'z:ergatz‘anal rule} for second-growtk western
e

Volums (board feet) by total number of i8-foot logs

Dismeter breast
bigh {ioches)

4 7 8 k]

73

i

]
150

[
k-4
A

160

BZE

L)
I3
o

715
¥Z5

]
005

=]
=
(=3

'
1
3

913
s

12
=0
3650
H0

520

BEEBBEEE

i,
1,
I
1
1
1
I

[

- T

R=
o

Basis (3rees). camnn-- 51

One-eighti-inch saw kerf. For ¥-inch kerf deduct ¢.5 per cent, Block Indigates extent of baslc data.
Date coliected throughout the weslern white pine region in stands from 30 to 160 years of age. Stump
beight, 1.5 feet. Trees sealed in j6-foot oy g]eng:h?amth 8.3-loot trimming sllowance angd pd ltmnal top
seqtion to S-inch m% diamater (fnside batk)., Table prepared by allgnment-chart methed, 1827. Aggre-
gate dovsl%:ton Irom asic dats, 0.23 per cent, Average devistlon of individusl tree volumes from tabilar

walnes, per cent.,
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Tanx Gl.—Board-foot volume table gﬂtai-mgtiona! rule) for second-growih western
CMiNC,

Valume (board feet} by total number of 16-foot logs
Tameter breast high (inchwes)

4 ] 7 8

£ & B4RHY slam &

e
-]

85 58233:!333'5& v

38 éé BBEELS ﬂ;ggﬁgaa -

. %’é’éﬁ%%’é -

58

3

SEBEZasEzsERERY

B

Basis (trees) 4 5 L]

One-sight-inch saw ker!, 1-inch boants. For }-lnch kerf dedoct 9.5 per cent. Block indicates extant
of basie data, Data coilected principally on the Coeur d’Alene aud Kanikst MNatignal Forests i stands
from 30 to 100 vears of age. Stump height, 1.5 feel. ‘Trees scaled in 16-food log lengths with 0.3 foot trim.
ming allowanee and additional top section {o 5-inch top diameter {inside bark), ‘[able preparedby align-
ment chart method, 1927. Aggregnte deviation from basle data, 0.1F per cent.  Average deviatlon of indi-
vidusl yree volumes from tabuisr values, 7.9 per cent.

TanLE 62.-—Board-fool velume Ilable J(linte;natioﬂal rule) second-growth lowland
while fir -

Velume (board feet) by total number-of i6-foot logs

Basls
Trometer breast high (inches) . s (trees)

aaula *
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Ons-eightb-Inch saw kerf, 1-Inch boards, For t4-Inch kerf deduct 9.5 per cent. Block Indicates extent
of basic data. Data collected prinelpelly oo the Coeur 4'Alene and Kanlkso Mational Forests ln stands
from 30 to 180 years of age, Stomp height, 1.5 feet.  Trees scaled It 16-foot log lengths with 0.3 foot trim-
ming allownnce and additiona] top section to 5-ipch top dlameter (inside bark})., Tabla prepared by plign-
ment-chart method, 1027. A te deviation krom basic data, (.72 per cent. Average deviatlon of
Individual tree Tolumss frotn {a values, 8 per cent,
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TanLE §3. —Board-foof uali_;rne table {international rule) for second-growth Douglas fir
Volzme {board feet) by total number of 16-foot logs Basls

1 3| 4 s 7 g | ¢res)

55 15

]

120
5| 140
%0

Tiameter breast high (inches}

18
4
30
19
7
%

z
20
21
12
1

120
135
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z
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170
185
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3
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g

(=]
=3
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415
s
475
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.
.
v
1

—
=
=
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1,360
1, 450

12

50
57
25 [i] I 50

-
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203
230
250
295
305 g
33 9
360 5
295 9
<3 2
470 1
305 3
545 ]
585 1
625
870
Ti
760
500
RS0
4

~f
L]

One-eightti-dnch saw Kerf, }-inch boards. For 14-Inch kerf deduct 9.5 pet cent. Bloek Indicates extent
of bagic data. Dats collected throughout the western white pine region in stands from 30 to 160 years of
age. Stump relght, 1.5 feet. Trees scaled In 16-fool log lengths with 0.3-foot trimming atlowance, aod
additional top sectlon to 5inch top dinmeter (inslde bark). ‘Fable prepared by alignment-chart metbod,
1927. Aggregate deviatlon from basie dats, .89 per cent. Average deviation of individue) {res volumes
from tabulnr values, 8.7 per cent,

TasLE 64.—Board-foof volume table (intc:'inat:'anal rule) for second-growth western
red cedar

Volume (board feet) by total number of 16-foot loga Basls
‘Dlameter breast high (Inches) 15 2 3 3 3 {treed)

3
4
13

28 SBAEE L BY 5EIB 2

B EE Esses;la REERRE

475
B05.
540
575
610
6545
680

Basly (trees; 4 23 il |

One-eighth-inch saw kerf, 1-inch boards. For M-inch kerf deduct 3.5 per cent. Block indleates extent
of basic data. Dats collected threughout the western white pine region in stands from 20 to 160 years of
age, Stump beights, 1.5 feet. Trees scaled in 16-foot log lengths witk 0.3-foot trimming allowanee anc
additional top section Lo Slnch top dismeter (inside bark). Table prepared by allmnment-chart methed,
1997, Agrregnte devintlon from basic data, (.17 per cent. Average deviation of [ndividaal tree volumes
from tabular values, 5.3 per cent.
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APPENDIX
YIELD.TABLE MATERIAL AND TECHNIC

TABULATL BAEIS

The field and office methods used in this study were essentially those cutlined
by & committee of the Society of American Foresters (2). The basic deta consist
of 306 sample plots, collected in o systematic search of n Intge number of western
white pine stands hetween 20 and 160 years of age. The goneral distribution of
these plots by locality is shown in Figure 1. Al plots were located in essentially
even-aged, normal stends judged o be producing meaxmum volume for their
parbicular sge-site condition. That normal stocking can be recognized with
reasonable accurncy is shown by the fact that three collectors, ¥. 1. Roclowell,
A. O. Benson, and the writer, working st widely separated intervals, chose for
study stands with densities not greatly dissimilar.4

PLOT MEASUREMENTS

Plot boundaries were surveyed with a staff compass and sieel tape. Hozi-
zontal measure was used throughout. The nature of the stands made it imprae-
ticable to obtain strictly rectangular plots, but plots were usually 4-sided and acute
angles were avoided. The age of the sfand represented by each plot was deter-
mined by annual-ring counts or increment cores taken from several dominant
and codominant white pines, these counts heing adjusted to allow for the time
needed for a dominant seedling to grow to the height above ground at which the
boring was made. (ocasionally an intermediate or suppressed tree was bored to
make sure that the stand was essentially even-aged; i. e., that the ages of the
youngest end oldest trees did not vary by more than 20 years.

Height over diameter curves were prepared for each species present, except that
guite frequentiy the curves of subordinate species present in minor amounts were
used on several plots in the same vicinity. A tally of trees by dismeter, species,
and crown class and a general plot description completed the field work. The
volumes for nll plots were computed by menns of the second-growth volume tables
prefented in this bulletin, the plots collected in previous siudies being recomputed
in this way.

The mefhode used in 1909-1912 varied somewhat from those just described.
Most of these varintions were of minor importance; but one omission, the lack of &
tally by crown class, necessitated an indirect method of site elassification for the
older plots. Fortunately, this proved an easy matter, due {o the definite relation
existing between the average dinmeter of all white pines and the average diameter
of the dominant white pines.® As the average diameter of all white pines present
was essily eomputed, the size of the aversge dominant could be determined in
turn from this relation and the corresponding height needed in site classification
read from the white pine height curve for the plot. This method of site clzssifica-
tion was checked on plots for which the actual average dominant height had been
measured. About one-half of the predicted values were within 2 feet and two-
thirds within 3 feet of the value derived in the usual manner,

SEEDLING HEIGET GRCWTH

As a knowledge of seedling height growth is essential to accurate age determina-
tions, an analysis wns made of the growth of 275 dominant white-pine seedlings
zeattered over a variety of sites and aspeets. These measurements show that on
soil of average fertility dominant white pines reguire about 5 years to reach 1 foot
and 11 years to reach 4.5 feet in height. The range of sites sampled in this seed-
ling analysis {site index 55 to 65) does not permit accurate adjustment of these
values on the basis of side-index classes, though undoubtedly average rate of

+ The stand density of the plots taken by each colleclor was expressed in baosal area and compare: with
the average basal aren of the plots of all collectors combined. F. I. Reckwell's plots avernged 4 per cant
higher, A. O. Benson's & per cent lower, and {he writer’s .5 por cent higher than ihe average.

i This relation was first suggested in the case of Douglas fir by R. B, MeArdle, Paclfic Northwast Forest
Fxperiment Station,
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- growth varies measurably withi site conditions. . However, this variation is rather -
- - immaterial at 1 foot, for on the best: site sampled it required 4 years and on the .
: s»poorest aite only 6 years for dominants to reach a 1-foot height. . On thia basis,
age deterniinations in western white pine stands based on annuai-ring counts 1 -
- foot above the average ground level can be converted fo total age with reasonable
.- ageuracy by adding 5 years on average soils, 4 years on better-thar-average soils,
. and @ vears on poorer-than-average soils. = i ' . _
.. .Adjustment of ring counts tsken at bresst height can be made only with &
.. decrease in accn:ac[\;naa the effect of site differences on seedling growth is more
. moticeable by the time breast helght has been reached:. . For this reason all a
counts are mede at 1 foot above ground level, or, if the large size of dominan
or some similar reason makes this inconvenient, the ring count is converted to
 age al the 1-foot level by adding the number of branch whorls or knots between
* breast height and thie 1-foot level. When it was necessary to convert breast-
* high counts to total age at pround, 11 years were added on average sites, 9 years
. on better-than-average sites, and 14 years on poorer-than-average sites. -

PLOT REJECTION

The usual difficulties of loeating and recognizing normal stande in the field,
and the consequent need of some flexibility in selection to- assure reasonable.
progress, made it desirable o examine data from 4ll plota in the office for possible.
abnormalities in stocking. Dasal-area and number-of-tree deviations of individual -
plots from the corresponding avem%valueﬂ read from a preliminary table were
used as the criteria in this work.. ch tabular value was, of course, properly
interpolated for age and site. These deviations were expressed as percentages of
average or tabular values, and any plot varying by more than 2.6 times the
aversge deviation of all plots (i. 8., approximately twice the standard deviation)
wos tentatively rejected. Becenuse of a definite plus skewness in the frequency dis-
tribution of these data—i. ¢., the occurrence of more plots denmser than the
average than plots less dense—the plus and minus deviation groups were treated
gseparately to assure a more equitable rejection (13}, - This plus skewness is
recognizable in each collecter's group alike and is undoubtedly due to the relative
ease with which understocked plota are recognized and rejected in the field as
compared with overstocked. In plot rejection, therefore, the average plus devia-
tion was used with plots denser than average and the average minus deviastion
with plots less dense. Plot rejection was not purely mechanical, each plot -

" tentatively disearded was carefully serutinized before & final decision was made
as to retention or rejection. The use of both basal area and number of trees in
this work set rather bigh standsards, however, and altogether 35, or 11.4 per cent,
of the plots were rejected. Of this total, 52 per cent were rejected on hsaal ares,
34 per cent on number of trees, and 14 per cent beeause of abnormalities in both
criteria. Practically all of the remaining plots were within 434 or —30 per cent:
by basal area and within 473 or —60 per cent by nuraber of trees.

PLOT DISTRIBUTION

~ The yiald tables are based on the remaining. 271 plots. These plots vary in
size from about 0.05 acre to 2 acres in ares, about 60 per cent being under one-
half acre and 85 per eent under 1 acre. FEach plot was so chosen as to contain
n good sample of trees ndequstely covering their range ahd distribution in size.
Ususlly 100 to 300 frees per plot was considered an adequate sample.

Tabie 65 shows plot distribution by age and site claga.” Note that while the
plots are fairly well distributed by age, they are heavily concentrated in a few
site-index groups. As particular stress was laid in this study on the desirability

. of measuring yields on very good and very poor soils, as well as under average
conditions, this concentration strongly indicates that, although the range in si
quality throughout the western white pine typeis 1 , some 70 per cent of the -
land producing pine is in two site-index classes and ost 90 per cent in three
such classes. An examination of the tabular vields will show the very large
differences in wood-producing capacity between the major site groups.
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Tasus 65.—Distribulion of normal plots by age and site class

., Distribution {number) by slte Index {fest)
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Table 66 givesthe distribution of plots by situation and sspeet. The preference
of western white pine for moist, protected slopes is indieated in this table, since
almost half of the elnesified :plots are located on lower northerly acpects, A
preliminary.analysis of these -data with regard to site conditions fa.ijz to ghow any
relationship between site quality, situation, and aspect. This is contrary to the
usual assumption that lower elopes, for exarple, are distinetly better in site
a‘uality than the ridges, snd north slopes similarly better than south slopes.

he yield-study data, while too inadequate to solve this problem;<indioste that
such assumptions on a region-wide scale are at present unwarranted. It will
require a great deal of careful investigation te solve this problem and determine
to what extent the more favorable moisture relationships on north aspects are
compensated on south slopes by s longer growing season, .a longer sunlight day,
and higher soil ard si< temperatures.

TaBLE 66.—Distribution of normal plots by aspect and situation

Eituntion

TUpper |
Middle
Sopa [lope e

Number | Number
0 B

12
10

Bouctheast

South_ ..
Scuthwest
West

None
Unclassified

Totl . ]
Per o0t oo
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CONBTRUCTION OF TIELD TAELEB

Yield-table construetion followed the methods outlined by Reineke {I5).
Briefiy, in this method the tables are based on a series of average curves showin
the trend of average dominant height, total stand basal ares, average trec basa
ares, and cubic-foot volume over age. In this study all plots between 45 and
69 feet in site index were used in drawing these average or graduabing curves.
The ususl series of conventional curves are easily derived from these average”
curves, a5 the values of any such curves at any age can be expressed as percentages
of the average curve value at that age.

The ehief advantage of this method is that the iables are based primarily
ot & series of gtrong, well-defined curves. ‘This is partieularly true of the align-
ment-chart eethod propoesed by Reineke, for here only one curve need be fitted
for each item instesd of a series of curves, one for each site class. This general
methud wlso produces & stronger table through a very effective system of inter-
cheeking related values. For example, the curves of iree basal aren, number of
trees, and stand basal area must check one another; i e., at any age the roduct
of tree basal ares and number of trees must equal stand basal arvea. urther-
more, another check is introduced in the so-called forest form faclor-age curve.
"Fhe forest form factor is obtained by dividing the cubic volume by the preduct
of stand baszl area and the dominant height used in site classificelion. This
value is used to check the curves for stand basal area, height, and cubie volume,
for at any age cubic volume should equal the product of stand basal area, average
dominant height, and forest form factor. Finally, the fit of these curves to
their basic data was cheecked by computing the average and aggregate deviations
for & number of important values, These deviations are listed i Table 67.
The averzge devintions are based on the deviations of individual plots from
tabular values expressed as percentages of tsbular value. The great variation
of individual plots from the fabular values for stands of the same age and site,
particularly in such items as number of trees and board-foot volumes, are shown
by the relative size of the average deviations. The aggregate deviation is the
difference between the sum of the actusl values for all plots and the estimated
or tabular values of all plots interpolated for year of age and foot of sile index.
This difference is expressed as a percentage of the sum of the tabular values,
The low aggregate deviations indicate that on the whole the tabular curves are
correcily balanced against their basic data. Because of the fundamental sim-
plicity of the methods involved, as well as the careful system of cross checking
just described, it is felt that yield tables constructed by the ali ent-chart
method give the maximum degree of accuracy for the data involved.

TaipLe 67.—dverage and aggregate devialions of imporiant yield-tcble values

Avernge LAgpregate
Item deviationi deviation
Per cent | Percent

Bnsal aren +14.1 —, 04

Numboer of trees. =271 0. 83

Total cuble-foos velume +17.3 +2.32
Board-loot volume!

Intermationsl, trees ¥ inches and Inrger 14221 .51

Seriboer, trees § inches and larger 30,7 +1.33

I Witk 1 very eccantric value omitted.
1 Rased on percentaga deviations.

The alignment-chart method also permits the presentation of an entire set of
yield tables in extremely condensed form. Figure 12 shows the entire set of 22
rield tables given in this report condensed to = single page. Partial stand
velues, however, ¢an oot be read direstly from thia chart buf must be obfained
%rgughs converting factors. Instructions for resding this chart are given iz
abie 68,
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TABLE 08.—Insiructions for using a¥ignmeni-chart yield loble (fig. 12)

.
To obtain— Hﬁm Hm"i,d“ﬁf ‘Read Mtg;inly

A. Bitr classification, hoid age A, hold baight of wverage doni-
B. Helgnt of Xen?a’ o ewaisant white pine
- t of av white p!
C. For entire stand:
1. Number of trees per acre.
2. Average diameter breast high (Inches)
3. ‘Buasal ares (suere fest per sere)
4, Valome per scre (cubic fset)
b, Av tree aren (square feet) ...
. Partial stand: For any of the following ftems determine
slmllar eptire-stand value, Determaipe av dlameter
for entire stand. ‘Then pass & siyaight line this
average diameter an X and paint P, Along this line for—
1. Btand 7 Inches and larger—
Number of trees {per cent)
1i ter (inches}

Averagne d
‘Basa! arma (per cent}
Hoard fest per cuble foot.
2 Stand 8 inches and
Board feet per cublc foot...
3. Stand 13 inches and larger—
Wumber of trees (per cent)
erage dlameter (inches)

Aw 1 ¢
Basal area {per cont.
B?anti foot, Monﬂ {¥-inch} rule, per eubic
B?ar(t! Teet, Scribner {decimal C) rule, per cubie
ool
i. Domioant stand—
{inmeter (Inches).

Average d
Cubie-foot volume (per cent}
E. To convert percentages and ritios to aetiual valess, hold
ent:.lr%e' smangnﬁr total ws‘:n 0‘111 R,‘; Haold nin wr&iﬁo
or R, valus on g off as
with s slide mﬁ?’w " pe
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STATISTICAL ANALYSIS OF RESULTS
BETAND COMPOSITION AND YIELD

As has been stated, the western white pine type contains an extremely complex
and variable mixture of species. Becsuse it seemed guite possible that certain
combinations might be able to utilize the site more fully than others and hence
produce higher yields, it was necessary to determine the effect of stand composi-
tion on yield. Accordingly, a study was made of the extent to which variations
in yield of individual plots from the average or tabular values are aasociated with
vaFations in stand compesition. Modern correlstion technic (4, 7} offered
the best method of handling this complex problem, furnishing both a numerical
measgure of the degree of association or correlation between yield and stand com-
position and a method, if such correlations were found to exist, of predicting the
size of such deviations, thus permitting proper adjustment of yield-table valtes
on the basis of stand composition.® ’

From this correlaticn study it ean be stated that stand composition does have .
a definite though ili-defined effect upon timber yield. While no definite division
can be made, it is generally true that, on an average, tracis of pure white pine or
stands with large amounts of white fir and, to a Jesser extent, Douglus fir tend to
everrun the average or tabular volumes, while stands containing large amounts
of hemlock and, to a lesser extent, larch and cedar tend to run somewhat lower
in volume than the average. 'These tendencies, however, are weak and relatively
ill defined, as indicated by the small size of the correlation indiees, which are
0.27+0.06 for the board-foot-stand composition and 0.41+0.05 for the hasal
area-volume stand composition relationships. (Correlation index is statistical
measure of the degree to which two variab]llea-—-in this case, yield in either board
feet or besal area and stand composition—tend to associate or change together.)
As the correlation indices show, the relation between basal-area values, and
hence probably cubie-volume yields and stand composition, i3 somewhat stronger
tnan the relation between board-foot volumes and composition. Nevertbeless,

western lareh, Douglas fir, lowiznd white fir, Western

% Tha formula nad wos: Volume {getual in B:untnga of tabular volume) =stand composition by basal

prea (1. &, sum of the percen of white
hembock, western red cedar, mgm Ly
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in neither ease is the correlation strong enough to permit the accurate predietion,
for any given stand composition, of the corresponding percentage of overrun or
underrun from {abular valyes.

Stand composition is simply one of a number of factors, though ore peculiar
to mised stands, causing variaticn in yield sbout the average. As over 90 per
cent of the fotal varistion is eaused by factors other than stand composition, the
effect of this fuctor is largely obscured by other variables and ean, for most prae-
tical purposes, be ignoreg. Indeed, in the method of applieation suggested, eall-
ing for a cruise of the stands for which yields sre to be predicted, the effect, of
stand composition on yield, up fo the age of the stands ssmpled, has already made
its influence felt and is properly aliowed for in the measured basalaren values.
The effect of stand composition on future growth, however, can not be predicted
securately on the basis of our present kpowledge znd, as with deviations in
degree of stocking, must be ignored in making future predictions. In general
it should be noted that in stands containing Inrge amounts of western whife pine,
white fr, and to a lesser extent Douglas fir, averstocking as commenly defined in
terms of bassl-ares values may be at least partiallvy due to the efect of stand
composition ss well as to abnorma} density. To {his extent such stands may
slways remain somewhat bigher yielding than the average stands. In like manner
stunds containing large smounts of hemlock, and to & lesser extent larch and
cedar, may be somewhat lower yielding thun the average, partially or entirely
because of the eflects of stand ecomposition as well as any lack of adequate nom-
bers of trees or their proper distribution. Ir this case and to the extent to which
this is true, no progress toward normality ean be expected and such stands may
always remain somewhat lower yielding than the nverape.

Under the method of application suggested, in which the present relation of
actual stand voluines and tabular volumes is held to remsain the same at the
future age for which yield predictions are desired, stand composition will tend to
result in somewhat conservative predictions for all of the higher yielding combina-
tions, sueh as white pine-white fir mixtures, and will not resalt in any appreciable
error for stands containing large quantities of hemlock or other species forming
the less rapidly growing combinations. In some ecases, when predictions are
mude in the suggested manner, stand compositicn will tend to counterbalance
the tendency of stands to grow toward normality and thus tend fo result in more

accurate predictions, though in understocked stands of desirable composition
the converse will be $rue.

COMPOSITION AND SITE INDEX

Not only do certain species and combinations of species seem to be able to
utilize a given site mnore efficiently than other species or combinations, and hence
produce higher vields, but in addition cerfain species and mixtures of species
seemn to be, on the whole, higher vielding than others simply because they tend
to occupy the better sites. This is fllustrated in the case of pure white pine
stands, which on &n average are found on the better, hi her-yielding sites. -

As a knowledge of this reiation would be of considerable interest and possibly
of value, a study was made of the correlation existing between site and stand
composition. If stand composition is expressed in terms of individual species,
the multiple correlation coefficient of this relation is C.35+0.05. This coeficient,
showing o weak relation between site and stand composition, would undoubtedly
be materially higher If curvilinear relations were considered. If stand composi-
fion is expressed in percentage of white pine and curvilinesr relations are messured,
the correlation index is +0.664-0.03, showing a fairly definite tendency for site
index to increase with an increase in percentage of white pine. This coefficient,
however, must be regarded with some suspieion, as its size largely depends on
the presence of plots from ane locality, practically 21l of which are over 80 per
cent white pine and on very good quality soils. It is quite possible that the
actual degree of relation is somewhat exapgerated. In conclusion, the best that
can be said at this time Is that certain mixtures do tend to oceur on better or
pocrer soils than the average and bence run higher or lower in vield than the
stand of average composition.

APPLICATION METHOLS

As has been stated, the application of normal-yield tables fo natural stands
requires as one preliminary step the determination of the present density of the
stand in ferms of normal or tabular stocking. Practieal considerations necessi.
tate th..s stocking be measured in terms of some easily obtained value, such as
number of trees or basal area, and that this measure be used o represent degree
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of stocking in terms of more impertant values, such as cubic and board foot
. volumes. Because of irregularities in tree distributior, tree size, and composi-
tion, a stand of a given degree of normality according to one factor may not he
normal to the same degree in ferms of some other stand factor; for example, a
stand 80 per cent normasl by basal area may not be 80 per cent normal in board-
foot contents. Accordingly, a study was made of the relation existing between
various stand (actors as measures of stocking to evaluate their use in application
wark.

The basic data for these studies eonsisted of 306 vield plots, only 35 of which
were above or below the recognized normal limits in fotal number of irees and
basal sren. Normal plots proved usable in this work, though undoubtedly
some gdistortion is eaused by the fact that all of these plots had practically com-
plete crown cauopies, For each plob the actual value was expressed in percent-
age of the corresponding tabular value interpolated for year of age and foot of
sive index. The deviation of actual from tabular value was shown, of course, in
the extent to which this percentage varied from 100 per cen$, the tabular value.
A study was then made, by means of the correlation technic previously men-
tioned, of the manner in which plot variztions from the normel in any one item
are sssocinted with variations from normal in some other plot factor. The
correlation coefficients snd related statistical constants derived from this study
are given in Table 60. As previously stated, the correlation coefficient is a
statistical constant showing the degree of the relation between two varisbles.
Such coefficients are held 1o be relisble if more than three times the size of thelr
standard deviation. Some relation may be said to exist, therefore, between each
set of items listed in Table 69 except between cubic volume and number of frees.

The size of these cozfficients is an indirect measure of the strength of the rela-
tion; and the closer these valves approach 1.0, the coefficient representing perfect
correlation, the stronger the relation involved. Cubic volume, for example, may
be considered closely related to stand basal ares, and a change in basal area above
or below normal will be accompanied on an average by & corresponding change
in cubic volume. The correlation coefficients for total board foot volume and
number of trees 7 inches in diameter snd larger and for hoard foot volume
and number of trees 13 inches in diameter and larger, respectively, are also rela-
tively high. TFor this reason, stand bassl area has been recommended as the
most sceurate, most easily obfained item to be used as a measure of stand nor-
n.ality when cubie-foot volume predictions are desired. Number of trees above
a given merchantable diameter limit is probably the best when board-fool volumes
are needod. 'The latter criterion is a particularly attractive one, as it requires
only a count of merchantable trees ns compared to a fally by diameter class of
the entire stand. 'The use of number of trees above a certain size is only feasible,
however, in stands that have reached merchantable size, and in addition can
only he recommended for shori-time predictions, for nothing is known of the
possible effect on this measure of stand progress toward normality. Conse-
quentiy, in young stands or for long-time predictions, stand bassl area is still
recommended as the most reliable gnge of stocking even when board-foot pre-
dictions are desired. Indeed, when the curvilinear trend is allowed for, the
correlztion index for this relationship becomes +0.79:+0.02, indicating a very
real relation betiween the normality of the stand by board foot volume and stand
basal area. Some further study is necessary, however, before the exact irend of
this relation can be acocurately defined. Further work, in fact, is desirable with
all of the more important relationships, and this werk must be done with = series
of plots covering & much wider range of stocking.

TapLe 6%.—Correlation coefficients for various imporiant stand factors

Standard

Correla- | deviation

Between oormality percentages of-— tion coel | of correla-

ficient {tiom coof-

ficient
Cubie volume—totel nomber of trees <610 =0. 06
Cubic rolume—stand busal area _ - e 82 .02
Board foot, internstisoal rule, troes 7 inches nod Jerger and—

Stand basal nreg I +.23 £.06

Cubie volume . 3. 43 =, 05

Average tree basal area J— -+, 52 o= OF

Number of trees, T lnches and lurger ... PR -, TC =+, 83
Board foot, internations] ritle, trees I3 inches and furger and number of trees 13 inches

nad In ger +.88 =+.02
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STAND-TABLE MATERIAL AND TECHNIC

The method of constructing stand tables used in this study will not be outlined -
in detail here, since this has already been done elsewhere by Bruce and Reineke (9),
Briefly, this method utilizes the discovery that in sll stands of the same average
dismeter and similar species, regardless of age and site, tree distribution by size
follows \'.rer*ve definite and recognizable trends. Occasionally the distribution of
tree diameters follows the Gaussian eurve of normal frequency distribution (1)
and can be fairly easily described by mathematical means or plotted in straight-
line form upon pormal-probability paper. More frequently, however, tree dis-
tributions nre somewhat skewed and fail to conform to this normal curve. ‘This.
was found true in western white pine stands in which the curves of tree distribu-

tion failed to assume straight-line form on any of the common types of proba-
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Fieure 13.—Btand-table ehart showing the distributlon of trees by dismeter class in fully stocked second=
growth western white pine stands of average compazition

bility paper. The alignment-chart method devised by Bruct and Reineke is,
however, effective in many cases of highly skewed types of distributions. Indeed,
this method is o flexible that it proved readily possible to express in alignment-
chart form not only the complex tres-diameter distributions for mixed western
white pine stands but also the even more complex distributions of stand basal
area and cubic-footl volume. Only in the exprassion of the frequency distribu-
tion of volumes in beard feet, apparently distorted by the rigid lower diameter
limit, did the alignment-chart method prove inadequate. It proved quite
Ppossible, however, to express board-foot distributions in s somewhat more com-
plex graphic form.

The basie data in all of this work consisted of the normal-yield plots with com-
plete tree tallies to and including the 1-inch class. These plots were

uped
into 1-inch classes according o average diameter of the entire stand, and for each
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of these groups a curve was prepared showing the accumulative percentage of
total number of trees above successive lower diameter limits. 'This series of
curves was in turn reduced to a sinFle composite or graduating curve showing the
average nccumulative percentage of total number of trees for various lewer diam-
gter limits. This curve was then anamorphosed into straight-line form and used
in the preparation of an alignment chart (fg. 13}, showing for stands of various
average diameters the perceniage of total number of trees above various lower
diameter limits.

To use this chart, pass n straight line through any chosen lower diameter
limit on the ‘eft-hand scale and the avernge diameter of the entire stand {based
on nverage tree basal area) on the short-center seale and read the percentage of
total number of trees above the chosen diameter limit where this extended straight
line crosses the right-hand or percentage scale, If, for example, the stand aver-
ages 12.2 inches in diameter at breast height (the average diameter of 120-year-
old stands on good sites ns shown in the yield tables) and it is desired to know the
percentage of trees in and above the 13-inch clnss, pass a straight line through
12.5, the lower diameter limit of the I3-inch class on the left-hand scale, and 12.2,
the average diameter of the entire stand or the center seale, and read 40.0 per
cent on the right-hand scale. This reading is illustrated in Figure 13. To
convert thiz percentage reading to actusl number of trees, multiply 1t by the total
number of trees in the stand, in this case 300. A series of readings at successive
diameter limits, each reading being subtracted in turn from that of the preceding
value, will give o series of percentage values of trees in each individual dinmetes
class. These percentages are, of course, essily converted into actual number of
trees by multiplying by the total number of trees in the stand.

Similar charts were prepared in the same mannet for total stand basal aren
and total eubic-foot volume, In each case the reliability of these charts has been
checked graphieally against its basic data and scale adjustments made, until
the chart conformed very closely to these data and it was evident that any fur-
ther improvement would be too slight to warrant the labor involved. The
reliability of these charts in practical application as affected by stocking and com-
position has already beeu discussed.

VOLUME-TABLE MATERIAL AND TECHNIC

BASIC DATA

The basie data for these tables consist of individual tree measurements col-
lected in seeond-growth stands throughout the western white pine type by o large
number of forest officers. The ficld methods used in collecting these data were in
the main those outlined in the standard methods (8). The office computations
for western white pine (except the actual preparation of the tables) also con-
formed quite closely to these standard instructions. But the tree measnrements
for all other species were piotted on basal-prea paper and their volumes com-
puted by the methods deseribed by Reineke (14}

METHOD OF CONSTRUCTION

The method of constructing volume tables used in this study. has also heen
outlined elsewhere (16). Briefly, it comsists in an applieation of multiple eur-
vilinear correlation principles to volume-table construction. Ench volume table
is prepared originally in aligmment-chart form.? The method employed bases
thé entire table on a few curves fitted to the whole of the basic data. As a result
each curve is strongly defined, and the resulting chart gives the best approxima-
tion of individual-tree volumes from known heights and diameters that it is
possible to make with the material used. In addition, while the technic 1s
somewhat difficult to master at first sight for anyone not mathematiealty trained,
the method is essentisliy simple. It is very rapid; the basic curves are often
straight or approxunately straight lines and hence easily fitted with the least:

ossible demand on the judgment of the constructor, The alignment-chart form
in which the tables are originally built, illustrated for the white pine eubic-foot
volume table in Figure 14, also permits rapid interpolation and checking. To
read this chart, puss a straight line between the tree diameter and the total
height and read the cubic contents where this line crosses the center scale.

11n each case the nlignment chart expresses the multiple curvitinear correlation equetion: Tree volume=
function (tree digmeter breast high-Htree helghi). ’
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TABULAR CHECEKR

Table 70 showa the aggregate and average deviations for the 3¢ volume tables

resented in this bulletin. The aggregate deviantions represent the difference

tween the sum of the actual volumes of the {rees used in preparing the table
snd the sum of similar volumes read from the table for trees of eorresponding
diameters and heights. This difference is expressed in percentage of the tabalar
volumes. These deviations rever exceed 1 per cent, and about two-thirds of
them are 0.5 per cent or under. These checks nre considered very satisfugtory.
The average deviations are based or. the devistions of individual tree volumes
from the cerma;:c{)m:lirs%1 tabular volume interpolated to the nesrest tenth inch of
diameter and foot of height. These deviations are almost all relatively small.
The total-heighl tables, both oubic foot and board foot, were also checked by
computing apd plotting the board foot—cubic foot ratios and intreducing such
minor changes in the churts as were necessary to produce reasonable trends in
these data when over plotted diameter.

‘TasLE 70.—Aggregale and average deviations for second-growth volume tables

AGGREGATE DEVIATIONS

Type of takle

Cuble Bcrihnar Intornatlons)

Total Total Marchant- Taotal Merchant-
height height iable height| beight |oblebelght

. Fer ceni Per oent Per cent
Wastern whits pine. + 44 —G.13 )

Western larch. - . 50 4. 70 —. 25

Weatorn. hemlock ; — 2 —. 06
Lowinod white fir +. —. 18 —. 14
Dougles B __ i) —1.00
Wealerts red cedor . %10 +.356

++i++E
SEURER

AVERAGE DEVIATIONS

Western whlle ploe oo eomceeae . *1L6
Wostern larch =£I1567
Wastern hemlock £1L8
Lowlnad white fir =158
Douglas fir i, +23.3
Westorn red cedar X 156

QOne interesting point brought out in Table 70 is that the sverage devistions
for total-height tables, both Seribner and international, are materially higher than
the averafe deviations for the corresponding merchantable-height tables. This
is probably due to ineonsistencies introduced by the variability of top length
above the merchantable upper diameter limit, » factor present in fotal-height but
eliminated in merchantable-height tables, Other things being equal, merehant-
able-height volume iables are, therefore, somewhat more accurate than corre-
sponding total-height tables.

Another peculiarity of fotal-height tables is that they show seemingly ridieu-
lously low values for trees of small dimensions. The explapation is, of courze,
that these tables are built to show average merchantable contents. The smaller
diameter classes often include trees that do not contsin a 16-foot log and are
unmerehantable by the standards adopted in this study. The tabular value for
there smaller classes, therefore, must be proportionately low, since in applying
the total-licight tables the tabular value will be multiplied by the total number of
trees tallied in each diameter class regardless of whether or not all such trees are
merchantable.
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TABULAE LIMITATIONS ANTD AFPLICABILITY

Some limitations of these tables should be emphnsized. (1) They are directly
applienble only to trees growing in second-prowth western white pine stands.
(2) The tables for lowland white fir and western hemlock are rather weak as to
trec basis and the basic data are somewhat localized. These tables should he
replaced when additional tree measurements drawn from a wider range of localities
beecome avaitable. Within these limitations, however, except for such minor
ehanges as are found necessary in specific cases of local application, these tables
are considered applieable regardless of such factors as site and general loeality,
and stand composition, density, and age. A thorough mathematieal study alon
multiple eorrelation lines indicates that these factors do influence tree form an
hence tree volume to some extent. Buf this influence is relatively weak, and the
studies indicated that a volume table based on diameter and height alone would
be sufliciently accurate for nll practical purposes.

To cheek the applieability of the velume tables in eny particular loeality:
(1) Fell and scale & number of trees of various sizes well distributed over repre-
sentative areas. Twenbty-five or thirty trees should be the minimum number
megsured for each cheek. (2) Compare the gross scale of each tree measured
with the tabular volume for a tree of the same dimensions, and express the
difierence between these values as a percentage of tabular value. The sum of
these percentnge deviations (disregarding sign) divided by the total number of
trees measured is termed the average deviation. {3) Compare the total scalc for
trees measured with the total seale for trees of similor sizes as read from the
volume tables. The difference between these sums, expressed as & percentage of
the total actual seale, is called the aggregate difference. (4) If the average
deviation computed is of about the same magnitude as the average deviation
shown in the footnotes of the table, and if the aggregate deviation computed does
pot exceed two and a half times the computed average devistion divided by the
square reot of the number of trees measured, then the table may be applied
without adjustment. If the vuriation materially exceeds these limits, however,
the volume tables must be adjusted for leeal use. To make this adjustment,
average the percentage reintionship between check trees and eorresponding
fabular values for each ineh class represented in the check trees, and plot these
values over diameter.  Draw a smooth balanced curve through these percentages.
If the relntionstups are not uniform for trees of all heighg classes, group tall,
medium, and short trees separately and prepare o curve for each group, These
curve readings will indieate how much to ralse or lower tabular values to correct
for loeal conditions, and a table so prepared sheuld be aceurate for local use.
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