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INTRODUCTION 

Forests of ponderosa pine (P1'n1l8 pondero8((' Lawson) I cover a larger 
totalaretL than those of any other conifer of the western United States. 
They occur in all the States west of the Great Plains and are the 
prevailing forest covel' in eastern Oregon, eastern \Vashington, and 
parts of Montana, Idaho, Utah, Arizona, New Mexico, California, 
and South Dakota. In eastern Washington ttnd eastern Oregon alone 
the area in this type is estimated at close to 10,000,000 acres, or almost 
40 percent of the entire forested urea in the two States. Of this total 
about 7,500,000 acres is located in Oregon and a,bout 2,500,000 acres 
in Washington. The national forests of the two States contain the
following areas of ponderosa piae timber: Oregon, 3,095,000 Q._Cres, 

l Until 1931 the officit\l common nllme [or this species WIlS western J'Q\lQw \lilje. 


20888°-34-.-L 
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merchantable and 94,000 acres immature; Washington, 716,000 acres. 
merchant,able and 13,000 acres immature (34.).2 

According to Forest Service estimates made in 1930, ponderosa 
pine timber amounts to 15,000,000,000 board feet in Washington and 
79,000,000,000 boaTel feet in Oregon, forming 14 peTcent of the volume 
of timber of all SIJecies in t1":e two States. TIns proportion is second 
only to that formed by Douglas fll'. Th" ponderosi1 pine timber in 
Washington and Oregon constitutes about 38 peL'cent of the entire 
stand of this species in the United States, estimated by the Forest 
Service in 1932 3 at 250,000,000,000 board feet. 

Between 1911 and 1925 the annual cut of ponderosa pine rose in 
Oregon from 186,000,000 board feet to 1,000,000,000 board feet, and 
in Washington from 185,000,000 board feet to 441,000,000 board feet. 
At the present time, the Ullll ual cut in average years may be estimated 
roughly at 1,000,000,000 board feet for Oregon and 400,000,000 board 
feet for W·ashulgton. The present average cut Ul the two Stu,tes 
amolmts to 47 percent of the totnl average national ent· of the species, 
(.l:1.n additional 37 pereent is contributed by the two neighboring States 
of California uncI Idaho.) 

The general extent of the ponciCI'oS{t pine forests ill the Pacific 
Northwest { is shown in figure 1. 

PURPOSE OF THE STUDY 

The statistics just given indicate in a broad way the great extent 
of thA ponderosa pine forests of Oregon and ,Yashington and their 
industrial importance both to the two States themseh'es and to the 
Nation at large. If the industries dependent on these forests are to be 
perpetuated it wm be neeessary to adopt logging and sihieultural 
prnctices such as will pro\ide against the present and potential forest 
lands' becoming depleted or unfit to produce further timher crops. 
The purpose of the present study is to answer questions on only one 
phase of this general problem, namely, the growth rates and yields 
that can he expected iD manuf2;ed ponderosa pine forests. This sub
ject includes the producing cn,pacity of forests thnt 11lwe been cut 
selectively and the relative praeticability of difTerent methods of 
cutting. The report giyes rates of growth for reserye stands varying 
widely in volume, from those left by a praetica,lly clenn cut to those 
constituting more than 50 pereent of the original volume. It also 
provides mea,\1S wherehy the growth rates of uneut stands may be 
estimated. It discusses briefly the essential fnctol's afl'ecting the 
growth and ~<ield of uneyen-aged stands. It treats in some detail of 
the development of the single tree, showing the efred of such fn,ctors 
as tree class, site quality, and release clistanee. 

THE FOREST 

Excellent descriptions of t.ho characteristic forms of ponderosa pine 
forests in the Paeifie N ol'thwest and other regions have been given in 
previolls pnblientions (11, 16,26) 28, 31,36). The typieal ponderosa 
pine forest of the Pacific 1'\ol'thwest is fn.iTly pure, fairly open, and 
many-aged. Oyer Ip.rge areas it is absolutely pure. Among the more 

: Itnlic numbers in porentheses reJer to Selected References, p, ·10. 
a UNITED STATES DEr.\I(T}II>:-IT OJ.' Amur.UJ:rl'ltE, FOIU,ST ::JlmV1C,;. TIn: FOIlEST SITUATION IN TilE 

UN1T,:n STAn;s: A SPECIAl. Ina'oln TO TIm TIMIIEI( CONSlmVA'rJON 1I0AltD. 46 p. 1932, [Mllltigr"phcd.] 
'''Pacific Northwest" in tbls bulletin refers to Wushiugtou lind Oregon only. 
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common assodates, which vary in importance in different parts of the 
regiou, are lodgepole pine (Pinus contor-ta Loudon), sugar pine (P. 
lambertiana Douglas), white fir (Abies concolor Lindley and Gordon), 
lowland white fir CA. grandis Lindley), Douglas fir (Pseudotsuga taxi
Jolia (Lamarck) Britton), and western larch (Lm'ix occidentalis 
Nuttall). Associates of lesser importance are incense cedar (Libocedr-us 

u 
<:) 

t 
" 

o R .'. G. 

• + 

FlOl.'llf: L--lli~lrihuLion of forc~t~ in OreAon and WashinglOll in which pOll!lcrosn pine is the dominant 
species, und the locution of urclls :;ludicd in tho jlll'c.~Ligution of growth. (gnch dot represents onc or more 
plots.) 

decul'rens Torrey), western J'ed cedar (Thuja plicata D. Don), western 
juniper (Juniperu8 occidentalis Hookcr), und Rocky :Mountnin red 
cedar (J. sco'lJulo7'"um Sargent). 

Not all tii.e component species listed lll'C represented in equal 
degree in each part of the region; most of them OCCllI' to a varying 
extent and in some ioenlitics not n.t all. For instnn('c, sugar pine and 
incense cedltr nre found only in the southern pmt nenr the Rogue 
River, Deschutes, nnd Fremont Nlttional :U'orests; western reel cednr, 
only ill the north OIl the Colville Forest; lodgepole pine, Douglas iiI', 
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!1nd white fir, throughout but in widely varying quantities; and west
ern larch, from the Blue 110tmtains and the Mount Hood N a,tional 
Forest north. The mixture varies greatly between the lowest portion 
of the ponderosa pine zone, adjacent to the desert, and the uppermost 
portion, which adjo:'ils n zone occnpied by more mesophytic forest types. 

The pure stands are estimated to contain appl'oximately 75 percent 
of all the commercirri ponderosa pine timber in the region. 

Uneven age is another outstanding characteristic of the ponderosa 
pine forest of the Northwest. Single scattered mature or oyermature 
trees are continually dropping out and being replaced by groups of 
young trees. On most areas every age class from 1 year to 350 years 
or more is present. In nearly every stand seedlings are starting, sap
lings and poles are established singly or in' clumps, and advance bull 
pines 5 and mature and oyermature trees are scattered throughout, 
Typical age composition is illustrated in table 1. The counts given 
in the table are not complete, since th'3Y do not include the young 
umnerchantnble trees and the reproduction c]nsse::;, which may far 
outnumber the trees of merchantable sizes, A number of stump!: 
with rotten or fmctlll'ed centers, also, are omitted. 

TABLE I.-Aye composition of typical ponderosa pine sla,nds 

Number of stumps Number of stumpsNumberofstumps I 
counted I counted I counted 1 

Area of Aren of Area of Area of Area of Area ofAge clnss Age clnss Age class40 ncres 26.li ncres 40 ncres 26.17 ncres . 40 acres 26.17ncres(yenrs) (years) (years)near near ncar near near nenr 
Embody, Dend, Embody, Dend, Embody, Dend, 

Oreg. Oreg. Oreg. Oreg. Oreg. Oreg. 

60- 79••••. 1 200-279••.•• 23 83 8 
~.--------so- 99..... ---.------ Ii 280-290•••.. 24 40 ,,~,oo_l)40(1-479••••• 1 4 

JOo-lI9•.... 6 18 300-3W•• _•• 18 19 48Q-<J09._... 2 
120-13&_._ •• 21 113 320-389..•.• 21 21 S60-519 __ ... 2:1 2 
140-159_._.. 45 115 340-3S9_.•.. 16 14 520-,';30...__ 2 
160-J79•••.. 37 9 300-379..•.. 5 17 540-550.. ___ 1I180-199•• __. 42 20 380-390__ ._. 3 19 SOo-S79..• __ 1 
ZtlO-219••_•• 27 32 400-419••. _. 7 9 
220-239•..•• ao 23 420-439.••.• 3 3 TotaL__ 400 098 
240-259.... _ 49 110 

1 So fllr as possible, ago class was determined for every stump present on tho nreas. 

The fact that the relative representation of the age classes varies 
widely complicates the problems of management and cutting, 
Growth and mortality rates depend greatly upon age, as upon domi
nance and spacing, Marking practice that is not properly adapted 
to age composition leads to low rates of growth and high rates of 
mortality, Each stand is it special problem. In some stands the 
most practical and economical cutting method leaves a reserve volume 
of not more than 15 percent; in others it leaves 50 percent of the 
orio'inal volume. . 

Openness of the stand is a third characteristic of the usual ponderosa 
pine forest. Munger (26), Korstian (18), Krauch (23), and others in 
published and unpublished reports give instances of the relatively 
small number of trees per acre. In most of the stands in Oregon and 
Washington, trees of merchantable size number only 10 to 35 per 
ncre, Belll'e (7, 8) shows that the fully stocked even-aged stand I1t 
150 years of age and on a site comparable to the average eastern 

, In tho Pacific Northwest ponderosa f,ine trees less tllIIn nhont \fi0 yeurs of ngo nre cnlled "bull pino"d' 
11 t.erm compnrable to the "blaekjnck" of other regions. '1'hey havo rou~b black bark, pointed crowns, nn 
a good rate or growth. Mature trees nre comlIlonly culled "yellow pine " beclIuse of the yellowish color of 
their bru:k. 
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Oregon site contains about 104 trees 12 inches or more in diameter 
per acre. At 250 years a fully stocked even-aged stand on such a 
site ~ontains about 80 or 85 trees of tbis size per acre. 

In the even-aged stand, especially if it is fully stocked, the yields 
per acre are much higher than in the uneven-aged stand and there is 
a richer, denser flora and a thicker, more complete mantle of litter and 
humus. In the open uneven-aged stand, the action of the sun and 
wind hinders the development and continuance of such conditions. 

1v1uch of the ponderosa pine t,imber forms an intermediate type 
between mLxed coniferous forest.s and desert. Although the pine can 
grow where the annual precipitation is as low as 17 or 18 inches, 
heavy mortality sometimes occurs iocaUy during periods of drought. 
Previously the openness of the stands was considered to be principally 
the result of damage by fire and insects. The experience of the pa;;t 
few years has shown that drought is an equally important cause. 
The even-aged stand is less likely to occui' on areas where minfall is 
deficient than in the upper ranges of the pine belt next to the areas 
occupied by the mixed conifer type, where rainfall is not a limiting 
factor. 

METHODS OF CUTTING 

Ponderosa pine, like other pines in general, responds well to many 
different silYlculturaI practices. At the beginning of national-forest 
management in the ponderosa pine type, the Forest Service adopted 
a type of cutting (10) that approximated a heavy grade of selection 
cutting. In different regions and at different times the cutting had 
characteristics of tree sel':lction, of group selection, and of shelter-wood 
cutting. Marking instructions often stipulated thn t the faster growing 
trees and the trees less subject to windfall and insect damage be left. 
Emphasis was placed now and again upon one consideration or another 
such as spacing or type of tree, but in essence the principle remained 
the same. At present, in uneven-aged ponderosa pine stands on the 
national forests and the Indian reservations a system of partial 
cutting is employed that leaves from 15 to 30 percent of the merchtmt
able volume for accelerated increment and insurance of seed supply 
and as the basis of a later cut after an interval of 40 to 75 years. A 
stand cut according to this system is shown in plate 1. 

Cuttings made on privately o\VJled land have in many instances 
constituted an unintentionnl selection cutting or culling. Several 
lumber companies have recently raised their diameter cutting limit 
and as a result are leaving reserve stands that, although of a lighter 
grade than those left under Forest Service practice, will form the 
nucleus of a later cut. 

Careful protection of partially cut stands from fire assures a future 
merchantable stand, tIle time of the next cut depending largely upon 
the volume of the original reserve stand and upon market conditions. 

The Forest Service cuttings just describea will be called selection 
cuttings in the following discussion, nlthough in a strict sense they 
cannot be so classified. This method of cutting will result in elimina
tion of the older age classes within one or two cycles, conversion to 
younger and younger ages, and, probably, fmal transition into an 
even-aged stand. Increasing the percentage of reserve volume will 
postpone this final conversion; but unless present marking practice 
is greatly modified, a t,rue selection forest with a wide range of age 
classes will not be maintained indefinitely, 
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The heuvier the cut, the younger und the smulle:.- will the reserve 
trees be. The average growth rate will be greater, because of the 
more responsive churacteristics and increased growing space of the 
individuul reserve trees. On urel1S heuvily cut, however, the totnl 
volume growth per ucre may not be sufficient to permit a later cut 
early enough or large enough to be profituble. In order to plan a 
cutting operation with a view to producing u successful later cut, 
one must be uble to estinlute the growtb of the trees and the yields 
per ucre. 

METHODS USED IN FORMER STUDIES OF GROWTH IN SELECTIVELY 
CUT STANDS 

Since the usuul selectively cut forest of ponderosu pine is complex 
in churacter, with various age clusses, tree classes, sp Mings , and in
crement und mortality rates, the prediction of its growth and yield is 
not It simple und clea,r-cnt process. A number of methods Imve been 
used, euch having certain distinct udvuntuges and n1so certuin disud
vlintuges. These methods, which ure more or less interrelated and 
all of which a,re based on measurement of the single tree, can be 
grouped under four general hendings: 

(1) 	Permanent sample plots, as used by Dunning (13), Korstian (18), and 
Krallch (is). 

(2) Diameter accretion. Krau(',h (120, BB, 123). 
(3) Growth prrccntage. Hanzlik (17), Dunning (12). 
(4) 	 Itcserve-stand v;rowth, based npon reconstructed temporary sample

plots. Meyer.B 

.Although the permanent sample plot method gives the most accu
rate information for small areas and this information is directly ap
plicn.ble to m·eas where cOllclitions are similar, it requires long periods 
to yield reliu ble results. Prolonged growth cycles and epidemics 
must be e:\.--periencecl befOl"e averuge effects are deterrni.. ttble. In ad
dition, permanent smnple plots u.t the most cun actually represtut 
only a small portion of the total region. It would be. an enormous if 
not impossible task to cover by th.i.s method all the essential varieties 
of condition and stocking. Besides, if suecessfulmnnagement plans 
are to be bid it is imp(\1"lltive. to mnke the growth calculations at the 
present time, before the sbmds ar8 cut. 

The diameter-accretion method can be based upon permanont sam
ple-plot datn, but can equally woll be bnsed upon increment borings. 
To apply this method, u. stand tally is needed. The more detailed the 
tilly, tlie bottor \vill be the result, because trees that nre of the same 
diameter cluss but differ ns to nge, dominance, and crown class grow n,t 
diiferc:ut J'a,tes, respond difi"erently to release, nnd vary in mortality. 

Growth~percent,age methods, although they appeal' to be muong 
the simplest, have a number of weaknesses and aro opposed by many 
investigators. Growth percentages Ciln be applied either to sf,nnLl 
tallies or to the stand as a whole. One of their weaknesses is that 
with variation in size of tree a growth percen~uge comes to mean 
totally different absolute volume growth. For smull fust-growing 
trees the growth-percentage CUl"ve fulls so J·apidly that a highly inac
curate result is obtained unless the time find size eler';'ients are very 
carefully' considered. 

GMEYElt, w. Il. Plmr.r~IIN,~RY AJ.lNt:~mNT rnAltTS ,·Olt DETEIUIININO nnaWTD IN Sf;LECTIVEr.y CUT 
STANDS m· WESTERN n:!.LOW NNE. 1'IlciM Northwest ,~'orcsl Expt. Stn. Forest [{csellrch Notes, No.6, 
Up., 1931. IMiuwograpbeu.! 
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Each of the four methods outlined has advantages over other meth
ods at certain times and in certain places. For this reason the basic 
tables of growth mtes of the single tree are included in tlus report, 
in the section beginning on page 37. 

METHODS USED IN THIS STUDY 

In the present study an attempt is made to incorporate the virtues 
of several methods~ In the initial computations diameter-ac~retion 
data, stand tables, plot records, and the like were combined. The 
result was a. compound set of u.verage values which show growth and 
yield, on the acre basis, according to the volume of the reserve shtnd. 
Then an a.nalysiR was made, one by one, of the factors that cause a 
departm'e of grGwth from the averagf\, and methods were developed 
of correcting growth and yield estimates for these factors. 

The basic data. of this study were gathered in the course of the field 
seasons of 1928, 1929, and 1930, in eastern Oregon and eastern Wnsh
ington. :Measurements were made on 179 temporary sample plots in 
selectively cut stands. The location 01 ellch group of sample plots 
used in the study is given in figure 1 nnd in table 2, which gives also 
their acreage and their clistribu tion as to site qunlit}T and nge of cu t
ting. The plots were located in l'epl.'el:lentative stands scattcred from 
sonthe1'lllllost Oregon to northernmost \Vashington and from the Cns
cade Range to the eastern boundaries of the two States. The ex
treme southwestern part of Oregon wus excluded front the study be
cause the pondcrosa pine stands OCCUlTing thore nI'C of n cliiYercn t 
character from those typically occurring under I1vernge conclitions in 
the central and eastern portions of the StELtes, resembling ruther the 
mL'i:ed pine forests of northern California. 

TABLE 2.-S'U?nlll{lI'Y oj datn by lo('ality anli site quality oj 1)lot8 anel by age of cuttings 

IJlS'l'lUB\}'1'lOX \-/.,' PLOTS BY LUCALITY 

--------~---.---.---------------:--~-:---

NUlll' Acreago 
State \,iI'inity of-- ber of of 

!>Iot~ plots 

---------------------._--
DeSchlltes N"tiol1nll'ores(, •• _•.. _•.. _. _ 31 4fi.76 
Hogue Hiver Nutional Forest._ •.. _ • _._.". __ _ 25 42.07 
Fremont Nationul Forcst. .. ~_~_ .. ~" ___ . 35 43.13 

Oregon ................. Oehoco National Forest .• ,._._•. _- .'_'.'. 13 18.75 

Mulhcur National l"orest. ••• _. _. .. •.. . Ii 10.00jWhitmnn National FonlSt .•.•..... IS 39.76 
Umatilla Nlltlonal ForesL. . •.. __ .. __ . ___ .. 4 10.25 
YIlki1lla lmllan Hescrvntitm .. _ ._. • .•. _ 2 (\.50 

jSnoqunlmlcNntlonnll"orcsL ___ ._. ___ .... . . ..'. 18 a5. (i0
Wnsbingloo.. ........ . Wenatchee Nulioulil Forest.... "." . _ .. __ 1;; 37.00 

(,helnn National Forest." .• _.. _. • _. __ . -. • . _...• n 28.75 
Colvillo Nutionnl IloresL .......... ___ •••• _... ___ ........ . 3 10.25 


Totul••..•.••• ,. 170 327. SI 

DI,'1'nrnU1'ION OF PLOTS BY SI'l'E (~UALI'L'Y AND BY YEAHS SINCg CUT,]~ING 

NUOlber oC plots, by site QnllIiLy 
Years since cutting I III I LV I V 

61Hl9......... -,.'.- -, .•- ~:..:.:..~~ .. •..~5..I-I-IOl .. --.4.0•• --]-70


l[

-.-----'-------1--"1--0--:1-.1i-
'1'otal 

-10--1-0-••-.-..-.-.-..-..-.-•.-.. 1a - --00 
20-29........ _... •... .. __ •• __ 7 31 Hi 54 
30-30............ _. __ .•. 

40--10._.....................
50-51l........ _. ___ ., ....... _.. _ ••.. __ 

. .•. _ .. _ 0 

. _ '1_' . --. a

...• _ ....... __ ...... _. 

211 

II
7 

0 

2 
.. _..... 

41 

16
7 
1 

__ ......... _... _ 

Total._ .............. __ ... _..... .... ... , _ 
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The plots were so chosen as to represent the greatest possible 
variety of reserve-stand conditions, on the assumption that the com
bination would result in data expressing general conditions. Each 
plot was cllosen arbitrarily to represent a certain condition, and not 
as a sample of average conditions for the area of which it was a part. 

The sampling was restricted almost entirely to site qualities III, 
IV, and V. Site qua.lity VI was omitted from the analysis because 
no suitable cutting areas representing this quality were found. 

On each plot the growth of each tree was analyzed separately by 
means of increment borings. Detailed descriptions and measure
ments were recorded for almost 6,000 trees, including such items as 
diameter, total height, age, and diameter growth by 10-year intervals 
from 30 years before the cutting to the date of examin.ation. A stand 
map was prepared, locating all trees and stumps and also the repro
duction. The board-foot" and cubic-foot volunles and basal area of 
every tree were computed for every decade after cutting and the plot 
volumes reconstructed. From these plot data, yield alinement charts 
were constructed by a method similar to that outlined by Bruce and 
Reineke (9) for stand tables. 

Smce the alinement charts represented the elements or age and 
volume only, the effect of site qmLlity, structure, and other factors 
remained to be determined. For tIns purpose the perc.)ntage differ
ences between actual volumes n,t every decade and volumes estimated 
on the basis of the growth charts were subjected to statistical com
putation. 

Several elements of error n,re undoubtedly present. But after the 
accumulation of data from n. In.rge munber of plots and thousands of 
borings some of these elements become compensative; and in this 
instance none of them can luwe led to overestimation of yields, 
because a conservative view was adopted where there was any choice. 
The results of the study arc intended for use in the Pacific Northwest, 
and in other regions having similar conditions, until the time when 
permanent sample plots luwe given reliable :wd consistent results. 

FACTORS INFLUENCING RATE OF GROWTH IN SELEC'l'IVELY CUT 
STANDS 

In a pure, even-aged stand only site quality, age, and stocking 
need be considered ill predictLTlg growth; but in a mally-aged cut-over 
stand a number of other influences demand attention. The following 
factors will be discussed here, in the order given: 

1. Sitc quality. 
2. Resen'c volumc. 
3. Tree class l1ud stalld structure. 
4. Spacing and relcase. 
5. Composition. 
6. Growth cyclcs.
7. Length of cutting cycle. 
S. 	 Mortality. 


SITE QUALITY 


Every tree species is capable of enduring a wide range of site qua.li
ties, but even in the cilse of trees originating from the same parent 
tree the sizes attained depend largely upon the kind of soil, the mois
ture and drainage conditions, und other site features. In the ponder
osa pine forests of the Pacific Northwest, the site quality of forest 
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lands bearing mature timber crops is judged by the average height 
of the mature dominant trees. Figm:e 2 illustrates the classification. 
For the young age classes, the curves are based upon observl.',tions 
made by C. E. Behre in yield studies of even~aged stands in northern 
Idaho (7, 8) and confirmed through similar unpublished studies by 
the author in Oregon and Washington. The central values of site 
nualities I, II, III, IV, V, and VI correspond to site indices 127, 112, 
l:l6, 80, 65, and 51 of Behre's classification, site index being the average 
height of dominant and codominant trees of even-aged stands at 100 
years. 

For estimating the site quality of lands occupied by uneven-aged 
ponderosa pine forests, the procedure is as follows: 

Measure the total height, in feet, of 15 to 30 mature, dominant 
trees of Dunning's tree class 3 (14). Average these values and enter 

SITE: 
QUALITY 

200t----t----t---~----1I----t_==:j====~==~ I 

~ISO~---4-----+--~~---~~~--+-----+-----~--~ 
t 	 m..., 
-!:. 
I  _~I--+---r--:j TIl 
:I: 
~ 100r----4-7~~~--_6~~~----+_-----~----~--_4 

~ 	 ~ 
-' 
g ~ 
I- 50.~~~~~~~---~----~----+_----+-----~--_4 

o 	 50 100 150 200 250 300 350 400 
AGE (YEARS) 

FIGUItE 2.-Si(e-<lunlity classification oC ponderosa pine lunds, based upon Ilverage to(u] height of dominant 
trees. 

the average value upon the chart at the approximate average age of 
the trees. For mature trees exact age is not necessary, since height 
changes little after maturity is reached. The cUl'vedline nearest to 
the point entered upon the chart indicates the site quality. For 
instance, an avel'llge height of 110 feet n,t maturity-about 300 years
indicates site quality IV. 

For immature even-aged stands, the procedure is slightly modiHed. 
In this case the average heights of the dominant and codominant 
trees are taken and the exact age of the stand is found by means of 
stump counts or by increment borings. The height is then entered 
upon tlll~ chart a.t the determined age. If a certain even-aged stand 
is 75 years old und the dominant and. codominant trees u.veruge 78 
feet, for instance, the site quality is III. 

The relations shown in figure 2 are expressed in terms of mercha.nt
able height in table 3. 

http:mercha.nt
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TABLE 3.-Site qual.zties of ponderosa pine land as defined by total height or by 
merchantable height of avera,ge dominant tree 

'1'otal height Merrlumtable 
Site quality 1----.---1 height At rna·

tUrity, in 16.3-
At 100 years At maturity foot logs 

Feet Feel .VumberII. •.•....__________________•_______________••_._________•. _____ 112 16{j 8 to O.III. _" "" ________________________ • ________________ --____________ _ 
96 138 7.IV"_"" ________ .________________".._..____.._____________________ 79 114 5 to O. 
05 89, 3lo 4.

V_______..... _________________ "____________ " _. ______________ • ___ 
VL._.....________________•________ --__ -___ -_ -__ --- ____........" 
 51 63 Less thUll 3. 

In Oregon and Washington the most common site qualities of 
pine lands are Ill, IV, and V. A little land of site quality II is found 
in southern Oregon, and some land of site quality VI is found in the 
poorest situations throughout the two States. At least 75 percent of 
the entire pine-forest area in the two States is estimated to be of site 
quality IV. 

RESERVE VOLUME 

The volume of the reserve stand largely determines its rate of 
growth ,mel its yield. On one plot, for instance, on which the reserve 
stand amounted to only 4,617 board feet per acre, in the 16 years 
after cutting the annual growth per acre averaged only 71 board feet. 
On a neighboring plot with the same general site conditions but with 
a reserve stand of 9,540 board feet pCI' acre, the annual growth per 
acre dming the same period averaged 134 board feet. The volume on 
the f1l'st area increased at the rate of 1.54 percent a year find that on 
the second at the rate of 1.40 percent. a year. The percentage rates 
of growth are on the whole most l'tLpid for the stands of small reserve, 
since in these stands the trees are wider spaced and usually younger. 
The larger the reselTe, the lower is the percentage rate of growth on 
the whole, hut the higher the absolute rate of growth. Thus in 
30 years' time the avmnge stand with an initiail'eserve voIlune of 
2,000 board feet will increllse to 4,000 board feet, while a stand with 
three times that initinl !'('selTe will increase to 8,900 board feet. The 
stand volume increases in the first instance by 100 percent and in 
the second by only 48 percent, although the annual growth rate is 
67 board feet in the first us compared with 97 board feet in the second. 
An example of a 11eavy reserve stand and one of a light reserve stand 
are ::;hown in pItLte 2. 

TREE CLASS AND S'rIWCTURE 

A system of classifying ponderosa pine trees that was introduced 
by Dunning (14) for California conditions has been generally adopted 
in the Pacific Northwest and other regions. It distinguishes seven 
types of trees, which arc illustrated in figure 3. Dunning's descrip
tions of the differen t tree classes nre ttS follows: 

Class 1. Age class, young or thrifty mature; position, isolated or dominant 
(rarely codominant); crown length, 65 percent or more of the total height; 
erown width, average or wieleI'; forlll of tup, pointed; vigor, goorl. 

Cluss 2. Age clni:lS, yOlill~ ur thl'lfty mature; position, llsually eodominant 
(r!'.rely isulated OJ' dominant;); erown length, less than 65 percent of the total 
height; cruwn width, (IVcrl1ge UJ' narrower; form of top, pointed; vigor, goorl or 
moderate. 
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Class 3 .•\.ge class, mature; position, isolated or dominant (rare]y codominant); 
crown length, 65 percent or more of total height; crown width, average or wider;
form of top, round; vigor, moderate. 

Class 4. Age class, mature; position, usually coclominant (rarely isolated or 
dominant); crown length, less than 65 percent of the total height; crown width, 
average or narrower; form of top, round; vigor, moderate or poor. 

Class 5. Age class, overmature; position, isolated or dominant (rarely codom
inant); crown of any size; form of top, fll1t; vigor, poor. 

Clabs 6. Age class, young or thrifty mature; position, intermediate or sup
pressed; crown of any size, usually small; form of top, round or pointed; vigor,
moderate or poor. 

Class 7. Age class, mature or overmaturej position, intermediate or sup
pressed; erOW11 of any size, usually small; form of top, fiatj vigor, ponr. 

In the field, if the classification is observed stJ'ictly it may seem that 
a large proportion of the trees are border-line specimens. After a 

FIGurtE 3.-'rree classes in uneven·aged stands Qf pondcrosa [line, us defiucd b~' Dunning. 

little practiee with an experienced estima.tol', however, the determina
tion is easily made at a glance. In border-line enses age and vigor firc 
given more weight than some of the other factors. 

On site quality IV in Oregon and Washington, in the virgin stands 
tree class 1 has the best growth rate ,.nd is followed as n, rule by the 
other classes in this order: 2 and 3, 4, 5 find 6, 7. In selectively cut 
stands, although the trees respond individually to Telease according 
to spacing, tree class, and diameter, the rank of tree classes fiS to 
growth is little changed from that in the uncut forest, being 1, 3, 2, 4, 
6,7,5. 

In rate of mortality, these tree classes have been ranked by Dunning 
for California conditions as follows, with the least sllsceptible first: 
1, 6 and 3, 2, 5 and 4, 7. Studies by the Division of Forest Insects, 
Bureau of Entomology, discussed on pages 30-31, have revealed a 
more complicated ranking, shown in table 15. 
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The composite of the proportion of each of the seven b'ce classes in 
a stand is indicuted in this report by the term "structure." A perfect 
expression of structure would cover ull tree clusses, but a compound 
factor of this nuture would be too unwieldy for practical use. 
Thorough investigation of the influence of each tree class and of 
groups of tree classes upon the mte of growth of the stand has shown 
that the percentages of cubic-foot volume or of basal area contained 

:~!, 4

.-. 04-
or--:~-~3 3cq;~ 

\.....: 
.'. 

, '....., d 
, .: " 0 4'.....1 

0 7 ®03 
40 0' 
40 ':....., ,.',

'..' 
0

6 0 2 ("., ®• 02 
'0 ~ '--" 0' 

0 5 0 
3.. /-,

" 
5° .','-' 

.~ 

r.. •.. \.)...... 0 3 0 3 .. ~... ., : .,. ... " .-" C.. I'.' ~ ::!.. ..:::::: ...., 
0 2 

'.045~O3 
'0 " 

05 ®p2 .. '0'.. 0 2 . 
~ '

, .. ., 
(-\ 

OS ~. 

BOUNDARY SCALE 
9 ,2,0 , 4f' , 6,0 I sr F'£[T o RESERve: TREE, WITH 

3 TREE CLASS 

TREE SCALE: 
 c: CUT TREE 
~gooOO

20 ZS 30 3S 'NCHtS ® SPECIES OTHER THAN PINE 
FIGURE 4.-Reserve stand unsatisfactorily spliced and containing an unusual percentage of olrl trees, 

which showed growth somewhat below uverago for selectively cut stands. Sample ploL no. 52, Odessa, 
Oreg. Ori!:inllistand per acre (of pine only), 24,600 board feet; originul reserve per ncre, 8,300 board feet; 
volume per acre 20 years afler cutting, 10,833 uoard feet. 

in tree classes 1 und 2 on the one hund and in tree cluss 3 on the other 
hand exert the most powerful influence upon volume growth next to 
site quality und totul volume of the reserve stand. These two groups 
include three of the fastest-growing tree classes. The larger the per
centnge of tree classes 1 and 2 in rclation to the percentage of all 
other classes, the faster is the growth, The larger the percentage of 
tree class 3 in relation to the percentage of all other classes, also, 
th.e faster is the growth, but in this instance the effect is less pronounced. 

In this study, structure is expressed in terms of the percentages of 
the stand composed by these two groups of tree classes. The struc
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tw:eexpression 25--50, as an example, means that of the total cubic~foot 
volume or basal area of the stand 25 percent is composed of tree 
classes 1 and 2 and 50 percent of tree class 3. 

SPACING AND RELEASE 

The effect of release upon the growth of ponderosa pine has been 
measured frequently (12, 13, 14, 18, 22, 24, 26, 29)/ and the results 
stated both in absolute growth rate:> and in percentage of acceleration. 
For the purposes of this study percentage of ucceleration is hardly to the 
point, since ull the computations have been made in absolute values. 

It must be remembered thu,t the removal of part of the stand in 
the general vicinity of a given tree does not invt),riu.bly constitute 
release and cause ac-

CDceleration in the tree's 
rate of growth. To be 
susceptible of release, a 
tree must be in actual 
competition with other 
trees for moisture and 
nutrients, 

The growth acceler
ation resulting from re ,", o'.'
leuse varies somewhn.t 
according to the con

'~..:dition and vigor of the 
tree. The mQst vig .-,

'.'orous trees respond al
,',most immediately to a '.' '.' 

sIi g h t extent; theil' (i 

growth accclern,tes for 
about 5 years and then 3 vv 
maintains a new leyel BOUNDARY SCALt 

for severnl decades, un-? ,2P , "p , I5f' , , rCtT a RESERVE: TREE. WITH 
less other factors de- TREE SCALE: 3 TRtE CLASS 

stroy the. balance. A fo g£~<?o INOlta () CUT TREE 

cross sec.tlOn of a pon- FrmmE 5.-Stand compo;ed chieUy of immature nnd young mature
derosa pIne tree show- lre~s, in whkh ~xtrnordillnrlly complete releaso conditions rcsultc(1 . 1 I I ill II yield far nbo\'c Il\,CTtllW for selectively cut stall(is. Sample plotmg nuu' {e( acee e1.'a- 110. 12S. near ::tnrkl'y, Oreg. Ori!(inal stand [ler ncre, 27,128 board
tion in growth (lfter feet; origillal re~crve per ucro, 7,OOt board feet; volume per Bcre 32 · • I years afwr cutltllg, 14,7(10 board feet. 
n~1ease n,ppen,l's as pate 
3. Figm-o 4 shows a l'<,servc stnnd containing un unduly large pro
portion of old trces nnd tlJ1satisfaet01'ily spn,('cd, the gmwth of which in 
the 20 years following ('lltting W(IS below avemge for selectiyely 
cut stands. Figure 5 shows in contrast with this a stand in which 
the trees reserved wcre principally immntm-e or in un early stage 
of maturity and release WitS extraordimuily eomplete, and which 
in the 32 ycurs following cutting grew n,t a I'ate mueh nbove av
erage. Figm-(' 6 illustrates the progress of growth in n. stl1ud that 
was selectively logged in 1898; of 10 sample b'ces, nIL except 1 
responded to tl, certnin degrce within 2 .rcnrs, and the growth rn,te 
lllCr~ased rapidly fol' seveml years with VHrilltions between diml1tically 
favomble and unfavorable years, The murked decline in radial 
growth starting I1bout 1917 ,,'ns due not to !l cessation of the effect 

1 MEYER, W, fl, See footnote G, 
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of release but to a period of generally unfavorable climatic conditiop.s, 
which is reflected in the growth rates of ponderosa pine throughout the 
Pacific Northwest. In a period of average climn.tic conditions, growth 
increase due to release can be expected to persist for 40 years or more . 
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FIOURE G.~Progress of growth followinl! rclr.a~o in n ponderosa pine stanrlloggerl in 1898, M shown by tho 
radial ~rowth of IO twos 50pnratel~' find combined. 

Removal of a singlr sizable tree from fl dump has fl. beneficial effect 
on the surrounding' trr('s with which it has bern competing directly 
for nutrients, soil moisture, and, to a lesser degree, light. ~ 

The distnnce to whieh rrlease is effective varies somewhat with 
tree class flnd with site quality. In general (see table 21), trees thllt 
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have been liberated on one or more sides within a distance of 40 feet 
on site qualities III and IV show appro~-imQtely the same acceleration 
in growth rate as other trees of the same class released on the same 
nu:mber of sides and within that distance. Acceleration is discernible 
in trees released at distances as great as 50 feet or sometin16s everl 
greater. 

COMPOSITION 

Several of the species commonly found in mi.xtlJre with ponderosa 
pine, such as white fir, Douglas fir, and sugar pine, grow faster than 
ponderosa pine, but do not respond so readily to release (13). Others, 
such as western larch, grow at appro~-imately the same rate as pon
derosa pine and still others, such us lodgepole pine and juniper, grow 
more slowly. The eO'cct of mixture upon the uccelerllted growth rate 
of the stand depends therefore entirely upon what species contribute 
to the mi.xture. The tables cle-n:lopE'd in this study npply very well 
to the ponderosa pine of mixed stunds in whieh other species constitute 
not more than 25 percent of the total volume, and their application 
even to the total volume of all species in such stnnds is well within 
the acceptable limits of error. 

GROWTH CYCLES 

It is not an easy matter to cval lIntr climate a.nd growth relationships, 
especially the OCCUlTence, intensity, nnd extent of climatic cycles as 
shown by tree-ring FlItt..~m:,. So'llunwJ'ous nre the factors that can 
affect the rate of tree growth, so u<';0lycd is the history of a forest stlmd, 
that the final ring pattl'm of a single treo is highly inclividunlistic. 
Tree-ring pattcrns r('('ord ('ertain mn.ioJ' cycnts in the life history of the 
stand, but rnrt'ly ngrce thl'Oughout a stand in any marked degree. 
Only ugreement in gencrul ril1g-pa ttrl'll chaJ'acteristics in tree after tree 
and on l1ren. upon area can be taken as cvidcnce of generul climatic 
changes. 

In searching fer evidence of growth cycles in the ponderosa pine 
region of the Pacifie N (Jrthwest it wus impossible to COVCI' nil the avail
able dn,ta, taken from some 8,000 incl'cment cores; it wa.s therefore 
decided to ('hoose :ll'bitmrily 24 lo(,alities l'opresen tative of the region 
nnc1 in clleh of these to sclc('t a fc\\' COI'CS of mature trces, usually 10, 
for exmninn.tion. In ca.sc cvidencc of growth cyeles was found, the 
plan \\Tas to enclcfl.yoI· to detel'mine whether thcy were sufficiently dis
tinct to affcct yield predictions llnd how regularly they could be ex
pected to rectll" during the internll b('twecn successiyc cuts. "Whether 
fl, sepa.rnte ('ol'!'e('tion for clilllllti<' (,yclcs J1l1d to be introduced into the 
growth predietions dcpcnded upon the rcsults of this dctermination. 

If this growth study had b(lcn mude 10 years cnrlier, th(' importance 
of this infonnntion might not llU\'e bccn fI.PPl'crint('cl. Soon after the 
inception of tbe study, evidcnce WitS found of It mnjor reduction in 
growth Tn.te cxtrnding O\'CI' a 11ll1l1nrl' of rc('rnl; years. As more and 
more arcas were invpgtigaLpcl, it be('amc incl'cn:;ingly certain thnt 
this l'etardn,tion of growth was well dcfincd 0\'1'1' the two States. 
The period of retarded growth Rcc!11ccl in a general wny to start Ilbou t 
1917; on some ltl'l'm. it did not bcgin tlntil scvernl .renTS later, nnd 011 
11 very few ttl'ens the l'etn ['dation wng Imrdlv obsel'vablc. II this 
phenomenon recurs I'l'pentedly, n,t reguln,r or'irregular intervuls, ns 
n. plwse of fl.l1ntuml scquene'e, yield prcdidions extending over a long 
span of years should take into a('('.ount pel·joels of slow growth itS well 
us periods of good growth, 'The inclusion 01' noninclusion of the 
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period of slow growth therefore hingeR upon. the e,,:istence or non
existence of growth cycles. 

The method of dealing with the data is shown in figure 7. The 
. curves shown in the chart indicate that, there WfiS a wavelike pro
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gression of good find of POOl' growth yCftl'R. Whenmol'e than 50 
percent of the plots showed eoiocidentnl pcdods of good growth or 
of poor growth the phenomenon WIl,s considered significn,nt. On this 
basis, major peaks of growth at in tet'vnls of l7 to 30 years were 
distinguished. These am listed in table 4. 
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TABLE 4.-Peaks oj good growth and of poor growth 'in ponderosa pine forests of 

Oregon and 'Washington I 

Major peaks of poor growth Major peaks of good growth 

. Inter· II • . t Inter·
Approximate I~~t1~ II Approximate ~\1~ ApproxImate val in! ",pproxlma e val in 

dates vears dates yellrs dates y~l1rs dntes years
------1·- 1633•.••..••.•••.• =-::'1-1-80-7-.•-.-••-••-.-..-.-..-.1 19 1645........." ........, 181-1. 21 


1655. __ ........... 22 1831. ........... .. 24 1673. ............ 2S J838........... . 24 

1678.............. 2.~ 1849.............. 18 1692............. J9 1861 ........... . 23 

liOL............. 2:1 1873.............. 24 1705.........__. 13 1S7S............ . 17 

1722._............ 21 11891............. . 18 1733....... ...... 2S 1908.......... ,. 30 

1741.............. J9 1924............ .. 33 1751 18 

1760.............. 19 1;74.. 23 Average.. 21.0 

1iSS.............. 28 Average••.. 22.4 1793. .•.. 19 
__~________-L__-L________~__~_________. ___ 

I Table based on increment·core data for 24 arens, representing in g~neral 10 trees on euch ared. 

The l<)~!ltions of the areus on which the increment-core datu pre
sented in figure 7 and table 4 were tuken ure as follows: 1, Pokegamu" 
Oreg.; 2, Odessa, Oreg.; 3, Lakeview, Oreg.; 4, Lakeview, Oreg.; 5, 
Lakeview, Or~g.~..6, Lakeview, Or,.;. 7, ~ilver Lake, Oreg.; 8, Fort 
Rock, Oreg.; tI, tllsters, Oreg.; 10, _nnevllle, Oreg.; 11, Ochoco Na
tional Forest, Oreg.; 12, M.fI.llleUr Nu,tional Forest, Oreg.; 13, Aus
tin, Oreg.; 14, Sumpter, Oreg.; 15, North Powder, Oreg.; 16, Starkey, 
Oreg.; 17,Heppner,Oreg.; 18, Yakima Indian Reservation, ·Wash.; 19, 
'Venas, WaSil.; 20,Cle Elum, Wash.; 21, Wenatchee, ·Wash.; 22, Wenat
chee.Lake, vVash.; 23, Chelan, vYash.; and 24, Knowlton, Wash. 

An average interval of appro).:imately 22 years between major 
peaks of good growth or of pOOl' growth is indicated. Each of these 
periods includes several subsidiary fluctuations. As compared with 
the cycle averaging 22 years, this minor cycle shows a much greater 
variation. Its recurrences are shown in table 5. 
TABLE 5.-General periods of good and of poor growth in ponderosa pine forests of 

Oregon and lVashington 

Approximate dates 

163Q-42.............. 


1643-53.............. 

1654-50.............. 

166!Hl3........ '" ••• 

1664-67.............. 

lflfoS-74. '''' ......... 

1675-87.............. 


1688-94.............. 

1695-1701 ............ 

1702-7. __ ...__ ....... 

1708-12.............. 

1il3-1f1. _............ 

1717-27.............. 

1728-38.............. 

J739-44........ 

17·15-50......... 

liofH,:'L ~ .. ~ .. ~ __ 
1763-65........ 

Appro.·
Imllte 
dura· Character of growth

tion, in 
years 

13 Belo\\' 'I\'ernge (ex. 
COpt 16,17-38). 

11 Above a\·erage. 
6 Below Ilverage. 
4 Abo\'e average. 
4 Belo\\' IIvera~e. 
7 Above nveru~e. 

J3 Dtlow a\'erage (ex· 
""pt 1684). 

7 Above nvera~e. 
7 Delow II verr.ge. 
6 Ahove average. 
5 Delow n \·crnge. 
4 .A hove tlvcrngc. 

Jl Below uverage. 
11 A bove IIvcrago. 
6 Below I\\'erago. 

11 J\ hove Ilverage. 
7 Below average. 
31 Above uverage (c.~·

l'Cpt 1708-iO). 

, 
I 

Approximate dates 

1i76-i9.............. 

1iS6-85.............. 

1786-SS.............. 

1789-94. ............. 

1795-1810............ 


1811-26.............. 

1827-3-1. ............. 

J835-1O.............. 

1841-51.............. 

1852-(>8.............. 

1869-75........ 

\870-81.. __ ...... :::: 

ISS2-94, ............. 


18U5-l)i. "'" ....... 

1898-1602............. 

190:1-\0...... 
1017-30_____ ...... : :. 

Approx·
imate 
dura· 

tion, in 
years 

-1 
6 
3 
6 

16 

16 
8 
6 

11 
Ii 
7 
6 

13 

3 
S 

14 
14 

Character of growth 

Delow average. 

Ahovo average. 

Below average. 

A bo\'e average. 

Below nvcr~ge (ox· 


cept 1803-4)
Above Ilverage. 
nelow average.
Above avem!!~. 
Below a vcrllg'.).
Abovo average. 
Below average. 
"\ bovc a \·ernge. 
Below average (ex. 

copt 1885).
Above uveragu. 
Below 8 vemge.
Above avenlge. 
Below average. 

Tables 4 and 5 represent ouly general tendencies, evidence of which 
appeared on the majority of the 24 areas. The data presented in 
them are based on about 217 ring pattems, no one of which was 
exactly identical with !lny other. These data establish the fact that 

20888°-34-2 
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a growth cycle having a duration of appro]"TInately 22 years occurs 
in the Pacific Northwest ponderosa pine region. This cycle tends to 
recur about three times during a 50-year cutting cycle, and should 
therefore be taken into account in growth estimates. It has been 
taken into account in this study. Hence the rates that were derived 
are adapted to long-term predIctions. Should the term be short or 
overlap n. partial cycle, the chances are that the prediction will be 
somewhl1t low, since the recent period of slow growth has been ob
served to be one of the most extreme in the entire record. 

LENGTH OF CUTTING CYCLE 

The length 01' the cutting eyrIe, or the interval between cuts, has 
a subordinate cfreet upon the avemge rlLtc of growth, since in a 
selectivel.f cut stand where muny tr('cs have been released the growth 
rate reaches a maxinnnn in the second dceacil' nftl'r cutting and then 
grl'dually tapers 00', appronching the mtes previoU', to release. For 
instance, if it reserve sblnd of 2,000 board feet is held 30 years, t,he 
average annuttl increment will be 57 board feet; if it is held 60 years, 
the avemge annunlillerefllrnt will be only 50 board feet. (See tableS.) 
A reserve stand of 5,000 board feet over a period of 30 years will give 
100 bonrd feet n, year, but over 60 yeal'S will give only 92 board feet!1 
year. The decre:lse is ll1ueh more evident when growth is expressed 
in diameter mensuremcnts, us in tables 18 and 19 or figu.re 11. 

MORTALITY! 

The factors in growth rate thus far discussed determine gross 
yields. Since gross yields cnn be utilized fully in only a few cases, 
It is neceSSttry to estimnte mortality and net yield. Even casual 
observation in the various sections of the Pacific Northwest shows 
thl1t the rate of mortality is highly variable. In some s('ctions it is 
so high, at least at the present time, as to cn.use gradual depletion of 
the stand. In other s('ctions it is remarkably low. .Mortality is a 
local ffwtol', to bl' l'valuated (,Heh time a new area is el:timined. In 
pnrt tIns vuriation is due directly to variations in the proportion of 
susceptihle clnsses of trl'CS iu the stnnd. The fact tlmt certain tree 
c1assl's arc more suseeptihlc to insect damago than othel's has been 
shown by Dunning (14) and Krauch (23). It hus been shown by 
Weidman (35), und by Smith and Weitkllecht (82), tbnt tall, full
crowned trees, and trees standing on exposed places or leo slopes, are 
more likely to be wind-thrown tllnn others. 

Sll1'fMe fires take thrir toll in tho destruction of seedling and 
sapling growth and in the butt sCn.ITing Illld subsequent wind-felling 
of large mature trees. Experience of tlw past few ycars hus taught 
that recurrent drought nlone enllSl'S immense dnmngc, especinlty on 
areas near the lower limits 01' tree growth. Over and above these 
effects is the effect of climatic cyeies on the vigor nnd sllsceptibility 
of trees. lvlortctlity l'ni'''s of the pnst dccndp are probably maximum 
mtes, because of tIl(> severe climatic conditions. 

In Califomilt, da.mage. by insects nlone hns created doubt as to 
the advisability of leaNing .reserve stands on the poorer ponderosn, 
pine sites, which are eompal'tl,ble to the n,Vl'l'ngc site in the Pacific 
Northwest. In the Pneific Northwest, insrct dumnge to ponderosa 
pine is less severe. In this region, n.ppu,l'('ntly, the climntic range of 

8 Mort(lltt~· is disc\1ssed Ill, ~rCl\tcr IcngW ill USCC(.i(lll ucgiuuiug (Ill p. 2'il. 
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the western pine beetle (Dendroctonus brevicomis liec.), the most 
damaging of the western bark beetles, does not include the climatic 
range of ponderosa pine. North of the zone of D. brevicomis infesta
tion, however, occasional heavy infestations of the mountain pine 
beetle (D. monticolae Hopk.) have be':ln observed lapping over from 
lodgepole pine stands into sta::tds of ponderosa pine. 

Windfall is a more im portan t factor in ponderosa pine mortaJi tyin the 
Pacific Northwest than it seems to be in any other region of the United 
States. In tIns re~ion, it has been asserted (32, 35), within the first 
20 years after cuttmf;, as much as 25 percent of the volume may be 
eliminated by windfall. Even with this heavy loss, selection cuttings 
cannot be considered a failure. Most of the windfall occurs within 
the first 4 or 5 years after cutting, when some salvage is possible. 

Fire Cfln he controlled to a huge extent in the ponderosa, pine type, 
through suitable slash-disposal and other menSUl'es. Insect damage 
can be partially controlled by choice of trees for cutting and by 
systematic era.diCtltion of infested trees. '1"indfall can be pa.rtially 
controlled by removing th~ v(;'ry tall, 10ng-cl'0\\'1lPd trees und by 
cutting more heavily in e:xpos('d places tlum in protect('d places. It 
is plain that the mortality rates prevailing in virgin stands mtly be 
only a slight indication of the rates to which management may 
reduce the mortality in selectively cut stnnds. 

PREDICTING GROWTH 0J0' SELECTIV1\jLY CUT STANDS 

The statistical method followed in this Shldy l('ucls to a simple 
procedme in predicting growth. By means of the stand-growth 
tables developl'Cl in the study the gross yield for any length of cutting 
cycle up to 60 y('ars is pr('dicted on the bas::s of the volume of the 
reserve stand, the pereentng(' of the totttl volume in n. few selected 
tree classes, and the site quality. In ordpl' to arrive n,t the net yield, 
u. separn,te udjustment is made for nlOrtlllity. The reproduction stand 
is considered by itself, since its condition if', one of the most variable 
features of the pond('roslL pine' forest. . 

The steps in mILking growth predictions can be listed as follows: 
1. The forest survey, cletcrminillg

a. Area, by types. 
b. Site quulity. 
c. Reserve volume. 
d. Structure. 
c. Density of reproduction. 

2. Estimating aVl'rage p;ross yields. 
3. Adjusting fol' site quality and structure. 
4. Adjusting for mortality. 
5. Adjusting for numbcr of poles. 

Each of these steps will he c1isetlssed in turn, nnd two exnmples 
will be given illustrating the necessnry computntions. 

THE }'ORES'l' SURVEY 

The usual form of strip estimate, with slight modifications, 1'orms 
the most satisfactot·y forest Slll'yey. Field datu. should be recorded 
separately 1'01' the vnrious sites and types. A chnnge in tally is not 
justified by n. change ill site or type nJl'ecting all area smaller tha.n 
20 acres. An open area such tlS a meadow or peairie should be treated 
as a separate type nnd in the finnl tr£'ntment such open areas should 
be deducted from the total. If it is apparent that decided variations 
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in the reserve stand occur over large areas, these should be treated 
like a change in type and recorded on the map. The tree data 
should be recorded by type, site, diameter class, and tree class, 
separate records being kept for each species. Three groups of t.ree 
classes should be recognized: (1) classes 1 and 2; (2) class 3; and (3) 
the remaining four classes. If the survey is made before the stand 
is cut, the trees to be cut should be tallied separately. 

Site-quality determinations should be made according to the pro
cedure described on pnge 9, and where one site quality merges into 
another the different qualities should be blocked out. 

The term "reproduction", as used in connection with the field 
survey, covers the established seedlings below the smallest "pole" 
size, 3.6 inches at breast height. This portion of the stand approxi
mates an even-aged condition and may be treated as a modified form 
of an even-aged stand. The easiest way to gather information on 
the condition of the reproduction is the stocked quadrat system. 
This system as lIsed in the Pacific Northwest consists in taking a 
block of four quadrats each 13.2 feet square at definite intervnls 
along the su~vey line. Each quadra~ is 4 milaeres, or one ~wo hun
dred and fiftlCth of an acre. The estmlator, who may be eIther the 
compttssman or the tallyman, stops at regular intervals, usually of 1 
chain, considers himself at the center of a block of four 13.2-foot 
squares, looks into one quadrat until he finds an established seedling 
or sapling, then into the next quadrat, and so on. If each of the 
four quadrats is occupied by one or more seedlings the block is given 
a count of 4, if only three are occupied it is given a count of 3, and 
so forth. v\11en the survey is completed, these tallies are totaled 
and the number of occupied quadrats is expressed as a percentage of 
the total number observed; this percentage can then be related 
directly to any defined stocking classificn,tion. 

After the survey has 'been completed in the field, the datIL should 
be computed in basal nrell or in vnrious units of volume ns may be 
desired. After the stand volume is computed, the structure factor 
is obtnined as described on pnges 12-13. For use in cases in which 
neither bnsal ill·eas nor cubic-foot volumes nrc computed, but only 
board-foot volumes, a simple conversion from the structure percentages 
obtained by bon,rod-foot caleuln,tions is given in the following tabulation. 
The exact relationship hinges somewhat upon the averllge size of the 
trees, but the values here given will compensate on the average. 

Corre· 
sponding 

t percentage
Structure percentage by board·Coot volume by basal 

area or 
cubic·Coot 
volume 

5_______________________________________ 9 
10__________ . ___ __ ___ ___ ____ ____ ___ __ __ _ 15 
15______________________________________ 2020________________________ -_____________ 25 
30______________________________________ 34 
40______________________________________ 4350________________ .____________________ 52 
60 ___-_ .________________________________ 61 
70______________________________________ 70 
80______________________________________ 78 
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ESTIMATING AVERAGE GROSS YIELDS 

In the preparation of the following series of stand-growth charts 
and tables, the stand was treated as a unit and as many of the factors 
as possible were disposed of in preliminary calculations not appearing 
in this bulletin. 

Table 6 and figure 8 give the growth in terms of basal area, table 7 
and figure 9 in terms of cubic feet, and tl1ble 8 and figure 10 in terms 
of board feet, Scrihner rule. In the case of board-foot volume it has 
been assumcd that the upper limit of utilization is a top diameter of 
8 inches inside bark and that the lower limit is a breast-height di
ameter of 11.6 inches. Each table and chart gives the total stand at 
the end of '.0, 20, 30, 40, 50, and 60 years for any reasonable size of 
reserve. If the reserve stand is of 'a size not dircctly given in the 
tables, it is much easier to use the alinement charts of figures 8, 9, 
and 10 than to interpolate, 

The method of reading the charts is simple. First the number of 
years after cutting is 10caiJed on the left-hand scale, then the initial 
reserve volume is found on the center curved scale. A straight edge 
spanning these two points and projecting over to the right-hand 
scale gives the reading for the predicted gross volume. For instance, 
if the average reserve volume per acre is 2,500 board feet, the reading 
in figure 10 is 4,700 board feet in 30 years or 6,500 board feet in 60 
years. 

TABLE 6.-Basal-area growth in selectively cut stands of ponderosa pinel of average 
str1lcture, sile quality I V 

Basal area of resen'e stand per acre 

Ai~rc~~~:fnual 
After nn inter,,"1 of basal area per 

I--~--~-~--~-.....,..--I acre for 6()..year
At time of cutting (square feot) cycle

10 20 ao 40 50 no 
____________I_y_ _ars_ ~ years years yellrs _,_.e_"r_s_1 __-;-__ e 

I 
Square Square Square Square Square Square Square Per· 

fcct feet cent 2feet 7 feet 9 fee~ 1 fee~2 fee~3 
JO.__________ • ___ • ___________ ... ___ •. _ 
5________.•.•_.___ • __ • __ •___ ._.___ • _., 14 0.15 3.00 

13 15 18 20 21 22 .20 2.00
J5____________ •• _. _. __ •____ ••• _••••• _. IR 21 24 27 28 30 .25 !. 67 
20.... ~ ...... ~ w ... _ ~ • M ~ ... __ M • _ .... ~ ~. _. _ • _ • _ •• 24 28 :H 36 .28 1.4031 :17
25 _____ •.••• __ ._ ..... __ •• _.. ___ _ 20 a3 37 40 43 ·14 .32 1.28ao.• _... _.... ____ .____ .. _.. _.•. _ 3,1 ao 43 46 40 51 .35 1.17
35.___ •.•..• _.. _____ .•.• ___ •.. __ • _ 30 ·H 49 52 5.5 57 .37 1. 06
-\0___ •• ___ .• _... _••.•.. _ _ "'.... ·15 .51) 5.1 58 61 6~ .38 .95 
45 •••••• _. __ •• _ •.. _... _..... , __ ·10 ,55 60 63 66 60 .40 .89'
60 ___ •• ____ ._ •.• __ ••.• ____ ..... _.... 75 .42 .8·\
55 __ • _____ ... , ....... ___ . ••• __ M 60 %1 rn n
59 65 70 74 78 .42 .7660____ •_____ •_______ .... ___ ._ .••• __ M rn n ~ a 8086 I .43 .72

l 
I All trees included. , Simple growth percentage. 
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FWURE 8,-Basal'area growth in selectively ellt stands of ponderosa pine in the Pacific Northwc~t, "ite 
quality IV. 

TABLE 7.-Cubic-foot volume growth in selectively cut stanris of ponderosa pine 1 of 
average structure, site quality IV 

Volume of resen'e stand per acre 

A i~~~~:;:en:;,ualAfter nn interval oC
volume per acreAt. time oC cutting (cuhie Ceo I.) ---..,.----.---.---;---....---1 Cor O(J.yenr cycle 

10 years 20 years/ao years 40 years 50 years 60 years 
-------------1------_______1___1.__-,-__ 

Ouhic Cubic Cubic Oubic GlIbic CILbic GlIbic Per·feei feet feet ffft (eet feet feet200................................... cent'
260 ,330 420 490 . 550 660400................................... 7.7 3.85
500 600 720 810 900 970 9.5600•••••..•••• "" ................. __ . 2.38
720 8·10 1,000 1,110 1,210 1,300800... _..._.............. _..... _..... . 11. 7 1. 95
920 1,000 1,24tJ 1,300 1,470 1,570 12.81,000..............___ .. _........ "'" 1,150 1,320 1,500 1,640 1,770 
1.60 

1,200••.••.••••• __ •••.••••• __ •••• __ .•. 1,350 1,890 14.8 1.48I, .i30 1,730 1,8901,400 __ •. ____ •• __ ._ ' __ "" ......... __ • 2,030 2,150 15.8 1.32
1,560 1,750 1,970 2,140 2,3001,600.............__ •. __ • __ ",,__ , 2,430 17.2 1.23
1,780 1,980 2,200 2,3QO 2,540 2,700 18.31,800.. _",,,__ ,,, __ .......... __ ,. _. __ 1.14
1,990 2,200 2,440 2,640 2,800
2,200 2,420 2,690 2,8702,000__ •• __ .... __......... _...... '''' 2,950 19.2 1.07 

2,200. __ ••..•.•••.••.• __ .. .. __ ..... .. 3,040 3,220 ~\J. 3 1. 022,410 2,650 2,920 3,120 3,3102,400........... __................... . 2,6,30 2,880 3,170 3,400 
3,490 21.5 .98


3,570 3,750 22.52,600.•• ____ •• __ ' __•.• __ ............ .. .94
2,870 3,120 3,410 3,650 3,850 4,0202,800.•••••••______ •__• __ .• ___ ... _'''' 23.7 .913,080 3,350 3,650 3,9003,000. __ .....____ • __ . ____ ••• __ ..... __ • 4,100 4,300 25.0 .893,320 3,000 3,910 4,150 4,370 4,610 26.8 .89 

I All trees included. 2 Simple growth percentage. 
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FIGURE 9.-Cubic·foot volume growth in selectively cut stllods of ponderosa pine in the Pacific Northwest, 
site quality IV. 

TABLE 8.-Board-foot volume growth, Scribner rule, in selectively cut stands of 
ponderosa pine I of average structure, site quality IV 

Volume of r~serve stund per acre 
Average annual in· 

After nn interval of crease in volume 
At time of cutting per acre for 60

(board feot) year cycle !O years 20 years 30 years 40 years .50 years 60 years 

BDardfeet BOllrdfce! Board feet1.000_. _______________ Board feel Boardfeet Boardfeet Boardfeei P p rrcllt 2
1,400 1,8002,000 _________________ 2,300 2,800 3,200 3,600 43.3 4.3a2, iOO 3, :loo 4,000 4,600 5,200 5,600 60.0 3.00a,ooo•• __________• ____ 3,900 4,500 5,400 0,100 .0,700 7,300 71.7 2.394,000. _.••• _______ • __ . ,j,9oo 5,7005,000__ • ____ . __ • ______ 1i,7oo 7,400 8,100 8,700 7S.3 1.96
6,000 6,800 7,8000,000 _________________ S,7oo 0,500 10,200 SO. 7 1.73
7,000 7,000 0,000 0,000 10,800 11,500 Ill. 7 1. 538,000 9,000 10,200 11.200 12,100 13,000 100.0 1. 430,100 10,200 11,400 12,500 13,500 14,400 106.7 1. 33g:5::::::::::::::::: 10,200 11,300 12,700 13,800 H,noo Hl,ooo 116.710,000•• __ • _____ •___ •• 1.3011,300 12,500 H,ooO 15,300 10,400 17,5OIl 125.0 1. 2512,aOO 13,000 15,100 10,400 17,700 lS,Roo 130.0 USIS,SOO 14,700 16,300 17,800 10,200 20,300 13S.3 l.JSa:~::::::::=::::::= 14,300 16,800 17,600 10,200 20,000 21,SOO 140.7 1.1314,000__ • ________ ••__ 15,400 17,000 10,000 20,1100 22,100 23,400 156.7 1,1215,000_____ • __ •• ___ ." 10,500 IS,SOO 20,300 22, 100 23,700 25,100 168.3 1.1210,000•.• __ •• ________ • 17,800 19,700 21,000 23,700 25,600 27,000 18a. a 1.15 

I All trees 11.6 inches or more ill diameter nt breast height inclUded. 
, Simple growth percontage. 
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FiGURE lO.-Board-foot volume growth, Scribner rule, In selectively cut stands oC ponderosa pine in the 
Pucillc Northwest, site quality IV. 

ADJUSTING FOR SITE QUALITY AND STRUCTURE 

The gross yield found by reading from the alinement charts or by 
interpolation from the tables applies to the average structure and site 
quality of the entire coll!')ction of sample plots. It has been shown 
previously that stands vary widely in structure and that no average 
condition is valid for every stand ill the entire region. Adjustments 
must therefore be made for variations in structure and site. Tables 
9, 10, and 11, based upon a thorough statistical study of the variations 
of the growth of plots vf different site quality lmd structure from 
growth averages, give simple correction. percentages by which the 
~reliminary estimated gross yield must be multiplied. For instance 
If the volume of a reserve stand, on site quality IV, is composed 50 
percent of tree classes 1 and 2, and 20 percent, of tree class 3, the 
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preliminary estimated board-foot yield at the end of 60 years is 
multiplied by 1.11. If, furtheroore, the stand were on site quality III 
instead of IV the correction percentage would be increased by 15, 
or to 126. For instance, if the 2,500-board-foot stand mentioned in 
the preceding paragraph, which according to the preliminary estimate 
will have grown to 6,500 board feet in 60 years, has a 50-20 structure, 
and if it is on site quality III, the predicted gross volume at 60 years is 
6,500 X 1.26, or 8,190 board feet. If calculations are made for periods 
shorter than 60 years, the differences between the correction per
centages which tables 9, 10, and 11 give and 100 percent should be 
correspondingly reduced. If the period is 40 years, for instance, the 
total correction percentage in the example cited will be 117 instead 
of 126. 

TABLE 9.-Correction for effect of site quality and structure upon basal area of 
selectively cut stands of ponderosa pine 60 years after cutting 

Correction percentages for site quality IV I when the percentage o(
basal area in tree classes 1 and 2 is-

Percentage of basal area in 
tree class 3 

___________1__0.___10___20__3_0__4_0__50_1_60__70__8_0___90__1_00_ 

0_____________________________ .___ 69 76 84 91 99 106 114 121 129 136 144 
10____________ .___________________ 73 80 8S 95 lOa 110 118 125 133 140 _____ _ 
20 ___________________________ .. ___ 77 84 92 99 107 114 122 129 137 ___________ _ 
30________ •___________ .___________ 81 88 96 103 111 118 126 133 _________________ _ 
40 ______________ .__________________ 85 92 100 107 115 122 130 ________________ . ______ _50 _______ .___ .____________________ 89 96 104 III 119 126 _____________________________ _60________ ._______________________ 93 100 lOB 115 123 _________ . _____________ • _____ . _____ _ 
70________________________________ 97 104 112 119,______ ._______ .__________________________ _
80________________________________ 101 lOB 116 ________________________________________________ 

igiC============================= .l8g I_'~~:_ ====== ====== :===:: :=:::: ::::== ====== :====: :===== ====== 
I For site quality III, add 8 to the above percentages; for site quality V, subtract 8 from the above 

percentages. 

TABLE lO.-Correction for effect of site quality and stTllcture upon cubic-foot yield 
of .selectively cut stands of ponderosa pine 60 yea.rs after cutting 

Percentage of basal area in 

trce class 3 


° 10 20 W ~ 50 60Im ~ ~00 
-----------1---------------------- 
0_________..__ . _________ ._._______ 65 73 87 90 OS 106 115 123 131 HO 14810________ .. ____ . ___ . _____ ._._____ 70 78 31 95 103 III 120 128 136 14520____ ..____ .. ___ ._. __ ._ ....._.___ 7.1 83 92 100 108 1I6 125 13:1 141W ____ •_____ ._ ....... _._._._._____ SO 
 as 97 105 113 121 13O 138 --.--- ------ -----40____•___________ •__ .. _. __ H ___ ._ 85 93 \02 1I0 118 126 13550 __________ ._____ ._______ .__ ...._ 90 ------ ----- .. .. ----- -----

107 115 123 131U560______________________________ ._ 98 ---- ... ------ ------ ~----- -----
103 112 120 12870 ______________ ._ .. __________ .____ 100 ------ ------ ------ ------ ------ -----
108 117 125 ------ ------ ------ ------ ------ ------ -----80__ •_______ ._. ___ ._. ___ ._________ 105 113 12200 _______________ • ______ ._____ ____ 110 .- .... -- ------ ------ ------ .. ----- ------ ------ -----

100___________ . _____ . _____ ._______ 115 118 .. '" --~- ------ ------ ------ ------ .. ----- ... ----- ------ .. ----

1 For site quality III, add 12 to tho above percentages; for site quality V, subtract 12 from the above 
percentages. 
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TABLE ll.-Correction for effect of site quality and structure upon board-foot yield,by Scribner rule, of selectively cut stands of ponderosa pine 60 years after cutting 

Correction percentages for site quality IV I when the percentage of
Percentage of bnsa) area in bnsal aren in tree classes I and 2 is 

tree class 3 
o ill W W m 00 00 m W 00 ~----------1-- - ----------------0.••••_.•••.•••_•••..•••..•••.•••_ 62 69 77 85 OJ10. _•••_••••••••••..••.••••_••••• _ 

101 lOS 116 124 132 1m67 75 83 00 98, 106 i 114W•.••....•••.••_••• _•••..•• , - ., __ l2"l 129 137 ••.••_
30•••••••••••••_••• __ ••__ ••••__._. 

n W 88 96 103 III 119 127 135 •••••••••..•78 85 93, 10140•.••••.••••••__ •••.• ____ "_""_ 
109 117 124 132 •••• , •• _._., _._ •.•

00.•••.••••_.• _._.••• _••• ,_•••.• _. 
83 91 98 106 1)<1 122 IW _.•,_.••••, •• ,_•.• _.".,88 96 101 112 11960•••••_••••••••_•••_. _•• _. __ ••_. 93 101 109 

127 .•,. ___ •• __ •••_.• _ . _••••••.•_.
117 125 _._ •••••,. ____ .'_' ".,,_ .. _._ .••, ..•70 _••_•••_. _••_•••.• _••• _••_. __ • -. 00 107 114


W_ ................... _........... 
122 __ • ___ •••••, ••,_••.••• _••. __ • ___ ••••••...


00_ •• _._..••••••_._._••• __ •-. ____ _

100••• __ ••••.•••..•• __ ..... _•• _. __ 
 l~ _.~!~.I::~~~=,:::::: :::::::::::::,=::::: :::::: ::::::\:::::=\==:::: 

I For site quality IH, add 1.5 to the above percentages; for site quality \', SUbtract 15 from tbe above per·centages. 

ADJUSTING FOR MORTALITY 

Pending the time when averllge mortality rates over long periodswill be definitely determined, a mortality correction of 15 percentof the total ~ross annual increment hilS been tentatively adopted forareas where illsect infestations can be held to the endemic stage andwhere wind and drought are not serious considemtions. In the examplepreviously cited, if ~ 2,500-hoard-foot reserve has given in 60 years agross yield of 8,190 board feet or a gross increment of 5,690 board feet,the net increment is estimated as 5,690 X 0.85, or 4,836 board feet,equivalent to an annual growth of 80.6 board feet.
In cases in which the mortality is extraordinn,rily high or extraordinarily low the percentage must be Ildjusted according to theinformation ill a later section (p. 29) which summarizes the bestavailable data on mortality.
The reduction for mortality estimated directly after cutting neednot be a final value. There are other ways in which a more accuratevalue may be obtained. Experience has shown that the greatestmortality occurs within 5 years aiter the cutting. At the end of thatperiod the areas should be gOile over, an estimate of mortality madeand applied to the original -~ally, and new computations of growthmade on the basis of the corrected tally. 

ADJUSTING FOR NUMBER OF POLES 

One of the main differences between the sample plots upon whichthis study is based and individual extensive stands to which the resultsof the study are applied lies in the proportionate number of poles,trees between 3.6 and 11.5 inches in diameter ftt breast height. Insome stands groups of poles are scattered throughout. Where thiscondition prevails, the growth f"btes are higher and the prospects of asatisfactory future stand nre enhanced. The growth tables take intoaccount the average number of poles, shown in table 12. The numberdiminishes with heaviness of reserve stand, being 7 for a stand of 1,000board feet per acre and 2.3 for a stand of 10,000 boltrd feet per acre.Where the number departs widely from the average, an adjustmentin the gross estimate is needed. 
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TABLE 12.-Average number of trees that gr01/) into the 11.6-inch breast-height 
diameter class during a 60-year cycle 

----------;----;----,;---"._-- .~. --,---,--
, Number I INumber 

of trees . of trees 
Number per acre I ,r 1ft I Number per ncre Volume of resen'e stnnd per of study growing, 0 ume (J reserve 5 an( per of study growing

acre (board feet) plots into, lIere (bollnl feet) plots into 
lUi·inch . II.tJ.inch 

cl!lSS c luss 

--------1-- --1--------1--
0-1.000 .......... . 20 i.O!j 5.000-0.000 ................ .. lU 3') 
1.000-2.000. __ ... .. :11 5.8)1 fi,OOO-S,ooo .•••... __ ..... , .• 20 2:9 
2,000-3,000...... • 22 5.31 8'000-10.000 ....... __ ........ .. 20 3.3 
3,000-1,000•••• , •.. 13 4.Q O\'er 10.000.................. . 16 2. a 

4,000-5,000 ....... . 19 
 3d I 

For every extra pole that will enter into the 11.6-inch breast
hei~ht diameter, or merchantable-volume, class during n. fiO-year 
perIOd the estimate of growth for that period can be increased by 
from 1 to 4 board feet, according to the initial size und vigor of the 
pole. If the poles occur in dense g::oups and were small in size at the 
time of cutting, the lower value must be taken; if they were large, 
standing free, and vigorous, a value nearer the larger one is more 
suitable. 

EXAMI'LES 0.- GROWTH PREDICTIONS 

To illustrate the sequence of computations involved in obtaining 
an estimate of future growth under this plan two sample cases are 
presented. 

CASE 1 

R eserve-sland conditions 

Site qunlity____ .," .. __ ~~_ ... IV. 

Aren________ .' ___ ~ ~ ...... 
 350 acres. 
Stl1nd per acre: 

Blisal arclJ.. ___ . 30 square feet. 
Cubic measure (j00 cubic feet. 
Board measure. 3,000 board feet. 

Structure•. ___ _ 
o 

40-40. 
Pole condition .• Average.
Mortality _ _ . _. Do. 
Length of cutting cych:l ____ . __ 0 (j0 years.•• _. 

G01l!p'/llolion.~ 

Cubic BOllnl
It~nl 1I11snl nrell 

111e1lSurc lnensuru 

.'i'lllareJul. Cllbic Jut Beard J'et 
Gross yield III 60 yenrs «(rom tllble,~ 0, i, 8) ..... , .. 51 1,300 i,aOO 

Percent Percenl. Pr.rcmt 
('orr~ct!()n for slruct.ure (frotrllnhle,,\ U, 10, tUld ll} .."" _.... 115 liS 11-1 

Sq"'lT{ {ul ('Il(>ic {eel Board Jut 
Corrected gross yield .......... __ ..•. 58,6 1,534 8, ~\~.! 
Tollll gross Increlllcnt. ...... ~_........ . 28,6 034 5,J22 
Reduce,l (15 percent) for mortlllity... ., .... . 24. a 7114 4,524 
A \'erage net annual growth pcr Ilcre •• , . .• •. .405 13.2 75.4 

No correction nel'es.~llry fur p"les, 
Average 'net nnnuni growth, ~lltlTe nfCII ... HI.S -1,(120 2(1,:100 
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CASE 2 

Reserve-stand conditions 

SiteRlrnclure Acres Reservequality 

Board/eet
35-0. _...................... _......... ~ ..• ~ ~ •• , ~ ~ •.. ~ __..... ~ ~ .• , _.. ~ ~ !fI 500 4,000 
25-50•••• ~ ......_...... ~.~.~~~ 
25-25 ......... __ ~"" ...... ~ 

~._ .. ~ 
--. 

~~--~~.- .. , 
.~.~~~~~~ 

~ .. - .. ~ I [\. 
\' 

2,000 
1,000 

:1,500 
3,000 

Cutting cycle, 40 YCllrs; mortality, average; pole condition, IlVCTllge. 

In this case each type is considered separately and the example 
breaks down into three separate divisions, for each of which a separate 
estimate is made in exactly the same manner as in case 1. 

Comp'lltations 

Sit.e Site Site 
Hem qunlity quality quality

U[ IV V 

Gross yield at 40 years (us for site quality IV) ..... ~ ..bo"rd feet. ~ 7,400 6,750.0 0,100
('orrection for site quality nnd structure at 40 yenrs~.~ ~ ~~percent .• 103 105 80
Corrected yield ••.•••._..••.••_•••_..__. ___........ .. .• bounl feet.. 7,622 7,088 5,2J O 
Total gross increment ••• _ •..._•• ~ ___•___. ___._ ••. ~ .. . ..do .. 3,622 3,588 2,2.10 
Reduced (15 percent) for mortality•• _.______•___ • ~. . ~ ...do .• ~. 3,070 3,050 1,009
,Avcrnga net nnnual growth, per nero_... _.. _.. ____ . . _~do ... __I 77 76.2 47.7 
Average net I1nnual growth, entire arell._. ___ ._... ..... ~ ~ ~ .. do ~ ~ 38.500 152.400 47, iOG~ ,----\.----1-----

Omnd totnL .... ~ .•, .. __ ._._ •••••_. __......... ..tlo. 238,000 ~. ~ ---- ... ~~~I 
ACCURACY 0.' GROWTH ESTIMATES 

No yield prediction is perfect. Every yield table for even-aged 
stands now prepared is accompanied by a table of errors showing 
the range about the tabular values through which the yields of the 
fully stocked stand may vary. In this study of selectively cut stands 
of ponderosa pine the statistic!ll errol' was computed by a difl'erent 
and probably more correct method. The volume was definitely 
determined at the time of cut, nncl hence hud a O-percent error nt 
o age. 'Yith advance in age, on many of the plots the volume gru.d
ually diverged more and more from the tabular values, becoming in 
some instances proportiolln.tely greater and in others less. These 
differences were due in part to site quality, to structure, to I'elease 
conditions, fmc! to ch!tI1ges in plot conditions since the time of cut
ting. From the percentage differences Itt each decade a standard error 
was computed for eaeh decade. Table 13 lists these errors for basal
area, cubic-foot, find boar'd-foot values. The errors listed do no!; 
take into Itecount the corrections for site quality ILnd structum given 
in tables 9 to 11. 

T ABLI~ l3.-S!andard crrors 0/ 1Iieltl,~ as estimatcd far small Q,rea,~ at each decade 
wit/lOut correction Jor sile quality and slrllc/nre 

Standard errors around ralucs ()f 
tnllles 0, 7, und S 

Years nfter ClILLing 
HUSIlI nrea Cubic·fooL Donrd·foot 

yolumc "olume 

Percent Percent Percent 
10___•• _._ ••••••_. ___.................... __ ......................... 7.2 8.0 !l.0 

20___••• _._......................................... ,. '. "'.'" .... . 10.0 11. 7 12.2 

30. _._ .......... ~ ••••• ,._ ................... _•••••••••. __ ........ . 12.9 12.9 13.1 

40. _••••••• ,._................. ,•.•...• , .............. , ............. .. M.O 11.0 12.7 

1i0. _._........__ ._ ..................... ~ ~ ......... ~. "'" ... ~ •••• H.G ](1.9 10. II 

00__ ••_••_•••___._. __•• _•••••••••••••••. __ . .,.~. ~. __ ~ ............. 2'2. :J 20.0 31. 9 
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The estimates of error at 40 to 60 years given in table 13 are unrelia
ble, since they are based on a very small number of plots. (See 
table 2.) By projecting the growth values of younger plots to 40 
years and recomputing the errors, the values ut this age were revised 
to 18.6, 19.4, and 20.8 percent, respectively. About 25 percent of 
the total variation was removed by the application of the correction 
percentages for site quality and structure. Of the remaining 75 per
cent of the variation, 17 percent was traced directly to the character 
of the data, because the age of the cutting was in some cases 60 years, 
in others around 50 and 40 years, and in still others 30 and .20 years. 
The serious growth disturbance previously mentioned as occurring 
on many of the plots during the last 14 years has affected the error 
calculation at different points, according to the age of the cutting. 
The final residual 55 to 60 percent of the variation, corresponding to 
a final standard error at 40 years of ± 10 to ± 12 percent, is due to a 
large number of minor factors, chiefly local, that cannot be success
fully introduced into the growth calculations and that may to some 
extent be compensative when large areas are surveyed. 

In the computations on accuracy of estimate, no erratic data were 
eliminated. Even known eccentric plots with exceptionally large in
dividual errors of estiml1te were included. A few examples will show 
how local varil1tions lead to erratic plot-growth values. Plot 161, in 
Washington, cut 27 years ago, was located in a river bottom, through 
which an irrigation ditch was dug n, number of years after the cutting. 
Normally, at 30 years nfter the cutting the plot would have a volume 
of only 2,290 board feet per acre; owing to the exceptional moisture 
conditions, its predicted vohlme at that time is 2,660 board feet, an 
overrun of 16 percent. Plot 135, in another part of vVashington, cut 
24 years ago, which had a heavy advance stand of reproduction at 
the time of cutting, would norIllI111y have had a volunlC of 3,740 board 
feet per acre at the 20-year mark; because of the undue competition, 
its volunle at 20 years wns only 2,615 board feet, an underrun of 30 
percent. Muny another instance could be cited in which some 
extraordinary condition is producing unusual growth. Although 
tb ~se special conditions greatly affect yields on single study plots, on 
e . .;:tensive. tracts they are undoubtedly largely balanced out. The 
result is thut in contrast with the errors ~iven in table 13 and in the 
foregoing paragraph, based on the deviatIOns of small areas, on large 
tracts the errors of growth estinu1te probably amollnt only to from 
5 to 10 percent. 

To forestall any question as to whether tius Or that factor can be 
used to decrease the error of estimute, it ma,y be said here that the 
average size of the tree, the volume of the reserve stand, the structure 
percentage, und the site qU!1lity have no effect beyond those indicated. 
Greater accuracy in yield predictions can be achieved only by con
sidering Hunor local factors, as in the two examples just cited. 

MORTALITY 

Although the general efl'ect of mortality upon gross yields has 
already been discussed, because the subject is of so much importance 
a separate section is here devoted to sumnutrizill~ some of the mor
tality information nowavuilable that cun be upplied to conditions in 
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the Pacific Northwest. Since data on cut-over stands are few, anumber of deductions will be made from records taken in uncut stands.Tallies of trees that died tuter the cutting were made on all the plotsmeasured for this study. When the total volume of these trees isdivided by the number of years since the cutting and again by thenumber of acres in the plots, the average annual mortality loss peracre is found to be 0.115 square foot basal urea, 4.13 cubic feet, or 21.2board feet. Elimination of nine very erratic plots reduces these valuesto 0.OS9 square foot, 1.08 cubic feet, and 15.1 board feet, which can beconsidered a fuir average for the areus studied. At tlus rate the avemgegrossunnunlincrementoJ 91 boardfeet that can beexpectedovel'aperiodof 30 years in the n,veruge reserve stand, the volume of which is 4,370board feet, is reduced by 16.6 percent. Tlus reduction is but slightlyin excess 01' the 15 percent correction in unnual increment for mortalityreconunended 11('l'e for growth cnlculations co,'cring long periods.The Division of Forest Insects, rnited States Bnrenu of Entomology, has been carrying on since 1920 in southern Oregon and northernCalifornia an interesting series of studies of lllortality of ponderosapine, directed by F. P. Keen, clueHy to determine the damage causedby insects but second:1l'ily to det<'l'mine damllge from other causes.The ponderos~l pine forC'sts oJ SOll thern O"egon and northern CaJifornitLundoubtedly lUlve it greater insl'ct hazard thun ILIly other pine forestsof the Pucific CO:lst, but they tl.l'e the only ones in the region 1'01' whichcomprehensive nne! rC'linble figures hn ve been obtained. Some of thefindings, for exulllple those itS to the relative susceptibility of the different tree clusses, are applicubl(' to the remainder of the region, althoughthe absolute mortnlity rates UTe not. The mortality rutes for the 10years 1921-30 giYC'Il in table 14 nre based upon sample plots, usuallyof 640 acres each, wfuch nre eXlIJlUnpd ImnunllYj they cnn be consideredavel'l1ge for the period ill quC'stion on n, large ILl'eIL of the virgin forestsin and neill' the Rogue RiYer, Fremont, 1l.lld 1Jodoc National Forests.The rates ViUY grCtltiy from site to site Ilnd from stand to stand. Ingeneral, tlH'Y rcnchC'd II. IlInximUlll in 1926 nnd 1927 nnd then declinedrapidly. The \T[lIues show plninly thnt the live volume of most ofthe stanch; nUist htlVt' telllpol'uril:y deC'J'('.nsed during the major pnrt ofthis period, bu t thnt if the trend of the last yeurs of the period COIItinues therc is promise of n bnlnllce, if not of n. positive increl1se. 
TABLE 14.-Annual mor/alitl! of ponderosa llille 'in "irgin fore.~l.~ on and near IIw
Rogue River, Premo Ill, awl llIodoc National Foreslsin lhe l>eriod 1921-80 I 


Mortulilr 1O~ I 1022 J02:! 1024 J025 1926 1927 1928 1029 m30---------·1-- ---- ----.-------.-Average loss pcr ncr(' .. hollrd feet.. loH 17i ].12 2.o.J 380 477 417 :H5 :I:Ia 2'26Hauge of loss per nero (:;('('\101111 \'cr
uges) ......• _•..••honrd fceL._ 30-317 aR-3IHllO-I:J0 ZHiOO 124-H(lO 148-085 10.1-1.082 116-720 ii!HlS5 U!i-717Acrengn of plnlS. ..• . 5:1,0805:1,08045, (J.I)O :10, [lJiu 20, U~'O 19, (140 17, .100 16, I~'() lU,700 7,000 

I 'ruble bused on obsen'ntrons tuken. hy tho Dlvisloll of }'orO$I ln~ects, U.S. Dnreull of Entomology. 

Ru,tes of mortitlity in eut-over stunds en.nnot be deduced from thedatu, upon which table 14 is bused eYen if the vnIues tu'e cOllvertedto pm'centages of thc tottll stand, since the uvernge reserve tree ismore resistunt th:m the lLverage trec in'the virgin stand. A betteridea of the situntion in cut-over stlluds is deducible from table 15,which shows 1'01' the snmo Hrcus the r()/utive susceptibility of theseven tree classes ILnd of subclnsscs. 
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TABLE I5.-Relative suscept.ibility of ponderosa pine by tree classes t.o mortality
from all causes 1 

RelativeAge classTree clnss Dominance suscelltl Rank(years) hiJily' 

75- 0.15 1
1. _____ • ____________ e~~~~i~~~.t-:::::::::::::::::::::::::::::::::::::::::: 75+ ,30 2 

75- .44 4 
75+ .97 6 
75- LnO 12 
75+ 2.58 16 

150-300 ,ao :l;~~~~~~~~-~::::-:lj~Ii~~-m~~[-::-::~~::::~::::::~:1 
l 

150-300 l.1l 7 
1f>O-300 1. 72 13 

300+ .47 S 
300+ 1.22 85_______ • __ • ________ ;{ ~~~~~!~~~~~::::::::::::::::::::::::::::::::::::::: 
300+ 2.38 14 
75- 2.50 15

6 __________________ • e!~)l~~ed::: .::::::::::::::::::::-::: :::::::::::::: 75+ 1,2S 9 
150-300 1.3U \0

7. ___ __________ ---- L: :~~::::: ::::::::::.::::::::: -:: :::.":::.:::.: -:: ::: 300+ 1_ 45 I 11• 

I The chief cause of mortality was action of the western pine heetle (DelOdroclonu., brcl'icomis Lee.).
Table based on o\)sen'utions taken hy the DiYision of Forest Insects, t: .S. Bureau of Hntomology, in 
southern Oregon nnd northern ('lIlifornia oyer 4 years, 1!l2S-31. 

I A factor of 1 indicntes thllt 1he Ire<? clllss forms the same percentage of the dend stand liS it does of the 
li\'e stand, 

In table 15 n. factor of 1 indicates that the tree class ic:; represented 
among the dend trees in the snme pe!'clntage as amonD" the live 
trepc:;. For instance, if this tree clnss forms 10 percent of the dead 
stand by mimber of trees, it nlso forms 10 percent of the lin' stand. 
The facto!' of 2 indicates that if the tree class fOl'ms 10 percent of 
the dead stn,nd it forms only, 5 p(,l'c('nt of the live stnncl, nnd so 
forth. In other words, the lugher the factor, the gren.ter tlw sus
ceptibility indicntecl, in direct ratio, All th(' domilHtnt 1'ull-crowned 
trees, whether of class 1, 3, 01' 5, ar(' w('11 on t}w snfe side, tIl(' class 1 
trees less than 76 years of age being t1l(' best risk, The codominant 
trees seem to be about nn tlYernge risk. The intermediate tr('es, 
those \vith the long thin crowns, are ('vidpntly the most subject to 
mortality, the (b.nger iwing greu test for intermediate trees of clasfles 2 
and 5, 

Accordil1g to the data given in table 15, the prnctice of leaving 
dominant trees uncut, with a sllpplC'ment of ('odomil1ant trees, should 
do much toward immunizing a sC'lectively cut stund to insect attack. 
A l'eserve staud composed chiefly of dominant tJ'C'es with scattered 
('odominant treC's should 51111'('1' only one third to 011(' huH thC' mortality 
of a reserye stand in which the tree classes fu'e l'C'prC'sC'1l ted in the snme 
proportion IlS in the yirgin stand, On the otlwr hand a stand that is 
stripped of its best timber, only the smnller intermedinte find SllP
prC'ssed trees being left, may suIrer up to eight times fiS much mortulity 
us the wisely cut stand. 

COMPARISON OF RELEASE CONDITIONS IN EXTENSIVE STANDS 
WITH THOSE ON PLOTS 

It is a possible wenkness of this study that en('h sample plot W!lS 
chosen not us typical of a large surrounding m'en, but simply ns exem
plifying certnin conditions of reserve-stand structure and of site 
quality, and thn.t measurements were mude on the plots only once. 
A. check WI\S needed to determine whether the resulting dtLtl1 express 
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genern1 conditions. Such a check was made, consisting of 17 random 
strip surveys of extensi',Te virgin and cu t-over areas, for which stand 
maps similar to those made for the sample plots were constructed. 
Comparisons were made ""ith the plots as to the spacing of trees, 
their division into release classes, and the number of poles. The 
strips included from 4 to 50 acres each, and had a total area of 211 
acres. In some of the virgin stands three grades of theoretical 
markings were made and the effect upon release conditions was 
observed. Table 16 shows the runge of release distances and their 
average, for trees of different sizes, on the sample plots and on the 
survey strips. -

TABLE l6.-Release conditions on sam1Jie plots and on surveyed strips 

Plots 2 with - \ Strips 3 with

A vernge release distance' (feet) for trees Qf size Indieated Trees 1l.O!Trees 1I.S\Trees 11.6 Trees 11.5 
inches or Iinches or Inches or inches or 
more in less in more in less in 
d.b.h. d.h.h. d.h.h. d.b.h. 

-- - .__.._---- ... _----_ .. ------------

Plots cnuruernted as hnvlng trees 11.6 inches or more in d.b.h. include 178 of the totnl 170 study plots. 

6-10........ ..................... .. ...........number.. 3 3 
11-15.............. .... .do... 3 8 
16-20........ .......... ... ......... . . .....do.. 32 1.1 2 1 
21-25.... .• ..... .... ..... ..... . .•..do __ • i3 :l4 6 - .5 
26-30....... . ......... ............. 
31-35......... ...• 
36-10......... . ............... 

.......... . .do.... 
. .......... , .do.... 
.. ............do ... 

·15 
19 

2 

44 
26 
15 

i 
2 

4 
4 

41-15............. .. ...............................do.... I 
46-50 •••__ ............._..............................do__ •_____....__ 

7 
2 

A veragc release distance,' b}' size groups, of trees on plots and 
on strips, respectively • _______•__.•____ ....• __ ..........feeL. 24 27 2.1 28 

Averu~u numher of trees beyond 5O-foot release distance. in 
percentage of totlll number_._. _____ ••. __ .".__ ._ ... percent.. 9.5 12. 1 20.3 28.9 

, Computed only for trees relensed within n 50-fooL radius. 
2 

Plots enumerated ns having trees below thllt siz~ Include 154 of the totnl 179. 
3 Strips cnumernled ns ha"ing treesll.6 inche,s or more in d.h.h. include nU the 17 strips surveyed. Strips

cnulnefllled liS hn"ing trens belo\\' thnt sizo include 14 of the lotnll7. 

The expression" release distance" as here used signifies the average 
distance from 11, reserve tree to a stump more than 12 inches in diameter 
with no otb('r standing tree intervening. Trees beyond the 50-foot 
limit are considered unr('leased, although release hilS some effect 
beyond that distance. Equal average release distances are considered 
to signify equivalent release conditions. Release conditions and 
their effect upon growth are dealt with in detail in a later section. 

On the sample plots tIl(' release distnnce for the trees included in 
the board-foot volume calculations (tht1t is, the kees 11.6 inches or 
more in diameter at breast height), not including trees beyond the 
50-foot limit, averaged appro)'-1mately 24 feet, and thnt for the 
smalier trees avcrnged 27 feet (table 16). Of the total number of 
trees on the plots, 9.5 percent of those of merchnnta1le size and 12.1 
percent of those of unmerch!1iltable size were beyond the 50-foot 
limit. On the strips, the release distance avernged 25 feet for the 
larger trees and 28 feet for the smnller trees, and the proportion of the 
trees beyond th£:: 50-foot limit was 20.3 and 28.9 percent for the two 
size classes, respectively. The contrast between the two groups of 
data as to percentage of trees beyond the 50-foot limit,. especially 
in the unmerchantable class, was one reason why in predicting growth 
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a correction was made for the number of poles that would grow into 
merchantable size during the cutting cycle. The difference as to 
percentage of trees outside the 50-foot limit gives a distorted picture, 
however. From 27 to 53 percent of such trees are free on two or 
more quadrants before the cutting, many of them being completely 
isolated and hence having a growth rate far above the average rate 
in the virgin stand; and many of the others occur in uncut clumps 
such as were purposely excluded from sample plots because they did 
not represent a good selection condition. 

The average release conditions for extensive stands were first com
puted for the marking system now used in the Pacific Northwest by 
the Forest Service, in which 20 to 30 percent of the volume is left as tt 
reserve stand. Then trial markings by one Or both of two other 
systems were made on nine of the strips. One of these systems pro
vided for a reserve of 30 to 40 percent; the second provided for a 
reserve of 10 percent or less. The heavy reserve contained all trees 
that could possibly succeed in the selection stand; the light reser,e 
contained all trees with diameters not greater than 18 inches, which, 
according to certain studies, is the cutting limit that permits ma~i
mum present profit without consideration of future benefits. 

As is shown in table 17, avemge release distance for trees within 
the 50-foot distance is prncticnlly independent of grade of cutting. 
Percentage of trces not released within 50 feet, especially in the small 
sizes, varies somewhat with grade of cutting; the lighter the reserve, 
the fewer the umeleased trees. Even in the hea"'Y reserves only 
one fifth of the merchantable trees nre outside efl·ective relense distallce, 
a fact that tlllgurs well for improved growth following selective cutting 
of any grade. Unbroken groups of smull trees in the hen'v}, reserves, 
indicated by the large percentnge of trees in this clnss, should be 
thinned to improve the growth rates of selected ti·ees and enable :t 
large proportion of them to reach merchantable size. 

TABLE 17.-Release condilions in heavy, medium, and Hght reserve slands oj 
ponderosa 1Jine on surveyed strips 

Hell\'y MedIum LIghtItem reserve rCS(ln~c rescnrc 
-------------------_.-,., ----'---'~---

Volume, In perccntngoof volumo heforecut.tlns._ •.•.•••.••".,perccnl, 3l1-10 20-30 0-10 
Avorngo relenso. dlslllnce: I 

Trees 11.6 inches or more In dilllllolcr nt brenst,hoighL ••••• ' .... leot, 2~ 25 25 
Trees 11.5 inches or iess In dinmeter nt hrenst height, _ .•• , .••. ,' _do.. 211 2S 2\J 

Trees unrelensed • or Ireo growing:
Trees 11.0 Inches or more lu dinmeter nt brenst height , ..... pen"Cut.. 10 2\J 14 
'j'rl'CSII.5illchcsorlessilldiilm~\tcrlllbrcnsthllight•• _ _.do _ :17 211 20 

I Computed only for trees relollScd within II 50-foot rndius. 
, lncluqing nil trees not relansed within n 50-foot rlldius. 

·USE OF STAND-GROWTH TABLES IN CHOOSING GRADE OF CUTTING 

The greatest use of the tables presented in this bulletin is in con
nection with making f?l"owth predictions for selectively cut stands. 
A secondary vnlue lies III the nssistance they give in determiniIlf? what 
grades of cutting conduce to maximum production. The follOwing 
tl1bulu.r statement shows the growth rn,tes obtniI1I1ble in fOllr different 
stands under three diffei'ellt grades of eutting. Altogether, tests 
were made in 17 different ,;tl1nds. The four exnmples were chosen 

20888°-34-3 
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because they showed distinct types of selection stands. The effect 
of grade of cutting on average release conditions has already been 
discussed, but the suitability of each grade for different stands has 
not been shown. The removal of all trees 18 inches or more in 
diameter, for instance, may leave as low as 100 board feet per acre 
in one stand and as high as 1,750 board feet in another. At the other 
extreme, cutting to a high diameter limit may leave from 6,000 to 
14,000 board feet per acre. Medium to heavy c,uttings leave stands 
ranging from 2,000 to 11,000 board feet per acre, usually in the 
neighborhood of 4,000 to 5,000 board feet. 

Illustrations oj application oj growth tables to strip-suTt'ey data and the effect oj 

3. Volume per acre 	 board fect 

several methods oj cutting 

STRIP NO.7 
Original stand data:

1. Acres in strip ___________________________________ llUmbeL_ 
2. Average site quality ___________________________________ _ 9. 0 

III 
37,003 

Structure:
4. Percentage of l's and 2's _________________________________ _ .35. Percentage of 3's________________________________________ _ 31. 6
6. Percentage of 4's, 5's, 6's, l1ud 7's__________________________ _ 68.1 

Henrv J\Jediu.m Lin,ht 
Reserve stand data:

Volume per acre_________________boarcl feet__ 
Structure: 

7. 

8. 	Percentage of l's and 2's ___________________ 
Percentage of 3's__________________________9. 

10. Percentage of 4's, 5's, 6's, and 7's ___ ._________ 
11. Structure a1ld site correction percentage_______ 
12. 	Poles per acre ____________________ lluIllber._ 

Ayerage release distance: 
13. Trees ll.6 inches or more in cl.b.h _____ feeL_ 
14. 	Trees ll.5 inches or less in d.b.h ______ .do____ 

Percentage unreleased: 
15. Trees ll.6 inches or more in d.b.h _____ do ____ 
16. Trees 11.5 inches or less in d.b.IL ______ do ____ 

Growth and yield estimates: 
17. Gross volume at 60 years as read from chart 

rcafree 

14, L19 

.9 
73. 7 
25.4 

117 
1.2 

31 
35 

22 
46 

board feet._ 23, 700 
18. Gross volume at 60 years, adjusted ____ .do____ 27, 730 

Gross annual increment _____________ . do ____19. 	 227 
20. Estimated net annual increment_______ do ____ 193 
21. Estimated net annual increlllent corrected for

poles___ • _______________ • ____ board feet __ 193 

STHlP NO. 10 
Original stand data: 

1. Acres in strip ___________________________________ llumher __ 14.52. Average site quality ________________________________ .. __ _ IV3. VolullIe per Ilcre_______________________________ board fect__ 15,766 
Structure;

4. Percentage of 1'5 and 2's _________________________________ _ 6. 05. Percentage of 3's________________________________________ _ 
27.8

6. Percentage of 4's, 5's, 6's, and 7's______________ " . __________ _ 66. 2 
Jftuvv J"eeli el m Light 

Reserye stand data: rcserrc reatrt'e reserve 
7. 	 Volume per acre__________________ board feet__ 

Structure:
8. 	Percentage of l's and 2'5 ___________________ _ 
9. 	 Percentage of 3'6 __________________________ _ 

10. Percentage of 4's, 5's, 6's, and 7's ____________ _ 
11. Structure ~l.Dd site correction percentage_______ _ 

reaerl'e 	 reserve 
11, 105 122 

1.2 	 53.882.5_______ 
16.3 	 46. 2 

121 119 
1.0 	 .9 

25 26 
36 34 

28 0 
--33 25 

21,000 1,800 
25,410 2,140 

238 33.6 
202 28. 6 

202 	 28.6 

5,577 4,391 1,098 

14.5 16.9 46.9 
53.4 55.6 11. 4 
32. 1 27.5 41. 7 

lOt 104 10l} 
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IUustrations of application of growth tables to strip-survey dala and the effect of 
several methods of cutting-Continued 

STRlP NO. IO-Continlled 

Reserve stand data-Continued. 
12. 	Poles per acre-- ___________________ number__ 

Average release distance: 
13. Trees 11.6 inches or more ill d.b.h _______ feet__ 
14. 	Trees 11.5 inches or less in d.b.h ________ do____ 

Percentage unreleased: 
15. Trees 11.6 inches or more in d.b.h ______ do___ 
16. Trees 11.5 inches or less in d.b.h _______ do ____ 

Growth and yield estimates: 
17. 	Gross volume at 60 years as read from chart 

board feet__ 
18. Gross volume at 60 years, adjusted _____ do____ 
19_ Gross Rl11lual incremenL ______________ do ____ 
20. Estimated net annual increment_____ do ____ 
21. Estimated net annual increment corrected forpoles _________________________ board fcet__ 

STRIP NO. 14 
Original stand data: 

1. Acres in strip------------ 

17. Gross volume at 60 years as rend from chart 
board feet __ 

18. Gross volume at 60 years, adjusted _____ do ___ _ 
Hl. Gross annual increment__________ -- ___ do __ _ 
20. Estimated nt't annual increlllent________ do___ _ 
21. Estimated Iwt anllual increment corrected for 

poles________________________ bolll·d feet .. 

STRIP NO. 15 
Original stand data: 

1. Acres in strip_______ _ -.- 

/Jearv 	 :iI:FedlUm Lioht 
raeroe 	 reserve reserve 

2. 5 	 2. 4 2.5 

24 	 28 26 
32 	 33 28 

18 	 23 6 
34 	 35 12 

11,000 	 9,300 3,800 
11,110 9,670 3,990 

92 88 48 
78 75 -10.8· 

78 	 75 40. 8 

11lunber__ 162. Av('rage site quality _____________________________________ _ TV3. Volullle per acre_ - - ____________________________ board feet._ 22,918
Structure: 

4. Percentaf,!;e (If l's and 2's _________________________________ _ 
5.45. Percentage of 3's________________________________________ _ 

33. 26. Pel'centage of 4's, 5's, 6's, and 7's_________________________ _ 

Reserve stand data: 
7. 	 VoluIr,e per acre_________________ board feet__ 

Structure: 
8. Percentage of l's and 2's ____________________ _
9. Percentage of 3'8 _________________________ _ 

10. Percentage of 4'8, 5's, 6's, and 7's__________ . __ 
11. Structure and site correction percentagc______ _ 
12. Poles per acre ______________________ l1l1l11l1er__ 

A verage release distalH'e: 
13. Trees 1}'6 inches or l1Iorc in d.n.h ______ 
14. 	Trees 11.5 illches or less in d.b.h _______ 

Percentage unreleased: 
15. Trees 11.6 inches or lIlore in d.b.h ______ 
16. Trees 11.5 inches or less in d.b.h ______ 

Growth and yield estilllates: 

feeL_ 
do ___ _ 

do___ _ 
do ___ _ 

61. 4 

lltUl'V 	 J\Jedillm Liyht
rest(t'e. 	 resertt! re."IfrVe 

7, 732 4,877 1,856 

15. 5 24. 4 41. 8 
69.1 	 64.4 13.2 
15.4 	 11. 2 45. 0 
111 116 106 
6.8 	 6. 4 7.7 

24 27 26 
32 33 27 

18 23 6 
34 35 12 

14,000 	10,000 5,400 
15, 540 11, 600 5, 720 

130 112 64.4 
111 !)5 54. 7 

II!) 	 104 62.7 

nuruber__ 10 
2. Averngesite quality ___ . _. ____________ . _ ________ IV 
3. Volume 	per acrc__ .. _ - _. _____ _____ • ___ . ____ board feet. _ 16, 976 

Structure: 
4. Percentagc of l's and 2'8. __ ... _ • _. __ _ _ _ _.. __ • _. __ . _._ 4. 15. Pcrccntagcof3's _______ '" ___ ._ .• ______ .. __ '_" _ 20.66. Percentage of 4's, 5's, 6's, and 7's________________________ .. _ 75. 3 
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Illustrations of application of growth tables to strip-survey data and the effect of 
several methods of cutting-Continued 

STRIP NO. Hi-Continued 

Heavv 	 :Medium Light 
reserve 	 reserve reserveReserve s'tand data:

7. 	 Volume per acre_________________ board feet__ 5,417 4,151 1,501 
Structurc:

8. Perccntage of 1'6 and 2's___________ .. ________ 12. 6 16.4 37.9 
9. Percentage of 3'6 __________________________ _ 55. 3 	 57.2 7.8 

10. Percentage of 4's, 5's, 6's, aud 7'8 ____________ _ 32.1 26.4 54. 3 
11. Structure and site correction percentage___ ---_ 101 105 96 
12. 	Poles per acre_____________________ number__ 5.5 5.5 5. 7 

Average release distance: 
13. Trees 11.6 inches or more in d.h.IL ______ feet__ 28 31 25 
14. 	Trees 11.5 inches or less in d.b.h_______ do___ _ 37 37 33 

Percentage unreleased: 
15. Trees 11.6 inches or more in cl.b.h ______ do ___ _ 23 26 12 
16. Trees 11.5 inches or less in d.b.b _______do___ _ 42 42 20 

Growth and yield estimates: . 
17. Gross volumc at 60 years as read from chart 

- board feet__ l~ 800 9,000 4,700 
IS. Gross volume at 60 years, adjusted _____ do___ _ 10,910 9,450 4,510 
19. Gross annual incremenL ______________do ___ _ 92 88 50.2 
20. Estimated net annual incrcmellt________ do_ --- 7S 75 '42. 5 
21. E"timatcd Het annual incrcment corrected for

poles _________________________ board feet__ 82 78 42. 5 

On strip 7 the heavy reserve stand gives n. smaUer annual increment 
than the medium stand, owing to the fact that the influence of the less 
desirable trees left restricts the growth rates of the tluiftier trees. 
On the other hand, a light reserve left by the removal of all trees more 
than 18 inches in diameter is decidedly handicapped as to growth and 
will probably be a complete faillU'e, especially since poles average 
only one to the acre, far less than the average . 

.Annual increment is not always the deciding factor in the choice of 
grade of marking; quality of timber, quantity of cut, and total stand 
at time of secona cut, also, lllust be -considered. Under certain con
ditions of market twd logging practice a stand of at least 10,000 board 
feet per acre may be requisite to a seconel cut. On strip 10 this will 
be obtained in 60 years by lefl,vin~ a reserve of 5,000 bat:.nl feet per 
acre, between the heavy anci medium reserve conditions. So far as 
annual growth rates alone are concerned, on this strip there is little 
choice between the hel1VY and the medium reserve. 

Stlict application of the 18-inch limit will leave a sufficiently large 
reserve in only 11 few stands, of which strip 14 is I1n example. Here a 
stllJld of 1,856 board feet per acre is left, which in 60 years will produce 
a O'ross volume of 5,720 bOl1rd feet. 

Medium reserves, of 20 to 30 percent, probably give the largest 
proportionate yield in the average stand. They have practically the 
same annual growtlt riLte us the reserves of 30 to 40 percent, although 
the latter may at times be more desirable because they give larger 
ultima,te volume. 

On the whole, if a stand hl\$ a moderate proportion of overmature 
trees a mediUlllreserve of 20 to 30 percent is best. In a stand having 
the greater pl1rt of its volume in tlu-ifty mature trees, a medium to 
heavy reserve is advisable. Only if a fair proportion of the volume isin 
advance young growth anel the number of poles is well above the aver
age shown in table 12 will a light reserve succeed. 
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These conclusions are based solely on considerations of growth. 
Other considerations, economic and silvicultural, will tend to modify 
them. 

GROWTH OF THE iNDIVIDUAL TREE 
DIAMETER GROWTH RATES FOR AVERAGE RELEASE CONDITIONS 

Tables 18 to 22, based upon analysis of 3,586 trees, give the essential 
values from which average diameter growth rates can be found for the 
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FIGURE 11.-Diumctor growth of pondorosa pinp, treo clnss I, 011 sile qnnlity IV before and after a partial 
cutting of the slnnd, by deendes. 

complete runge of diameters in 911ch of the tree c}l1sses defined by the 
Dunning system, as affected by seveml conditions of release and 
nonrelcase und by different site qualities. 1'l1ble 18 gives the diame
ters n,t lO-yel1r intcrvals from 30 yea,rs before release to 60 years after 
release for site quality IV. Fig1l1'e 11 illustrates the method of plot
ting out the tnble data for closer interpolation. (Almost any cross
section paper with fine enough divisions can be used for tlus purpose.) 
The trees upon analysis of which the tables are based included 479 for 
site quality III, 2,197 for site quality IV, and 910 for site quality V. 
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TABLE IS.-Average diameter growth at breast height in inches, of ponderosa pine 
on site quality IV, before and after a partia i cutting of the stand 

TREE CLASS 1 

Diametori nd i ea t ed 
number of years be- Diam· Diameter indicated number of years after release 
fore release ot,er at 

timeo! 
release30 20 10 10 20 30 40 50 60 

0.3 0.9 1.5 2.0 4.0 6.1 8.0 9.2 10.4 11. 2 
1.9 2.6 3.3 4.0 0.0 7.9 9.5 10.7 11.8 12.6 
3.5 4.4 5.2 6.0 .7.11 9.8 11.2 12.3 13.4 14.1 
5.1 6.2 7.1 8.0 9.9 11.6 13.0 14.1 15.1 15.8 
6.8 7.9 9.0 10.0 11.8 13.6 15.0 16.0 17.0 17.7 
8.5 9.7 10.9 12.0 13.7 15.5 16.9 17. I) Id.8 11).6

10.3 11.6 12.8 14.0 15.6 17.4 18.8 19.8 20.7 21.5 
12.2 13.5 14.7 16.0 17.6 IS. 4 20.6 21. 6 22.6 23.4 
14.1 15.4 16.0 18.0 19.6 21.2 22.5 23.4 24.4 25.1 
!t1.1 17.4 18. 6 20.0 21. 5 23.0 24.3 25.2 26.1 26.7 
18.3 19.5 20.7 22.0 23.5 24.8 26.0 26.8 27.6 28.2 
20.7 21.8 23.0 24.0 25.4 26.6 27.5 28.2 28.9 29.5 
23.4 24.4 25.3 26.0 27. t 28.4 20.!?' 2u.7 30.3 30.9!26.0 26.7 27.4 28.0 29.0 30.0 30.8 31. 4 32.0 32.4 
28.3 28.8 29.4 30.0 30.8 31.9 32.7 33.3 33.8 34.3 
30.3 30.8 31. 4 32.0 32. 8 33.8 34. 6 35.3 35.8 36.3 
32.3 32.9 33.4 34.0 34.8 35.8 36.6 37.3 37.8 38. 3I 

TREE CLASS 2 

0.2 0.8 1.4 2.0 3.9 5.8 7.2 8.3 9.3 10.0 
2.1 2.7 3.3 4.0 5.4 7.1 8.3 9.2 10.3 11.0I4.0 4.6 5.3 6.0 7.2 8.0 9.8 10.7 11.7 12. 4 
5.8 6.6 7.2 8.0 9.1 10.4 11.6 12.5 13.6 14.2 
7.6 8.4 9.2 10.0 II. 2 12.4 13.5 14.5 15.5 16.2 
9.5 10.4 11.2 12.0 13.2 14.4 15.4 16.4 17.3 18. 0 

11.4 12. 3 13.1 14.0 15.2 16.3 17.2 18.1 18.9 19.5 
1:3.4 14.3 15.1 16.0 17.2 18. I 18.9 19.6 20.2 20.7 
15.8 16.5 11.2 18.0 18.8 19.6 20.4 20.9 21.4 21.9 
18.0 18.6 19.3 20.0 20.7 21.4 22.0 22.5 23.0 23.5 
20.0 20.6 21.3 22.0 22.7 23.3 23.9 24.4 24.S 25.2
22.0 22.6 23.3 24.0 24.7 25.3 25.0 26.4 26.8 27.2 
24.0 24.6 25.3 26.0 26.7 27.4 279 28.4 28.8 29.3 
20.0 26.6 27.3 28.0 28.7 29.4 29.9 30.4 30.8 31.3 
28.0 28.6 29.3 30.0 30.7 31.4 31. 9 32.4 32.9 33.3 

TREE CLASS 3 

5.0 5.4 5.7 0.0 7.8 10.4 12. 4 14.5 16.5 I 18.2 
6.8 7.2 7.6 8.0 9.7 12.0 13.S 15.4 17.1 18.5 
8.3 8.8 9.4 10.0 11. 6 13.6 15.2 16.6 17.0 19.1 
9.9 10.6 11. 3 12.0 13.6 15.4 16.8 17. 9 Ib.9 20.0I 

11.7 12.4 13.2 14.0 15.5 17.1 18.4 19,4 20.2 21.1 
13.8 14.5 15.3 16.0 17.4 18.9 20.1 21.0 21.8 22.5 
15.8 16.5 17.2 18. 0 19.4 20.6 21.8 22.7 23.5 24.1 
17.7 18.5 1Il.2 20.0 21.3 22.tl 23.0 24.5 25.2 25.8 
19.7 20.4 21.2 2'2.0 23.2 24.4 25.4 26.3 27.0 27.6 
21. 7 22.4 23.2 21.0 25.1 26.3 27.3 28.2 29.0 29..6 
23.7 24.5 25.2 26.0 27.1 28.2 29.2 30.1 30.9 31.5 
25.7 26.5 27.3 28.0 29.0 30.0 31.0 32.0 32.8 33.4 
27.8 28.5 29.3 30.0 30.9 31.8 32.9 33.8 34.6 35.1 
30.1 30.7 31.4 32.0 32.8 33.7 34.6 35.5 30.1 36.6 
32.5 :l3.0 3a.5 34.0 :!4,6 35.5 36.1 36.9 37.5 38.0 
34.8 35.2 35. U 36.0 36.6 37.3 37.0 3S.5 39.1 39.6 
36.8 37.2 37.6 38. 0 38. 6 39.1 39.7 40.3 40.9 41.4 
38.8 311.2 311.6 40.0 40.6 41.1 41.7 42.3 42.8 43.3 

'l'REE CLASS 4 

4.3 4.8 5.4 6.0 S,n I 11.Q 12.4 13.0 14.8 15.5 
6.3 0.8 7.4 8.1l \J.S 11. 7 13.0 11.2 15.3 l6.0 
8.3 8.8 1l.4 10.0 11.3 12.8 14.0 15.1 16.1 16.7 

10.3 10.8 11.4 12.0 12.0 14.2 15.2 16.2 17.3 17.S 
12.3 12. 8 1:{. 5 14.0 14.8 15.9 10.8 17.7 18.6 10.1 
14.3 14.0 Iii. Ii 16.0 16.8 17.8 18.7 19.5 ro.3 20.8 
16. 3 16.9 17.5 J8. 0 18.8 19.8 20.7 21.4 22.2 22.7 
18.3 18,9 111.5 20.0 20.8 21.8 22.6 23.4 24.2 24.7 
20.3 20.9 21.6 22.0 22.8 23.7 24.5 25.3 2U.1 20.6 
22.3 22.9 2.3.5 24.0 24.7 25.0 20.5 ~7. 3 27. !J 28.4 
24.4 25.0 25.6 26.0 26.7 27. Ii 28.2 28.0 29.5 30.0 
26.5 27.1 27.6 28.0 28.0 29.2 29.8 30.3 30.8 31.3 
28.0 29.~ 29.0 30.0 30.5 30.9 31.4 31.9 32.3 32.8 
30.8 31.2 31. 6 32.0 32.4 32. 8 33.2 

I 
33.0 34.1 34.5 

32.8 3-'1. 2 33.0 34.0 34.4. 34.8 35.2 35.5 35.11 36.4 
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TABLE IS.-Average diameter growth at breast height, in inches, of ponderosa pine 
on site quality IV, before and after a partial cutting of the stand-Continued 

TREE CLASS 5 

Diameter i nil i ell t ed 
number of years be- Diam· Diameter indicated number of years after release 
fore release eter at 

time of 
release 

30 20 10 10 20 30 40 50 GO 

12.6 13.1 13.5 14.0 14.9 16.3 17.4 18.3 18.9 19.5 
14.6 15.1 15.5 10.0 16.8 17.8 18.7 19.4 20.0 20.6 
16.6 17.1 17.5 18.0 18.7 19.0 20.2 20.8 21.4 22.0 
18.0 10.1 19.5 20.0 20.5 21.4 22.0 22.6 23.1 23.7 
20.6 21.1 21.5 22.0 22.0 23.4 24.0 24.6 25.1 25.6 
22.5 231 2.~. 5 24.0 24.6 25.3 26.0 20.6 27.1 27.0 
24.5 25.1 25.5 20.0 26.6 27.3 27.0 28.5 29.1 29.6 
26.5 27.0 27.5 28.0 28.0 29.2 29.8 30.4 31.0 31.5 
28.5 29.0 29.5 30.0 30.6 31. 2 31.8 32.4 33.0 33.4 
30.5 31.0 31. 5 32.0 32.0 33.2 33.8 34.3 34.0 35.4 
32.5 33.0 33.5 34.0 34.5 35.1 35.7 36.2 30.8 37.4 
34.5 35.0 35.5 36.0 30.5 37.1 37.6 38.2 38.8 39.3 
30.5 37.0 37.5 38.0 38.5 39.0 39.0 40.1 40.7 41.2 
38.4 30.0 39.5 40.0 40.5 41.0 41.6 42. I 42.7 43.2 
40.4 41.0 41.0 42.0 42.5 43.0 43.5 44.0 44.6 45. I 
42.4 43.0 43.6 44.0 44.5 45.0 45.5 46.0 46.6 47.1 
44.4 45.0 45.6 40.0 46.5 47.0 47.5 48.0 

I
48.6 49.1 

46.5 47.1 I 47.6 48.0 48.5 40.0 49.5 50.0 50.6 51.1 

TREE CLASS 6 

0.9 1.4 1.8 2.0 3 1 4.5 5.7 6.6 7.5 8.3 
2.7 3.2 3.6 4.0 4.9 6.0 7.1 8.0 8.0 0.7 
4.5 5.0 5.5 6.0 6.8 7.7 8.7 9.6 10.5 11.2 I0.4 7.0 7.5 8.0 8.8 9.7 10.6 II. 5 12.2 12.0 
8.4 0.0 9.5 10.0 10.8 11. 0 12.6 13.4 14.1 14.8 

10.4 11.0 II. 5 12.0 12.8 13.6 14.• 1 15.3 16.0 16.6 
12.4 13.0 13.5 14.0 14.7 15.0 10.4 17.2 17.0 18.5 
14.5 15.0 15.5 16.0 16.7 17.5 18.4 10.1 19.8 20.4 
16.6 17.1 17.6 18.0 18.7 19.5 20.3 21.0 21. 7 22.3 

TREE CLASS 7 

II 
0.8 1.2 1.6 2.0 3.8 5.2 0.4 7.2 7.8 8.4 
2.8 3.2 3.6 4.0 5.2 0.4 7.5 8.2 8.9 9.5 
4.8 5.2 5.6 Ii. 0 6.9 7.9 8.8 9.6 10.3 10.9 
6.8 7.2 7.6 8.0 8.6 0.5 10.5 11.2 11.8 12.4 
8.7 9.2 9.6 10.0 10. fl 11.4 12.2 12.9 13.5 14.1 

10.7 11.2 11. 6 12.0 12.6 13.4 14.2 14.0 15.4 16.0 
12.7 13.2 13.6 14.0 14.6 15.4 16.2 16.8 17.4 17.0 
14.6 15.1 15.6 10.0 16.6 17.3 18.1 18.8 10.4 10.0 
16.6 17.1 17.6 18.0 18.0; 19.3 20.1 20.7 21. 3 21.0 
18.6 10.1 19.6 20.0 20.6 21. 3 22.0 22.7 23.3 23.8 
20.6 21.1 21. 6 22.0 22.6 23.3 24.0 24.6 25.2 25.8 
22.6 23.1 23.0 24.0 24.6 25.2 25.9 26.6 27.2 27.7 

I 

The growth data. given in table 18 for the 30 years before release are 
applicable to trees in virgin stands or to other unreleased trees. They 
can be applied to the present diameter tallies of uncut forests in order 
to estimate the future sizes of the trees. Then t.he gross increment 
can be computed by the use of volume tables on the two tallies. . 

The term "after release" as used in the table is not st,rictly <iCCU

rate; the values given under this heading represent the average con
dition for the whole of a reserve stand that constitutes in some in
stances as high as 40 or 50 percent of the original stand by volume and 
in which not all the trees have been released. 

Table 18 is in terms of totnl diameter'; to determine the differences 
in growth rate due to difrerences in tree class, spacing, release, and 
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site quality as shown in tables 19 to 22, only the diameter increment 
was taken. This procedure eliminated the size of the tree as a vari
able, with the result that smull differences were more easily discern
ible. The percentage relationships given in tables 19 to 22 should 
therefore be applied solely to diameter increment; to apply them to 
total diameter would lead to gross error. 

TABLE 19.-Rank of trea classes as to diameter growth before and nfter selection 
cutting, and acceleration in diameter grow~h by tree classes after the cutting, for 
ponderosa pine on site quality IV 

Average diameter growth for A '-erage diameter growth 
20 years previous to releuse for 20 years ufter relense Accelera

'free class ----;----,----1---,---.----1 tion for
20 years'

R k Absolute Relation Rank Absolute Relation growth 
nn growth to fastest growth to fastest 

1______________________________ _ Inches Percent Inches Percent Percent 
2 ____________________________ • ___ _ J 2.10 100 1.---- . 3.54 100 69.1. _____ 
3__ , ______________ •____ • _______.. __ _ 2, ____ 2 1.48 70 2.48 70 68 

+

4 _____________ • ___________________ _ 2 1.48 70 4 ______ 2.70 76 82 
5___________________________ ._ •• _._ :l 1. 18 50 I. 92 54 68

7.. ___ ~~-I .08 47 1.20 36 326_. __________________________ "' _ . _ 5. _____5 .92 H 1.73 49 88i ___ r ___ ..... __ •• _____ • ____ ,.. __ ~~ _. _ • 0 ______
.~j .84 ·10 J. 45 41 73 

Table 19 throws a number of interesting sidelights on the diameter
growth table preceding it, by ranking the tree classes as to diameter 
growth. In respect to growth rate before release, tree class 1 stands 
first and is followed by the other classes in this order: 2 and 3, 4, 5, 6, 
7. After release the order is as follows: 1,3,2,4, 6, 7, 5. 

Information as to the degree to which the average growth rate of a 
tree class increases after a selection cutting is often interesting, al
though of no practical use. In this study, for the 20-year period after 
cutting the tree classes 1 to 7 on the average show the following ac
celeration percentages, respectively: 69, 68, 82, 63, 32, 88, and 73. 
Classes 3 and 6 show the greatest average acceleration, and class 5 
the Jeast. An anomilJy a"ists here in -thtLt some of the tree classes 
showing only a medium percentage acceleration, like class 1, do so 
because in the uncut forest they had a much larger absolute growth 
rate than other classes. 

CORRELATION 0.' SIT.E QUALITY. RELEASE DISTANCE, AND NUMBER OF SIDES 
RELEASED WITH DIAMETER GROWTH 

An. intensive study of the variations in diameter growth involves 
tree class, site quality, spacing, release distance, number of sides re
leased, and number of years after cutting. To simplify the calcula
tions and the explanation only one interval after cuttlllg, 20 years, 
and often only t\',rQ tree classes, 1 and 3, 'were taken. In the following 
discussion and tables, the actual diameter increment for the 20 years 
after release is compared with the actual diameter increment for the 
20 years before release; in addition the actual increments are com
pared with the increments for site quality IV fiS read from table 18. 
This double comparison SllOWS the differences due to the several 
factors studied. 

In defining release conditionFl not every minute variation could be 
observed, since application of the results would depend not upon 
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detail but upon broad condi~ions. The following binumeral factor 
was adopted as giving the best working basis: Release fact.or=dis
tance to nearest stump, number of quadrants released within 50 feet. 

The distance to the nearest stump 12 inches or more in diameter 
was expressed in 5-foot belts, up to a maximum of 50 feet. As "near
est" stump was taken the nearest between 'which and the tree in ques
tion no other tree intervened. The number of quadrants was ex
pressed directly. For instance, a release factor of 6, 2 meant that 
the nearest stump 12 inches or more in diameter was located 25 to 
30 feet away and that within 50 feet stumps were located in two 
quam'ants. Two stumps in one quadmnt counted no more than a 
single stump. Plot upon plot and stand after stand were examined 
in this fashion, in order to eYaIul1te release conditions. Tables 20, 
21, and 22 give the substance of the data on efTects of various release 
conditions, comparing aetual values with estimiLted values based on 
averages given in table IS. . 

Table 20, which gives diam~ter increment for the 20 years before 
and the 20 years after release for thc two fastest growing tree classes, 
1 and 3, shows that retltrdation of growth before release and accelera
tion o~ growth after release were progressively grelLter according to 
the Humber of sides released. A tree with only 1 side released, for 
example, often had had no near neighbors except on 1 or 2 sides and 
had ~rown faster before release thil,n trees growing in more crowded 
condItions, and for tlus reason its growth rate was less susceptible of 
improvement through release. 

TABLE 20.-Diameter growth oj ponderosa pine in selectively Cllt stands on site 
quality IV, by number oj sides released 

IActutll nvernge' Actnnl Estimated 20- Dttrerences he tween actual and 
2O·yenr dlnm· dinmeler· yenr dinllleter estimllted 2O-yenr diameter 

'l'rees Sirles eter increment growth inCreIllcnt growth'rree exnm- reo n('ceicrtl.class ined lensed I lien fol· 
< 


Defore Arter lowing Defore Arter 
 Defore releuse Arter release relpnse relense releuse relense releuse 

Number J.Vumber Inche., Irlches Percent IncAts IlIche.Y I1Iche. Puce1ltIrlChesl Percent
2}H 1 2.20 3.34 ,IS 2.12 3.51 +0.1·' +6.0 -0.17 -4.8 
122 2 2.14 3.45 61 2.19 3.50 -.0.; -2.3 -.05 -1.4L_•.••••. { n1 3 1.71 3.72 118 2.19 3.4, -.18 -21.0 +.:!5 +7.2 

13 4 l.ii2 4.09 !GO 2.25 :1.50 -.73 -32.4 +.59 +10.9 
258 1 J. 71 2.:14 37 1.4:1 2.53 +.28 -.19 -7.5 

2 2.01 +1.3 .. 1220S l.iH 73 1.49 2. i:3 +.02 +19.6\ - -4.43._._.__•• _\{ 
153 3 1. 34 3.10 131 1.48 2.85 -.14 -11.5 +.25 +8.8 

31 I +6.54 I. au 2~ Ui 114 1.48 2.79 -.09 -6.1 +.18 

According to the data presented in table 20, the rates of increment 
after release for single trees of classes 1 and 3 depart from the average 
rates given for those classes in table 18 in proportions Val}'ing from 
-5 to +17 percent for tree dass 1 and from -S to +9 percent for 
tree class 3, the vltria.tion in growth corresponding closely with varin
tion in number of sides released. The number of cases in wluch trees 
are released On tlll'ee or more sides forms only one si.xthto one quarter 
of the total number of trees released within 50 feet. (It should be 
noted that the percent.nge dHrerenees stated apply to increment 
alone, not to totnl diameters.) 

Tree class 1, which hns been shown in table 19 to increase its growth 
after release on the average by 69 percent, is shown by table 20 to 
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increase it by 48, 61, 118, or 169 percent fl.ecrrding as release takes 
place on 1, 2, 3, or 4 sides, respectively. Tree class 3, which increases 
Its growth after release by an average of about 82 percent, increases 
it by 37, 73, 131, or 114 percent accordingly as release takes place on 
1, 2, 3, or 4 sides, respectively. In both instances, the difference . 
between actual and estimated diameter increment is smallest for the 
trees released on two sides. Consequently, the improvement that 
follows release on two sides approximately corrcsponds to 1l7erage 
improvement. . 

The effect of release varies not only with number of sides released bu t 
also with distance of release, or distance to the nearest stump. Table 
21 shows just how far the actual growth rates corresponding with 
different reluase distances exceed or fall short of the estimated rates. 
The table contains a number of irregularities, since the values are 
uncurved and no erratic material has been eliminated. Even in as 
large a number of trees as that used in this study, each of 126 
subdivisions is necessarily small. The principal deductions can be 
briefly stated as follows: 

Release distance depends to aJarge degree upon spacing in the virgin 
stand. For the most pa,rt, the growth rates in uncut stands increase 
regularly from a narrow to a wide spacing or, in terms of the headings 
of table 21, from what will be short release distnnces after cutting to 
what will be long release distances. 

Since the estimated growth values of table 21 arc for site quality 
IV, the differences in increment due to site quality are the direct 
differences in the average values from 100. In virgin stands, diameter 
increments for all tree clnsses and release distances combined are 21 
percent better on site qWllity III thnn on site quality IV and those on 
V are only about 6 percent poorer than those on IV. After release, 
the growth on site qunlity III is 37 percent better, and that on V is 9 
percent poorer, than that on site quality IV previous to release. 
(Agai?, these percentages apply solely to the increment and not to 
the dIameters.) 

On site quality V, the average growth rn.tes of the young tree 
classes I, 2, and 6 and of the. overmature class 5 of the selected data 
are within 6 percent of those on site quality IV in both uncut and 
selectively cut stands. On site quality III, the growth rates of tree 
classes 6 and 7 before release are the only ones within 5 percent of those 
on site quality IV, all other classcs growing much faster than on site 
quality IV. 

On site quality III, the growth rates after release for all tree classes 
are 136 \,0 143 percent, averaging roughly 140 percent, of the rates 
estimated for site quality IV for trees released to distances as great 
as 40 feet. Beyond this distance the rates are 124 to 127 percent, 
averaging roughly 125 percent, of those estimated for site quality 
IV. On site quality IV, up to 40 feet release distance, the average 
growth rate after release for all tree classes combined closely approxi
mates the estimated average rate. For greater distances the rate 
falls off somewhat. On site quality V, the decrease of actual growth 
as compared with estimllted growth after relense begins in the 31-40
foot release clnss instead of beyond 40 feet tLS OIl the other two sites. 
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T ABLE 21.-Aclt~al diameter growth oj ponderosa pine in selectively cut stands as 
compared with estimated growth Jor site quaUty IV, by site quality, tree class, and 
release distance 

Ratio percent of actual growth in 20 Ratio percent of actual growth in 20 
years precedin~ release to estimated yenrs following release to estimated 

Num- growth in 20 years preceding release, ~rowth in 20 yeats following relense, 
Site Tree bel' of y release distance- y release distance- ' 

treesquality class 
cxnm~ 

Ined HO Over11-20 21-30 3HO '-(! ,0 A. \~cr- HO 3HO 41-50 
50 Aver· 

feet f~et feet 
~(h.cr 

! 

feet feet feet feet nl(<l feet; feet feet fl!{!t feet age 

--------'- "~T-'" 
1 96 109 1()'1 117 112 126 121 113 IlS 14i 151 126 124 125 13.1 
2 48 143 120 115 100 144 162 131 100 187 12(; 129 129 130 146 
3 163 JlS 128 12:1 147 ,147 176 132 143 127 131 166 114 140 las 

IlL.... 4 80 97 101 131 114 142 208 114 147 149 153 149 175 146 1.51 
:; 36 74 118 89 117 142 157 115 95 188 149 178 142j 152116 20 90 80 89 106 112 130 101 94 148 158 139 110 23 124 
7 36 07 88 03 132 lOG 85 00 lOG 166 105 00 80 95 110-Average. ~ ... ' - • 106 113 119 12:1 133 150 121 136 143 138 142 124/127 137 

' -~--- = =1=i= = = =1= 
1 494 71 92 91 92 118 11.5 100 95 97 00 98 93 88 95 
2 192 70 86 105 127 114 119 104 87 00 100 lOS 101 9I 98 
3 666 85 94 lOS 119 130 13tl 105 94 00 Hi 100 93 87 98 
4 456 76 89 99 113 117 125 9a 103 101 107 1I2 86 91 102 
5 100 121 99 95 1I}4 00 103 102 112 109 lli 89 84 88 101 
0 88 90 01 lOS 82 121 110 101 114 110 00 81 Of! 81 98 
7 188 il 76 98 102 117 134 87 101 97 10.3 07 116 88 100 

,v ... j 
----I--- - -----------------

A\'ernge . ...... -~ . iO 01 101 107 119 121 100 118 00 100 103 93 88 98~ 

--------= ----= --= ----= --
I 267 71 90 91 100 120 121 OIl 04 OS 95 8.3 103 95 94 
2 HI 70 100 SO 1:11 1].1 1:)1 05 JOii 107 86 88 94 77 95 
;I 172 85 88 93 00 90 127 91 8.5 76 82 69 68 85 79 

y ...... -I 138 68 75 8,; 80 101 125 7S 86 01 88 107 60 56 87 
5 a{ 48 llO 95 IO'~ lOa 1ZL 101 79 00 1:18 100 72 158 97 
6 8:; 74 t15 lOS 125 90 130 119 110 02 9;1 112 54 80 00 

!l,) iO 58 (is f>O I iIi 125 10,; 92 flO 87 64 9·11 6(11 9571 -1-·· 
Avcrage_ ~ ~ - ~ - - 74 S6 90 lOS I 110 12:1 0,\ I).) 92 95 85 89 88 91 

.- .. 

CORRELATION OF CROWN LENGTH WITH DIAMETER GROWTH 

Cro\vn length is another of the factors used in Dunning's tree 
classification. In practical clnssificntion of border-line cases, the 
exact definition of crown length is often dropped in favor of the gen
eral vigor and age of the tree. It is interesting therefore to know how 
Cl'own length is correlated with diameter growth. Table 22 gives 
the necessnl'Y dn,ta on tree clnsses 1 and 3. 

TABIJE 22.-Corrclation of crolDn length with d£amctcr growth in ponderosa pine 
before CLnd a/ter release 

'I'r~e dass I Tree c1fLo;s a
Rntio of 
crqwn

length to Dinmcter growth in ~.'O ,<lllrs·- DIl\m~ter growth In 2fl yearstotal Trees I Trees
height eXllm· I ---. exam· 

(porccn~) inedined IPrereding: rClense !Following relem;c Prct'edlng release ~'ollowing release

I I Percent Of I Percent '1 Percent'i Percent ':J
fs/illwtCI e.limutel estimate eslimalr 

NumbcrjfllChes /'Il/lle I IlIchrs value I Number Inches value I fnchr. rnlue I 
95•••.••••.•• 50 2~ 123 ~oo 1m 10 1. !lO 127 2.00 123 
85•••••••••• _ 235 2. J.I 10:1 3.52 10l lUll 2.00 135 :1. OR 110 
75, .'. __ ."_' !lO 2.01 9-1 a, 10 00 114 1.44 117 2. 6.~ 9B 
6,5 .• _••••• ,•. 106 2. 10 H7 ~, 17 91 288 1.51 101 2.58 88 
55••.•. '" ••.• 0 I. :16 11:1 2: ..0 71 211 I.M/ loa l.BS 76 
4liorless•••.. 4 1.18 52 2.70 iO 2·1 1.·15 07 2.00 79 

1 Estimated values shown in tnble 18. 
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The sharpest change, 'with tree class 1, comes between 65 and 55 
percent in both virgin and cut stands. For tree class 3 the best 
growth in virgin stands is that of trees with 85- and 95-percent crown 
lengths; in cut stands there is a steady decrease in growth rate with 
shortening of the crown, \vith a decided diminution when 65-percent 
crown length is reached. The desirability of avoiding cutting trees 
having crown lengths of more than 65 percent is therefore indicated 
by these data. 

HEIGHT GROWTH IN SELECTIVELY CUT STANDS 

Basal-area increment and height increment together determine 
volume growth. Height growth can be tuken into consideration in 
estimt1ting volume growth of uncut stands by using a diameter-height 
curve. If the smne height curve is used JOt· earlier and later n.ges, the 
culculn,tions of incl'ense in diameter O\TCI' a period of ycnrs will be 
accompanied by n. calculation of height increment that will approxi
mate the truth. In cut-over stands, acceleration of diameter growth 
is not nccompanied by an nccclerntion of height growth sirnilar to that 
which takes pIn,ce in uncut stands. The Hnn.L average eft'ect is a 
dropping of the height curve throughout its length by 5 to 10 feet. 

For single trees the npproximate age and growth rate of which ure 
known, table 23 gives the relationships between height and dinmeter 
growth us acclll'f1,tcly as these can be determined by analyzing felled 
sample trees in mJ'b-over stn,nds. 

TABLE 23.-Ileight growth in selectit'cly cut stands of ponderosa pine by age class, 
site qllaliLy I V 

-------.-. 
Height

neigh~ neight I J["lght \ Ileigh! II growth Height 
growth I I(rowth growth II Age of tree growth

Age of tree growth Age-, of tree per inch I' per inch perper inel: (yeurs)(yenrs) per (years) diameterdiameter diameter I per 
decadedemde decllllo growthgrowthigrowth Ii -- 

.~ 
\ ,I
I Feet FeetFeet Feet 

40 .•...... 5.8 0.0 1140 ...... 
Feet 

2.1 Fert3.7 '\ 210........ 1.7 1.8 

2.0 a.1 200 ...•• l.n 1.6 

00 ..•.•••.. 4.2 7.~ \ lGO ..•••.. 2.£i ~Iill __ ~_~~ .. _ 1.5 1.4 
80 .•••••• 3.:1 1.26.S ISO ...••• 1.9 

2.7 5.7 200 .. ~.-. I.X 2.1 I:lOO .•.•••. I."100 ......... 1.1
4.6 !?21l __ 1.; 2.0 :l20 ...•... 1.3 
120......... 2.3 


j. 

CHANGE IN ~'Oltl\I AFTER RELEASE 

.A common conception is thut tht' rapid diam('t('r growth at the 
base of a tr('c is not ul'l'ompnnied by similn.rly rapid diumeter growth 
higher in thc tree, nnd therefore introdu(,l'S detel'iorntion in form 
(29). This is only half the truth, as hns bt'('Il broug;l! {)ht in a study 
of the form of pondrrosiL pine (24). In the first phlCl', ior It tree of 
average form, apPl'o;..imately form class 0 0.70, the diameter growth at 
half height need be only slightly l~lOl'r. thnn 0.7 of that at b.reast 
height for the SiLmc form to be mumtnmcd. Tree cluss('s hnvmg a 
lower form clnss W(Ire fOllnd to gorow into this f1,vernge form after release, 
iLnd those h!tving higher form class to reduce to it. Several years 
after cutting, the stl1nds studied were much more homogeneous in 
form class than at any time previous. Even for a relatively small 
number of trees chosell at random, the vohlmes at the time of cut or 

I Tbe metbod by which form class Is derived is described in tho Appendix, p. 52. 
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at any later time can be estimated from fl, volume tahle. based upon 
virgin conditions, providing the distribution of Iorm classes has not 
been changed materially. 

BARK TIDCKNESS 

A refinement in the technic of computing the growth of indhidual 
trees, when diameter at breast height is taken outside the bark, con
sists in making an nllowance for the change in bark thickness. The 
allowance 'will increase the apparent growth l't1tes of most stands by 
about 10 percent. In this study such an allowance was not made, 
omission to make it being considered a desirable element of 
conservatism. 

Figure 12 shows three plottings of bark thickne3s, based upon 
3,327 trees. One plotting is for the immature trees, classes I, 2, and 

22 
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FIGURE 12.-Double bark thickness of ponderosa pine at breast height. 

6; the second for the mature trees, classes 3, 4, and 7; and the third 
for overmnture trees, class 5. The first two agree fairly closely and 
for many purposes can be represented by a single curve, but the 
bark thickness for dass 5 undel'runs those of the first two classes by 
one half inch to an inch throughout. Site qunlity has no effect upon 
the relative position of the curves. 

THE REPRODUCTION STAND 

To be complete, the growth prediction of a selectively cut stand 
must take the reproduction into account, even though this requires 
separate treatment. The quantity and distribution of the reproduc
tion largely determine the character of the third and subsequent 
euts. In the following sections, some of the essential considemtions 
are taken up. 

In ponderosa pine forests, usually u. light to dense understory of 
advance seedlings is present at the' time of cutting, and this is aug
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mented slightly by new seedlings following the cutting. Successful 
natural reproduction is difficult to establish after the cutting is once 
made. Reproduction existing upon the ground at the time of cut
ting sometimes is so henvy and develops so well upon release that it 
assumes the characteri~tics of an even-aged stand. :1'.1ore or less 
advance reproduction is found in every well-Illnnnged stand. Un
fortunately it very often occurs in patches or dumps too dense for 
proper development. Since natural thinning is a very slow process, 
in such cases stagnation sets in and a nepd arises for some form of 
artificial thinning, either during the logging operations or at any 
time thereaftl.'l'. An example of good development of ponderosa pine 
reproduction is shown in plate 4. 

HEIGHT GROWTH 

Ponderosa pine seedlings in uncut stands progrl.'ss very slowly in 
height growth (26), needing from 20 to 25 years to reach breast height. 
In cut-over stands the dominant free-growing sel.'dlings grow at a 
considerably higher rate, as is shown in table 24. On the average site 
in Oregon the seedlings reach breast height in 12.0 years, taking ~lmost 
7 years to grow the first foot. On the plots studied in vVashmgton 
the seedlings required 7.6 yeflJ:s to reach 1 foot, and 13.5 years to 
reach breast height. When the 700 seedlings used in these calculations 

10/,1""'" 

°0~--~'----~2----~3~---+4----~5~--~6----~7----~8~--~9 
DIAMETER BREAST HIGH (INCHES) 

FIGt'ln: 13.-fJelght-on-dlnmetcr rellltion In reproduction stands In selectively cut ponderosn pine. 

were arranged into site-quality classes it was found that the periods 
required to reach breast height on site qualities IV and V t'l.veraged 
12.8 yeal:s and 14.0 yen;rs, respectively. 

Figure 13 shows the height curves for average reproduction stands 
aged 10 to 60 years. For the age classes between 20 and 50 years, 
height varies only slightly with age, varying to a greater degree with 
diameter. In true even-nged stands that are not stagnated this condi
tion does not prevail, the height curve on the whole gradually shifting 
upward. In other words, if the stands for which tbe data of figure 13 
were taken were developing normally the height curves for age classes 
20 to 50 years, instead of being nen,rly coincident, would be spaced 
at reguInr intervn!s; the fact that they almost coincide is evidence 
of the stands' stagnu.tion. 
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TABLE 24.-Growth oj dominant ponderosa pine seedlings on sile qualities IVand V 

Years required to grow Yenrs required to grow IAyerag. e 
Crolll ground leyel to Crolll 1 Coot to breast number oC 
1 Coot height yenrs re. 

quired to 
Sito I I Igrow Crom 

ground
Avcr· 'I'otnl Standard Avcr· Total Standard le\'cl to 
age range. devintion age runge deviation breast 

height 

Oregon: 
All sitos •.•.• " ••••••.••.•.••••••. 5.2 3-16 1.9 0.8 3-18 2.fl 12.0 

Washington:
All sites ........................ .1.0 :1-16 2.4 i. G 2-20 3.5 13.5 

Both Statcs: 
SitelV............... .. ~,. . -_ .. .. -.. 5.0 3-10 2.2 7.2 2-20 3.1 12.8 
Site V ........ 

~ 

iI.U 3-10 2.4 8.0 2··2:l 3.8 H.O 

VOLUME GROWTH 

The slowness with which the reproduction stand develops is one of 
the most discoumging rhases of the management of selectively cut 
ponderosa pine forests in the Pacific Northwest. After the first 
spurt following release, the rate of development of clumps of heayy 
reproduction lags fa!' behind the rate that is normal for free-growing 
seedlings and saplings. Examples of reproduction stands that are 
growing poorly because of stagnation are shown in plate 5. A tally 
of the reproduction was made on most of the selectively cut plots. On 
some plots there was 110 reproduction at all; on a few the reproduction 
stand covered the entire area. The site quality of the land was 
determined from the height of the mature timber growing on it, or 
from the heights of adjacent timber in case the plots wel'e practically 
clean cut. As previously defined, site quality IV is equivalent to 
Belll'e's site index 80 and site quality V is equivalent to his site 
index 65. 

FigW'e 14, Band 0, shows the volume and avemge heights of a few 
fully stocked repl'Oductionstands in selectively cut forests and of seveml 
reproduction stands on areas completely cut over. The volumes and 
heights of the reproduction, shown by the irregular lines i),nd crosses, 
are comp!tred with the volumes and heights of normally developed 
even-aged second-growth stands as determined by Behre (8). 

Both volume nnd height for lwemge fully stocked st!mds of repro
duction on site quality IV lie far below the normal curves for site 
quality IV. In fact, they are considerably below those of site 
quality V. The evidence is striking thnt the reproduction stands are 
stagnating and are developing at H, mte comparable to the rate that 
is normal for lL site qunlity 1 to l;f classes poorm·. Overstocking and 
clumpiness may be the principal causes; the oft-mentioned poor growth 
conditions of the last decade or two may be, also H, factol·. 

Figure 14, A is based upon many reproduction tallies, tnJwn .in it 
number of selectively cut stnnds. It shows how small 11 volume is 
being produced, especially in comparison with the full productiv(! 
capacity of the itlIld as indicnted by the normal yield curves in figul·(\. 
14, B and G. On the tn'('rage, the reproduction stand cnn be cOlin ted 
upon only to produce 11bollt 10 percent of the normal yields for site 
index 80. This sitUlltioll is deplorable. If stngnation is allowed to' 
persist, it will il\lj)l'I'il the cuts ttl tll(\ clld of the secolld and subsequent 
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cutting cycles. Although ponderosa pine reproduction endures 
stagnation for a long time, it does not do so indefinitely; drought,' 
mistletoe, and insects take their toll, and the remaining saplings are 
unable to benefit by anY'liberation that may be given them. 
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APPENDIX 

SUMMARY FORM USED ~'OR PLOT DATA 

The following tabular statement illustrates the final summary form used in this 
study to give the complete piet.ure of plot development. 

PLOT No. 52.-Location, Odessa. Nat. For. Crater. Area, 2.0 acres. Yrs. cut, 20 

Stand value 

Item Num· Basnl Cubicber Board fect A vcrago 
urea fect (\.b.h.trces 

-·1---------------1------ ---1·----1--

}Original stanr! per 11._. {Pille. : .. ,.,....... . .. .. . 42.•1 101.0 '1,002 24,600 20.8 
2 Others.................. . 2.5 10.6 ,124 :1,424 27.8 


P;ne__ .. ________________ .. 00<3 26 42. i 1,520 8,361 Ii. 4 
4 Olhers................. .. 0 .. w_ .... .. - ........... ~ - .. .... ........ ..........~_~ ~ 

.1 Percent reserve.. __ .. __ ~ .. __ S458 38 30 
-~--------

12 6 14.0~ Reserve stand pcr A. 2 10 2 ------_ .. _- .. ~ 10.6 
8 2i 42 43 21.1neserve composition an 19 14 14 15.6by trceclass, percent ..!10 ,I 9 31 36 28.5 

11 6 Ii 2 ... ...... -- ........ 8.6 
12 i 6 2 

~ 

14.0r 

1311 (I .... __ ........ 2.4 12.8 

l~ M.A.!. by tree c1nss ~ ... ::::: :::::::: sJ ,':::~ 

1167 Inc.rement since cut· per A. 4.5 ...... ........ ~'. OIl ~1. 8 


g
18 =m. 6 .::::::: :::::.' .Il g:g
III . i. 5 l.a 

---~-- ~---

20 WholestnndpcrA. 20.1 IZl.6 .... _..... 
"-~.-- ---~~--.- ~ .~-------.. 

21 }Totnl 10RS since Cllt· .IPine... ................. 2.5 a.72 124 r,O!! 16.5 
22 ting Per A. \Otlll'rs.. ...... ..... 1.0 :Uifi tr.6 I.()f~) 25.8 

23 Net M.A.I. per A .. _ Pine....................1._. 13.0 88.6 


-~-~-I---------~------I-----------------(-~i.:::=::::~::::: -- ~:~~ '---J:g~ 
26 a :. .. ____. ........ t.:la 1.5R 
27 Increment perconl.. By tree class .........., 1..... --. ----.... I.Rl I:~ 

1~ ages since cutting. a::::::: :::::::: :1: ~o 
30 ; ... __ ........ 1.:19 1.0{) 


31 \\'holo slUml. 1.32 

32 .. 47.:15 I, ito! 9,6-11 

33 52.30 1,022 10,8:13

34 Deendal valuo pcr Docade nfler clltting •• ~ail Ilcrc. 
30 

37 _....... _........ . 

-·1:....------1.:...--------------------- 
as ) I .... __ .. 47.1 I,OSO 9,280 ......... .!
39 I .. __ .. __ 52.5 1,875 10,560 .....____• 
40 Vnlllo read [rom Decade after clltting .. a ,--._--.- --...... -- .....-- ......................

41 growth tables. 4 ..........._.._...... _..__ ........... . 

42 Ii ....................__............... . 

43 0 ...............................___ .............
-·F-·------·I----------- 
~~ }RoprOduetion._•• ____ {bt~l~rS·ljY·Species:::::::. _ ~~ ::::::::1:::::::::: :::::::::::: .::::::::: 
46 Tota!.._...... _.. .12 1.18 11. 75 ..................... . 
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VOLUME TABLES 
,'> 

Tables 25 to 39 are standard volume tables applicable to ponderosa pine 
through most of its range except on the very best sites, such as are not found in 
Oregon and Washington. Tables 27 to 30 give the cubic-foot volume of the 
entire bole inside bark for mature trees. Tables 31 to 34 and 36 to 39 give 
board-foot volume to an 8-inch top inside bark for mature trees. Tables 26 
and 35 give cubic-foot and board-foot volume for immature trees or bull pine 
on site quality IV. Table 25 gives cubic-foot volumes applicable to the small 
sizes in reproduction stands. All the tables are based upon average form, and so 
will not apply with sufficient accuracy to certain stands that arc unbalanced as to 
form classes. A partial remedy can be found in observing form-class averages. 
In general, the degree to which the volume of a tree departs from the a\'erage 
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FIGURE 15.-Rehltion between form clllsS tlnd volume of thll nverage ponderosa pine tree. 

depends upon its form class or quotient, It ratio between thp. diameter inside bark 
at a point half-way between breast height and the tip and the diameter inside 
bark at breast height. (For instance, It form class of 0.70 on a tree that has a 
diameter at breast height inside bark of 15 inches ILnd is SO feet tall means that 

the diameter at ~~4.5 feet above breast height or 42.3 feet above the ground is 

0.70 X 15 inches, or to.5 inehes.) Figure 15 illustrates the relationship between 
form class and average volume. Tree class I averages about 0.675, elasses 2 
and 3 about 0.70, and class 4 about 0.725, although in each instance the range 011 
either side of the average may be about 0.15 to 0.20. By determining the average 
form of 10 to 20 trees selected Itt random in a stand and using the correction per
centage corresponding to it in figure 15, a more accurate estimate can be obtained. 
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CUBIC-FOOT VOLUMES 

TABLE 25.-Cubic-foot volume table for small-sized ponderosa pine in reproduction 
stands 

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

Diameter breast high (inches) 

________________1__1_0_1__1_5_ ~~ _3_0__3_5_1_4_0_ 

1 ______ • _____ •• _ •• __ ._._. ___ •__ .•. _._ .•. _._ •. 0.051 O.Oiti O. 101 0.126 0.152 0.178 0.2032. _______ • ______ . _._ •.• _. _. _. _..... _. _. ___ . __ _ .137 .200 .275 .321 .412 .481 .5503 _________ . ___ ._._ . ____ •• ___ ... _ ._ •... __ • __ ._ ~ 2.12 .:l8O .508 .635 .700 .880 1.02L ____________ ._ ... ___ . _..__ . ' __ " __ .. _. __ . __ . .40 .00 .80 .99 1.20 1.39 1.595___________ ....._. _______ ._ ._. ___ ._ .. _. ___ ._._ .58 .86 1. 16 I. 45 1.74 2.02 2.326 ___________ • _. _____ •• ____ ._. _. _. _. ___ . ___ . _ •• .82 1.22 1.63 2.04 2.45 2.85 3.26 
1- ________ ._ ...... _ot_ .. _.... __ .. ___ .,. ..... ~ ... ... ___ ... ".. __ ...~ 1.08 1.62 2.17 2. iO 3.25 3.7i 4.32 
9 _______________________ • __ ._. ________ . _____ ._ 
8___________ •_____________________ . _•.. _____ ._ 

1.38 2.00 2.75 3.45 4.15 4.85 5. 55 
10_______ • __________ •______________ •• ________ _ 1.73 2.58 3. 45 4. 35 5. 20 6. 05 6. 90 

2.10 3.15 4. 20 5. 25 6.30 7.35 8.40 

Data collected in reproduction stands in eastern Oregon and east.ern \\'ashington. Basis, 84 trees. 
Volume includes peeled stump, stem, and top. Tree volumes computed by plauimeter method. Table 
prepared by form-factor method, 1930. Aggregate deviation from basic data, -0.11 percent. 

TABLE 26.-Cubic-foot vol1l.71te table fOT second-growth ponderosa pine in eastern 
Oregon and eastern Washington; site quality IV 

Volume (cubic feet) by total height of tree in feet 
Diameter breast 

high (inches) 
30 40 50 no iO 80 00 100 110 120 130 140 l.iO 

5 ___________ •• _. _____ 1.4 2.1 2.66 __________________ ._ 
2.0 a.o 3.77___________________ • 
2. i 4.0 5.08 __________ ..____ • ___ 
3.6 5.2 6.69 ______ • _____ ..... _•• 4.6 6.6 8.2 

10____ ._...._........ Ii.S 8.1 10.0ll_______ ._ ..._.. 7.2 9.9 12. 1
12____ .._._._ ..... ___ 8.8 11.9 14. 5 
13. ______ ...... __ ._ .• 10.1 13.9 16.6
14 _______ •___ ... _.... 12. 0 15.9 19.5 
15. __ • ____ . '" .•• 13.9 IS.2 2'l.8
16 __ ....... __ .. __ ._ 15.3 2O.S 2.1.5
li____ ....... __ .. _. 17.0 2:1.5 28.0
18___________ • _____ ._ 10.1 2.5. 9 31.8
19 _____ ..._....._.... 22.5 29.0 35.0 
20 ___ ......... _.... _ 24.0 32.0 39.8 
21. ___ ....__ ......... 26.0 35.0 43
22 _________ ~ ........ ~ .... ~ 28.9 :\S.5 47
2:1. ••_.... ___________ 31.2 41.5 51 
24._ .. ___ ..... __ .... __ 33.5 4.5 56 

3.1 
4.4 
6.0 
7.8 
9.8 

12.0 
14.5 
17.0 
20.1 
23.7 
27.0 
30.7 
34.2 
37.1 
41.2 
40.5 
51 
56 
61 
60 

a.3 
5.4 
7.2 
9.2 

11.7 
14.0 
16.8 
20.1 
23.8 
27.2 
31.9 
35.1 
39.5 
44 
48 
53 
;;9 
65 
il 
77 

~ ... -~- .. . _....... ... ~-- . -----~ --" ... ~ ~ ..... ~ ..... ------ -----..... _-- ~- .. -- - "-- ...... ~---~~ ... ---" -._ .. -.. .... __ .. - -------- ... -- ... --- ...  -_ .. ~ 4 _ .... ~ " ...  ~ ~ .. ~ .. -...... ...........  -----
----~ .. ~-- ~ -.". _. ~  ---~. - " .. ~,.. ~ ... -.. ~ .- ...... ~ .. --------- .- .. ~ -" ____ N_ .. --- .. - .-- ~ ~ 

- ~ .... _.. - .. --- .. ------_... _.. ~ ~ - ~ .. -... ~~ ------ --_ ..... ------ ~ ---- --------_ .... ~ ~ .. _. .. ---- ~ -... -~ .. ......... _ ~ .. ~ .. - .. - . ~ ...... -----
-26~9' '3ii:o' ---- .. ------ .. -.. --- "' ... ~,. .... - ... --- ----------- .. --- .. - .. ----- -" . .o_ * .....  ..  ~ .. -- ... 
31.0 35.8 ..... ,.--- -. ~ ~ ~ .. -- .. --- .---~ .. 
as. 5 40.0 45.0 50.5 ----_ .. --~ --~ - ~ --- .._---
40.1 45.1 51.0 56.5 62.0 ... --- ~ ... -~ -----
45.1 M 57 r,1 70 '''86 ~ ~ ~-*- --_ ... 
51 .17 63 70 78 -....-. .... _- .... 
56 63 70 78 87 96 ----~ .. 
01 70 78 87 96 100 115 ---i3067 77 S6 95 105 115 12.1 
i4 84 94 l!H 114 125 136 149 
81 92 103 113 124 138 148 162 
JlS 99 111 123 136 150 161 175 

2.1_ ••._._ ............ 
"-~ .. ~ ..

26__ •• _..........._•• _.......... 
27 _.... ___ ...... _._ .. 

50 
04 
58 

61 
66 
71. 

"",. 
7S 
85 

54 
92 

100 

96 
104 
112 

lOi 
116 
125 

120 
130 
140 

133 
145 
1M 

147 
150 
172 

162 
li6 
188 

176 
189 
205 

189 
205 
220 

28_._._._ ...... __ ... _ .- ... - ~ 63 77 92 107 121 135 151 168 185 200 220 240 
29.- ........___ ...... 

~ .. --" .. 68 
ao ....... _..... _ ~ -.. ~ ~ i3 
31. ____ . __ ..... _... 

- -~ .. ill 
:12 __ . __ . ___ ...._... _ - .. ' ... ~ 84 

8·\ 
90 
00 

10.1 

100 
!O7 
115 
122 

115 
124 
13:1 
141 

130 
140 
150 
160 

145 
1.,6 
W7 
180 

162 
174 
IS6 
1IJ<J 

181 
193 
200 
218 

198 
211 
2'~5 
230 

215 
230 
249 
258 

23.1 
250 
262 
276 

250 
264 
280 
296 

3a_ ..... _........... 00 
:14 ___ ..... __ ....... 

~ ~ .... -.. US35. _____ _0.... _k. ___ - ..... 100 

110 
116 
121 

130 
137 
145 

150 
159 
168 

170 
180 
100 

160 
200 
210 

210 
220 
230 

231 
242 
21,2 

252 
265 
275 

272 
285 
295 

200 
300 
310 

305 
315 
325 

30 __ ..... 105 127 152 177 199 220 240 262 285 305 320 340 
37. __ '''_'''_ ~ ",. ~ - ' 110 
3S._ ..• _...... _._ .• _.. --~." .. - 116 
ao. _.._.......... ____ 

~ .. ---- 12.1 
40. ___ .... ___ ._ ...... ............ 130 

134 
141 
148 
155 

159 
167 
176 
185 

186 
195 
205 
215 

207 
21.1 
225 
235 

230 
240 
250 
200 

255 
26.5 
275 
285 

273 
285 
297 
310 

295 
305 
315 
330 

315 
325 
340 
350 

330 
345 
360 
370 

350 
365 
380 
390 

Data collected in eastern Oregon. Busis. 767 trees. Voiume includes peeled stump, stem, and top. 
Tree volumes computed by planimeter method. Table prepared by alinement·chart method, 1930. 
Aggregate deviation from basic data, -0.32 percent, 
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TABLE 27.-Cubic-fool, volumc table for mature ponderosa pine; sites on which the 
tallest 10 percent of thc trees contain S.6 to 10.0 logs, or medium and good site III, 
pl.Jor site II 

Yolume (cubic feet) by (o(nl height of trees in feet Diame·1ter __~__~-.____;__-,__-,__, ___~__~__~__~__~~__~__-,__-,__~___ 

(~!~, 30 I 40 150 60 70 I80 190 ' 100 \ 110 1120 1130 , ).10 !150 !1fi0 1170 180/100 200 

L:~~~:: n° ~:!5 :::: :::::':::}:):::: :::::1:::'1 :::-- --~::::L::{:::!:::~ ::::: 
~::::::::~:~ 4.0 4.7 ··..... !...J ...L ... : .... ; ... j.I .........I .... , ......,.
rl!:::jj ,n :~rmn:~:c:l-/_L:i::: ..:-::-!Hi:::--!-:-@ 

I~. . !l.6 12.6 Hi.a IS.5! 22.0 25 2~ ' ••'- ... r.... i .. ,1 " 1 , .... ,", I __ . ' ... 
IL, , ... 14.~ ~8.0 ~.2 :;;;.~ 2\1 ?2 3? 4~i"'''I' .. · .. I, ' i ! .. j-... .j
15. • ' 16.".1 ."." ••1." 3,1 3,., 43 4Hi"'" ~.. " '. _ ',.. .' , 
16 .............. 2,1 28.5 33 38 44 49 5L.... i....... i '. ' ..! 
17... . ....... 27 :12 38 4-11 50 55 61 r,(j 72' 7~, .... ' .... 1 ....II.. ...,
1:-. ." __ au 36 43 ,10 5(\ 02 OS 75 ~2 sul.....I... '. , " i 
w. ..... al H ·IS 56 03 70 77 IH !l'2 1001,· __ · .... t ..-- I 
20. . .... 37 4" 5:1 62 09 77 85 !l3 1021 1J():· .. · .. · 1..... ,'.. , 
21 •••• ·12 .50 59 ~'~'I' 76 85 9,1 lOa 113 121 12l>, 1:J7 ·t·· .. 1 
2'2. •• ,4fi 5r, 65 • iiI 9,1 10i 113 12.1 132' I.JOI ,150 ..... ,••• , __

12:1, .• +'i<) no 71 ~A, Ig~ 10~ IH 123 13:1, HII, J5:1 Hi5' ... 1. .. , _. 
21 • __ ,50 ~,'g 77 '.)-,, 1121 124 134 HSi IGfi, 167 ISO .... ;. __ 'I • j

._.,59. S4 1 [(Yo!. 121, 13,1 1-14 157! IOSI Illli 125 1!l5... I.. ' .. ' 
2(;. .. .. (j.j 78 91 100, lISI 1301 ],[4 156' 170 182 JU5, 210, 22b, 2'101.' i 
27. 6!1 SI !l9 IHi 120\ HO' IG5) lOS1 183 ID5 210: 227' 2'101255.. • _1 ---I __2;'., 7·1 0l!O7 1221 130 1501 107 Isq WGi 2111 228,' 246' 2(l() 275 
29 ,I 80 OR 115 I:lO! 147 In2 178 LUG! 213 230 2-lS 20512S5 :100 ..... _.' 
aD 85 105 122 I:IU! 157 J74 I,ll ~'O7 230 2,15 2651 285 ao,j 320 ..... .. . 
al ....... !12<J 1,;0' 167 ISG 20." 22-1 2·151 21i21 2MI 305 32.1, :HO :If,oJ ass1:12 ... .. • II :j,~ Jml Ii8 Wh! 'Y101 2,1l 260; 2.~Ui 305/ 325 a,15i 3651 aS5, <I JO 

~~t, . :rlf,!; 170! ~~ m· ~81' ~~gl g~i 3~ ~~gl ilt\~, ~b8Ir' ~~~ 1.;gll' ~~~ 
:15 .IJlB }~81 210 ZIS 20.1 2.%1 :llr,' 33" :3/jO :18.1' 410 +to 405 400 
:1'0. . li~ Hlill 223 21,1 2.,01 :lO2 330: 355 :1801 410 ·13.1 405 4951 520 
;17. '11'i3 211l 236' 20,; ''U5' 320 318, !l75 .IOO! oJa.> 'If>5 ·100 520 1i-l5 
as.. ' JU!l 2'23' 2.501 2S0 aloi :las allal 305 ·125 4C,o .1001 520 545 575 
:m. " , 203 23,,1 26{,; 297 32S :J55 3!lO ·120 4.501 ·;00 .120 5-15 5751 610 
,10... -121a ";0' 2.'>.,1 :l15 a'l5, 3S0 4101 ·1-15 4~O 515 545 ~'lo51610 f>l5 
·11. I! ;.," J. -I :lOO, 3[1i ·laf> 470 500, 5-10 575,1 U IH5 fi71i 
4~.. ... I :lHOl 420 ·HiO ·W5 52°16110 fiOO frIO 675' 705 
-1:1... ·100 .)10 482 520 550 595 035,' 075 700 7-15I 
4,1... ' .12';1 '11l5 510 Mr. 5S3 625 fiG5 705 740 786 

~g= --'.:,I! I' Ii --. :l~gl ~yg ~?~ 1,~~'1 ~,~~ ~~ ~~i ~~gll m~~ 
4... . ._. .mol 5:101 5~0 025 670 ,201 760i 810 855 000 

::~~ j ::::1 :::: g:ml ~~1,i ~,;~81 ~~gl ~g<J ~~!. ~rJl ~~~ ~rJ g~
50. om, 600' 055 710· 7.;2 SOr, 8751' 02.5 U7511,030I,
fil... ' " ', .... 5751 oaol 685 7401 780 SliO; III 0, OflOil,02OI,075
~~"! .... ..... 6001 6601 71" 7iO' 820 8901 945;1,000,1,06011,120.,·1. , " ...." 625 nso 7401 800 ' 860 H201 980p.Q.';O;I, 10011, 105 
54. , .... , ...., 650 7101 770 830 0001 OOO:I.020tl,HlO!I,15OP,21O 
f.5. I j. '::':j .:: 6751 ,a51 8001 sr,o, 

1 
925 ffJ5.l,070'I,140,I,200I,260 

.111..... ,700 7liO\ 830 !lOOl 060 1,01511,11011, I~O'I, 2iO 1,310 'I ' 
57...... .. , • ,I .25 790, 8(jO 0351I,OOO;I,08011,150!I,2IO,I,~%I,300 
5S..... ".... ,'7501 H20 om 1170l1'O;'51I'1201I'IOOil'2WI':l30I'41O 
59•.• _._., I ! .... 775 .~[,o lIao:"OIO!t,0701.100'l,23011,300d,a$0I,4f~1 

01 
,,'I ... ·! I,00,••".,.,•.-., SO.1, &~O onoo!, 03°11.110 I, 20011, 2801, :15° 1, .j~0 I, 5101··1 !.",. 8:,!S! 010 9!JOi' 1 070,1. )~O I, ~~O I, :1;J0 1,.lqOI, '!8~ 1,56.1 

62.. '" _--. '" -I . ',1' "'1 .... KIDI 0,[0 1,0,10,1. 110,1, 190 I, .!l0, I, ,~~o I, 4ooll, .,3" 1,620 
r.:l. __ •• __ .... '" '''. '" ... OOOi 070,1,070,1, IflOll,Z'IOi"340',1,4ao 1,500 1,500 1,070 
~:...----...--I ... ,. " .. " I .! 'j !l~IJ,J, OOOf l, 110 1,2(10 I, 2b01' , 390i1, 480 1,550 1,64[' 1,720 
6°--.. --· ....1·· ·1 1'-- UfiOll,O~0!1,I50il,Z·'°il.32011,.j-101I,530I,OOOI,700I,780

1 
Dntu collected from ('rnfrr, Pnyette, Ll~~scn, and Plumas Nlltionnl Forests. Bnsis, 3\12 trees. Volume 

includes peeled stump, stem, nnd top. '('ree yolurnes com pUled hy lluber's formuln from tnper curves 
'I'ablo prepared by nlineuwnt·churt method, 1030, "\ggrcgnto deviation Crom baSic data, +0.70 percent. 
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TABLE 28.-Cubic-foot volume table for mature 1Jonderosa pine; sites on which the 
tallest 10 percent of the L, ,,,es contain 6.6 10 8./J logs, or medium and good site ITT, 
poor sile III 

Volume (cubic feel) by total height of trees in fcctDiameter 
breast l--,----,---:--,---,---.~~-..,--

_(i_~~_·Yl_~~_). ~I~I~ ~I~! ~~~I' ~~ \ !~1150
20 ao 40 50 ~~ 
4.••___ ..__. 0.3 0.7 1.3 1.8 2.3 2.0. ,.1 ....\. I . 1 I 
5.•_______• .5 1.2 2.0 2.~ 3.5 ·1.0\ 1. .. j
6.______ •• __ .8 1.8 2.9 4.0 4.9 5.7\ - I . I . \ ' 
i - •.---.---. I. 1 ~. ~ 3: Y g: '0'1 SU'. f" ~: g I', r I8.____ • ____ . 1.5 • 5 . t I 
Il••_.__ • ___ • 2.0 4.2 (;'·1 S.O I?. 1~.3 I.', I II ; 
10_________ • 2.6 5.2 800 W.O 13.0 1".0 -,-1-" - ,: . 
11.-._________.__ 0.5 9. i 12.8 15. Ii ii. II I -. (I . 

12_____ . ___ •••••• 7.8 11.5 15.2 18.0,' 21.0 211 •. I ! I I'
! 
13._._•••__ . -•• ,. 0.3 13•.1\17.3 21.0 24.11 ?~I-";" ' I li- ,--' 
14••_._.____ •• __ • to.O 15.3 20 2.1.5'1 28 -,~:,\ -j!_: '.1' ,
15.________ . - .. " 12.2 17.2 23 23 32 ., t ' I ... 
16___ . ______ .• ___ 13.S 19.31 26 31 37 42, 4S 5.1;___ I .. 
17._._____._. __ .• 15.3 21.S2·1.-1 20 3540 41 485-1 55 60G8 ...... 81\......._·1 .. _..1 .. , !II.:.~:.·.
18....._•••• , •• " 16.7 32 46 61 .·1 , ... 1 
19............." 18.6 27 36 45 52 OJ 08 76 83 flO ....... ,. 

20 .......... " __ ' 20.5 30 40 50 5S 67 7.1 84 93 101.__ • __ ._ •• 

21............... 22.6 33 45 55 IH 74 83 0:1 103 ll2 ........__ • 


~5:.:.:.·:_:.:.. ~.·:.·::!.·.::.::. ~-- ~~ ~g ~g ~~ *i~ m m ml mHg :~c: [:"
M 47 (;\ 7S 02 106 119 132 145 1[,8 Ji~ IS5 /Util.. .."I I 
~Q......__ .. "'. "I"" 51 60 S5 100 H·I 129 1·12 1.,6 172 laO 200 2111""":.</.......... ..... .... 56 75 92 lOS 123 139 if>! 170 IS(] 202 215 230 ......_ 
23 1 _. 01 82 100 117 13·1 150 lUi 18·1 200 21i 230 2411 "" 
29:~:::::::L:'.: 66 8S lOS 120 1-15 162 1,2 19S 215 235 2.15 270 .••.. l
ao...... ..1 .. _ ·1 70 o.'j lIO 135 155 175 lUI 212 230 Zi21 272 239 30~, ....... 
3l.. ........ , ...., ..... 102 124 IH !G5 IS7 ~lfl7 226 2-li 272 290 3101 :1301 

:l2.. ........:' :J\lr~ n5 1t1 }~I m ~~ ~M ~¥~I ~~, ~~g ~,~~!! ~~~ :::'::

F.!~5::::.·:· ..:.•. -.'., :! .. .122 [49 17·l 200 22; 250 2(1) 300 :~!O! 3,5-1 376 400 ..... 
, '.. _. .• 12i1 158 18-1 211 23i 265 203 320 350 375 400 425... .. 
36 .......... '... .! .. .13.0; 167 195 222 252 282 310 :HO 370 aor. 42., 450 .... ..
:i7... .... ' ... .\ ..... 177 200 ZIG 2GB 208 330 300 3110 422 4WI ·li5 

~.. >::: ~~Jlt ~~ ~~1 ~gl ~~~ tlg i~ ~ i:81 ~~ GOO 
-11. .. 262 ;l00 313 aS2 421 400 ·/US S:J5 570 (~X) tHO 
.12 .. 275 a201 3601 .1051 ·Ha· '182 525 500 595 640 /lSO 
43 ... 200 3:~~, :I~O, '12111 .lUol 50-I, oflO 590 G:lO Of';' 715 
H __ • aQ5 350' ·100' ·150 '188' 53UI 580 r.20 GOO 700 750 
45 . 320 3"~ 4"0' 4!it, 510' [.5.~ 610 650 690 ;-:15 785 
41] 'l'!7 'WO 1101 ISS 5..15 585 0-10 Olin 72.5 .75 b~'O 
47 .. '355 410 :1(30 510 5UO Gin ';05 715 760 810 SliO 
,IS , '3;0 ·130 ·IHO 532 585 U10 6UO 71iO bOO 8-l5 900 
~?, \i. .. ~~,'oOI'.· JjOO ~~.oo' OJ 5 1105 720 780 835 880 !NO 
.'" ~ -'!(j "', G-l2 (195 700 815 865 U:!O \ISO 

~~ : ! .. ,-- .JOOI ~Jgl IDl~ g~?, ~~~ ~!~ ~~~ ~~~ ~l;g I' &8 
(hi i.. j':' :1 5nO 652 725 iUO S6:1 920 \l00 1,030 1:100 
lH.. III 0 flS2 750 52') 805 \155 1,010 1,070 1, t·1O 
55. ..... I 030. 70S 785 855 0:1(1\ 990 I, tHo 1,110 I, JBO 
5U.~ ~".. t HaOI ia5 815 &1.)5 gno 1,020 1,OS;; I j 150 1,2'20J. 

57......... · ., ...... j.... , '7"0 850 915 U!JO I, (l50 1,125 1,190' 1,200 

~t::::::: '::r::- ··::·:··.:.,1:......:1.'.:.:. :\;"'.~_·:·:.li ~~I ~~8 fi~g, 1:~~811:r:m 1:H8 l:~Q\IU?,~
00......... ":::':::::1:: -'1 I", -- I ,siOI tJ50 1,02.i1 1,110 1,IS5 J,_oO 1,3.1" 1,4"" 


Dnhl coHcclcl1 frolU {'raler. guhnoll, L!ls.'~l\, Whi(l\\l\ll, Pu:;cl(c, 8h"-<[II, \\'cl~crt nols~, Coconino, nml 
UmAtilla :>:ntionnl For~~ls. lIasl~, ·1.{J{15 tn'(';!. VOhlllll' "\I'llld~s p~eletl Stllllll', stom, And top. 1'r~u 
volumes l'OlllPllt(~d by Jluher', fOJ'lliuln from I,,[wr ('UrnlS. 'l'nble pm[luru([ by ulinclIlcut·churt lIIethod, 
1930. Aggregate uevjal.lon f!'Ow hl~,ic lIaln, -1l.U Jl~rccllt. 
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TABLE 29.-Cubic-foot volume table for mature ponderosa pine; sites on which the 
tallest 10 percent of the trees contain 4.6 to 6.5 logs, or good site V, poor .~ite IV 

Volume (cubic feet) by totel helgbt of trees in feet 
Diameter hreast high 1--,.--,.----.--,---,.--,.--,--;---,.--,.----.--;-- 

,-----(~:____ :, ':, :, :;=,,---,,- _':1,_,,_1,~___~,,_'_:' __ ',,_ 

6._•••••______ ._.____ 2.8 3.5 4.3 5.3._____ ,______ ---._- ----. t..... --.--....-.- '-"-' ..---
W~~~~;ni~:~~~~~~~ nJJ J; lft~~~~H~~~I ~~~~~H~~~~(~I~ :I~~~~ ~I~~Inf~~~I ~I~I~~

12••••.• ___ .. __ •. __ ._ 10.0 13.3 16.8 20.0 23.0 26.____ • _.__________ . _____ •____ •• __ • __ • ____ _ 
13 ______ .. _........ __ 11.8 15.5 19.1 23.0 20.7 30 34 38_. __ • __ •• __ • ______ • __________ _ 
14 __________ •• ,, _____ 13.4 18.0 22.2 26.5 aO.8 35 40 44 48 53 58 ___________ _ 

~L:::::::::::::-::: 
17....... _.......... 

iU ~U ~:& ~U :1&' 2 
19.3 26.0 32 as. 5 45 

~g 
52 

1~ 
59 

~ 
66 

[;ll 
72 

~~ 
78 

~~ ----go ----87 
85 91 98 

18 ___ .... _.. _. __ ._.•_ 22.0 29.0 30 43 51 .59 66 74 80 80 66 104 112 
19. ___ ._ .... ___ .... __ 24.5 32.5 40 49 58 67 74 82 00 100 108 117 126 
20 ________ ._ ••••• ___ • 21i.8 35.5 45 54 04 75 82 91 101 III 120 136 139 
21. _______ ..... __ •__ • ~>g.5 :19 56 60 70 82 90 101 .112 123 133 144 154 
22 __ ......... ___ •••• 32 43 55 66 76 80 100 III 124 134 145 157 168 
23. __ ......_•. _.. _._. 35 47 60 72 83 97 100 122 135 H6 159 171 183 
24 __ ..... __ " ....... _ 38 52 65 78 91 105 119 133 146 158 173 I&'i 200 
25._••__ ._ .... ___ .___ 41 56 70 &5 100 115 136 144 158 172 187 202 216 
2G .. ______ ~_"T~ .. ~ .. ___ • 45 61 76 
27_ •••• _____ •. __ ..... ____ ._ •• ___• 81 

92 
100 

108 
117 

125 
135 

140 
156 

ISO 
108 

171 
184 

186 
201 

203 
220 

220 
2:16 

235 
253 

28. __ ._... ___ .• __ •• 1.._... """ 88 
29..... -••.• ______ ........ _..... 95 
30._ ...... _ ..... __ .1,..•..••.__ .. 102 
31. ..._.. _.•• _•• ____ ..•_. __ •••• 110 

107 
115 
124 
132 

126 
1:16 
1·15 
155 

145 
15.5 
16.5 
Iii 

160 
173 
186 
200 

ISO 
195 
210 
2'2·1 

198 
214 
230 
245 

216 
2:13 
256 
270 

236 
255 
275 
295 

253 
2SO 
295 
315 

275 
298 
318 
338 

32 ......... -- •.•-.i .•• --. """ 118 
33 .. ___ .........___ +____ . ___ '_' 11233~ 
34 ... _____ . ______ .• '__ •• _.1..._.. 
35...... _____ .....1.... __ ...... 140 

141 
lop
159 
108 

165 
175 
185 
195 

190 
202 
214 
~'26 

215 
2'JO 
243 
256 

238 
254 
270 
286 

262 
2SO 
~>g8 

315 

289 
:106 
323 
340 

314 
334 
355 
375 

335 
360 
3SO 
400 

360 
385 
405 
425 

:10...... _.• _..........._......_. 148 
37 .......... _._ ......!.... __ i_____ • 155 
38______ •• ___ ._._ •••• __ •___ ' ..... _ 163 
39. ______ ._ .. _....... - .... i .. ---. 172 

177 
187 
198 
200 

200 
218 
232 
246 

2:18 
256 
272 
281 

270 
284 
298 
313 

302 
318 
337 
355 

336 
356 
370 
aoo 

:160 
3SO 
400 
420 

395 
415 
438 
458 

420 
440 
465 
488 

456 
470 
495 
520 

40.. __ .... ____ •••••__ ......1. ___ • L82 
41 ................__ ••.••-.1' ....... 192 
42._. __ .•..• __ ....___ ......... _........ 

221 
232 
24:1 

259 
273 
287 

~'Il6 

312 
330 

:132 
352 
370 

372 
:100 
408 

410 
4ao 
456 

4·15 
470 
490 

480 
565 
528 

515 
540 
560 

545 
572 
600 

43 .• __ •• __ .••. __ ••__ • __ •••• ___ ._ •. __ ••. 255 301 347:188 4a6 470 510 556 585 625 
44 •• _..... __ • __ ••••••••••_. "" ___ .•• __ 270 315 :16·1 400 4M 490 5:15 575 615 656 
45 •• ______ ._ •..•.• _••_••••..•. __ ....... 
46 •• ___ .. ___ .....____ ......1...... --.--. 

287 
295 

:1:10 
3·16 

:181 
398 

425 
445 

472 
490 

510 
530 

555 
580 

600 
625 

640 
070 

Il80 
710 

47 ...._.............. __ .... _"'" ___ ._. 
48. ____ • _____ • __ • __ •.•••___ ' .... , •• __ •• 

312 
3:10 

3r.1 
380 

416 
434 

465 
485 

510 
530 

556 
575 

605 
630 

656 
680 

700 
730 

740 
770 

49 ....... __ .... __ ••• _ .•••.•.••••• ' __ '" ••••.. 3\15 452 565 5W 000 655 710 760 S05 
50 ••••••• __ ........... __ • __ ....... _•••• __ •__ • 410 408 525 570 H2O Il80 740 790 840 
51. , __ ,_""",,,_,,, ._. _____ ..........., ••__
52._••••__ • ____ • ____ •••• __ •••• __ .•.••••___ ._ 

425 
445 

485 
565 

545 
565 

590 ~14'15~! 
610, 

705 
7:15 

770 
800 

820 
850 

B70 
900 

53._ .....................__ ""'_ ..... _ ...... 460 525 585 635 695 765 825 8SO 930 
54 ••__ ..... __ ........ __ •• , ...... __ .......... 475 540 600 655 725 795 850 910 960 
55 .............................. _ """ •••••• 
56 ............_.. _..... ' __ ." _••••••" __ ' 
57_ ........ __ .• _•._._. __ ••••••••••••• , ........ 
58. __ ••_•••• __ ••. __ •••. __ •• "'.'_ ........ ___ • 
59 •••_•.•••••____ .•_.•.•.__ .•••••• ___ ••."'" 
60_ •••.••.•••••••.••••••••• __ .•.• __ ._•••_.... 

41)0 
565 
52!) 
540 
55.5 
575 

560 
580 
600 
62Q
tHOI 
f>flO 

620 
640 
{160
!lSO 
710 
740 

675 755 
710 785 
740 810 
770 830[
800 S.'i5 
825 885 

820 880 040 
845 910 970 
8iO 940 1,005 
895 970 1.040 
925 1,000 1,075 
91iO 1,040 I, 110 

1,000 
1,035 
1,065 
1,100 
1,140 
I, ISO 

l 1 

Data collected from l\fonte7.Uma, Missoula, ('orson, Son Juon, ('oconino, oIld Bitterroot National 
Forests. BasIs, 6,1711 trees. VolulIle includes I)celed stump, stem, and top. Trce "olumes computed by
Huber's forllluJafrolll tupcr cun'cs. 'ruule prepared uy alinement-cuort method, 1930. Aggregate devia· 
tiOD frolll uasic datu, +0.5 percent. 
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TABLE 30.-Cubic-foot volume table for mature ponderosa pine; sites on which the 
tallest 10 percent of the trees contain le.~s than 4.5 logs, or .site VI, poor and mediu17£ 
site V 

Volume (cubic Ceet) by total beight oC trees In feet 
Diameter breast 

high (incbes) 
30 40 50 60 10 so 90 100 110 120

-------1.----------_____________ 
5 ______________ • ___ •• 
6. ___________ •• __ .. _ . 1.9 2.5 3.·\ 

~--- .. --- _...._---- ---- .. _-- -------- -------- -------- -------7________ ••• ____ • ____ 2.8 3.6 4.9 ~ .. - .... -_ .. 
~---- .. -- -------- -------- -------- -------- -- .. ----3.9 5.08. ____ • __ • ___ .•• __ • U.6 ". ~ ...... -- -------- -... -.... -- .. -------- -------- ------ .. -.._-----5.4 6.6 8.4 .. .. * .. ~ ...... 
.-----~-9.___ •__ ._... __ .... _ -_._---- -------- -------- -------- -------6.6 8.4 10.510______ ••. _____ ._. __ ~------- -------- --.. ----- ------ .. - -------8.'\ 10.2 12.8 -"--iii' ... ---_.

l7 
"

ll_.____ ............ _ 10.2 13.0 15.3 
--- .. -_ .. --------- -_ .. -.. --- --- .. ---- ------- ..
17 20 .. _---- ....12__ ••_........ __ "" --- .. --- .. ... _-- .. --- -------- ...... _---13.0 15.~ Ii.S 20 24 ._--........
13.... __ ....... _..... 15.0 11.5 20.5 24 28 

-------- .. ------- -------- .------
14•••__ ••••• ",. __ " __ 17.0 19.5 ZI --·-·as. -------- .. -_ ...... _- -------28 33 4315. __ ........ _•.•• __ • -----_ .. - ------ .. ----""---18.9 23 2i 31 36 44 .'iO16___ •___ ••• __ •. " ..• -----.... - ....-...--- -------21 26 30 36 ·12 50 58 ....17••.__ .... _•.• __ .... 24 20 35 ·Il 48 58 65 

-------- -- _.. _- -------
18____ • __ • __ .. _.... 27 32 39 46 55 05 73 ·----82· 90 

-------
19..____ ....... _____ 
 30 a6 43 51 62 7:l 8220____ .... __ ... __ 91 1013a 40 ·....iZi47 57 69 SO 90 102 11321................... 37 44 52
22•••• ________________ 64 76 88 100 113 124 13440 411 58 70 8.1 96 110 123 135 14623 ............. ___ . _. 
 43 M f>4 76 90 100 120 133 146 15824 .._.......... _. ___ • 
 47 59 70 sa 99 116 129 145 158 1732.'i......... ___ • 
 70 90 lOS 124 139 155 171 18826____ ....... _... ____ 
 82 97 lIf> 1a4 150 167 185 20427.... __ ." .. .. ....~ ~ ~ ~ 88 105 124 144 160 180 200 22028 ......... _. __ . ____ , 
 U5 114 la2 1M 174 194 214 ZI529........... ______ .. 
 102 122 141 164 187:10.... __________ • 210 230 250IOn lao 152 177 200 223 245 26831. • __ ....... ___ . 
 :.::::1::::::::1 117 137 160 IS9 213 237 260 28432 -~ ........ -- .. ~ .. 12.5 145 170 200 22.1
~ ~- 252 278 304:~1.::::.:::::::: _ ~ 

1:12 154 182 211 235 270 295 a25:14........". ____ .--- .... .. - .. ~ .... ,. 138 162
~ 190 223 2.'iO 285 311 34435.... _. __ .. __ .. __ 
~~ ·4 _ * .. .... ~ .. -.. -- 145 170 20036..________ ..... ____ 235 270 300 330 360 

_""".,,4. -- .. -. ~ 152 ISO 213 247 285 a1537...... __ • __ 345 380 .. '"' .. 159.------- -_ ... ~-_ 190 22li 265 ~'98 335 365 40038............ ::::::: ------ .. --- .. _.... 
~ 

_- 166 200 ZI5 
 280 312 350 385 420 
40_. _________ ..______ ....... ----- 176 212 245 296 335 a70 405 440
39........_...__ ...__ 


---...-..... ..... _.. -.... 187 223 2.55 :110 31iO 3110 I 428 400 

Data collected Crom Custer and mack IIms Nationnl Forests. Bnsis. 818 trees. Volume includes peeled 
stump, stem, and toP. 'rree volumes computed by Huber's {onnulll {rom blper curves. Table prepared 
by nlinement·cbart met bod, 1030. Aggregate devlntion Crom bllSlc datu, +0.2 percent. 
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TABLE 31.-Board-foot VOl1tme lable (ScrUme,. rule-total he-i,qht) for mature lJon· 
deroS(L ]Ji7tej sUe.s on which the [allcst 10 percent of the [rees contain 8.6 to 10.0 
logs, 01' medinm and (food site I I I, ]ioor site II 

Diameter \'olume (bonrd (eet) by lotal height o( trees in (eel 

breast high 
(inches) ° (1 100 ' G HJO 200~____'1_5_0 ~~~~_~ 120. 130 ~~.. ~~ IhO 

10........ .... 23 37 5-1 •••••.•• 

11. •. _ 2S 45 0.1..... .... . .. 

lL~~.~~~ ~~ ~~ J~~ m::j~(:~~i:~::':::::::=:.:~~}~:}:':1
Hi •••.• . 60 107 140 18i 22r, 270 :)10 .................. . 

Ii........ ;Ii IZI II)S 213 2.';7 305 350 3UO ·120 4-15..... • .. ' ... .. 

IS........ hi [.10 HII 240 2HO 3·15 305 435 470 500 """ ........ .. 

W. ........... 09 158 2J.l 2nD :124 3S5 ·1010 ·JS5 525 5.;0-............... . 
20 112178 2'10 301 360 430 400 540 [,sa H20 ............... . 
21 125 IUS) 207 33,ilOO 4S0 ,;40 600 650 O!lO 725 765 .,. 
22 131l 2111 2!15 370 445 530 600 O(iO 720 7f>O 800 8·15 ... . 
23 lfia 2·12 a25 4 10 ,18;; 5S0 660 72.i 71JO SIS SSO H2.i ... . 
2l _ 1;3 26H a5.1 ·150 53;; 1135 i25 70:; kiO 015 0;0 1,020 ....._~. 
25 101 2<JO :I!lO 4flO f,so 00,5 7HO SIi.i 9,iO 1,00°11,o70 1.120 .••.•. . .... . 
20 211:115 430 ;;35 IHO 755 S60 OIJ 1.0-10 l,liO 1.17', I,ZlO 1.310 1;380 ......... 
2. 2:J2' 3·15 4(iii ,5S0 700 820 9:15 1.03511. 130,1, ~20 1,2!lO 1.350 1,440 1,520 ......... 

2" 253 :liO 50.5 f,'!O 7GO S7511.020 1,1:1011,2IOjl,:J!30 1.·110 1.·ISO 1,570 1,600 ........... . 

21' 27fJ'I00 550 "'~O 82.\ !l5,;II.II5II,230,I,35011,4.1O 1,510 1,025 1,710 1.810 ........... . 

ao aoo 4:35 .1Il5 740 StlO\I,040!1,21011,31OP,'1701,51'OII,U7;' 1.775 1,300 1,070 ............ 

31 1 rHo ROO 9001.1301,31011,4WII,5!lO',1,710'1,S20 1.025 2,020 2,HO 2,275 2.410
...... 
32 .! . 11\10 ~floll,OIOI,2201.'1151,5701,7201,S50 1,970 2,0752,190 2'32012'4(iii 2.r.oo 
33 . 740, fl2;'11,120!1,:1I5;1 ••120 1.60011.11,50 2,ooo 2.120 2,2·10 2,370 2,510 2,(iiiS 2,820

1 134 •.• 80011.000 1,210 1,420II,fi301,H20'I,O!102, 150 2,21,0 2,42(l 2,560 2,710 2.860 3,035 
:I.'i .! \ S5.iII,Q75:1.:IOOjl.52:; 1,7,;01',%02, 140i2,315 2.·11i0 2,010 2,760 2.020 3,080 3,260 
:1Il . .. 020 1, 150'1. :1\10,1. r>loll, RSO'12. 10012, ~>!JOi2, 4,0 2,620 2, sao 2, \l(iO 3, 140 3,300 3,500 
3i I • PRO1I, 2:lOri. ·IUOil. 740 2. 010 2,210.2,45012,650 2, 800 ~. nuo ~,}75 ;1, ;WOI :I, !!,IO :1,750
:% ! ,.,I,O';"!I,320·J,fi!!O·I.Snolz, l!Oi2,3S012.620,2,82,; 2,000 .1, ISO 3.,100 3,500 3,10014,000 
:l\1 II '1,1:1° 1. 41011, n% I. !lSO!2, 2'ii,2. 53012. 7!lOla. oon 3. ISO 3, :180 ;), UIO 3,8251 '1, (~1011 4,260

140 . 'I" 20;' 1,500 \, ~10112, 1I0j2, .11°12, "~012, U05,:l, 200 3.380 a, (iQO a,840 4,,0051 4,2!!O 4.520 
,11. ,1'1. 2.5,10,2,1;40\3,1,1013.3,5 3,1).% 3.825 ·1,080 4,320(4,5.101 ,1,700 
42 I' I 2. noo,:!. OOO!:!, :321) 3, 5,5 a,800 ,j,orlO 4, ;1201 '1.5hO 4,82015,080 
·1:~ !, I ; j2,&153,JiOa,.50013,775'I,0204,2S0·I.fiiO\.J,8fi05,lOOI5f3S0 
II ! 'I I a.OOO,3,3·lOa,r,~Oia.D75 ,1,2·10 4,5:10 4.,II;lOl 5,120 5,:1001 5,liRO 
4;' I 'a, 15,i :l, 520,3. SiO;·I, 100 '1,470 ,J,780 5. ICJOI 5. aoo, 5, lmol 6,000 
In I· l 6,320~1.3!(),~,6~1011.~~011,'I~,\ ·1,700 a.(HO 5.3sol fi.flhOI 0,000 
47. I. ,1"1,0,,1,8IOjl.. IO..1,0.0 4.030 ii.:J20 5,nnO' /i.ooo r.,~!201 0,070 
-IS: . ~'01g:I.050i·I"1i0,4.H40 ,i.175 5,fiOO r.,HflOi 6,320 /).0;.017,020 
411 If :1, 1~"I'I, 2~0j'1, 08015.!liD ,5.430 5, b.~0 fl. 260' fi, fHollI,lIOO 7,370I 
no . .1.!J,O,.I,·110'I,HOO'5,.IOO ,5,6~0 fl, HiO n.Mol O.!HlO 7,aaO 7, i20 
iii \. ·1, 1-15'4, I'~O 5, 12015.530 5, !laO Ii. ,140 n.llaOI 7,2S0 7, n701 8,070 
[,2. .. . , 4. 3201.I,8005,340j5. no 6.200 6, i20 7,10017.010 8,010' 8.4-15 
b:l .1.51015.100 5, 56°16. 010 6,475 7,000 7. ·170l 7, fJ·1O 8," 10[8, &20 
51 ~ j J, iO(};;, :UO 5,800 n. 250 O,7liO 7.2S0 7.7901 R, !!SO 8, 7~O 0,IU5 
55 ..·.1 1,SC)o:5, ~?I) 6, ~!O 0, 500 7,025 7..>;70 S. 1101 S. n20 n,lflO 0,570 
51i. . . ". OSOi"' 13010' _~o o. sao 7, :100 7. sno s, '1:101 S, {)flO O,Ii 10 9. !l15 
r.7.... ~,2S05,1l.\06,~~01!' 1!,Xl Z,~KO ~,I~O ~,7~01 o.:;~) O'!J:IOI1O'~2O 
CiS..... 11.-190 0.1606, IhO l.3.,0 I,&~O S.-I.,O ,1.0,°' U,r-,iO 10.250 10, 100 

l U, :j! 010.100 10, fJOO 11, 10059...... ;',700 0.·170 7, 000 7, 000 R, lAO 8,760 11
60 ••.• 5. OOO/fl, 600 7. 21017, SrJD H. 180 n.070 O. 71u 10. ,1[11) 10. or.o 11.500 
01 . ... n. 100IO,OOOI7"IHOIR, I()() H, iSO u,:mo 10,030 IO,R(X) 11,:100 11,000 
62 .... . .,... . fl,;loo 7. 05°17, 7aolR, :WI II, (ISO n. Ii!K' lO,a60 11. l50 11, nr.op2, aoo 
na.. •.. _... 11.1i0017, 270 7,080 S. 600 9, 3S011O, 0(JO 10.700 11. ·150 12.000 12, 700 
r,L_. .... .... .... .. 6, 7007.oJHOS. 2:3018,%0 !J.flOO 10, :1;10 11,0r.o 11.75012.:150113,100 
00........ • .• . f.,UD07, 7ICJS.oJ800, 150 10, (XJ011O. u70 JI,'loo 12,100 12,700 13,500 

Data ('ollcctcd from rrnt~r, Payette. [,!l'lSN1, find Plumas Natlonnl 'Forest$. fHmnp hefght. 1.5 (cot.
'!'rl'l's s~(llcd tn IMoot log l~n!(Ib~ with o.a·(oot trimming nllowant'C. 'l'op utilizatIon, Sluchcs Insldo bnrk. 
'fublo prepured by ndJusting tllble 36 (or top length, 1030. 

http:S5.iII,Q75:1.:IOOjl.52
http:l5,;II.II5II,230,I,35011,4.1O
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TABLE 32.-Board·foot volmne table (Scribner rllle--total height) for mature pon
derosa pine; sites on which lhe tallest 10 lJerccnt oj the trees conlain 6.6 to 8.5 logs, 
or mediu1n and good site IY, 1)001' site III • 

Volume (bo?rd feet) b~' totnl heIght of trces in fcet 

Diameter breast 

~~~ I I 

--------I.-~--O-~~~~~l~~l~ ~i~~_~~ 

10•• _____.•••. _ IH 
11_ •. _.• __ . 20 
l~:::~~~:"- 3!~I 
}~~::::l ig
l~::::: ..:j
18._ 
19... I 
~>()..... 'j
21" . 
22._. 
23.. i 
24... ..t 
25..... 
~2.Q,_':'.·' :1 

. . 
28 ..•. , 
29 • __ • 
30 .... 
:lL.. 
32 .• 
33 .. , 
34.. 
35,.. 
36 . _ 

""~r.,i . 

II 
9i 

110 
12·1 
138 
1M 
Iil 
100 
210 
232 
254)
2781 
304 
:1321 

3601 
390 
-I~'O: 
455; 
-105 
(hll, 

40 •.. ,'.•: 
41 
42 
43. 

... j 
• 

4-\'1' 
-15 1 
46 
47 
-IS 
4H_ 
50 
51 
52 
53 
5-1 
55 
5U 
57 • _ 
58 __ ... ..... 
59 .. '."""'"'' 

0_0_,_._._"_.'_._._--_._-__ 

32 45._._•• ' ___ " _••• __ ,•• _•. ____ •• __ ._. __ •• _. ____ ._ ••.•_••.•_._. 
42- 59 __ .• _..• _.• _ ••.• .1.... __ ...!__ ............... __ .... __ ..__ 

52 b~ l~~(u~~ !~•• eM ••• -~.-~ .-~.~~ _ •• ~. ~_.W"_ .~.--

~~j g~ inl 
1~!1 l~ 198 
143 200 ~~~l 
1621 22,; 28·1 
IS4, 252 315 
20S 280 350 
23~ 312 :187 
2(ii 345 427 
282 380 4iO 
310 415 51513·10 455 062 
372 40GI 615 
400 040 fJ69 
-1-12 584 720 
-1&2 r.32 793 
52·1 6~.i 85G 

~ . :1·:::' 
~~~ ~I~I::::"30'~ 360 407 
33S ·102 452 
380 4S0f 50.1 
423 500! 5tl5 
4f,G 555 roo 
512 010 0112 
565 675 762 
622 738 837 
fk~2 810 010 

:::':1::.::: :::::: ::::: :::' :.::: 
'-::·:i:·:·: ,:::,:1 :.:. ..\ :'.:: 

442.... ........ . . 

40~11 ... _.. ......... . .1 

560 ................... 1 ••• 


/)21 ....... -•..,........ __ ..1..... . 


50s 737 UI~ 1, lI5 I, :120' 1,515r I, (IS.; 1, S 10 I, USO 2, 100 2,2101 . __ _I615; 795 OSS 1,200 1,4251 1,6a5' 1,815 1.975 2,J:!O 2,20012.:~~O, •__ 
OM, 8 . 1,060 1,300! 1,5.151' 1,7551 I, D60 2, 115· 2,2R51 2, 4301 2, 5iO, __ ... 
716' 92011,1· 1,400.11,6-151.800.2,100 2,2115'2,-155:2,000 2,nOI ....__ 
773 USSI I, 2'~ 1,500, 1,7551 2,020, 2.2401 2,425: 2, 02012, i751 2, 9701. ____ _ 
8.12,1 I, O['~l' 1,315 1,600, I, h75~ 2,1001 2,380 2, nl){)1 2,700 2, 9G513,170'- ___ __ 
SIl5 1,130 J.4101 1,7001 2,000' 2,3001 2,5:lOl 2, 765' 2, U70 3,165 3,3701----

7441 880 DU51 1, 11511,2101 1,:100 
80S 9.15 1,0SOj' 1,220 1,325' I, ·125 
Ri511, oa511, ISO 1, :125 1,4·15 1,550 
nSI 1, laO I, ~,!KJI 1,'1:15 1,575 1,095 

I,O'~511'220 1,-IOO 1'56011'710 I,S'IIl

OUOI 750 700 
iGO S2b 872 
S'lO 910 960 
9251,000 I,OiD 

1,015 1, 100 I, 180 

1;.10 __ ••.. 1••••• _ 
025 ••---.1 .... . 

1.0.10._ .........._ 

I,HO __ • __ .I. 
1,200 •• __ ..[.• 
1, 3S0 ___ •• _1. 
1,510.__ ..... 
1,6..10 •___ .. 
1,700 1,&,0 _. 
I,fH5 2,(HC' ..... 

30 ,!l5S' .1,205: 1,51O! 1,810! 2.1201 2,4.101 2,6001 2,!>45 :1,1551 a,305 3,5001 .. __ • 
,I 1,2801 1,6(~)t 1,U2.;: 2,2.101 2,[,'1)! 2,85013,12'; 3,3'1O! a,570 a,SIO 4,050 
11,355' 1,7(10l 2,010: 2, 305 2,715i :l,020 3,305 3,5:lO!:I, i~O -I,030j 4, :WOiI, 4:l5: I, SOO 2, InC'. 2, .1!I(j 2.855 a, 20() a,4s51 :I, 730 a, !ilK),14, 2601 4,350 

I I, ;;~(), I, \100 ~,2(;0; 2, (]~>(J :1,000 1

, 

:I, :l70 3,675 3, OW ,I, :lex}1 -1,5001 -I, ROO 

I, (lOO 2, (l00 2, :!7." 2,7m :!, If>ol :1, .150 3,87"14,1;. I, 4201.1, i501 Ii, Or,() 

1,0% 2, 101l12' ·mOl 2. liSO 3, :llx)1 :l,725 4, (~~O 4, :!fH) '1,6·10 5,00015,320 

I, no: 2, :leX) 2, fJlK)1 :I, 1lI.1 3, ,lOW 3, IKIO ·1, 2\)01 ·1, 571i1'I,!M 5,250 5, 600 

1. ~~()' ~. :lIX) ~,7~OI ;1••160 :1. Q2~f 4. ?,~o -I, iOOI ~,8!X2 6, .130 5, Q~X!. ~ !:()O
I, U"I), _ .1101 _X'~I'.•!, ,lIO 3, ,~••. '1, .10 ·1,100 ."o,!or 5.300. 5, /I., h, _.00 

~ 2,520, 2, u~o~ :1, -1[,0 at 950{ -1,470 '1, \)10 5,2ili 5, finOJ G,O:;U fj,5UO 
. ,2,0;10 a, J101 3,600 -I, 1201 4, (ISO 5.125 5,500 5. UW! 6,3.10 G,);(JO! :2, ,1o! 3,2:,0' a.7(l0 4,2001 4, R70 5,3'10 5, ;:W fl, IHOi 0,010 ;, I()() 
·1 I :1, ~!!Oi a, U:W 4, 4~(J1 ~,070 ~,~50 5, !)f,()! I!. ~?Oi Q. ~!/o !.' ~OO 

• 1.1, ••.•01 ,1.100 -I,m.ol", 2hO n, ,00 6,210 h, ..!O! I,IUO 1.10<.1 
• !:I, liUO' 4, 270 -I, HWI 5, ·\UO (j, 0301 fI, 'lI~1 7, 0201 7. 500 S, OOiJ 

... , . :!,S'IO' -1,+10 5,O:lOI5,fl!/;; 1i,200 6,7111 7,:11 01 ;,SlOrs,aoo
I. 3, U,O' ·1, fil5' 5,210' 5, \)(~) fI, -ISO' Ci, U70/7, (lOOI 8. 100 S, (iOOI' I'" 1301 4,705' 5,400 6, 1111 n, 700I 7, 240 i, kilO: S, .J()() k. U50 

.- 'I'· ."'.I-I.U7['15,OOO' fi,:JaO 0,0-10: 7,520 ~,I,(J, .~, ;(10 U,:l(KJ 
... " .. , • 5,15515,1100 li,MIl i, HiO: 7,SIX)1 1;,-110' S,\)UO, !I,650 

...----. t' ..... 5,:!:lt~, 000 0, 7~(J17, '130:~~~~OLS,~[X), O~ ='~l~~~ 

Datn COllectcr! Irom ('rnter, HnlnwlI, I.11.';SCn, Whitman. Poyel (~, Hhaslu, W['iser, nulsl'. ('nconinQ, nnd 
Urnutilln Nntlonal Voresls. l'llUmp IWight, 1.5leet. 'l'recssenll'd iu to·fool lo~ Icnl:ths wit h O.:l-(()ol trimming
nllowllnce. 'l'op utilization, 8 inches i1lsidu !lurk. TallIe prepured hy udjusting: whle 37 lor top lcn~th, wao. 
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TABLE 33.-Board-foot volume table (Scribner Tule-total height) for mature 
ponderosa pine: sites on whir-h the tallest 10 percent of the trees contain 4.6 to 
(9.5 logs) or good site V, poor site IV 

Volume (bollrd Ceet) by totlillwight oC trees [II Ceet 

Diameter brenst 
I Ihigh (inches)' 

_______1_4_°_ 50 00 70 ~~ 100 110 120 ~~~ 

l~::::::::::::::::: ~ ~ t: ~ "'·9.~· 1li 'i-io"itiO : .••:: ...... ~:::::: :::::: 
12................ 28 44 f~'i 91 112 1311 160 100 215 --ziti ......... 

13................ 34 52 7S 107 135 164 194 2'22 250 2;4 ........ .. 

1-1 .... .-.......... 40 62 0') 125 158 192 2'16 26(l 200 317 

15 ..... ""......... 47 72 108 147 186 224 26(l 2!lS 3.12 31l1i 

10•••.•.•.•.•.• __ .. 64 84 125 1i0 215 2.:>8 :l00 3H 382 420 41i5 5Ir. 

lL:::. :::::::::,1 ~~ 1~ lt~ ~ ~b ~ ~g m 1~ t~ ~~ g~
19 ... ........... 82 125 187 250 :l15 :175 439 500 500 I)lS 685 755 
20.. ... ....... 92 142 212 282 :l55 425 494 505 0:10 602 7iO S55 
21 ., •••••. ".'__ Ir>0 237 314 395 475 552 6:10 702 772 860 I 955 
22... .. ............ 178 2116 352 440 [.10 015 702 785 SIlO 000 1,000 
23 ..... .. ...... 200 2!I.'i 300 486 585 082 780 870 955 I.OiO I 1,170 
24,.. ......... , •••. 22'1 328 4ao 5:17 650 750 805 9115 1,065 i L IHI] I' i,200
25 ....... . .••••. 244 :162 470 503 715 832 950 1,000 I,Ii5 I I, ~'OO 1,4lU 
26.. ...... •••••• 267 397 517 650 785 920 1,(H5 1,100 1,28511'410 1,540 
27.. •__ ....... ...... 2'J2 4:12 561l i08 SOO 1,010 1,145 1,2;0 1,400 1,640. 1,670 
28 318 ·170 Ut8 708 040 1,095 1,240 1,38,'; 1,525 I, 0i0 1,820I 
29' . :"::'.::: .::::: 346 510 HiO 8.10 1,020 1,185 1,3·10 1,500 1,655 1. sao : 1,970 

3~01·•.:::.'.·:::·.,._",',.'.".:.'.::'.'••". 370 557 728 895 1,100 1,280 1,450 1,IHO 1,700 1,950 12,120 . .• , _ 400 002 7SO 9115 1. ISO 1,375 I, [lIiO 1,700 1,935 2,100, 2,270 
32 ......... ,.•.•__ '.' 4,10 r,47 840 1,1)!J5 1,2U,'; 1,470 1,6HO 1,885 2,Oi5 2.250 i 2, 430 
3.1................. 474 6U5 900 1,110 1.350 1,.570 I,Soo 2,020 2,220 2.400'2,600 

34 ................. 510 74.'i 9f>5 1,190 1,4401,6751,920 2,100 2,:1r,5 2,55O!'2,770 

35 .•.• ,... ............ 797 1,0:15 1,265 1,5:10 1,7S5 2.050 2,300 2, 520 2,72.'i 2,900 

36.................., .. ".,.. 848 1,100 1,3·15 1,620 1,000 2,180 2,4·10 2,675 2,900 13.140 

37...... ...... ...... ••.••• 000 1,105 1,,120 1,715 2,015 2,310 22.'~'35 2.840 I' a.075 3,:1:JO

38........ ................ 055 1,22.1 1,500 1,815 2,130 2,440 3.005 :1,2.50 :I,5:lO 

39........... •........... 1,010 1,2\15 1,580 1,920 2,250 2.575 2,885 3.175 3,430 3.720 

40................. 1,005 1,305 1,670 2,025 2,370 2,710 3,0-10 3,:1,,1,5 1 3,015 '3,920 

-11.................... __ "" 1,120 1,440 1,705 2,130 2,400 2,845 3,200 3,515' a,805 4,120 

42 ..................... __ .... 1.175 1.510 1,855 2,240 2,IH5 2,9SO 3,31iO 3,1)05 4,000 4.320 

43 __ .. • __ .. ............... 1,235 1,580 1.950 2,350 2,745 3, 125 3,520 3,875 ·1, ~'OO 4,5-10 

4·1.. .................. "'''' 1,300 1,055 2,(H5 2,'100 2,875 3,275 3,OSO 4,055 4.400 14,700 

45 1, 36.'i 1 -30 2 140 2 "5 'j 010 3 125 3 845 1 "'1' 4 """ , 4 .w, 

46' : :::::.: :.:.: ::::::1:::::: 1,430 dlO 2:2:15 2;iii~) 3;145 3:575 ,1;015 4:420 4;810 5;23'0 

47..................__ ........ 1,495 1,800 2,:140 2,810 3,280 :1.7:10 4,185 4.010 5,0:10 5,480 

48.............__ ........ 1,500 1,975 2,'145 2,9:15 3,425 3,890 4,300 4,sao 5,250 5,710 

49 .......... •. \........... I, fJilO 2,06(' 2,550 3.005 3,.75 4,050 4,540 5,000 5,480 5,000 

50 • • ..... 1" __ ' .... 1,700 2,145 2, (100 a,195 3,725 4,215 4,720 5,210 5.710 6,210 

51 '_h .......... '" ..... ~ ......... 1,770 2,225 2.770 3J3~>() 3.875 4,38.; 4,000 5,"!..>£) 5,940 6,400 

52 __ .. ' ____ ........_........... 2,310 2,880 3,450 4,0'20 oJ,51j() 5,090 5,640 1i,180 6.730 

5.1 __ • • • ....... .. ..........__..__ 2,4110 2,090 :I,.'iSO 4,175 4,7·10 5.280 1i.8W 0,'120 7,000 

54............. 1. .................. 2,490 3,100 3,725 ,1,330 4,020 5,-170 6,080 6,670 7,270 


*::::::::::::::::: :::::: ::::::1::::::: :~=~~: H~ !:m Hr~ g:~~ H~ r::~~ ~:m H~ 
~::::::::::::::::: :::::: ::::=:1:::::::1::::::: ~: ~~i t~ U~ g:r~ ~: ~~ U~ I~: ~ H~ 

Datil collected Crom Montczumn, Missouln, Carson, Snn Juan, Ooconino, and Bitterroot Nntronni 
Forests. Stump height, 1.5 Ceet. 'rrces scaled in 16·Coot log lengths with 0.3·Coot trimming lI11owanl'e. 
Top utlllzutlon, 8 inches inside burk. 'ruble prepared by adjusting table 38 Cor top length, 1930. 
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TABLE 34.-Board-foot volume table (Scribner rule-total height) for mature pon
derosa pine; sites on whick the tallest 10 percent of the trees contain less than 4.,5 
logs, or site VI, poor and medium site V 

Volume (hoard (eel) by t,ltnl height o( trees in (eet 
Diameter brenst high 

(inches) 
40 50 GO 70 80 90 100 110 120 

----------1-------------------- 
26 41 58 
:13 52 74 
40 66 91 
50 82 110 
61 100 130 ........ 170- "---200- ,::::::: :::::::: :::::::: 
73 1J7 154 196 235 
87 135 175 2"2i 270 

101 155 207 2tiO 305 
117 li7 236 205 :148 410 470 
134 200 268 334 395 465 5.18 
152 2'16 304 378 4.iO 520 605 675 
170 2.5.1 340 425 5\15 595 Gi5 752 
102 283 3S0 475 56.> 660 750 840 
214 :1lS 420 528 6.10 no 830 930 
ZI7 350 465 585 700 815 915 1,025 
202 as,'; 512 545 770 805 ),005 1,125 
288 425 502 705 845 080 1,100 1,225 
314 46., 615 705 920 1.0iU 1,190 1,325 
342 505 070 828 1,000 1,160 1,280 1,430 
371 548 727 8UO 1,080 1,250 l,3R5 1,540 
400 505 782 956 1,160 1,345 1,485 1,055 
429 tHO 8.17 1,025 1,240 1,435 1,590 1, IT5 
458 OM 895 1,100 1,320 1.535 1,700 1,900 
4!lS 735 955 1,170 1,400 1,540 l,S15 2.025 
520 790 1.015 1,240 1,490 1,745 1,935 2, 150 
~;2 &10 1,080 1,315 1,585 1,850 2,000 2,275 
5:;7 895 1,14'; 1,390 1,680 1,950 2,180 2,400 
627 050 1,210 1,4iO 1, 775 2,070 2,300 2,.130 
675 1,005 1,275 1,555 1,875 2,li5 2,425 2,065 
712 1,000 1,:145 l,tHf> 1,070 2,280 2, 555 2,800 
755 1,125 1,420 1, no 2,070 2,300 2,680 2,935 

1 

Dnta collected (rom Custer nnd Bluck IJIlls National ForesL~. Stump height 1.5 (eet. 'rrces scaled in 
10-(001 log: lengths with 0.3·(00t trimming nllowanco. '['op utilizntion, ~ inches inside hnrk. 'ruble pre
pared by ndjusting table 39 (or top length, 1030. 

TABLE 35.-Board-Joot volume tables (Scribner rule-merchantable height) for 
second-growth poncierosc£ p-ine; site 1 V, easlern Oregon and eastern lVashington 

Diameter brellsL VOlllllle_(!JOtlrd (eet) by lotlll numher o( HHoot logs I 
,...""~':":'~) .J~I-';II-,;i.. ~I •.J~ ..o..•.•.~J. ___8_._ •••••0__ ' ••• ~~_._ 
9__ •••_....... ~I *0 5~ 85 •••. ~ •• ·I~·~ ~I~······!~~·····+······· ........ '" .... -
l?:::::::':.. " q25~~ ~650" I I~Ol~ 1•.•. 1131.55......... :::::::: :::::::: :::::::. :::::::: 

12,.. • ....•. v •• _ •••••••••_ •• "'_" __ 

l~""'---'- '1 ~ !!g gg :~g ""Zio' ...._. .i .~.-.- ..........---- •. -.- .• - .• 

..... ----* ... ~ ' ... '"~ I... 2,'15 325 ~~ ... ., .... ~ .....-- .......... - .... -~ 

It:::::.:: 'j ~ ~~ m ~g 2$5 :::::::: ::::::::360:::::: 

It:::::·: 58 J88 :¥~ ~j8 3;~ i~~'-'Mii .::::::: :::::::: :::::::: 
19•••..•• ~.. ~. ao 110 195 2S5 a90 490 590 •• ______ ... _____ . ___ • ___ _ 
20.••_....... ." I ao 115 215 316 425 535 545 •• ______ •• -.--- ••_.____ • 

~:::::::::::::::] ~g :~ ~g ~~g ~1g M~ ~~g "--920' :::::::: :::::::: 
~L:::::::::::.-.~l ~~ l~g ~bg !~g 3gg ~~~, ~g t:8rl :::::::: :::::::: 
~:::::::::::::::::::ll ~~ :~8 3~g ~~g g;\~ ~gg 1,8\8 H~g "i;40ii- ~.-••,-
27••_••••••.•• ~~... •. 35 205 3i5 SOO 745 930 I, 120 1,335 1,560 
28__ • _____ ......... ~ 40 2'20 400 600 800 1,000 1,205 1,4:10 1,660 
29 ....._••_••. ~ •• ~ 45 2:15 4:10 IHO 8UO 1,Oi(l 1.2115 1,530 1,700 -'-2;i40 

i~~~~~~~~~~~~:~~~:~:J:/~: .. ~~~. TI~ ~~. ::~~~ jJ~ U!~ j~~~ I' ~~ ~:~~ 
~::::::::::::::::::J:::::j:::::::: 8b~ ~~g 1: ~& 1: i~ U~g ~: ~~ ~: ~~ ~ ~g 
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TABLE 35.-Board-foot volume tables (Scribner rule--merchantable height) for 
second-growth ponderosa pine; site IV, eastern Oregon and eastern lVashington
Continued 

Volume (bonnl (eet) by totnl number oC 16'(001 logs 

Diametcr breast 


high (lnches) 1 I I 1 II 
__1___2 _3 _4_5,_6'_'_8_9 _10 

36___________ •••• _.•••••.•. \ •. ,.. 630 ' OiO J,2<J5 1,600 1,960 2,235 2,610 2,935 
3i.........._........ ..... 0110' 1,015 1,360 J,680 2,055 !l,a05 2,i40 3,080 
38 .................1.... ___ .• 6UO 1,060 1,'130 1,760 2.150 2,505 2,870 3,225 
39 ............ .1 ___ ._ 720 1,115 1,500 1,840 2,250 2,015 :1,000 :1,3i5 
40 •.. _ .... : .. ____ 750 1,160 1,565 1,920 2. :l50 2,725 3,125 3,530 
41 j 7S0 1,210 1,635 2,000 2,-145 2,8·10 3,255 3,fmO 
42. . ... J 810 1,260 1,700 2, (\~O 2, M5 2, \mO 3, :lS5 3,860 

I 

Data collected Crom WIlIlown lind Whitman Nntionnl For~sts. nnsi~, IS6 frees, Slump hei!(ht. 1.5 (cet.. 
Trees scaled in 16-(oot Icn!(ths with Q,3'(oot trimming allowance, '1'op utilizntion. Ii to 0 inches inside 
bark. 'ruble prepllrcd by (rustum (orm (actor method, 1U25. Aggregate de"iution (rom bllsle dntll, -0.60 
percent. 

TABLE 36.-Board-fool volul//(, table (Scribner rlltc-merchantable height) for mature 
ponderoSft 7>ine; s,tcs on -which the tallest 10 1)CrCClll of the trees cO'l/lain S.6 to 10.0 
logs, or meilillm (Hui good wile I Il, puor sile I I 

\'oluIIIl' (hoard [('~t ill tens) by totul number o( 16·(00(. logs 

Dluuu!tt'r htl!ust )Iivli I I(inches) : 1 Bnsisn (trees) 

_1Q_.-.• -"-~~I~ IS .... ~-~_..9. -lU-i~~-.-.-._-.-----I
5\t .:.......... . ~ ~ I l~ ~r ;; "'33"'·-" .-.-.. ...... , 


2310.. 6 10 17 ~~ ~ ~ 4i 5-1 ~~ ::~:·I·--. 
38 

2 

~~.. _I" 7 '-* ;~ :m 47 58 ~~ ~~ 90 ::'~::J ..... 64 
22 . 15 2S ,[2 55 70 82 !l6 IOU 40 
2·\ _. 17 :13 49 65 82 9s Uti J30 86 
26 20 3S 5l:) 76 00 116 1:16 154 77I. 
28 "'j 41 1i7 ~O 113 136 150 Jh2 '--:io:5 08 
30 L:::' __ .~_.7 102 131 Ir,~ 212 2·\0 100if 185 
:12 l ..... T •••-. 5S SS IlS 151 lH2 213 2·1·1 275 '--300' 98 
34 '.»."1...... 66 ~ 13.; 172 20~ 2,12.;-..,2;:.:7:;:8+.....aii-13~ 351 SO 

5\l~~. !. t-.... 76 \ JIa i~l ~~g ~~g ~);g !l},g ~t~ :l~~ 41 
5040.. .!...::..... 1,'.:,.··.:.. 1·.:·~.5., l14.:~ 19:1 246 2!/5 3·m 396 448 .JOS 

42 .. . '. I >0 214 2i:l :1:!S 305 ,13S 498 052 
.,\ i \ \ 175 Z\8 300 3."" '24 -IS" 552 (\10 24 

2146 .. I'~-' 'I'::::'!"'-- 261 3Us 6:12 072 

46 

1U2 330 :ion 005 
48...... . "" _..... __ :::::: :)10 286 361 436 5iO 583 OM ~ 21 
50.... \. ... _._ .. , _ ~291 311 an 4n 55-1 (l3n 722 S()2 14 
52... i ._ .. .1... L....1 ~-17 :137 42i 515 GO:I tl91 783 Rn ,I 

&1.............. . ... Ii" I ..1 .~Otl 30!! -162 555 (;.IV i40o!-..;8;,;4..5.!-,.0;;,4:;;3-1 6 
56 407 599 608 S()2 Wi 1.010 
[>8 5:J.I &12 747 858 {/flll I, O~o 
(i(J. __ ..... j' 1::' 1 f>72 f~i SO!! 910 1,030 1,160 2 
62......._ 1 I __ . I ow 7:l1 8.17 U77 1,100 1,240 

8J:::::::::- ;. '·'1--'-'] .::::: ~:::=: :~~ ~~ ~M i:?& U~ :;:168
~L=~:::" __ L~::=' ::::==,1 ::--- _......_. ___ ~~~ ~~~ ;:~g U~g Uiie 1:~1~ 
}r.iSi;;(irei,i)".:- .:::: !'::::(--iz :--is -'iii; '170' illlS n~ I'l~g J,3~ 1,4~g 1,1i:J~ 

lllock indirales Qxtl'nt o( hasll' dnta. Dutil ('ollee'ICll (rolll CrIlIN, Pnyctte, Lassen, lind PIUIIlIlS Nilliolllli 
Forests. Htulllp height. I.f> re~t. 'J'rees senletl ill Hi·(ool log~ with 0,3'(00L trirmuing allowance. Top
uLllization, Ii Inehes Insl<lo bark. 'I'llble prep,lroti hy [ru~tUIII (orlll [actor Ulethod, 1928, Aggregillo devin· 
lion (rolll busie dutu, -0,-1 perconL. Avcmge rJCl'lntion, 13.0 percollt. 
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TABLE 37.-Board-joot volume table (Scribner rule-merchantable height) jor mature 
ponderosa pine; sites on which the tallest 10 percent oj the trees contain 6.6 to 8.5 
logs, or medium and good site IV, poor site III 

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

Diameter breast high 


(inches) 
 I
l 

__________I.__Y-I_" _2__3__4__5__6__7__8__9_~ R~.;~~) 
10 --.-••._.••...._.••...••• --3- 6 10 14 ._.____ .•_.______.._. __ "'___._.•_. _______ 

56l~ ::::::::::::::::::::::::: § ~ I i~ ~I ~? '-'-34' ::::::: ::::::: ::::::: ::::::: 123 

3 

16 --------_..._._________• 6 10 18 26 34 41 40 _______ ..__. __ ._.____ 
201 

18 ----.....---...•- •..- ..--~ 21 31 40 4600 ~102 ___-~-_-= ____ ~-~=~ _====~= 33220_________________________ 8 13 25 37 48 __ _ ____________
22. __ .______ _______________ 9 16 30 44 58 73 86 100 ____•________ _ 421 
24 --..-- __ .________________ 10 18 35 52 70 87 104 121 _____________ _ 565 
26 --.---------_____________ ______ 21 41 61 81 102 123 145 165 605 

54828 --.--------------________ ______ 24 47 71 05 120 145 ~ 195 .______ 
30 ------.--- -- •••--_._____•._____ 28 55 82 110 140 109 199 227 __._.__ 560 
32.______ •__. __ •___________ ._____ 32 63 94 126 162 195 229 ~ _____ ._ :J70 

371 
273 
207 

40_.______..__________________________ • 100 151 204 260 313 365 417 471 123 
42 -_.----------------______ ______ ______ 110 167 226 286 345 402 460 523 
:i======================== ====== :~. i~Li t~! i~ ~~ :~~ ~~ m 97 

32 
16 
7~j---~~~j~~~:j~j~:~: ~~~ ~:~j~ ~~j ~ ~Ir~ j illI~1 

42 

3 
4 

M -- .•---.---•. ----------._ ______ ______ ______ 275 3-5 475 573 671 770 870 
56 -- •• ------- .. - .. -- .---_ ______ ______ _____ ______ 402 510 616 72.1 827 934 
58 ------------------------- ----- ______ ______ ______ 431 546 660 i71 882 995 1 

60 _________________________ ------ ------ ------ ------ 460 65S2~ 704 ~82375';I ?30~' I. Of>!) 1'--'--
4S9 74062 --------- - - - -- .------- ------ ------ ------ ------ _ 1.130 --- '--.-I U64 ------------------------_ ______ ______ ______ ______ 519 661 794 932 1;060 1,200 _______ 

~asfs(ti·ccs)::::::::::::::: ---12- --102- --338-1--Oii3- 1. ~~~ 1,1~~ ~ri~ g~~ 1.1~~ 1,28g -Tiiw 

Block indicates extent of basic data. Duta collectecl from Crater, bolmon, Lassen. Whitman, Payette, 
Shasta, Weiser, Boise. Coconino, and Umatilla National Forests. Slump hC1!!;ht,1.5 feet. 'l'rees scaled in 
I6-foot log lengths with 0.3-foot trimming allowance. '1'op utilization, 8 inches inside bark. '1'able pre
pured by frustuUl form fact,or metbod, 1928. Aggregate deviation. +0.4 percent. Average deviation, 14.8 
percent. 
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TABLE 38.-Board-foot volume table (Scribner rule-merchantable height) for 
mature ponderosa pine; sites on which the tallest 10 percent of the trees contain 
4.6 t.o 6.5 logs, or good site V, poor site IV 

Volume (board feet in tens) by total number sf HI·foot logs 

Diameter breast high

(inches) 


Hi\213 4567 ,8 (~r~:) 
-------·1----1----1---------

398 
603~!=========================== : ~ I ~~ I·····~~·2i ======== ======== ======== 

36 

770 ~~=========================== --+ 10 1822 27 3442 42 .•••••••••••....••_ ••.•••..•.12 32 ~ .._ 855 
20........................... 8 14 26 39 51 64 75 .•.•••.. 835 
22._......................... 10 17 31 46 62 78 91 •••..... 80& 


651 
n;!==========================: •••~~. ~ ~! ~~ ~: 1~~ r-i~! :::=:::: 

773 

28__•.•..••...••••.....•.•.•_.••..... 27 52 78 105 132 160 186 508 
30........................... •.•..•.. 31 60 90 121 1M 187 218 379 
32•.•.•_•••..••••.._......... •••..... 35 68 103 139 1'17 214 250 278 

157
::==::::::=::=:===:~:::===:=: :===:::= ~~ -* ~~ i~~ ;~~ ~~ --iH- 97 

20 
23~==========:============:=== :======= :::::~~:I }~ t~ ~g ~n m !~~ 54 

44...••..........•.••.....••• n...... ........ 124 189 257 325 391 455 12 


8 
50.•••.....••.....••.•....•••.••._... .••....• ..•...•• 240 328 415 ~1583 5 
52........................... •..•••.. ••.....• .......• 259 ~ 449 MO 632 1 
54 __....••...••.......•••......•.....•......••_...... 278 380 483 5SO 678 
56_ .•..••...._•..•..••.•....• _....... .....••• •.....•• 298 408 518 622 727 

58._•..•..••••...•_.......... .•.....• .....••• ••.....• 319 435 ~ 665 777 2 


:~=============:==:====:=:=== =======: ===::=:: ....~:~. ~ ;~~ ~~~ :~~ :ii~ 
9 

60. _._..•....••..._.••.....• __.....•. ......•• ..•••••• 340 462 5UO 710 830 
62..... _...••..._...••......•.....••. _n._._.._._.._. 361 491 627 755 884 
64.•..••._.•_................ •..••••. ...••••. ...•••.. 382 520 666 800 939 
Basis (trees) •._._............ 143 593 2,006 2,545 1,542 348 50 4 7,201 

Block indicates extent of basic data. Dnta collected from lV[onteznma, Missoula, Carson, San Juan, 
Coconino, and Bitterroot National Forests. Stump hei!(ht, 1.5 feet. Trees scaled in 16-foot log lengths with 
0.3-foot trImming aliowance. Top utilization, 8 inches Inside bark. Table prepared by frustum form f'ctor 
method, 1928. Aggregate deviation from busic datil, -0.6 percent. Average deviation, 14.8 percent. 

TABLE 39.-Board-foot volume table (Scribner rule-merchantable height) Jor mature 
ponderosa pine; sites on which the tallest 10 1Jcrcent of the trees contain less than 
4.5 logs, or site VI, poor and medium site V 

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

Diameter breast high (inches) 
Basis1)4 2 4 6 (trees) 

---------------j---------------
~ 

134 

H==============:==:=:=::=============::==::::R 151i I·----~r ===:=~= ======== ======== 

8 

126~~====:===========~=:========~===~=~=~~:==~~:= : ~ ~ : :~ 56 

1i8 

20••.•••.. _.•••....• _•...••• _•. __ •• __••._.._.. 9 15 28. 42 55 68 108 

30~======:==:===:=====:=:=::==:=============::= i~ ~i ~ '~i ~i 1~; 
57 

26__..•••..••.....••_._ ..••••••...•••.._.. __ •• ••••...• 25 48 72 96 ~ 4 
28_ •.•_•.._••••....__ ._.•__ .•_••..•...•••. _... ••..•.•• 29 56 84 112 142 2 
30._•.•••_._••••.._•..••••..•..• _......___ ._._ ••....._ 33 64 96 128 164 
32._..••_...._.......•••••••._. __ ...•••••..... _. ....• 37 72 108 146 186 

34- ........_•••... _._ .•••.._._•.._...._..._...••... _._ 41 81 121 165 209 

36._.•••...•••....••••••...••_••..•••••....••__•..._.. 45 89 1341 183 233 

~g:==:============~===========::===::==:==:::: ==:::::= ~~ 18~ }~~ ~i ~~ Basis (trees) ••_.••...•••••...••.•••_._. __ ._._. J9 165 325 247 41 1 798 

Block indicates extent of basic datn. Data collected from Custcr and Black Rills National Forests. 
Stump height, 1.5 feet. Trees scaled in !6-foot log lengths with 0.3-foot trimming "Uowance. Top utiliza· 
tion, 8 Inches. Table prepared by frustum form Cactor metbod, 1928. Aggregate deviation from basic data, 
+0.6 percent. Average de.viation, 15 percent.. 
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