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INTRODUCTIO~ 

Timber resources are renewable only through the growth of trees. 
The growth and reproduction or merchantable timber. and the conse­
quent changes in growing stock constitute the foundation of forest 
management. Bec:1.use a consideration of these ractors is essential in 
plannmg the continuity of a pub] ic or private fore$try enterprise, 
handling them properly is of paramount importance and should be su­
pervised by competent professi.onal foresters. Predicti.ons of sustained 
timber growth are needed not only in !1eneral terms for the broad 
public classification of forest hmds in attempts to place economic 
planning on a sound and practical basis. but also in more precise 
terms for the more restricted and comparatively short-time financial 
estimates required of managers of commercial forests. 

Obviously some knowledge of growth is essential to any plan for 
the regulation of cutting operations. This bulletin~ which deals with 
the problem of predicting the future growth of irregular stands over 
relatively short periods or time, is intended primarily for those whose 
task it is to hazard a forecast of rorest growth in formulating man­

1 The writer acknowledges his lndebtetin('ss to the (ollowing members of tbe Forest 
Service: R. P. KlrkJ:md·, ·.;bo has pointed Ollt the importance of growth-forecast methods 
in the practice of forestry; to W. E_ Bond for encouragement; and to the Division of 
Forest Economics for basic data; to. B. O. Hnghes for cIitirol re\'!ew; to F. A. Ioeson,
the most active proponent Df the dispersion method; to R. .R. Reynolds, an early advocate 
of the bytlothesis of tre<.> movement: Ilnd to R. A. Chapman for numerous ideas conct'rning
techniqU€S used in the stlldy; and alao tD K. E. Thomoon and her associates in the Worh-s 
Progress Admlnl'ltration for assistance with the computations, 
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agement policies and plans. Dependable information on periodic 
growth in volumes is constantly needed in timber management, par­
ticularly where an effort is being made to sustain yields. The obser­
vations in the present bulletin deal mainly with the question of how 
to do (or not to do) the.necessary work. 'Vhile numerical examples 
are drawn from experience in the southern pine region of the United 
States and several of the citations !tre to European publications, the 
interpretations presented should be widely useful in forest man­
agement throughout the Temperate Zone . 

. Many schemes for the determination of forest growth have failed 
either because of their inadequacy or because of the difficulty of 
properly applying them to a concrete problem. Thus discredit has 
come both to the overly simple mean-sample-tree method of early 
days and to some of the later more involved attempts to correct 
normal-yield tables to apply to actual stands. Much more promising 
is the recent research by Duerr and Gevorkiantz (lB)2 on the prob­
lem of gro\yth in uneven-aged timber, which correlates average per­
acre figures for: (l} Yolume, (2) main-stand diameter,3 (3) age, (4) 
basal area (area 01 cross section of stem in square feet), and (5) 
board-foot (or cubic-foot) square-foot ratio. The growth prediction 
rests on ana lysis of the inter~elatiollship of these factors. In the 
present study. however. the WrIter does not attempt any such funda­
mentnl analysis: the purpose is to outline proeedures simple enough 
for pmetica I applicat ion and appropriate for local conditions. 

Certain items of information needed in projecting these stands. such 
as normal rates of loss from natural mortality of trees. can be deter­
mined conclusively only by the exceedingly slow and expensive process 
of reexamining numerOllS permanent :-;:\mple plots over long periods. 
Fortunately. tllE' net annual rat" of cn'rent or periodic increment 
(growth minus loss) in board feet or cubic feet can be estimated 
promptl~' from an extensiw san: pIing process. using temporary plotb 
01' strips such ns are commonly ~Illployed by timber cruisers. Stand 
data (lnd lnerement borings, obI ained on the random or mechan ical 
system of sample plots customar} in volume inventories. provide the 
most' economical mean:-; of obta in ing the (lata needed for stud ies of 
growth. In these studie:-; size distribution as well as volume of 
timber may profitably be forecast because of the great variation in 
ya Illes of cliffel'ent-:-;izpd tr('(':-;, 

Briefly. this bulletin inr-llld('s a ,1 isC"ussl0n of numerOllS speeifie 
qll('~t ions ('onneetr<1 \\·ith the I!en(>ml problem. The subj(>ct of pre­
dieting timbe.J· growth has not yrt J'eac-heel (and mn)' neyer reach) 
a stage of clewlopment that might justify the discussion and recol11­
mendation of a single fOl'('('ast method to the exrlllsion of all others. 
Accordingly, this paper is inleJ1(1('(1 to ('J1('onragr ('ritical c()J1sideJ.·ation 
of the advantages ulld disall nmt:ages of s('Yern.l optional proce<1I1res. 

In comm('nting on rongh approximations. SOI11(, of the pitfalls in 
lIsing growth lwreent arp point('<l Ollt. Greatpr space is d!.'voteel 
to seyernl variations of tIll' stancl-tablp-]1l'oj('etion IIwthod. As 
many foresters ar(' not yet snfficiPIltI.v I'nl11ili:ll' wil'll f()J"('('Hsting pro­
c('<im(', the prineipnl stpps of this \\'i<1<']Y applicable method are 

:! ltulit' numhprs tn IlHl't'Jlthp};p,.., rprp,' to Litt','u1UI'(l ('ifNI. p. 4K
"l'IlJess Mhf'I'wisl' indi,'at,,·(i. Ill(' wort! dilluH'tf·,. in (htH hulll'till I'pf('rs (.(1 ilJ!' dl:lln('ter 

of trees 1Il"aslln'lI olltstdl' the h'lrl< (It a llrllnL .1 11.1 feet abm"c grounll. 
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presented in detail. Examples of forecasting by this and other 
methods include concrete illustration of simple forms in which to 
set up a stand projection. Comments are made on some of the fa1­
laci~s commonly involved in forecasting growth, and specific evi­
dence is advv.llced to indicate the {utility of using too much detail 
in th~ computing procedures. Num\~rical results of using the sa;me 
data In various procedures are compared. A method of convertmg 
a stand table using one diameter-class interval to the equivalent table 
using another class interval is illustrated. Assumptions, hypotheses, 
and some possible sources of errors of unlmown magnitude, e. g., 
the failure to make correct allowance for mortality or for accelera­
tion or deceleration of growth, are discussed in some detail because 
they may cause forecasts to hit far from the mark. The recurring­
inventory method of determining growth' is reviewed because it 
promises to become the principal means of control in the more 
intensive management of irregular forests. 

IAPPROXIMATIONS OF TIMBER-GRO\VTH RATES 

Nearly everyone appears to be more or less guilty of making hasty 
generalizations from scanty or inadequate data. Rough and ready 
calculations are used not only by those unable to 11andle other 
methods, but also by technicians for rapid and tentative approxima­
tion. No attempt need be made to discourage toying with rules of 
thumb or other very simple methods. provided their limitations are 
recognized and not too much reEance is placed on the results obtained, 

ApproJ..1mations of diameter growth may be had from cut stumps, 
which have serious limitations as gages~ however~ and should be 
used for tlllS purpose only when eertain precautions are observed. 
Partial cuts are usually selective, so that an estimate of growth based 
on stumps cannot represent the stand that remains, The pronounced 
effect of butt swell on measurements at stump height exaggerates 
the normal width of annua1 rings; consequently, ratios of diameters 
at stump and breast. height are neeclpd to correct this error, Finally! 
irregularity and eccentricity of lcm--cut stumps are confusing, and 
all measurements of stump growth if used at all should be com­
puted fr01? the average of several radii. Obviously, stump analyses 
are not sUlted for precise work. 

Information as to actual growth rates 011 comparable sites may 
be helpful in. detecting serious error~ in growth estimates thr.t might 
otherwise pass unnoticed. Fo!' example, on the better sites, in secol1d­
growth loblolly and shortleaf pine stands as now stocked, the rates 
of arulUaJ volume increment commonly vary from 4 to 9 percent. 
In many typical young, well-established (but understocked) forests 
the average rate of diameter growth (expressed in jnches per decade) 
tends to dH'~·t>-tse progressively because of the gradual closing-in 
of the stanc.;:' 

Co:m'CTATION OF GROWTH PERCENT 

Since the areas of eil'des increa:;e as the squares of their ra(lij, 
one may set up it fOJ"llJllla for annual percentage growth in basal 

• 'rills IJnturnl !!~'c('l('mtlon of tliulIwter growth CUll, un!! usually ShOllld, be reduced 
or eIlmillnted I>y Ilpplying prOf'''" cutting practices. 
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100 (d+0.2R)2
area as follows: d 2 100, where R=radial growth .In 

inches inside bark in 10 years (the usual measurement taken in 
studies of diameter growth), d=the present diameter, and the expres­
sion (d+0.2R) = diameter 1 year .from now. This formula, which 
disregards bark growth, may be stated approximately in the simple 

form 4~R. .If radial increment in bark (i. e., growth minus loss 

from sloughing off) be taken as 10 percent of the total radial incre­
ment, as in loblolly pine, the shortened formula becomes approx­

imately 44:. Such a formula, however, can approximate volume 

growth only where trees are not changing in form and height, and 
where no new trees are growing into the main stand; as this is 
seldom the case, its practical value is very limit.ed. 

Herrick (933) suggests that future diameter may be predicted on 
the assumption that periodic growth in basal area tends to remain 
fairly constant, and he presents the formula F=y2D 2_P 2, where 
D=present diameter, F=future diameter, and P=past diameter (as 
many years in the past as F is in the future). In this simple formula 
the basic assumpation is reasonable; at least it appears to hold for 
ponderosa pine and it should apply also to other species in which 
diameter growth does not culminate at an early age (3). 
If and when-in spite of its limitations, discussed in the following 

sections-percentage is used in studying the growth and accumula­
tion of wood capital, cerhlin mathematical formulas and tables are 
useful. A. comparison of several of the percentage methods of pre­
dicting timber growth was made by Rudolf (32), who found the 
results of variolls formulae in close agreement. If desired, the re­
sults of more intensive studies of periodIC growth also can be expressed 
easily in terms of percentage. By way of illustration, the periodic 
gro"\vth shown in table 2, pa~e 18," will be expressed in percentages. 
Growing stock at the end of 5 years was forecast at 135 percent of 
that at the start (total of line 14 divided by total of line 15), or an 
increase of 7.0 percent annually by simple interest. If compound­
interest tables are available, such as appear commonly in textbooks 
on forest mensuration, the equivalent compound rate, 6.2 percent, 
may be found by illterpolatinO' for the factor 1.35 opposite 5 years. 
If such tables are not available. the computation may be made by 
means of logarithmic tables. The compound rate p may also be 
derived from the simple interest rate R by using the formula: p=100 
("Y1+0.01nR-l). This last formu1a is the basis for a series of 
curves (one for 5 years, another for 10 yeal'S, etc.; see fig. 1), showing 
the relation between simple and compound rates of interest 'for 
identical yields in periods indicated, thus providing a graphic 
means of instantaneous conversion. 

Growth percentage perh:lps is most commonly applied in rough 
approximations, when no detailed stand-tllble forecasts exist as a 

'In this bulletin, the growth j)redictlons (prI'8ent~d lut('r) which lire bas"d on the 
detailed projection of stund tnbl!'s lire IIsHlIllled to b" t.he mOHt aceurnte ones available, 
lind ar<' tlwn·fore U",·t1 liS :1 ~'lIrdst\(,k in gaging the SUCCI'S" of rough al)proxllll:ltions (clis­
l!uAMed tir~t) oftl'n IIslng the Halll(' dutil, Ilene!', It Is IH'ccssary to reC('r forwurd occa­
SiOlllllly to tables eontailling datu that Ilm treato!d 1Il0re fully In subsequent sections. 

http:limit.ed
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basis for the estimate. Usually only a few increment borings and 
a general idea of the average diameter of the trees are available in 
such cases, but growth percentages preferably should be computed 
separately by diameter classes. By neglecting height growth, form 
changes, and bark thickness, the well-known foresters' simple-interest 
formulas (Schneider's and Pressler's) are conservative enough to 
approximate roughly compound-interest rates. As pointed out by 
Tischendorf (35), however, it should be kept in mind that while 
these formulas give fairlx close results for middle-a.ged and mature 
trees, the errors are considerable for sma1l, fast-growing trees. 

SIMPLE INTEREST RATE (PERCENT) 

FIGURE l.-Relation between simple and componnd rates of interest for identical 
~ields in the numbers of years indicated by figures on the curves. These cun"es 
represent the formula p=100 ("Vl+0.0lnR-l) where p equals compound 
interest rate, R equals simple interest rate, and n equals period in years. 
With interest compounded annually there is no difference in yield at the 
end of 1 year (cun·e 1). The chart indicates, for example, th"J.t for a given 
sum accumulating over a period of 20 years (curve 20) a simple interest 
rate of 6 percent is needed to equal the yield at 4 percent compound interest. 

Among the various attempts made to improve on simple formulas 
for facilitating the determination of growth percentage on cut stems 
is that recently described by Gascard (16), ·who derives the following 
formula: 

p= 100 (2n-1), whereX n 2m 
p=annuaJ growth percent of sample trees; m=number of years III 

growth period; n= ¥; R=average radius (pith to periphery); 
b=part of radius traversing the increment zone (the growth of the 
last m years, e. g., 5, 10, or 20). Again using the figures derived from 
table 2, page 18, showing that average trets increased in diameter 
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from 9.5 to 10.5 inches in 5 years, p=3.6 percent. This percentage 
seems low (compared with 6.2 percent derived above from data III 

table 2) because it includes only that portion of volume growth asso­
ciated with increase in the basal area of saw timber-hi our example 
not over 60 percent of the total growth. The remaining increment is 
associated with height growth, increases in form class, if any, and 
the material addition of volume in new trees (ingrowth) not oI'lginal­
ly considered because they were below sawlog size at the beginning 
of the period. 

Simple growth formulas were recently presented for use in the 
Lake States by Gevorkiantz and Duerr 0 as follows: Let P=annual 
~'owth percent, ,q=expected lO-yetu' increll1Pnt in d. b. h. (inches), and 
v=present d. b. h. (inches). Then the percentage of cubic-foot 

growth P=;:24!yand the percentage of board-foot (Scribner) growth 

P=25b· These formulas. which assume uniformity in standards of 

utilization, are based on volume tables that sho\\' a progressive increase 
in merchantable length with increases in diameter. vYhere the mer­
chantable length was fixed for life by branch structure, as is often 
the case hI hardwood trees. the above forlllulas were fonnd to give 
too high an estimate. In such ('ases thE' authors applied the formula 

P=23b; If k, a factor varying with thE' ,'apidity of height growth, 

be substituted for the numerical constants in this forlllula, it should 
also be useful where utilization standards differ (but are constant 
during the growth period). 

An interesting short method of computing growth was used on the 
Minnesota Land Economic Slll'vey and reported by 1Yijkstrom (36) 
in 1930. According to Jonson's forl1111las, which he employs, 

d2100( ) 100Z"
P g = iI 1-D2 'and P{I,"'''' lr+k 

where Pg=growth percentage associated ",ith increase in basal area; 
n=number of years in period; d=past diameter (n years ago) ; D= 
present diameter outside bark (in('h('s). (01' in predi('ting d=present 
and D=future diameter); Pf/,=growth percE'ntagE' associated with 
changes in form-height; Z,,=mean annnal Iwight growth f,'om sit~ 
index (feet); H=avel'nge height of stand (fl'et); and 1.~=8.2, a con­
stant. Using and snpplemE'nting the data from tilble 2: n=5. H=74, 
Z,,=1.54, D=1O.5, and d=9.fi fol' dianwter \yith gTowth of 1 inch in 
1) years. Then by the above formulas. Py=3.63 (the same as frOI11 
Gascard's formula) and P{/,=1.87, indicating a total pt'l'ccntage of :1.5. 
This seems low; according to subsequent <leta ill'd calculations the 
g'l"Owth rate is at least 6 pE'rc'ent (table 3. p. 24). If tl1l' rate of 
0.5 percent be inel'eased by one-fourth for ingrowth, the 1'E'sl1lt is 
approximately 6.9 percent simple interest. For 11 i)-war pe"ioel, this is 
equiYaiel1t to' the ('ol1ipoun<l rate of 6.1 shown in' table 3, Bllt an 
arbitrary addition of one-fOlll'th for ingrowth should not be ne(,E'iiiiary 
when data for 6- and 8-in('h tl'pes are inehHlpd. If onlv saw-t'irnber 
trees (i. e., trees 9.5 inches d. b. h. and largE'!') are inclil(led ill basi(' 

t1 nJ-1VOltI\:IAX'('Z, S. R., IIn<1 DrrJ;;llH, 'Y~r. A. :\fF.l'I'TTOJ>!i 01;' I'Hr.nIC"('rXn GUO\\"1'1f or·~ trOUP-S'I' 
S'('J\:-;'nR IN '!'1f11 Ii'()ltJ,:t-;'(' SPIt\'Tn" nil" 'rIlI-: r..,\J(I~ ~n·A'I·I~g. U. K Ih\pL .\~J"I 1·'Orf'Hr Rfll'\"., Lnkp 
Rtntc·s BXllt. !Ita., r~COll. Noh· H, >un pp. lOaH. rl'r()l'e~sl'd.1 

http:P{/,=1.87
http:Z,,=1.54
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data, then P g =3.06 and Pf/' = 1.87, which together=4.69. Adding one­
fourth to this gives 6.16 simple or 5.3 percent compound interest, 
a figure smaller than the previous one. In order to match the 6.9 
simple or 6.1 compound percentage of table 3 by adjusting the con­
stant in this case, k would have to equal -17 instead of +8.2, but 
no rationalization is available to justify such a change, nor is there 
any assurance that ,any general increase in accuracy would result. If 
the local computations are essentially correct, therefore, further veri­
fication appears to be necessary before 111uch rpliance can be placed on 
formulas and short-cut methods from other regions in computing local 
rates of timber growth. 

CAUTION NEEDED IN USING PERCENTAGE METHODS 

This treatment of increment in wood as compound interest on 
volume is one of the simplest of the noninten~iye methods of esti­
mating growth in irregular forests. A percentage rate may be ap­
proxinlated merely on the assumption that the timbedands and timber 
stands to be man~1ged are very similar to others of known capacity 
for growth. As mentioned in an earlier paper (7), such indis­
criminate approximations are unreliable at best, and should not be 
trusted until checked against growth data gathered from the timber 
property itself. To do this III a rough and crude way is a very 
easy task. Average rates of diameter growth can be applied to the 
average-sized tree to indicate its probable size 10 years hence. Either 
due aHo-wance for volume losses from mortality of trees mnst be made, 
or it must be assumed, with some uncertainty, that nny unsah'aged por­
tion of these ,"olumes will be offset by the indefinite gains surely ob­
tainable from accelerated gro,,"th under management. Allowance 
must be made for ingrowth, i. e .. increases in yolume resulting from 
trees of premerchantable size growing into saw timber or other mate­
rial recognized as merchantable. The expected change in volume for 
the coming decade Gan then be exprpssecl approximately as a percent­
age, of WhlCh one-tenth will represent the ClllTPnt allnual increment by 
simple interest. 1'11l' pquivalent componlld annual intel't'st rate may 
be found more useful in applying these approximations. 

Although it is s011ll'tjmes advantageOlis thus to regard the increase 
in wood volume ill forest stands as compound interest on \\'ooel capital, 
a full rea liza60n of tllE' nature and limitations of J)(,l'centage as a 
means of expressing growth is essentiaL' If thoughtlessly regardf'd 
as a fixed unit of nwasure, percentage can be vt'ry deceptive. Being 
merely the ratio of increment OV('1' volume (a fl'Hction whose clpnom­
inatoI' constantly incrl'tlses), a tree's growth perC'C'nt 1100'mally de­
clines' progressively, though growing conditions and actual volume 
growth may chang{· very little. BC'C'uHse of this dC'clinp. nny usp of 
percentage derived from past: gro'wth is likely to oVC'l'es6mate future 
growth of the same stnnd. The longer the period forecast, the m01'8 
this error wjlJ be aggravlItecL particularly if compound interest 
(which employs geometrical progression) is being used instead of 
simple interest. Any percentage derived from one stand win he 
incorrect 'wl1en applied to nnother stand, unless thp trpes in each are 
similarly distributed among the various diameter classes. Furthel'­

1 Personnlletter from R. 11. CllIlpmnn to tll(' Iluthor. )Iay :!. 1031'1. 

http:together=4.69
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more, 1\ high growth percent is often associated, perhaps unfortun­
ately, with undesirable rather than desirable stand conditions. For 
instance, the smaller the trees left after a cutting, the larger will be 
the growth percent and the smaller the actual growth. 

For a premerchantable tree, the growth percent is often extremely 
high in early life because of the relatively small basic volume, yet 
increment in realizable value may be close to zero (potential only). 
On the other hand, a large, sound timber tree with a long, straight, 
clear, full bole normally has a very high rate of value increment 
even though it may show a perceptible decrease in rate of diameter 
growth. This is because of the relatively high quantity and the 
superior quality of its wood increment produced on a relatively large 
basic volume, in spite of its relatively lo-w growth percent . 
. If change in form and height are neglec~ed, growth in cross-sec­

tIOnal area (basal area) represents growth 111 volume. Trees grow­
ing 2 inches d. i. b. in 10 years ~nd \vith nearly all annual rings 0.1 
inch wide, may be l:egarcled as growing very uniformly. Annual 
mcrement expressed III percent of basal area, however, would be far 
from uniform even on such trees; for example, 1-inch trees would 
show an annual increment of 44 percent, lO-inch trees of 4 percent, 
20-inch trees of 2 percent, and 40-inch trees of 1 percent. Similarly, 
if a tree were to maintain fL constant basal-area growth of 0.05 
square foot (inside the bark) I in growing from 11 to 24 inches d. i. b., 
annual rings would progressIvely d('crease in width from 0.2 inch to 
0.1. Obviously the growth of individual trees expressed in percent. 
requires car<.'ful int('rpretation. 

In applying growth percent to young fOI"('sts in which yields are 
to be built up by conservation of growing stocks, a decline in percent 
of volume growth s('ems inevitable. In spite of accelerated dIameter 
growth from selective cutting. the growth percent is certain to de­
crease with increase in the average size of trees. This may be offset 
by the higher volume and greater value of annual yields. In any event 
it should be k{'pt in mind thnt percentag<.' is thoronghly reliable only 
as the static ('xl)J"{'ssion of an existing momentary rela60nship. It 
should not distrad the forester's attention from (01' distort his view 
of) one of his majol· objectives, viz, quantity and quality production 
per acre P('J" YPHr expressed in absolntp, not l"plativp units. 

Som.e of the disadvantages in applying percpnt of volume gro·wth 
to individual tr('Ps apply with ]pss force to forpsts, especially to 
irregular forestR in which all size-dasses are w<.>Il represented. Even 
in well-managpd forests, however, the growth percent cannot indicate 
financial relationships. because OnWl" vilal economic factors. such as 
land, iI1lprovenwnts, aild profits. :l1.·P not considered. ' 

It may be helel jWltly that refinpm('nt in the first stndies of growth 
of an unmanaged for·est is 1lI1wluTanh,d, b('c:tnse the amount of 
growth can be changpd so r<.'a.clily and so mat(>I·ialIy through manage­
ment. Nevertheless, many 0:1- the short methods so far dl'scrib,:.cl may 
be rejected in tlwir pn>sent form as inadeql1at<.' for or unsuited t:) 
the needs of forest: owners who seriollsly contemplate forestry. 

http:dl'scrib,:.cl
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STAND-TABLE-PROJECTION METHOD 

SAMPLING GROWTH 

Both present-day stand tables and the' growth data needed to 
project them into the future are obtained from timber cruises. 
Girard and Gevorkiantz,8 in discussing various methods of cruising, 
list the advantages and disadvantages of strip versus plot systems, 
and make suggestions as to intensity of sampling in order to keep 
errors within reasonable limits. Instructions are given for the 
construction and application of volume tables. The manual also 
supplies certain numerical helps ("taper index," "taper factors," and 
"form-diameter," with tables showing their interrelationships) to­
gether with a method of using them for scaling the volume of whole 
trees without regard to indiVIdual logs contained in them. Care in 
this phase of the work is essential, since volume determinations, like 
the system of sampling, must fit local conditions if the forecasts are 
to be free from unintentional bias. 

In general. satisfactory results may be expected from studies of 
current periodic growth based on samples of standing timber taken at 
breast height (4Y2 feet above the ground). The Swedish (Pressler's) 
increment borer is convenient for cruisers in sampling the growth 
of all sizes and classes of the principal species of timber. 'Vith the 
cross section of a tree hidden from view, the ilifficulty of allowing for 
eccentricity is increased, but this disadvantage is more than offset by 
the larger and more representative sampling of the entire stand 
usually made possible "with this instrument. Inaccuracy resulting 
from guesswork in striving to recognize and attempting to count an­
nual rmgs that are more or less 1nchstinct (or too small to distinguish 
without a lens) is all too common. Such mistakes tend toward 
cumulative rather than compensating en'or, and may cause average 
rates of growth to be overestimated. • 

A repo~-t by Glock .(18) contains hints useful in the interpretation 
of tree rmgs. He dIscusses such matters as how to detect absent 
rings; how to recognize all phases of locally present, merging, and 
partially developed rings; how to resolve doubles; and how to re­
cognize midlines. The elimination of all uncertaiJlty in ring counts, 
difficult as it is when numerons disk sections are available, is prac­
tically impossible when increment cores alone are used, and it may 
even be better to use an ax ill inspecting the rings of dead trees. 
Nevertheless, J?recaution to reduce the inaccnracy of counts made on 
cores is essentIal. As pointed out by Glock, an annual ring extends 
in width from the sharp outside of one to the sharp outside of the 
next. False rings as a rule do not terminate outwardly in faces 
so sharp and abrupt as those of true rings. Sometimes a thin layer 
of light-colored wood, composed of thi.n-walled cells resemblIng 
springwood, is formed in summer. The formation of narrow layers 
of tlnck-walled cells in midspring is another possibility. In either 
case the narrow out-of-season line produced Ilmy be ve'ry confusing 

• GIRAUD. JAMES \Y., lind GE\,OrtKIAXTZ. SellEN R. TIMBER CrtUIBING. TJ. S. Forest Servo 
160 pp., fIIus. ]!):{9. [lIIinwogrllpbed.j 

408248°-41--2 
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in making ring countso Then Glock's rule regarding double or 
false rings may be useful: 

If a thin band of summer wood lies closely inside a thick band of summer 
wood, the thin one is part of a double; but if the thin ban(l lies immediately 
outside the thick band, the thin one is part of a separate allnual ringo 

If the survey that is used for estimating the volumes of timber 
sbmds covers the entire forest property systematically, it provides an 
excellent opportunity to study the growth of timber, but it must be 
remembered that unless appropriate methods are used in stand fore­
casting and certain precautions taken, the results of this detailed 
work will be no more dependable than those from some simpler 
methodo Furthermore. systematic or mechanical methods of samp­
ling, commonly used by timber cruisers in gridironing a forest with 
stl'lpS or plots located at regular intervals, do not permit of reliable 
estimates of the magnitude of sampling errors 0 This paper does not, 
howeyer. include suggestions for truly random sampling to make such 
estimates possible. 

In sampling the growth rate of trees by counting the annual rings 
on cores removed with increment borers, certain precautions are 
necessary to secure II truly rt'presentative sample. For example, in 
line-plot cruising tIlt' tree IWll.rest the cent-er of each plot is often 
specified for measurement of gtoowth. This method of selection is 
undesirable because it results in sampling till' less dense stands of 
trees more thoroughly than the more dcnse. The open stands not 
only contain considerably f('wer trees per aere but also mtLy show an 
appreciably greater growth in dia:meter. 

A better plan- is to provide for the distribution of growth samples 
according to the relative abundance of trees in the various merchant­
able size classes. In line-plot timber cruising. this is most easily 
done at each estimating- station on supplemeritary small plots of 
uniform size such as are frequently used for seedling counts. Boring 
every tree of merchantable size on such plots (pIns all trees in one 
or two of the prenH')"ehantabl(' dinmet-el' classes, in order to gage in­
growth) places the sample on an area basi;; and automatically pro­
yides for -weighting- the sample propel"ly accOl"d.ing to the number of 
trees in the various diamet('l' classes. This method will antomatically 
1'('(luce the oyprsampling of timbl'r ill IIIHknltoe'I{('d arpaso 'I'll(' fixe<l 
radius within which tlwse snmph's aI"!;' hLkpll at each stop should be 
sel('cted at the start so that the t)l°O("css of sampling may ('xtC'nd 
uniformly o\'(']' the' ]>l"Opelot)' wit hOllt br)l"illg ('xcessin~ nUIIILwrs of 
trees. 

1\.. ('ompUriS()11 of th!' nenIO(';;t-tree basis with the area ba;;is was 
rnade on a (,ITlising job WhC'IO(l all K- fo 14-in("h pines were ~nJ1lpll'r1 on 
plots with a rildius of 2\)04 :l'l'('t, :til trees 1:) to III inches in dianwter 
on plots of 41.G f('c! radius. amI all trees 20 in('hes and largl'r in 
diameter 011 plots with :t radius of HB03 f('et. 'I'll(' firfit tTC(, hored 
at (':teh station was the olle 11(':llo('st the ('('n((,IO of the three ("on(,Plltric 
plots. Althollgh t!IPi'P was not much <1iJf('l"ell("(, in the r('slllts 1'01' 

diameter e1UfiS('S abo\'(' IS ill("IH'S~ a,'erngps sho\\"pd the (lialll(,(('1' 
growth inside hark fOI" tIl(' past 5 ypani to ha,'(' bCPll OoS'~illch on 
the arca. bnsis a 11<1 oon~: i Ilch on till' l1PlUoest -llopc bnsis. Thus. in 
thi"instan(Op. t 1)(· o\"PlopstillJate resulting from usc of the older method 
nmount.ed to 12 pereent. 

http:nmount.ed
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In the Southern region, the Forest Service 9 has specified radii 
of circular plots suitable for the gathering of growth data as fol­
lows: 52 feet 8 inches (lJ5-acre) or 58 feet 11 inches (14-acre) for, 
trees 20 inches in diameter and larger; 16 feet 8 inches (Yr;o-acre) 
for trees 9 to 20 inches in diameter; and 5 feet 3 inches (Yr;oo-acre) 
for smaller trees. The suitability of :my set of specifications for 
a given cruise depends 011 the number of plots and coreR needed to 
meet the different requirements of studies of varying intensity, 

In practical work these requirements have usually been assumed 
rather than estimated by statistical methods. When only a moderate 
or scanty number of borings has been made, estimates based solely 
upon averages for each diameter class obviously can be improved by 
assuming a logical trend between classes, and reading the final fig­
ures from curves drawn so as to smooth out cautiously those ir­
regularities in the series that appear to be due solf\ly to the small 
size of the sample. On the other hand. in short-term prediction. 
and especially where the dispersion of growth rates is to be ..:!on~ 
sidered, an adequate sample for each diameter class independent of 
all oth~r classes i~ advantageous; in general, however, the necessity 
of havlllg the entIre sample selected on an area basis should not be 
overlooked in gaining this advantage alone. Growth conditions 
vary so much in most forests that only genuinely proportion:lte repre­
sentation can produce reliable estimates of growth rates. 

ASSUMPTIONS-GROWTH AXD MOHTAUTY 

One possible assumption is that a tree of a given size class will 
grow ill diameter for the next decade at the same rate at which it 
grew in the past decade. But in forecasting the probable average 
growth of forests for the immediate future, another assumption is 
perhaps preferable-that trees of a given size class will increase in 
diameter during the coming decade as mpidly as trees that were 
in this same size class a decade ago increased during the past decacle.10 

Of course this reasoning takes for granted that during these 20 years 
there are no radical chan~es in soil productivity, climate, or thrift and 
density OT the stand. Although varying widths OT rings on stumps 
testify to the irregular increment of individual trees, the assumption 
of equal rates of growth for the same size classes is useful in 
judging the increment of timber stands i11 the aggregate. 

A common procedure in predicting forest growth oYer relatively 
short periods consists in contrasting the volume of timber stocks as 

• u, S, FOItEST SEItYleE, A GUIDE TO 'l'E('JTXJ(',H, PItOCEDI:RE IN ~IAY;:ING FOREST lUX· 
AG~llf};X'r. I'I,AXS IN ·nn~ sou'rH, C, S, l"o,'~st Sen'" Dh', of State and Private 1i'01'(,8try.
South, Hegion, ao pp, 1!J3D. [/.'roe(>s~e<l, J 

1o.\n oojection to this assumption has been mad!' on the ground thn I rl)(' trpI'" of a 
gh'en size class 10 y('ars ago (hecause it th!·n Incluued sOllie wellk tre('S th:lt died from 
natul'lll causes during llW decade) occuJli~d a position which lIyerug('d If)W"1' in til(' scale 
of domillllncc thlln do the trc"s now in that size class (which in<"1U!lcs, of course, only those 
trees HtJfllciently dominant at thc start to hay!) sur\'in'd 10 XCIII'S), Trees \'lgorou8
enough to hu\'c sun'h'ed the Ilast d(>ca!ll! In COIIIIl!'tiiioll with their IIcighhors, alld cOllse· 
'lll!'lItl~' present to be uor('d In It /!rowth,tiltllljJllng s\ll'\'cy, Wl're among the fllst!'r growers
of t1wir size c1n~R J 0 yenrs ago. How!'\'el', as the' SlIr\'in)l'8 lISUI'P th,' spllce ror'llI:rl~' 
occlIpl"d by trees nOw dead, tlwy mer>t new ('Ollllll'tition from their OWII class nlHi stili 
Inrger trees, IlII(I sOllie lose tll(,lr domina lice so thnt the /lVI'ragc rlLte of growth d('clilles
again, "'hlle this tendency toward d('"eieratioll of growth Is pr('s(mt In all size ('::1881'8,
if usually Is lpsH se\'ere ill the Inrg('r ('1"88('$ h('CIlIISe they contain tht' more firmly estnb' 
lished trees with /l smltller fractloll of the competing forl'sf: nhove thelll, III the forest 
ex,lmple usNl in this hull('till. this tendency Iwl<l for t,:,.'(,s uetw('('n 0 lind 18 inches in 
c1Imn('t('r as indicat!'!l by :I rlsin/! growth CII,'\'" (st'(' fig, a-B), Ifellc!·, the second alld 
ilion' popullLr ILSSlllllptio,i does if:'1(1 to sOllle\\'hat Jess cOIISel'\"lttivl' estimates, 

http:decacle.10
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computed from existing stands with that computed for predicted 
stands, using volume, stock, and stand tables.ll Such a procedure is 
reliable only for comparatively brief periods e. g., 10 or 15 years in 
the North and 5 or 10 years in the S.outh. i'n seWng a forest stand 
ahead in this forecasting method, a slight reduction is made in num­
ber of trees to allow for the mortality expected during the period. 

Because mortality is so variable and so difficult to measure exactly, 
it is appropriate to discuss our scanty, somewhat unreliable infQrma­
tion on this important subject, together with other items or procedures 
regarding 'which we are still forced to rely on assumptions. In 
studying percentage methods of predicting growth, Rudolf (312) found 
that an outstanding weakness in each of several percentage methods 
studied was the lack of aCClll'ate means of estimating mortality in 
stands. 

In the national survey of the forests of the lower South (1934-36), 
mortality rates 'were estimated in the following manner. The annnal 
loss in volume from this cause was determined on the basis of a tallv 
of dead trees in which disintegration had not progressed beyond a 
certain stage. For pines the criterion was that the trees should re­
tain bark on more thn,n 50 percent of the stem surface, and for hard­
woods that they should retain branches under 5 inches in diameter. 
Auxiliary studies have indicated that these pines died during the 
past 3 years, and the htlrdwoods, depending on size, during the past 
3 to 6 years. For ready application, average annual losses computed 
on this basis were expressed in percentage of total volume. Hervey 
(124) has pointed out that the length of time windthrown trees have 
been down may be readily checked by examining bushes and saplings 
which have been bent down by the falling trees. Elapsed growing 
seasons are then determiJ1t'd by counting a.nnua.l nodes on sprouts and 
twigs from the point where the growth"turned upward, or by cutting 
the twig at that point and counting its annual rings. Sometimes 
bruises on nearby trees caused by the falling of the tree in question 
will tell the story. It is necessary to cut into these bruises and the 
adjoining wood, observing the difference in ring count. 

Few correlations have been established between the interval since 
death and the condition of the dead trees. That is perhaps the main 
reason why we do not yet have any very reliable means of gathering 
mortality data on surveys. The Appalachian Forest Experiment Sta­
tion, in investigating this matter, is observing such possible criteria as: 
(1) Tho average diameter at point of rupture of the three largest 
broken limbH, (2) the presence or absence of numeroliS cracks in the 
bark, (3) the percentage of bark remaining on the entire bole, and 
(4) the percentage of bark remaining on the 10'west 5 feet of bole. In 
pines, the first appears to have some promise; the firHt and last apnear
the most promising for harel-woods. . L 

Another lead which might find application in a study of mortality 
is supplied by the technique used by archeologists in matching the 
ring sequence or paUerns formed by tree rings in order to determine 
the llge of logs in ancient ruins. Though caution is necessary, as nott'd 

II A yolume tnble show~ for n glvpn locality nnd specfes the a,'crnge volumes of Indl­
vl!lunl !recs of !IIffcrcnt ~t7.eH ItS comput·c!1 by some uniform method, A stnnd table shOWS 
the n"crage nlllllhers o[ trees per nc\.'c by din m('ter classes. A stock tnble shows [or Il glyen
stnnd the nverngc ,'oll1mes /lrr :tct'e contained In trees of different sizes. It mny be derivec1 
by llpplying llpproprlate ,·olume tables to stund tnblcs. 

http:tables.ll
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on p. 9, it seems possible to compare the rings of sound dead trees 
with those of live ones to discover in what. year standing sample trees 
died. If and when a cruiser can satisfy himself that a given ring in 
a dead tree was formed in the same year as a certain ring in a living: 
tree, he can use the method. .All that remains is to subtract the num­
ber of rings outside the designated ring in the dead tree from the 
number foUnd outside the contemporary ring in the living tree. The 
remainder is the number of years ago the first tree died. This method 
is a possibility not yet fully explored by foresters. Any student of 
pine growth who contemplates using the technique of cross-dating of 
rings will find an interesting description of the method in the report 
by Glock (18), previously cited. 

In the survey of the Crossett Experimental Forest in southern 
Arkansas, all trees judged to have died during the past 2 years, as 
indicated by theh- relative deterioration and retention of hark, 'were 
recorded separately by diameter classes; 2112 times this number was 
then assumed to be a fair estimate of mortality for the coming 5-year 
forecast period. Expressed as a percentage of the total numbers of 
trees in each separate diameter class and plotted over a diameter scale, 
the m.ortality data formed a reversed J-shaped curve that declined 
sharply to about 14 inches d. h. h. and then rose again for tlle larger 
diameters. In pine, 10-year mortality was relatively high for l-~nch 
trees~ 59 percent; dropped to 2 percent for the less abundant 14-111Ch 
trees; and rose again to about 4 percent for the 20-inch trees. As the 
larger trees are relatively few in number, the actual number dying 
was very small. 

These mortalit}, data are portrn.yed differently and more completely 
in figure 2. Cumulated to show estimated losses for all timber in-and­
below the diameter class shown. the data form curves that rise con­
sistently. These curves indicate relatively small 10-year losses, less 
than 2 percent in pine and not over 3% percent for the whole stand. 
None of these mortality c1ata is precise, however. and the extent of 
inaccuracy remains undetermined. . 

Admittedly 110 satisfactorHy accurate way of predicting endemic 
mortality rates has yet been developed, but in some situations the lack 
produces no untoward results. For ex~mple, in a.ccessible, thl'jfty, and 
well-protected second-growth forests. hke many m the South, the loss 
in merchtmtable gro,yth over a short period usually is not excessi'le and 
can often be salvaged. Where dead trees can be sa1vaged promptly, 
none of the past growth is sacrificed, the loss being confined to that 
remaining fraction of potential future growth not automatically 
transferred to desirable stems re1eased when the neighboring tree died. 
In these circumstances, the waste of wood is low and the interference 
with growth forecasts is small. 

The mortality data from the experimental forest (fig. 2) have been 
used in making the forecasts of growth described later (see p. 17). 
At this point we are concerned only with the assumptions involved 
in that use. The mortality estimate is applied in thereduction of a 
stand table either before or after its projection into the future. In 
either case some error is involved, of course, because not all the deaths 
of trees occur simultaneously at the beginning or end of any definite 
period. Theoretically, it mjgllt he preferable to assume a steady rate 
of mortality during the forecast period, and to approximate the effect 
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of this on growth by making half the deduction for mortality before 
projection and half of it afterward. This precaution, however, is 
regarded as an unnecessary refinement where, as on the experimental 

200 

~ V.......

~lI,J 150 

~~ 
./
/'

~t:) 100 ~ ......
"Q:: '/
()"'t :::::: -­
~() / ...., "'~.. 

'-

so 
i--- ~ -- ......'Xl --" ...... 

0 
~4 

! 

-~ ------
~-

I 

o 
It 

i::: 
~~ 6 

~~ .--- ---- --- ---­
./ --- --­,,~ 
V --­4 -­

"'tQ:: / ---- --­

o It: ... -- --
",tf)~ / -- -- -- ---­

"tc) 2 
'Xltf) 

,~ 

' ­

o 2 4 6 8 10 12 14 16 18 20 22 24 

DIAMETER AT BREAST HEIGHT (INCHES) 

WHOLE STAND -- - PINES ----- HARDWOODS 

FIGURE 2.-Estimates of mortality per acre for 10 years, based on a tally of dead 
trees succumbing during the previous 2 years. Figures were accumulated by 
1-inch diameter classes, so that readings from these curves are estimates of 
mortality of trees in-and-below the size indicated. Hardwood and pine mortality 
are shown to be not strikingly different in yolume; but because of the pre­
ponderance of pine iii these stands, the per<:entllge loss in hardwoods (not shown 
here) was typically higher in all diameter clllsses-10 01' 11 percent for hard­
woods as against less than 2 percent for pinE', resulting in an average 10-year 
loss ranging roughly from 2 to 31h percent. Data are from a 20-percent inven­
tory of a 1,OOO-acre tract of second-growth loblolly-shortleaf pine-hardwood 
forest in southern Arkansas. Of undetermined reliability. these mortality datu 
ure presented only to illustrate the information obtainable by methods described 
in the text. 

forest, apparently mortality is so low among the merchantable size­
classes and is of such minor commercial importance because of provi­
sion for prompt salvage of all elead timber. Since the effect of the 
error in making the entire deduction before projection is to reduce 
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the predicted growth below the true amount, this conservative 
procedure is the one recommended. 

All these procedures are intended to gage only the normal, not 
catastrophic (i. e., endemic as cont:asted to epidemic), mortality re­
gardless of causes. On the experImental forest a record obtained 
from complete salvage for all trees 4 inches in diameter or larger that, 
died over a period of 2 years revealed the causes. Lightnmg was 
responsible, directly or indirectly, for 70 percent of the mortality. 
Although insects were the final cause of death in half the instances, 
their inroads could often be traced to the effects of lightning. While 
a fairly steady attrition from such causes may be expected, the more 
sweeping damage from insect epidemics or tornadoes is erratic and 
not ordinarily predictable. . 

Fires, and occasionally other destructive agents, sometimes kill ap­
preciable quantities of material below merchantable size. On some 
national forests there are indications that removing a fairly heavy 
cut may result in the destruction of as much as 10 percent of the pre­
merchantable stems. Usually this can be avoided, in part at least, 
by cutting more lightly and logging with care. Nevertheless, if heavy 
damage to young timber from fire or other causes is not well under 
control, it can easily add up to material reduction of ingrowth in a 
period of 10 years. Under these conditions, a forester may be justi­
fied in raising his mortality allowance above that indicated, on the 
basis of trees found to have died during a single short period of 2 
to 6 years. 

THREE CONCEPTS OF GROWTH MOVEMENT 

As a first option in projecting stands it may be assumed (somewhat 
erroneously) that all trees of a given size class will grow in the IleRr 
future at an average rate for that class during the recent past. By 
reading a figure for the average increment of each diameter class 
from a curve of diameter growth, the current growth typical of each 
class may be obtained, and on this basis the future stand may be com­
puted, thus completely disregarding the dispersion of individual 
growth rates. To ignore dispersion. however, does not necessarily 
invalidate the determination of net growth in volume (see p. 31). 

A second option in projecting stands, even without having a true 
measure of the dispersi011 of growth rateR within size cJasRes, is to rec­
ognize the approximate effect or such dispersion. .A useful, though 
not very precise, method of doing this is to make the following hypoth­
esis of tree movement: From any given diameter class the number of 
trees emerging (e) is to the total number (f), as the periodic diameter 
growth (g) is to the diameter-class interval (i), where g and i are 
measured in the same units (usually inches). Thus e:f=g:i. and 
e=fg-:-i. Expressed as a percentage, this ratio becomes 100 fg-:-i, the 
"movement factor" of tables 1 and 7. If this percentage (or quotient) 
is 100, the assumption is then that all the trees move up one class. If 
the percentage is less than 100 a corresponding number moves into 
the next class, but the remaincier stays within the present diameter 
class. If the percentage exceeds 100, all trees are assumed to move 
upward at least one class during the period, while the number of trees 
represented by the surplus above 100 percent is considered as moving 
up two classes. 
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Thus with a 2-inch diameter-class interval the process works out 
as illustrated j,n table 1. The number of trees moving ahead is then 
obtained by applying these percentages to the numbers of trees now 
present in each class. The growth forecast for the 5- or lO-year period 
is the difference between the total volume of the present stand and that 
of the predicted stand for the property as a whole. 

The hypothesis of movement rests upon the assumptions that (1) 
the distribution of tree diameters within a given diameter class is 
even, and (2) a constant rate of increment, represented by the average 
for a given diameter class. maintains this evenness as each successive 
group of trees grows into higher diameter classes. Since these assump­
tions of even distribution and constant growth rates within <'lasses 
are not strictly correct, inaccuracies resulting from the use of this 
method may be expected. Such errors may be serious in forecasting 
the growth of saplings and poles i11 irregular stands, because of the 
steepness of the reversed J-shaped frequency curve that represents the 
distribution of size classes in such stands; but since for trees of saw­
timber size there is less contrast in the frequencies of occurrence of 
different sizes and lllore even distribution within size <'lasses, for this 
portion of the stnnd the e1TOI'S resulting from use of tIlP false assump­
tions are probably not excessive, 

TABLE 1.-Hypotlletir·a7 cllfll/{Ie Of lli.~tribllt;on ;n s;ze classes Of trees of varuing 
!/I'Olrtll /'(/Ie.~ 

I·~--'·'· , 

Tn·tls Tr(ll\s Tn't.'s nl- Growth . 'l'rces Trees, 'l'rccs TC-­.Oro~th . :,\Io\'~_ 
mo\-in~ moving muiuing in (liafll- ~~~~~-l· mo\"i~f! : mo\~ing I. mniningm (ham- ; ml'nt 

liP 2 up I ill pr~sellt! etcr I fuctor I up _ up I In prcsent(l~~~~s) : factor 1 classl~s class rlass I' (inches) I I cJass('s rlass class 
.. ~.---,---.>-. -~ - ~-'i-----"'-~·- ~~~. 

I PeTcenr Percent Perce"t, Percent II i ! p<Tcellt Percent , Percelll . Pucelll 
3.8.. ------1 190 90 . lO I 0 I 2.0_ ... _- __ ' 100 0 : lOO • 0 
1.0. -------j 150 50 I' 50 0 I 1.0. -. -----I .50 0 I 50 I 50 
2.4'~~==L_I20-,-I__2_0~__80_1~_ 0 il_.'O~=_--J__30_ .... 0 30 iOr 

t l)crh-erl in cneh ens(' bl' Illllitiplying the growth in inelH's b~' 100 and dividing hy the class interval in 
inches. Thus for these 2-inch clnsses the movcment factor is obtained by multiplying the growth figure by 
100 50Tor. 

In a third option for projecting stnnds in studies of growth, a 
deliberate attempt is made to measure j'he variation of growth rates 
within diameter classes. 1Vllcre a study of changes in the relative 
number of trees in the several diameter classes is of prime importance, 
amI where ingrowth in b0:11'(1 fpet is it major PllJ't of total growth, 
some means of gaging the clisp('J'sion of growth mtes is needed. 
Owing to the nonnoJ'lllltl (often badly shwed) frequency distJ'ibution 
of growth rates within clinnwter rlasses, tlw standard dpyiation will 
probably not be satisfactory as a measure of dispersion. but perrent­
age distJ'ibution may be computed directly from incremt'nt-rore meas­
urements if enough of them nre available, and if some nllowHnce is 
made for bark growth. USllall~1 only one in('I'ement core is taken 
from each sample tree. A techmcal objection to the nse of sueh data 
is the obviolls tendency to exaggerate the true dispersion of growth 
rates. Extrlleting illcl'pment cores from opposite sides ofa tree and 
a.veraging the eore meaSUI·empl1ts. might OYPl'come the difficulty, but 
only at increased expense. To minimize this trouble, extraordinary 
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care may be used to take borings only on average mdiL In dealing 
with oval and eccentric cross sections, however, anything less than 
perfect guesses on this point will increase the apparent numbers of 
both fast- and slow-growing trees. This adds to the dispersion 
method an element of uncerhlinty not present in the methods using 
average growth rates, in which, at least for the greater part of stands 
that are largely free from ingrowth, the core measurements obtained 
from long and short radii tend to compensate each other. The dis­
persion method, however, may not overestimute ingrowth nearly as 
seriously as the average methods underestimate it, for the latter meth­
ods obviously recognize much too narrow a spread of individual 
growth rates. If ingrowth constitutes It lnrge portion of total incre­
ment, a true measure of dispersion is mori! necesllary in order to obtain 
a sMishctory estimate of the iuerement. When, as often happens, 
sampling for growth is insufficient to determine percentage movements 
separately by (Hameter classes, a single. set of percentages may be 
obtained for the stand as a whole, and then applied uniformly to 
each class on the assumption that the elasses are very similar in 
dispersion of growth. This assumption, like several previous ones, is 
not exactly correct, but the resultant inaccuracies within the val·ious 
diameter classes offset one another to some extent and tlu,s reduce 
the final enol'. 

Obviously all of the assumptions discussed are open to the objec­
tion that each fails in some respect to depict growth movements of 
timber trees exactly as they are known to occur in nature. Conse­
quently none of the three su~gested options for projecting stands into 
the future--each of which is useful--can be recommended as uni­
versally suitable. The first is the simplest, and is satisfactory when 
the forecaster desires nothing more than a fair estimate of volume 
growth for the entire staml. The second is not so complex to use as 
to deseribe, and it pr9vides some conception of the future distribution 
of tree sizes within the stand. The third requires llppreciably more 
field work in taking increment cores from numerous sample trees, 
but it provides a direct estimate of dispersion in tree movementR and 
should yield a better estimate of the consequent future distribution of 
trees in the various size classes. Where such information is not essen­
tial, this costly procedure should be avoided. With precautions to 
minimize common errors from sampling and other sources, including 
those in the basic assumptions reviewed in preceding pages, the stand­
table-proj~ction method, using some one of the three optional ways of 
projecting stands, is apparently suitable for practical use in pre­
liminary Iorecasts of the volume of timber growth on forest properties. 

STEPS IN THE PRO.TECTWN OF STAND TABLES 

In the procedure of projecting stand table.'S, 17 numerical steps, 
each an item or line in table 2,12 are more or less self-explanatory 
when supplemented by figure 3, using as an illustrntion the data for 
pine timber in natural second-growth stands. Those who wish to 
apply the procedure, however, may find some explicit directions useful. 

1J The data represent the growth ot shortleal anll loblolly ~Ine tor the period 193~. 
in n trnct of 1.004 nere~ In the Crossett Experlrnenttll Forest, (rossett, Ark. 

408248°--41----3 
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TABLE 2.-St.lnd-table-projection method of computing foreca,~t of the per-acre 
growth ot saw timber, a,~suming no deceleration 1 

Step No. in computation Computation of future stand, volume, and growth in volume Total 

1. 	Breast-high diameter class 

inches. _ 6.0 8.0 10.0 12. 0 14. 0 16.0 1R.O 20.0 22.0 24.0 


2. 	Twice the bark thickness 

inches.. 1. 2 1.4 1. 6 1.7 1. 9 2.0 2. 2 2. 5 2, 8 3. 2 


3. Present d. I. b,'___ . __ .do. __ . 4.8 6,6 8.4 10.3 12.1 14.0 15.8 17.5 19.2 2O.B •______ 
4. 5-year growth in,d. Lb.' 

inches.. . B .9 .9 1.0 1. 1 1. 1 1. 1 1.1 1. 1 1.1 _______ 

5. 	Past d. I. b.' (5 years ago) 

inches. 4.0 5.7 7.5 9.3 11.0 12.9 14.7 16.4 lB. 1 19.7 


6. 	Past d. o. b.' (5 years ago) 

inches .. 5.1 7.0 9.0 10.9 12.B 14.8 16.8 18.8 20.7 22.6 


7. 	Growth in d. b. h. in 5 years 

inches.. .9 1.0 1.0 1.1 1.2 1.2 1.2 1.2 1.3 1.4 


--= ----==---------­
8. 	Present average trc'Cs per 

aere..• __ ....... number .. 26,3 14.9 11.6 10.2 6.7 4.0 1.9 .3 .3 .2 76.4 
9. 	Expected survival in 5 years 


number. 25.1 14.4 n.4 10. 1 6.6 4.0 1.9 .3 .3 .2 

----= = -------------­

10. 	Trees entering from two 
classes below. .number.. 0 0 0 0 0 0 0 0 0 0 

11. 	'!'rces entering from class 
below .......... number . -----. 11.3 7.2 5.7 5.6 4.0 2.4 1.1 .2 .2 

12. Remaining trees .. ... do 13.8 7.2 5.7 4.5 2.6 1.6 .8 .1 .1 '.2 

13. 	Future stand (5 years hence) 
number.. (') 18.5 12. 9 10.2 8.2 5.6 3.2 1. 2 .3 .4 ... ____ 

=========== 
14. Future stock (5 years hencej 

board feet ____________ •. 580 938 1,263 1,27l 986 486 156 252 5,932
15. Presentstock__ .. __ ..do________________ 522 938 1.032 908 585 12'2 156 126 4.389 

16. Stock change or volume
growtb. ______ board feet__ ______ ______ 58 o 	 231 363 401 364 o 126 1,543

17. Annual growth in volume 
board feet. ___________ • __ •__ 309 

1 For graphic steps rc[t'r to figure 3, where A is the sourt"tl of datu for line 2, B for line 4, C for line 6, and D 
for lines 8 and 9 above. Stand. mortality, and growth data are from the 2O-percent in\'entor~' of September
1934, and the volumes in International J4-inch rule are as given by J. W. Girard. (17)

, D. L b. =diameter inside bark. 
'D. o. b.=diamcter outside bark. 
'0.1 tree expected to gro\\' into next higher clnss was counted as remaining in this class. 
• Lacking tree-movement data from the 4-inch class, no forecast is made for the fi-ineh clnss. In fact, the 

premerchantabie 6- and 8-incil classes are tabulated only to permit computation of total ingrowth for th,' 
lO-inch and iarger clns&'s. 

First rule a sheet with 17 lines and 10 or more columns. Each 
line of the table provides space to record the results of one of the 
17 steps in the computation. 

Step 1. List 2-illCh diameter classes from 6.0 inches up to the 
largest in the forest. 

Step 2. Plot twice the bark thickness over diametl'r class (fig. 
3-..1), read values from curve to one decimal, and tabulate bark 
averages, as read from the curve, below the correRponding diameter 
class. 

Step 3. Subtract bark averages (step 2) from each diameter class 
in order to estimate the average present diameter inside bark of each 
class. 

Step 4. Plot average values for 5-year growth in diameter inRide 
bark (twice the core measurements) over past diameter class 
(fig. 3-B), read curve: and list for each diameter class the average 
of wood growth inside the bark, aR rend from the curve. 

Step 5. Subtract diameter inside bark growth (step 4) from esti­
mated present diameter inside bark (step 3) to obtain diameter 
inside bark 5 years ago. 
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Step 6. For each diameter inside bark 5 years ago (step 5) read 
the corresponding diameter outside bark 5 years ago from a curve 
constructed by plotting each present diameter class (outside bark) 
over its present diameter inside bark (fig. 3-0) ,1.8 

Step 7. Subtract the diameter 5 y~ars ago (step 6) from the present 
diameter (step 1) to obtain the 5-year growth in dIameter. 

Step 8. List the average number of trees per acre in each diameter 
class (the stand table derived from data in field cruises, fig. 3-D). 
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FIGURE 3.-Graphic steps used ill staml-tallle projection to predict the future 
growth of merchantable timber from data gathered in a systematic inventory: 
A, Measurements of twice the bark thickness averaged by diameter classes 
(basIs: 2,000 sample trees); B, average wood growth in diameter during 5 
years (1930-34) from measurements of incremeut cores (basis: 2,000 sample 
trees) ; G, ratios of d. b. h. outside the bark to d. b. h. inside the bark (basis: 
2,000 sample trees) ; D, present stand and mortality expecH'd d\ll~ing 5 years, 
1935-39 (basis: 20-percent cruise of Septt'mhl'l" 1934). 

Step 9. Subtract from the stand blble (step 8) the estimated 5-year 
mortality (see lower curve fig. 3-D) to obtain the expected survival 
or basic stand for the forecast. (For convenience, and to facilitate 
checking, it would be advantageous to list this mortality on the work 
sheet between lines 8 and 9, before making the subtraction. Or, this 
deduction from the stand to allow for mortality (step 9) could be 
made after projection instead of before, that is, it could follow 

,. These dutu, being u combinution of linen!" and cun'ilinenr trpuds, naturally form u 
cun'e, l'hey npl,cur lIS a struight Iinc In figure 3. a only hecause the vertical scale Is too 
smull to reveul the curvature. On work sheets the plotting scule should be large enough 
to permit listing results to one d..clmul, but if such a scule Is i11com·enl.;nt, then twice 
the bark thickness may bc plottecl ngalnRt diameter Inside hurk and the reading>! mlded to 
the datu in line 1) to obtain those In line 6 (tahle 2). Still another method to facilitate 
making tile necessary aI\ownnee for hark, and to a\'old the use of the curve (fig. 3, 0), 
may he applied It the rlltio between din meter outside bark IInc! cliurneter inside hark is 
(uirty constunt for all din meter chISHes Ii. e., if it cnn he plottl'd as a horizontal line),
(n this Instance, the average rntlo of diameter outlilde hark to diullleter Inside bnrk muy
be determined nnd upplieti uniformly to ench dlnmet4'r ClUBS to trnnslnte growth rates 
inside bark (line 4, table :n directly Into growth rlltes outside burk (line 7). Unfortu­
nutely, none of tbe methmls here mentioned 4!llminutes the possibility of error caused 
by a reversal of variables. (See discn"slon on p. 36.) 
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step 13 instead of step 8. For discussion of assumptions related to 
this choice. see page 13. 

Step 10. Using the basic stand (step 9), the diameter growth ratt>s 
(step 7), and the hypothesis of movement preyiously mentioned on 
page 15 (see also table 1), in discussing the second alternative in pro­
jection, record the numher of (rees. H any, expected to enter each 
class from two classes below during 5 years. (This happens when 
I-inch diameter classes are used or when forecasts are made for 
10ngeI' periods.) 

Step 11. Similarly record the number of trees expected to enter 
each class from one class below during 5 years. 

Step 12. ~ubtnlct from the survival number in each <1ianwter da:;s 
(step 9), the number expected to grow out of that class (2 columns 
to right for step 10; 1 column to right for step 11) and record thl~ 
remaining number of trees. or those not expected to grow enough 
in 5 years to emerge from their present class. 

Step 13. The estimated stand after 5 years is obtained by adding 
together for each column the entries made in steps 10, 11, and 12. 

Step 14. List future stocks, obtained by multiplying future stands 
(step 13) by figures from an appropriate volume table. (These 
figures, showing average volumes by diameter classes only, without 
any reference to heights or usable lengths~ may be entered con­
veniently on the work sheet between lines 13 and 14.) 

Step 15. In like manner list pres('nt stocks, obtained by multiply­
ing present stands (step S) by appropriate values from the same 
,"olume table. 

Step 16. Stock change or estimated 5-y('ar volume growth is listed 
by subtracting figures of step 15 from those of step 14. 

Step 17. Divi(le the estimated total periodic volume growth (sum­
mati.on of step 16) by the llumbpl' of y~'ars in the period, to obtain 
the final forecast of annual growth in volume per acre. 

III projecting stand tables, some further COllsid('l'utiolls may arise, 
some of whieh are mentioned in the following discussion in order to 
clarify procedure. 

Gutlll'red on a timber cruise, thp principal basic data here used to 
exemplify projection were those depicted (on. a reduced scale) in 
figure 3 and in the table of tree volllmps by (hameter classes made 
by Gimrd, whose methods of com,tructing volume tables have been 
reported elsc\yhere.H This board-foot (Illtel'l\utional %-inch rule) 
table, combining loblolly and shorUeaf pines, is not shown, as local 
tables are best used for this purpose. 

As used in the present study, step 9, which lists the survival ex­
pected in 5 years, is merely the \H'esent stand millus an allowance for 
natural (5-year) mortality. The question arises as to whether the 
stand should not also be reduced to allow for the cutting of timber 
during the forecast period. No such reduction was made in this in­
stance because the improvement cutting of the first period was largely 
confined to inferior trees unmerchantable as sawlogs, and hence' not 
included in the stand-table figllres. ,"Vhen, in accordance with present 
plans, selective cuttings Itre made continuously in the main stand, an 

1< Sec nlso (ootnotp !l, p. n. Anothpr source of dntn uHerul In computing m,'rehantnbl~­
timher vohllDl.'s 'is /I pocket·sized mllnulll: IJAln:s, E. T., VO[,l1l[Fl TABLES, CO!'1I'ErtT[!'1G FAC. 
TOrts A!'1D O'[,lIEIt I!'1POlllIA1'[0!'1 Al'['I,[CAIlL~). TO t'OlllnmC[,\L TUllIErt [10( TilE SOU1'[[. Eel. 3,
45 pp. lO·tO. [~[lme()grllphed.] 
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allowance for cutting as well as for mortality should be made in step 9, 
reducing the number of trees per acre ill each diameter class by an 
amount that corresponds with current cutting practice. In projecting 
the future growth of stands that include timber to be cut progr~ssively 
durin.!! a gIven period, it is convenient to assume either that an har­
vested"" trees wi11 be removed at the middle of the period (and hence 
grow only half the time) or that only half the periodic cut will be 
present to grow throughout the period. When no cutting whatever is 
expected, it becomes imperative that deceleration of growth be esti­
mated and allowed for in stand-table forecasts. This matter is dis­
cussed in more detail on page 3l. 

Having forecast future rli.tes of periodic growth by diameter class, 
the stand expected to come through the period must be set forward. 
·When applying the hypothesis of movement (option 2), illustrated in 
table 1, it is essential that the details of projection be understood. The 
simple way in which the figures are assembled to represent the future 
stand is not always apparent without specific illustration. Two or 
three examples from table 2 will serve to trace the derivation (from 
basic data 111 lines 1. 7~ and 9) and tabulation (in lines 10 to 12) of 
projection figures totaled (in line 13) to represent the future stand. 
For instance in the 14-inch din.meter class (column 5) the 6.6 trees 
(line 9) are expected to grow 1.2 inches (line 7). The movement fac­
tor, 1.2 times 50, equals 60 (table 1), and 60 percent of 6.6 trees equals 
4.0 trees moving up and hence entered in line 11, one column to the 
right. Then 6.6 minus 4.0 leltveS 2~6 trees remaining (line 12). Simi­
larly, for the 22-inch class we lutve 0.3 tree expected to grow 1.3 inches; 
1.3 times 50 or 65 percent of 0.3 indicates 0.2 tree moving up (enter in 
column to right for next higher class) and 0.1 tree remaining. All 
other diameter classes are treated in the Same IlHlIllJel", except that 0.1 
tree in the 24-inch class expected to grow into the next higher class (not 
tabulated) was cOllservatinly counted as if remaining in the 24-inch 
class (line 12). 

In forestry calculations using board feet, H is advisable to take into 
account the difference (often wide) between ,,·oods volume and mill 
output. Apart from personal !1Il'cl sampling errors, the discrepancy 
between esdmated volume of timber or gross log scale. and "green­
chain" or mill tally of sawn products is caused mainly by imperfection 
in three thillgS: (1) The log rille as a device for measuring sound and 
perfectly formed logs, (2) the form and substance (soundness) of the 
logs measnred, and (3) the workmanship of the sa "'yer at the mill. 
\Vhen t1le International 1/1-inch kerf rule is used, and when logs are 
cut mostly into timbers at a large band mill, the first and third causes 
may be l1egligible. The effect of crook, rot, and other defects, how­
ever, remains to be considered. This may be estimated in scaling Jogs 
and llpproximated (as is done on some of the national forests) on the 
basis of the differenee between g'·oss and net scale. The introduction 
of selective lolIging is expected to cause first a temporary increase in 
cull percentage. as It result: of improvement cuttings previously neg­
lected, and later a, prr;nam'nt I·eduction in cull percentage as It result 
of early elimination of the most unsound and crooked trees. The pre­
cise determination of cull prrcenfage requireR the nwnsurement of the 
contents of a typical lot of 10gR before and Ilfter milling. Unless the 
cull factor has been actually remeasurecl during a forecast period, it is 
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recommended that the samE' perc{'ntage reduction of estimates of gross 
timber volumes, to :tllow for decay and othE'r defects, be applied uni­
formly at the beginning and end of the pel'iod. Cull trees in mer­
chantable size classE's should be (and usually are) recorded separately 
by timber cruisers. 'Vilere this is not done, and where no deductions 
are made for defective portions of merchantable trees, a volume table 
based on sound and straight timber cannot be used without correction. 

Simmons 15 suggests that this correction be made separately for each 
diameter class on the basis of information gathered from selected 
cruise lines used in check estimating, By this method, the percentage 
of trees obsel'Yed to be unmerchantable for sawlogs in each class is 
plotted over diameter, and readings from the resulbmt curve are used 
to reduce the figures in the volume table. If necessary, preliminary or 
tentative estimates of cull percentage, cordwood ,'olumes, etc., likewise 
mRy be based on obsel'Yations l'estrieted to certain plots or strips sys­
tE'matically selected and constituting a snlllll but representative portion 
of the arel1 cruised. The small plots often used to locate trees sampled 
for growth rates may bE' used to obtain snch supplementary items of 
information as may be desired, e. g., cull percentage, age, merchantable 
height, Rnd potential minor products. 

If volume tables by diameter classes are already available for by­
products, such as pulpwood or cOl'elwood cut from tops of sawlog-size 
trees, a few extra lines in tablE' 2 wi1l adapt the stand-table method for 
use in predicting the yields of such minor products as well. Like the 
forecast of saw timber, this is based on the contrast between present 
and predicted stands shown in lines 9 and 13, so that only the last four 
steps in computation need be repeated. As previously pointed out, the 
matter of ingrowth from premerchantable classes, the calculation of 
which is an integral part of the stand-table method of forecasting 
growth, should not be neglected, as it may be a very large fraction of 
the total increll1E'nt. 

EXA)fPLE OF BESt'l.TS OBTAI.NED BY THE STA.ND-TABLE-PROJECTIO); 
~'IETHOD 

The second concept of growth movement (option 2) was applied in 
starting management of loblolly and short leaf pine stands on the Cros­
sett Experimental Forest in southern Arkansas. After a brief review 
of the results from the initial im'entory and study of growth, the basic 
timber data from that project will be utilized again to illustrate the 
third concept-thE' one that attempts to measure dispersion in growth 
rates, 

The map (pI. 1) based on a slril) sun'ey made in September 1934, 
shows forest subtypes and stand cOIlditions in the usual detailed man­
ner. Since about G80 acres of the 1,680-acrc forest was reserved for 
intensive experiments, only the remainder was suitable for a demon­
stration of practical maI1a~ement. These 26 rE'llmining "forties" con­
stitute a, 1,OOO-acre tract WJth over 5 million bOltrd feet of timber 110W 

placed under management for sustained yield. 
The "O!l1mes of timber on this tract, as estimated in 1934, are shown 

in figure 4, by areas of the diffel'ent types and conditions (A), and by 

1:; SDUIO~S. F. (\ 8TAN'IMltn It _.j f'O.\IP",'.\'rIOX PUOf'EIlI'ltJo!. lrAX..\(JElll-:S'l· PJJAS PIlEPAIt.\~ 
TIOX, U. S. l"or~sl H"IT., Region 7, R:! PII. wall. Plltw·ugl'1ll'lw<l.]c

http:BESt'l.TS
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PINt-HEAVy GONOITfONr:::rn rr:::::J CLA.SS t - OLD-flELO ~"'W-lu.8[f\ ~TAHQ ----rORIY aOUNOA"AY
n=J Plf'lt-lICHT CONOtnON c:J CLASS 2- OlD~n[LO POLE ,TAND$ --.~ PATH -rOREST ROAD

tt::J PI'" (- TWO - ~ rOR I [0 ~ CLAS!. 3- OLD-n£LO SAPLING STANDS ;:;:.:;:::;: HIGHWAY --reNeec=J Pit.u::-HARDWQOO C3 CL"SS~- OLD-rltL.D UNOERS10Ck[O STANDS WTCRM'TIHrT Sl'~t"'MS
[=:J OPEN ARCA!. .:-t.,:- BRIDGt: 

I'r,A'n: I.-l\Iup showing fOI'e,,;t suhtYlle,: /llld stu lid l'tllHlit iOlls found on the Urossptl 
Jo}xperiImmtai }j'orpst. in th.· fail ofW3-1. whl'n IIHllly of till' growth data ill thi,,; 
report wCI'e gutllPred :Hi [Jurt of a :!O-llcn'l'lIl timhpl" inY('lltory. 'rile "olume of 
tillll)('r on :!(j of thl'!w Il1llllhpr('d .JO-H("I·" II"al'ls is showlI ill figure 4, lJ. I~sti­
mat!;'>' of growth apvear ill tatJlps :! 'Illd -I. 
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TABLE 3.-ClIrrcnt annuaZ growth of sWIV-timlJer .~tand8 (estimated on a· 5-year 
baris) in boa.I·d feet and in compound-interest rates, together with percentage of 
ingratoth, on cut-over '(tOO i?" southern Llrk(msa.~' 

ESTilI1:ATED. A.NNUAL GROWTH PER AORE 

N aturnl pine stands IOld-fleld pine stands' Aver· 
age, 
allSpecies group stand

Heavy Light Two· ~~~~~ Nos. No.4 I~lJ~1 condi·
storied woods I, 2, 3 (open) flcld tions 

Board Board Board Board Board Board Board Board 
fut feet fut feet feet feet feet feetLohlolly pine________________________ 217 111 186 134 486 359 471 211Shortleaf pine_______________________ 92 \04 106 21 85 6 75 82Pines____________________________ 309 215 292 155 571 365 546 293 

13 7 25 51 5 2 5 18
Oaks 3______________________________ 

Other hardwoods.___________________ 16 6 12 37 8 14 9 17Hardwoods______________________ 29 13 37 88 13 16 14 35All species•.. __________________ 338 228 329 243 584 381 560 328 

COMPOUND RA1'ES OBo PEIUODIO ANNUAl, GROW'.rH 
, I --- 1 1-

Percent! Percelll Percellt Percent' Percentt Percent Percent Percent 
Loblolly pine________________________ 5. 4' 5. 8 7.4 6.7 6.0' Ii. 7 6.0 5.9Shortleaf pine_ ______________________ 6.0 8.8 12.4 5.6 5.7 3.5 5.7 6.7Pines..__________________________ 5.6 8. 7 8.7 6.5 5.9 6.7 6.0 6.1Oaks•• ______________________________ 3.6 4.2 5.5 2.6 4.5 3.6 4.4 3.2 
Other hardwoodL__________________ 3.1 2.6 1.6 4.2 4.8 6.3 5.1 3.3Hardwoods..___________________ 3.3 3.3 3.0 3.0 4.6 5.7 4.8 3.2All species ... __________________ 5.2 7.9 7.2 4.6 5.9 6.6 6.0 5.6 

INGROWTH-PROl'OR1'WN OF TO'rAT, PERIODIC GROWTH' 

----~. -- ;:=11 ~ PercentIPercentl Perc;!/t Percent Percent Percent 
Loblolly plne______________________ 12 7 31 11 : _3 22 20
Shortlesf pine•• _____________________ 29 23 41 24 41 28 33 

Pines .• __________________________ 18 14 34 13 26 23 23
Oaks. _______________________________ 51 70 44 46 57 ________ ________ 48 
Other hardwoods.._________________ 40 50 70 59 76 34 ____.__ 56 

Hardwoods. _____________________ 45 59 54 52 68 34 ________ 5~ 

All specie5...__________________ 20 17 37 26 27 23 ________ 26 

/ No allowaDce has been made for t1w Inevitable. decel!'ration of growth in those parts of the uncut forest 
where the crown canopy has closed. Whl·thl·ror not these rntes or growth clln bl)llIliintained under judicious
selective cutting remains to b~ seen. 

2 No.1. sawlog-size stnnds;No. 2, Jlul£'-sizNl stands; ~o. a, sllpling stnnds; and No. ·1, limby understocked 
stands. 

3 Red, whil~, and wntcr oaks . 
• Ingrowth data arc for the entire 1.680·8crC forest; other data nre ouly for the 1,(JOO'ncre tract. 

4O-acre compartments (B). The upper blocks (hachured) represent 
the hardwood component of the stand, and include trees 13.5 inches 
d. b. h. and larger, while the lower unshaded blocks represent volumes 
of pines 9.5 illches d. b. h. and larger. The total estimate for the 1,000 
acres was oyer 4 million board feet of pine and about 1 million of hard­
woods (International 1,4,-inch rule) i 29 percent of the pine timber and 
69 percent of the hardwood timber was in trees 16.5 hlChes d. b. h. or 
larger. Considerable variation was found in average stands i the pine 
volume ranged roughly from 1,000 to 9,000 board feet per acre on the 
different forties (fig. 4, B), and averaged a little over 4,000. 

The volume inventory also provided the basis for a growth study. 
It supplied nearly 400 hardwood and over 2,000 pine increment 
cores.16 In analyzing growth-ring measurements from these samples, 

11 These cores were obtnlned by boring 1111 Rumple trees (onnd on 1,000 smull plots tnken 
ut 2·chnln Intervuls along t1w :?O·ppr<·!·nt cruise IiIl!'S. For Rnwlog·slze trees these plots 
wI'rel/lO ncre (2.» percent or the lIfI'lI) nnd ror 1lI1l1er-sllwlog·size trees they were ~i60 ncre 
.(ubout 0.6 percent of thp. uren). Hnrdwoods less than 8 Inches d. b. h. and pines less 
thun 4 Inches were 110t sumpled. 
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FIGURE 4.-Volumes of saw timber measured by the International *--inch kerf 
rule without making nlly deductions for defect, and portrayed by means of 
Wnckel'lllHn's skyline graphs. ~rhese "olumes were the growing stock on the 
1,ooo.acre sustained-yield tract of the Crossett Experimental Forest, Ark.. as 
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B, By 4O-llcre compartments numbered as indicated on the map, plate 1. 

408248"--41----4 



26 'rECENICAL BULLETIN 79(i, U. S. DEPT. OF AGRICULTURE 

the apparent effect of crowding was noted, in that average diameter 
growth was invariably less during the last 5-year period than during 
the preceding 5-year period. Deceleration in the rate of basal-area 
growth on trees of sawlog size was found to be about '7 percent in 
5 years. To be conservative in stating current ,growth, the slower 
growth rate for the past 5 years was used in preference to that of 
the past 10 years. Thus far no allowance has been made fo' 
further decelera60n, however, because it is anticipated that it mb.} 
be prevented by thinnings and improvement cuttings. The first cut 
of about 1% cords of pine pulpwood and 3 cords of chemical hai."L 
wood per acre was taken almost exclusively from defective trees 
and widespreading branchy trees excluded from both the sawlog 
inventory and the initial determinat,ion of gr<nyth rates. 

Current growth rates by species group and by type and condition 
of stand are given in table 3, which indicates that the annual periodic 
growth of pine during the immediate future will be nearly 300 
board feet per acre, or at the compound-interest rate of 6.1 percent. 
Only 77 percent of this pine increment consists of enlargement of 
sawlog-size trees; the remainder is ingrowth, or the board-foot vol­
ume of trees that first reached sawlog size during the period. For 
hardwoods, ingrowth is half of the volume increment, and for the 
whole stand it is one-fourth of the increment. In young well-stocked 
second-growth stands the volume in new trees or ingrowth is often 
a considerable portion of the total increment. This abundance of 
ingrowth is confirmed by unpublished figures of the Nation-wide 
Forest Survey, which found that over extensiye areas of sawlog­
size second-growth forest in southwestern Arkansas about half of 
the hardwood and R third of the pine increment was ingrowth. 

GROWTH DISPERSION BY DIAMETEH CLASSES 

Further refinement of the stand-table method requires a knowledge 
of the variation in rates of growth of individual trees (see third 
op6oll fo/' projecting stands, p. 16). By buring a large number 
of representative sample trees, timber cruisers can supply the neces­
sary measurements. Enough samples of growth (increment cores) 
must be obtained to permit comput ation of the percentage of trees 
that remained in their initial diameter classes (e. g., as of 5 or 10 
years ago) and the percentages th:lt moved up one or more classes 
during the period. If sufficient samples are available, such informa­
tion, wOI'ked out separately for each diameter class, should provide 
a much clearer picture of actual tree movements and theoretically 
should permit of more pI'ecise foreeasts than the hypothesis of tree 
movement formerly described. This is especially true at present 
in many forests of southern pine, whel'e the amount of ingrowth 
is exceptionally high, owing to the unusually large number of trees 
now just bE'low the size limits used in stRl1Cl forecasts. Under such 
conditions a special study of the dispersion of trees in the largest 
premC'rchallt:lble size classes might be advisable where forecasts are 
needed. 

The manner in whi('h til(' arl'angement of trees in diameter classes 
change!; as It result of growth can be illustrated most effectively by 
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a diagram. The grid constmcted with arbitrary data and repro­
duced in figure 5 is net at all necessary in projecting stands by the 
dispersion method (as in table 4), but it has been found helpful in 
visualizing tree movements. Graduations on the horizontal S(,ille 
indicate the initial size of each sample tree represented by a dot 
plotted directly above. Each dot 1S conceived as having started from 
the base line and moved (during 5 years) st.raight upward a definite 
distance, indicated on the vertical scale. The movement classes recog­
nized in analyzing data from increment cores of sample trees are 
distinguished on the chart by the variously shaded areas. The 
diagonal bands, which represent diameter classes, as well as the 

MOVING UP 2 CLASSES ~ 

MOV1NG UP 1 CLA.SS ~ 

REMAINING ~ 
TREES 

FUTURE DIAMETER CLASSES (INCHES) 

FrGUIDJ 5.-Dispersion of growing trees by size classes. This diagram illustrates 
the manner in which both original position and variation in growth rate affect 
the tinal position of trees after a period of growth. Individual trees, repre­
sented by dots, are conceived as having started fl'om points on the base line 
corresponding to their diameter when first measured, then having moved 
straight up a distance equal to their periodic growth on the vertical scale. 
In It!'! new pOSition as shown here, each dot shows two things about a tree: 
(1) Its advance in number of classes, indicated by the shaded background, 
and (2) its reclassification by diameter class for a new stand table representing 
conditions at the close of the growth period, indicated b~' position in a diagonal 
strip. 

diagonal lines which delimit them, are needed to visualize the results 
of tree movements. The new classification of t.he trees after grow­
ing 5 years is indicated by the position of the dots as plotteel. The 
diagram shows how the future distribution of trees III a stand is 
affected not only by individual variation in periodic diameter 
growth, but also by initial size or position of trees within the classes. 
For example, in diameter class 16 !Ire two trees each of which grew 
0.6 inch. While the larger tree entered the l8-inch class, the other 
one failed to emerge from the l6-inch class simply because it was 
smaller at the start. The manner in which trees arc reclassified in 
diameter classes at the end of the period is shown by the diagonal 
bands. The total number of dots in each band (regardless of the 
shaded background) represents the reallocated trees for that diameter 
class. 
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TABLE 4.--8tand-tabZe-projeotion method, recognizing dispersion of rates of diame­
ter growth within 2-inoh diameter o/asses and assuming no deoeleration 1 

FIGURES USED TO OOMPUTE FOREOAST OF TIMBER INOREMENT 

Figures used in a modified procedure for computing a forecast TotalStep Nos. as in table 2 of timber increment, including Ingrowth 

1. Dlameterclass.._...•._inehcs .. 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0 
9. EXjJ(?cted survivaL..number._ 25.1 14.4 11.4 10.1 6.6 4.0 1.9 .3 .3 .2 _____ 74.3 

============~ 
10. Trees from 2 classes 

below ________ . ____ •__ do._ .... __ . ..... .8 .3 .1 .1 _._ .... _________________ . ___ .. __ 
11. Trees from 1 class below. do. __ . ___ . _ 11. 5 8. 2 5.4 5.2 3.7 1.9 .8 .2 .1 .1 ____ .. . 
12. Remaining trces .. _.. __ .do._ .. 12.8 5.9 5.9 4.8 2.9 22.1 1. 1 .1 .2 .1 ________... ' 

13. Future stand ...___ ... __ do.... 12.8 17.4 14.9 10.5 8.2 5.9 3.0 .9 .4 .2 .1 74.3 
============ 

14. Future stock. ____ .board feet. ______ .. ___ 670 966 1,263 1,339 924 304 208 126 74 5,934 
15. Presentstoek_ ....... _..do......... ___ ._ 522 938 1,032 908 585 122 156 126 0 4,389 


16. Volumegrowth ..• __ .... do.... "'" . ____ 148 2S 231 431 339 242 52 0 74 1,545 
17. Annualgrowth ......... do...... _...... __ ....... _________ . _____ ........._ ... " ..... __ .•. 309 


BASIC DATA FOR THE ABOVE DISPERSIOK 
FIGURES 

Trees moving up 2 classes 
percent__ a 2 1 i 1 0 1 2 0 0 0 _.. ­

--~---"'Trees moving up 1 class ....do____ 46 57 47 51 56 48 39 56 50 33 
~ 

-.--- -------Stationary trecs ______ ••• _._.do. ___ 51 41 52 48 44 51 59 44 50 67 

TotaL_______________do.___ 100 100 100 100 100 100 100 100 100 100 ._ ..___ ._. __ 
Total eares _________ . __ .number_. 204 406 439 286 223 104 59 18 8 3 ..... 1,750 

I The timber growth shown here was forecast for 1935-39 and represents an increase of 6.2 percent com­
pounded annually. 

, An actual loss of trees is recognized in a mortality allowance for the growth period (fig. 3, D), but a spe· 
cious additional loss from rounding off to the nearest tenth in the above calculations is not tolerated. Nor 
does the possible slight gain in precision warrant retaining the second decimal place. Hence, in rounding
off to the nearest tenth of a tree, the usual procedure is modified to permit the totals originally in each class 
(step 9) to be maintained throughout each dispersion estimate. For example, consider the disposition of 
the four 11l-inch trees. With only 1 percent or 0.04 tree moving up 2 classes, the 2O·ineh class is not shown as 
receiving any of these trees. With 48 percent, or 1.92 tree, moving up one class, 1.9 tree is recognized as 
entering the IS-inch class. Similarly, 51 percent stationary trees indicates 2.04 trees remaining in the lll-ineh 
class. But this last estimate is recorded as 2.1, not 2.0, to pr~vent the irrational loss of 0.1 tree through 
the cumUlative elfect of rounding off. The 0.1 tree could be arbitrarily Included In anyone of the three 
classes, but is eanservatively counted with those that grew least. 

A detailed calculation, utilizing data by I-inch diameter classes 
and the simple hypothesis of tree movement (the second option 
described on p. 15) in the stand-table-projection method, estimated 
the annual increment of pine in relatively heavy (but still under­
stocked) stands at 309 board feet per acre, of which 217 feet was 
loblolly pine (table 3). Dispersion of growth of loblolly pine com­
puted from the same basic data indicated that during a 5-year period 
nearly 16 percent of the trees did not grow enough to emerge fl'om 
their initial class, 67 percent entered the next class above, another 
16 percent moved up two classes, and only about 1 percent moved into 
the third class above. 

Applying these percentage movements (16, 67, 16, and 1 percent) 
to each diameter class in place of the simple hypothesis of tree 
movement as first applied, gave an estimate of 178 board feet of 
growth, 39 feet (or 18 percent) less than the first detailed estimate. 
An underestimate was to be expected because the application of 
identical percentage movements, of 0, 1, 2, and 3 classes to all diam­
eters, assumes that average rates of growth are equal for the various 
diameter classes. Figure 3, B shows that the rates are not equal. 
Calculation on this erroneous assumption undervalues the larger 
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trees, which are not only growing faster in diameter, but for which 
a given amount of diameter growth meallS a greater volume growth. 
The soundness of applying percentage movements derived from 
sampling the whole stand to individual diameter classes seellled 
questionable. Accordin~ly, dispersion was computed separately for 
each class. On this baSIS, the forecast was SOlllewhat improYed, the 
result being 193 board feet, 24 feet (or 11 percent) less than the 
original figure. An apparent explanation of the remaining discrep­
ancy lies III the possibility that the sampling was not sufficiently 
intensive to make the dispersion data valid by separate I-inch classes 
and for loblolly alone (see section on diameter-class intervals, p. 36). 

Similar observations were then mll.cle on the dispersion of growth 
l'ates by 2-inch diameter classes! except that shortleaf \\'as incluch'd 
with the loblolly in these calculations. In these larger classes, 48 
percent of the pines remained for 5 years in their ini6al class, 51 
percent moved up one class, and 1 percent m()\-ed np two classes. 
Projecting each diameter class 5 years into the future on this basiR 
yielded a growth es6mate for both species of 304 board feet. If 
the 92 bonI'd feet of shortleaf pine growth shown in table 3 be 
subtracted, the result is 212 board feet of loblolly pine growth, which 
is 5 board feet (or 2.3 perC'ent) less than the original estimate. Dis­
persion computed separately by 2-il1C'h dianwter classes was then 
applied, as illustrated in table 4. The result in annual per-acre 
growth was thell 309 board feet of pine. Subtracting 92 board feet 
of shortleaf, as before, lea yes 21'7 board feet of loblolly pine growth. 
This is identical with the original estimate bm;ed on I-inch classes 
and the simple arbitrary hypothesis of tree movenwllt. Appan'l I tly, 
then, very similar results may sometimes be obtained by llsing ('it-her 
the second or the third option in projecting sbmds" 'Where disper­
siems in growth rate within diameter classes are very similar to the 
average dispersion for the stand, the result using the second option 
should cloRely approach tlult using the third option. The identical 
results in one instance, however, are regarded as a mere coincidence~ 
as exact a~reelllent cannot be expected f)'om these various procedures. 

From the present study it appears that although a method of 
stand projection which recognizes dispersion of growth is clearly 
preferable where a study of the distribution of trees by size elasses 
is clesired, its )"esults seem to correspond closely with those of the 
simpler optional methods of estimating the net volume growth of 
stands on thE.' basis of lLyerage rates of diameter growth. In fact, 
when growth in yolume alone is sought, and when ilbun<1unt borings 
are available to insure an adeql\ate sample Hot weakened by subdi­
vision, there may be very little <1iffl'rence ill th(' accuracy resuhing 
from anyone of the three projection procednres already described. 

AVOIDIN(i l'NNECESSAHY DETAil_ 

Since the degree of intensity and l'eHncnwnt )"equirecl in estimating 
6mber growth was entil'l'ly unknown when this study was started, 
the results from very detailed illit ial C'ol1lpntatiollS were llsed as a 
yardstick .in judging the extent to which similar /"('computations of 
the same datu by the sanl(> method could be abbn'\'iated Sll ft' Iy. 
While this was no test of the vidue of the method selected, it did 
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show, at least in this instance, how considerable unnecessary clerical 
work could be avoided 'without any apparent loss in accuracy. 

The 10nO" procedure, which utilized a maximum subdivision of 
samples of basic. data (stand tables and core measurements), wa~ 
a.imed at detailed results. Separate forecasts (24 in all) were made 
for each of the stand conditions and species groups indicated in 
table 3. Separate elUTeS of bark thickness, growth. and stands were 
made for each forecast. and a 20-step computation carried to the 
second decimal place was applied to each 1-;nch diameter class. I

' 

Final results of this computation are shown in table 5. The cost of 
computing this detailed information seemed entirely unwarranted 
from u managenwnt standpoint. if the same figure, an annual growth 
of about 32R board feet of all species per acre, could be obtained by 
shorter methods. 

TABLE 5.-Effect of a.bOret"iatiIlU procedure in prediefillU annual illcrelllellt per 
acre Of timber bll the stalld-t(lble-projeetioll method 

Species grouJlS 

---------------_._.- . - -.- -.... 
HOllrd Jut BOllrd {ed Boord (ed BOllrd (ea

Loblolly pine .....•.•.....•.•..••..••.___ ._._.•... 211 2111 
ShortleaC pine •.•... _.••_.•.••..•..••.•••••••• _._ ... ~. &I' .. -.--..-- .-. -_.-..._-----

Pines 2'J3 2lJ5 319 
.==.,",=-,,======

Oaks.. . . . . .. . ....._._.___ ._. __•• ___ ._._••. _••._•.. _ IS Ii 
Other hardwoods ...•••••..•••_••••••.• __ ••.•.•.•. ., Ii ' IS •

i---------,---- ----
Hardwoods • -•..••.• __•••••_. __.•••••_._•.•••__ •. :===35= =--=2~~ ,-_~~ ====3., 

.<\11 species .• __ ....___ ..............___ .......... ' 328 :t,l 328 352 

To simplify procedure the first step was to combine the data for 
all types and conditions except for the open-grown old fie.ld (No.4). 
which required the use of a separate volume table. All other refine~ 
ments in method were temporarily retained, but only 8 separate fore­
casts were made, thus eliminating !lbout two-thirds of the work. The 
result indicated a ~rowth of 331 board feet per acre per year; since 
this was within 3 feet of the pre\-ious figure, it was deemed entirely 
satisfactory. 

The next economy was to handle all hardwood species in one group 18 

and combine the data for the 1'\\"0 species of pines. The open-grown 
old field remained segregated as brfol'e, but as this old field contained 
no merchantable hardwoods, the total number of forecasts was reduced 
to 3, thus eliminating seven-eig-hths of the orig-inal numerical work. 
Calculations weI'£' slwl'ten£'d still more by handling all data by !l 2-inch, 
instead of a I-inch, diameter-class interval, and carrying only one in· 
stead of two decimal places. Furthel'more, three of the least essential 
steps in computation w£'re eliminated from the original 20'step pro­
cedure. All short cuts combined gave a final net l'£'sult of 328 board 

17 These 20 step~ w~r~ hlrntklll with thr 17 stpps ns enrllt'r specified nnd IIlustrnted 
In tuble 2, exre!lt thllt they included :~ lIt1dltlonlil steps Ilitcr discarded ns unnec~"s"ry
reli rwmenls, 

1M The SlIw-timher hllrdwol)ds liS 1\ group, whkh IIr(' IIssoch,t ..d Indh·itluully with IJlnes 
thrl)ughout thc trll('t, "hl)wf'd n<l rl'llItion ""flnen growth rllte and sizl.', but with nn 
Il\'crnge dinmctcr growth of 0.7 irwh In 5 yellrs, they were numerous enough to contribute 
:15 bOllrd fect to the IInll11111 growt h Il!'r IIC'·C. 
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feet per acre per year-the same as that derived by the original com­
plicated procedure. Of course, this complete agreement is merely 
coincidental, for table 5 indicates that an overrun of 2 board feet in 
the pine estimate happened to be offset exactly by a similar underrun 
ill the hardwood estimate. 

In predicting growth by these methods a simple and satisfactory 
form of computation is the one illustrated in tH ble 2. 

The next trial attempted to combine data for the natural second­
growth pines with those for the ~pen ol(~-field pines that occupied only 
1 percent of the total area. A shght adJustment weighted by numbers 
of trees was made in the volume table to make it theoretically applicable 
to all pine timber. This adjustment apparently was incorrect, how­
ever, as it failed in its purpose. The combined result from the one 
hardwood and one pine forecast (table 5, last column) gave an over­
estimate of 24 board feet (about 7 percent) and saved little tim(>. 
When volume tables known to aRply closely to certain parts of a forest 
show wide differences in volume for trees of given diameters, they are 
best used separately, as any casual attempt to combine them may sim­
plify predictions of growth only at the sacrifice of desired accuracy. 
The volume tables for pine and hardwood were so different that their 
possible combination in approximations was not attempted. Appar­
ently the point of rapidly diminishing returns from eliminating details 
had been reached. 

DECELERATION OR ACCELERATION-A SOl"RCE OF ERROR 

In using Imy variation of the stand-table-projection method. a fair 
degree of accuracy, of course. can be attained more easily in a short­
time prediction, but even in ShOlt forecasts it is manifestly unsafe to 
rely blindly on the assumption that the trees will grow in the near 
future exactly as they did in the recent past. Clearly some attention 
should be paid to the current trends in growth rate. It is true that 
where climatic or weather changes are significant in the changing rate, 
a.ccurate forecasts of growth may be impossible until the major cli­
matic changes, such as marked variations in precipitation during the. 
season of active growth, can be predicted satIsfactorily for a reason­
a,ble period of years in advance. Neverthelef:S. even where the weather 
is not expected to have a sihl"Ilificllnt etreet, the e\'er-present influence of 
constantly changing density in the forest should not be overlooked. 

To gage the effect on forecasts of neglecting natural deceleration of 
growth, R 10-yeRr record of the actuRI growth of Rll trees on certain per­
manent plots was utilized. The data were for young, even-aged, well­
stocked stands of longleaf pine in southern Mississippi. The stands 
expected after 5 years were forecast by each of the three optional 
variations of the stand-table-projection method (see pp. 15-17), Ilnd 
results were compared with the actual behavior as recorded from 
complete field measurements. The differences between the net re­
sults of the three variations in projection were slight, but all three 
methods showed very large positive errors. In predicting cubic volume 
in standing trees per acre the overrun was 31 to 33 percent. The errors 
in the accompanying estimates of growth in volume were even more 
startling-78 to 84 percent, respectively I When the observed retar­
dation of growth was taken into account, by correcting past growth 
previous to projection, the predictions all corresponded closely with 
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the records of actual growth on these plots. For example, using the 
first and simplest option in projection, the error in prediction was 
reduced from 78.5 to 3.6 percent. Apparently the failure to allow for 
deceleration of growth in well-stocked stands that are not scheduled 
for thinning is the underlying cause of inordinately large errors in 
forecasts. 

In a managed forest, on the other hand, the loss of increment in 
timber volumes resulting from both mortality and deceleration of 
diameter growth in uncut portions of the forest is sometimes vaguely 
assumed to be offset by accelerated growth following the selective cut­
ting of other portions. It would be preferable, where possible, to 
determine by special study what changes in growth rates it is reason­
able to expect. In understocked forests or parts of forests, the rate 
of diameter growth of many individual trees may remain fairly C011­

f::tant. whether the stand is cut over or not, simply because for these 
trees there is temporarily enough space to permit nearly the maximum 
rate of growth in either event. As indicated in denser forests, how­
ever, particularly in thoSf' consisting of even-aged stands, the future 
growth of trees on the partly cut areas may be much greater than that 
on uncut tracts. In planning for the regulation of future cuts, the 
ayerage increment by tIll' stand-table-projection method should be de­
termined (table 2) only after correcting observed rates of growth to 
make some sort of allowance for expected changes. Such an alIow­
a11('e may be based on recent deceleration in average diameter growth, 
as measured on cores obtained in timber cruising. Although the most 
dominant trees may maintain rapid diameter gro,,·th throughout life, 
the growth of the subdominant and medium-sized trees ill a stand 
often slows down. Growth retardation in the ayerage tree may be 
used to approximate that of the stand as a "whole. Accepting as in­
evitnhle a certain decrease in aYerage diameter growth as measured 
in inches, we may set lip a constant growth in basal area (23) as a 
basis for measnring excessiw' retardation of diameter grO\dh. 'Vork­
ing with poncl(>rosa pine, Baker (8) has shown that: actlltll diameter 
growth and diameter growth computed from a constant basal-area in­
crement are WI'Y m11('h the !'ame. This tendency. which is the lIatural 
result of distributing approximately the same amount of ,yood oyer 
a larger sllrfa('l\ ('acll year. ]l(>ld for both slow-growing and rapid­
;:!-rowing trees. (An illustration of reduced ring width under con­
stant basal-area gl'owth is given in the second paragl':lph 011 p. S.) 
Thus, only a rec1ueed rate of growth in basal area nepd bp regarded as 
a redu('t-ion in stand growth. On this basis expected de('eleration may 
be roughly approximatPcl from thp basal areas of slIc('essiYe average 
diameters. For pxnmple. on tl1P experimental forest the diameter (at 
breast height) of the loblolly pine of average basal area (including 
only tr(,(,8 3 inches !ll1cl larger in 1934) changed from 8.7 inches 10 yea,'s 
earlie,' (1924) to 10.1 inches 5 years earlier (1929). and reached 11.2 
j nch('s at the time of the sllrvey (1934). Bllsal a reaR C'OlTesponding 
to these average c1iamet"ers are 0.4128, 0.5564, and 0.6842 square foot, 
respectively. For ('onstant growth in basal area (no excessive de­
celeration m d. b. h. growth). the j)reHl-nt basal area may be forecast 
from the ~bove figures as follows: 

0.55(;4-0.4128=0.1436 "fJnar(l foot (J,:r(lwth ill tirf;t half of Jla~t" !leeade) 

0.5564+0.1436=0.iOOO square foot: (tlworl'liC:l1 vr!'Hl'lIt [WHltl area). 
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This theoretical basal area corresponds to a diameter of 11.33 inches 
instead of the actual 11.20 inches. The difference, 0.13 inch (or about 
9 percent of the actual diameter growth, 1.4 inches during the first 
half decade) may be regarded as the amount of deceleration in cur­
rent diameter growth for this stand during the second half of the 
past decade. Thus deceleration may be defined as the amount of 
retardation in average diameter growth that is in excess of that 
expected on the assumption of constant increases in basal area. Little 
confidence can be placed, however, in such a figure (9 percent) de­
rived from such an oversimplified procedure. It may be advisabJe 
to investigate the deceleration more thoroughly, estimating it sep­
arately by diameter classes. 

The trend of deceleration is recognized in this manner in table 6, 
in which the results of projection of reduced growth by diameter 
classes are compared with actunl measurements of the same stand. 
Instead of depending on a blanket reduction of growth, the diameter 
classes were treated ns suggested by Chapman (10, ,?p. 361 If.), and 
the resultant percentage corrections are shown in 1111e 3 of table 6. 
The result was a positive en'or in the volume of stocks, and in the 
growth forecast, of 15.6 cubic feet per acre; this error was equivalent 
to 4.6 percent of the growth volume and 1.8 percent of the stand 
volume. Chapman's method requites that past radial growth for 
two or more 5-year periods be measured separately. To show the 
trend for each (.liameter class, a separate curve is drawn. For young, 
uncut stands the increasing effects of competition are indicated by 
curves (of diameter over years in the period) that are concave down­
wanl. As such curves show recent deceleration of growth. they can 
be extrapolated to forecast further retardation expected elm'ing the 
immediate future of the same stand. It may be advisable first to har­
monize the series of C'urves so that the geneml trend refl('cts the approxi­
mate form of the stronger curves. The trend of each is then extende<l 
to cover the forecast period, and an estimate is read off for each 
diameter class. 

Thus decelemtion estimated directly by curvilinenr projection, in 
which growth in small trees was reduced more sharply than in larger 
trees, served to bring the prediction of volume growth per acre within 
reasonable limits of accuracy. It is doubtful jf straight-line projec­
tion should ever be used. . 

In forecasting timber illC'rement, it would S('l'm that any change in 
rate of growth could bt' handled by identical procedures. Growth 
acceleratedlls a result of increasetl growing space is simply the 1'1'Vl'rSe 
of the decelerated growth in crowded stands. One diffl'rence, how­
ever, is noteworthy. The typicall'fft'ct: of crowding is gradual decel­
eration easily portrayed by curves, whereas the efft'ct of rell'llse is 
often abrupt-not following any trend discernible in the pnst his­
tory of the same stfmd. This contrast natumlly will be less evi­
dent in stands cut lightly at frequent intervals thall in those cut 
heavily at longer intervals. In the past, because of common prac­
tice of heavy cutting, it has been necessary to make specific studies 
of accelerated growth. Trees of different species, age, and develop­
ment vary in their ability to withstand crowding and later to re­
cuperate. Hl'nce loclt) information on the possibilities of increased 
growth by tree classes and species is useful in forecast work, to the 
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TABLE 6.-Stand-table-projeation met1wd, reoognizing deceleration in rates of 
growth, by l-inch diameter classes, and comparing results of forecast with 
measurements of the actual stand on permanent sample plots 1 

-
Projection of reduced growth and comparison with actual Step No. in computation 	 Totalmeasurement of the same stand 

1. 	Present diameter class (1933)
inches•. 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.1) .... - " ..

2. 	 Diameter growth 1929-33 in-
~ 


clusive......... _....• iuches•. 1.0 1.4 1.7 1.8 1.9 1.9 1.8 1.5 (1. 1) (0.7) ....-.. ...... 

3. 	Decelemtion-reduction factor 

percent.. 30.0 48.0 57.5 61.0 63.0 64.0 64.5 65.0 65.0 65.0 65.0 .. -... -­
4. 	Reduced growth expected 


inches•. .3 .7 1.0 1.1 1.2 1.2 1.2 1.0 .7 

= = = == 5. 'rrl'eS per acre in 1933. number•. Jal.5 119.0 SO. 5 SO. 5 SO. 5 33.0 16.0 12.5 2.5 1.0 0'l'" ----.. -

~ 

6. 	Survival after 5 years (1938)

number.. 93.0 115.0 SO. 5 SO. 5 SO. S 33.0 16.0 12.5 2.S 1.0 0 


= 	 = 7. 	Entering from 2 classes below 

number_. - - . ~ - 0 0 0 5.0 10.1 6.6 3.2 0 0


8. 	Entering from 1 class below 
uumber•. 27.9 so.51 SO. 5 45.5 40.4 26.4 12. 8 12.5 1.7 .5_.•••_ 

9. 	Remaining in original rlass 
number. 65.1 34. S 0 0 0 0 0 0 .8 .5._ .•. - -......~ 

j--------,--1---- ---­
10. 	 Estimated future stand (19:18) 

numhrr 80. S SO. 5 45. 5 45. 4 36.5 2.2 .5~I--: .
11. 	Actual future stand (!!I38) 

numb('r~ .. ... ~2.0 56.5 46.0 4S.0 31. 5 5.5 1.0 - -.­---------- ~I~12. Erroriustand forecast. number •• -1.5 24~ - .•1 .4 5.0 -2.1 2.0 -3.3 -.5 
= 1 == = 13. 	 Volume per tree (volume table) 

cubic fcct •• 5.3 6.8 8.:! 10.0 12.0-..:!.. _1·_t.=.: ~ 	 .. ­= == 14. 	 Estimated future stock (1938) 
cubic fcct .. 56.4 :-:195.6.:-: 193.4 131. 9137.0 22.0 6.0 898.9 

15. 	Actual future stock (1938)
cubic feet._ 57.4 62.2 96.6 166.5 167.0 146.2120.4 55.0 12. 0 883••3 

16. Error in stock forecast 	 -I ­
cubic feet __ -1.0 26.4 -1.0 1.5 26.4 -14.3 16.6 -3.1.0' -6. 0 +15. 6

17. 	 Percentage error in volume 
percent._ _. ~ r ~_ - ~ -- " 	 . ".- +1. 8 ---- = = --= = -- = ---- ­

18. 	Actual present stock (1933) 
cubic fcct .. .. ,,- - SO. 4 5.1.6 166.0 122.1 84.8 8.1.0 20.8 10.0 0 .. ..

10. 	 Estimated growth 1933-38 
cubicfcct.• - .... ~ - - 0 33.0 -lOA 45.9 108.6 46.9 116.2 12.0 6.0 3SS. 2 

20. 	Actual growth 1933-38 
cubic feet .. .... -- 1.0 6.6 -9.4 44.4 82.2 61.2 00.6 45.0 12. 0 342. 6 

21. Error in growth estimate 
~ ~.

22. Percentage error in growth 
cubic fcet . *-- .... + 

... - ~ ~,. ~ .. - ~. -. ., .,. " ... ~ " ~ -. ~,." ~ . ~ ._ +15. 

percent ,.-- .. - -~ .. -. ~ • . . - . ~. _I +4. 6• + 	 - . .. ~ • +, 

I Data arc from uven-aged longleaf pinu stands in sonthern Mississippi. Values in parentheses In line 2 
Were obtained byextmpoIlltion. Values in line 3 were read from a balanced curve. Stand and mortality 
data (lines 5, 6, and 11) are from sample-plot records. Volumes in line 13 were adapted from Miscellaneous 
Publication No. 50. U. S. D. A. (1929). Stand projection was made according to the hypothesis or tree 
movement (sec discussion of second option in projection). All figures arc on a per-acre basis. 

ext~n.t that such classes and species h!tve been recognized in timber 
c.rUIsmg. 

A report by Barrett (4) on longleaf pine is a case in point. In 
1927 a study of accelerated growth was made at Urania, La., on an 
area logged in 1904, where fires were uncontrolled -until 1916. The 
original virgin stand of 90 to 100 trees per acre had been cut so that 
12 unmerchantable trees per acre remained. Pronounced release was 
noted in four size classes. The first 2 classes, covering trees 6 to 9 
inches d. b. h. at the time of logging, produced approximately 6 times 
as many board feet of lumber durmg the 20-year interval ufter 
logging as they did during an equal period of tIme before logging. 
The 10- to ll-inch class produced slightly over 5 times as much after 
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logging as before. The largest ~roup, 12- to 14-inch trees, increased 
in growth only It little over tWlce as fast after logging as before. 
Unlike the smaller ones, these larger trees were not seriously sup­
pressed in the original stand. In studyinO" accelerated growth, an 
obvious need is some sort of classification of trees that will segregate 
these different responses to release. 

Another example is afforded bv a relatively more shade-enduring 
species of southern pine. Ch1llmulll (9) has reported the remarkable 
recovery and growth of loblolly pille following suppression. Mac­
Kinney (;'3,9) studied increased growth in loblolly pines left after 
partial cutting, using a co~stant growth in ba(;'al area as the standard 
for determining changes 1ll growth rate.H) Mean annual growth in 
basal area, for a a-year period before release was taken as the equiva­
lent of growth that would have been made in an equal succeeding 
period if the trees had not been released from competition. Incre­
ment exceeding this amount was regarded as accelerated growth. An 
inverse linear relation was observed between basal area llnd increases 
in basal-area growth. Crown development as indicated by crown 
width and crown ratio (length of crown as percenta¥e of tree height), 
had most influence on growth. To utilize this intormation in -pre­
dicting the sizes of individual loblolly pine trees 10 years after re­
lease, the following formula was presented: 0.8681 baslll art'll (includ­
ing bark) at time of release+0.2914 crown ratio+0.0065 crown 
width + 1.6332 basal-area g-rowth during the 5 years before release + 
0.0017 total height-O.1212 equals basal area, (including bark) 10 
years after release. Standard error of estima te equals 0.0613 square 
foot. Only slightly larger standard enors (about 0.07 square foot) 
were expected in the use of two ~impler formulas. A,8 predicting 
mechanisms these were presented by MncKinney in the more readily 
usable form of alinement charts. On the average, the basal-area 
growth at breast height of loblolly pine trees released by cutting to 
a flexible lO-inch dianwter limit was found to be 130 percent greater 
in the 10 years following cutting than the growth expected without 
release. 

Obviously the neglect of deceleration in uncut stands or of accelera­
tion in heavily cut stands can be :l source of large error and may 
easily make a growth forecast utterly unreliable. In predicting the 
future volume of forest stands, a suitable allowanee for probable 
changes in the average rates of growth seems more important than 
the choice of a detailed projection procedure. 

OTHER POSSIBLE SOURCES OF ERROR 

When a volume table is used in the process of estimating growth, 
it is obvious that the table employed should not be changed in the 
course of anyone estimate. Nevertheless, many timber-volume tables 
are based on changing commercial limits of utilizution and hence 
may badly need revision from time to time. Also the character of 
the trees in the forest may change, so that the height, form, and 
volume typical of a diameter class may be very different at the end of 
the forecast period from those at the beginning. Thus shifts in both 

'" Set' pages 4 and 32 of this bulletin lind referencet< (.,) and (:i!.'). 
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the degree of utilization and the dimensions of trees eause ordinary 
board-foot volume tables to be a source of error in growth forecasts. 

Error may result also from the unwarranted conclusion in step 2 
that the sweeping S-shape of curve A in figure 3 is typical. The 
inflection in this curve and its concave upper portion are traceable 
in this instance to the loblolly pines, particularly those growing in 
two-storied stands. The inflection was not characteristic of loblolly 
in all stands, nor of any shortleaf pine. Possibly the bark thickness 
of other second-growth stands may be shown best by some other type 
of curve. For this reason, and, as wil1 be shown later, because bark­
thickness curve A is the basis for curve 0, the curve A should be 
constructed very carefully. 

Another possible source of error is inherent in step 6 and curve 0 
(fig. 3). This involves a reversal of the dependent :mc1 independent 
variables in plotting and reading curve 0, which shows the ratio of 
the diameter inside bark to the diamet~r outside bark. Bruce (8) 
has cautioned foresters a~ainst the pitfalls from this particular miRuse 
of curves. Only the values of the dependent variable can be read 
safely from most curves. It would seem that inaccuracy in the tilt 
or ::;lope of a curve constructed by minimizing the residuals of plotted 
points along the abscissae only. may cause error when readings are 
made on the ordinates, or vice verRa; but to limit the llse of curve 0 
to the reading of items plotted originally as the dependent variable 
would destroy its uRefulness in the present procedure. One way that 
has been Ruggested to reduce this cliffieulty again refers to the method 
of locating the basic bark-thickness curve A; it requires that the 
selection of samples be purely random and not in any way influenced 
by either variable. In step 2, if inRteacl of relying solely on averages 
by diameter classes, the individual measurements were plotted, resi­
duals measured at right angles to the general direction of the curve, 
and the curve located (balanced-in) by minimizing these residuals in 
a trial-ancl-erl'ol' location process, then the inaccuracy resulting from 
reversal of variables in making :md reading cnne 0 should be less. 
Some inaccuracy still remains. however, so .long as common en·orR 
in measurement of bark thickness (used in estimating diameter inside 
bark) and the lIsual errors in measuring diameter outside bark nre not 

3.20repreRentl.'d by comparnhlr scall.'s in fig-nrl.' The magnitnde of 
discrepancies reRulting hom plotting only the average b:trk-thickneRs 
figures, and thns negle("tlng tlw above pi·ecaution, was not measured 
in the pn.lsent stu ely. . 

DrA:\lETER-CLASS INTERVALS 

In shortening the calculations I1s('(1 in the study of growth, t-he 
changl.' h·om I-inch to 2-inch diamefrr· classps plirninnted much work. 
The economy is realizl.'c11nrgeJy in tlll.' nfficp 1'3111(>1' th:m in tl1l.' for·PRI, 
llR numerous clasRes C:U1 be recor<1pd on field shl.'ets with little extra 
effort. The lar,!!l.'l" claRsl.'R nrc bptler fOl" extensi ve inventor.ieR and 
genernl Rtnc1i(>s of for·PRt stands, since mlwh information can be por­
tr'ayecl and used just aR wpII hy Inrgp clnsses us by small ones. 

'" DE~II:-:r:, w. J~J)WArtll~. so~nJ XOTEH ox r.f;ABT SQUAltf;R. u. S. Dept. Agr. Grlldllnte 
Schoor, 1-181, lIIulf. wall. Pflnu'oJ;rnpherl. r 



37 METHODS OF FORECASTlJ.~G TIMBER GROWTH 

For cerfain special purposes, however, a I-inch interval may be 
more advantageous; the handling of guiding diameter limits in selec­
tive cutting is an example. Fortunately. where strong sb1l1d curves 
have been constructed by large clas~es. the st.and duta can be reallo­
cated to small classes by the method shown in the sccond paragraph 
below. The situations in which forest stand data can be handled bet-· 
tcr throughout in I-inch classes are in general those involving data 
limited by factors other than the degn'e of sampling. Three eXlimple~ 
of this nULY be given: (1) lVhere the range of ~aw-timber sizes is 
small, e. g., from 12 to 18 inehes d. b. h., a common condition in 
second-growth pine timber: (2) where the area unit of forest regula­
tion is small, e. g .• 40 aeres 01' le~s: and (3). ",Iwre the total volume 
of material is Slllan, as in many farm woodlots. Even when growt.h 
borings are available in abundance 1-inch classes are sometimes pref­
erable; for example. when debd led ini'ormal ion Oil gl'o,,·th dispersion 
i~ sought, it surely ("an be reflected mOl:;t elearly by using I-inch 
dIameter classes. 

On the other hand, deficieneies in the degree of sampling of abun­
dlll1t material lIlay not. be (liHco\'ered IIntil the field work has bl'en 
completed, and yet some information 011 dispersion may be desired, 
In this situation the 2-inch dasses are pn'ferable because they avoid 
too much subdj"ision of scanty data. It should be unden.;tood that, 
for a reliable detcrmination of average p:rowth. a true measure of 
dispersion requires much more thorough sampling. In most situa­
tions, it is believed that stand data can be handled satisfactorily in 
the 2-inch classes in which tllPV wcre recorded. or ill the I-inch classes 
derived directly from them. . 

A simple graphic method of converting stand data from one 
diameter-class interval to another il" illustratl'd in figUl'e 6, A. In con­
verting from 2- to I-inch diarneter classes, or vice Vl'rSll, there are 
only four essential steps: (1) Culminate frequencies from large to 
"mall diameters so that the stand table shows tIl£' average number::: 
of trees per acre in and above each diameter class; (2)' plot these 
frequencies, not over the midpoint of the range in each class which 
may appear on the abscissal', but rather over the lower limits of the 
class interval used. and draw a smooth balan('(·d curve; (3) determine 
accumulated frequencies according to the new class interval by read­
ing the curve at lower limit.s of the new class intClTal; Hnd (4) be­
~inning with the largest diameter class, subtract each frequency 
trom that shown for the next smaller diameter class. This results 
in a stand table of absolute number of trees per acre according to 
the new interval. Figure 6, B i11nstrntes the "('suIt of using a cliiferent 
class interval to show tIll' sa lIle present and predicted stands. 

RECURRING-INVENTORY METHOD 

This method, otherwise known as the continuous forest-inventory 
system or "methode du controle" was originated in France by 
Gurnaud (19, ~O, ~1) as early as 1878. He reported it to be "pri­
marily a principle of order" resulting from simple, easily verified 
measurements of trees. The method apparently received but scant 
attention, however, until the following century, when it was revived, 
interpreted, and applied in Switzerland by Biolley (5, 6) who re­
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ferred to it as the "cardinal operation of management." Recently the 
method has been advocated for the United States by Kirkland (937), 
and some of the simple forms in which growth records may be handled 
under this system have been clearly illustrated by Meyer (30). 

Strictly speaking, the "method of control" is not a deVIce for fore­
casting future growth but rather a convenient means of determining 
past growth of forests that are managed silviculturally under a sys­
tem of regular partial cuttings for harvesting timber. When these 
have become stabilized over a considerable perioel, the prediction of 
future yields is facilitated, because it rests simply on the confident 
expectation of continuing, with but minor va.riation, the yields 
realized in the past. 
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FIGURE 6.-Diff('rf!nces in the average number of trees per acre as a result 
of recording them by I-inch and 2-inch cluss intervals are illustrated here. 
A, A method of using a cumulative frequency curve to translate u stand 
table based on a 2-inch interval to read in equivalent accumulated I-inch 
diameter classes, or vice versa. The curve must be plotted over the lower 
limits of each clllss by the old interval (see arrows over curve) and read 
from the lower limits of each class by the new interval (see unows under 
curve). Midpoints of alternate l-ineh classes and of each 2-inch' class are 
shown on the hOl'izontal scale. B, Estimated changes in the pine stand in 
5 years as portrayed by 2-ineh classes are contrasted with the same changes 
as portrayed b~' l-inch C'lasses. 

The concept of repeated inventories is not entirely new in America, 
where it has long been recognized as the accepted procedure. in study­
ing timber growth on permanent sample plots. It is the method 
of regulation used on many of the Swedish forest estates. Regarding 
this system, the literature (mostly European) deals with two aspects: 
(1) The procedure and possible errors in determining growth, regu­
lating the cut, and keepin~ records, and (2) the kind of forestry WIth 
which such management IS most compatible, specifically the types OI 
forest and systems of silviculture which best lend themselves to this 
kind of control. 
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Although the first aspect is of primary interest in the present 
report, the second also deserves some attention. In pointing the 
way to American application of the continuous-inventory flexible 
rotation system, both aspects of the problem are recognizeel by Kirk­
land (937) who has suggested tlu~ procedures, inventories, and records 
needed for properly allocating and regulating the cut by compart­
ments or other management units. He has also stressed the need for 
paying attention to the quality of wood produced; in other words, 
for seriously considering the value as wen as the volume of growth. 
Certainly the advantages afforded by this new approach should be 
welcomed by every American forester who is at all familiar with 
the unsatisfactory past history of growth prediction in general and 
of attempts to apply normal yield tables in particular. The practi­
cal application of yield tables has been especially difficult beeallse 
actual stands, approaching a remote normal at various indefinite 
rates, fail to remain in their initial classification in respect to the 
yield tables. On the other hand, the recurring-inventory system 
provides a means of determining current increment in volume, basal 
area, or diameter by diameter classes, and can be applied by sample 
plots, strips, whole stands, or forests. Because of its speed and 
relative cheapness, it appears best suited to large areas. Recurring 
inventories of timber on each working circle would place the regu­
lation of Americall fore~ts on a. firmer foundal ion. 

V:-;DERLYING THEORY AND DETAILED PROCEDt:RE 

It will be recalled that several variations of the stand-table method 
of forecasting (as previously described) utilized growth and mortality 
data by diameter classes to predict changes in stands. The contin­
uous-inventory system reverses this approach to a knowledge of 
growth. PerlOdic changes in stands and mortality are the items 
that are measured directly, and from summaries of these tallies the 
growth behavior of individual diameter classes may be deduced if 
desired. The basic concept on ·which growth determinations rest in 
this inventory system is very simple. Covering a given pericd, e. g., 
5 or 10 years, trees thut died are added to It stand table of living 
trees harvested and both are added to the stand of living trees in­
ventoried at the close of the period. The difference between this 
total and the stund at the first inyentory is the gross periodic growth. 

The procedure given by Meyer for tabulating this information may 
be outlined briefly. Tabulate (by diameter classes) in eight 
columns us follows: 

1. DinnH'tel' ("lass. 
2. Number of tl'pes at fir·st invpntory. 
3. Number of trees nt se('ond irH"entory. 
4. Numbel' (if trees removed during tire period. 
5. Number of trees at Second inventory, plus those removcd-(3) + (4). 
6. Number of trees lit secOIHi im·entory, pius those removed and minus the 

number at th'e first illventory-(5) - (2). 
7. Number of cubic fcet (or bonr!l feet) per tree from volume tuble. 
S. Cubic·foot (or honrd-foot) incremcnt per tlhllllPter c1n88-(6) X (7). 

Except for Nos. 1 und 7 all columns are totaled, and plus or minus 
signs must be observed for the algebraic sums. TIllS net growth 
(including ingrowth, which is the total of column 5 minus total of 



40 TECHNICAL BULLETIN i96, U. S. DEPT. OF AGRICULTURE 

column 2), thus can be recomputed directly and easily whenever 
necessary from successive inventories of a timber-growing property. 
These repeated revisions supply current information vitally needed 
in the practical regulation of forests for sllstained yields. 

The basic inventories may be subjectl'<l to further analysis "when 
growth rates by diameter classes are desired, and if the none-too­
accurate hypothesis of tr'ee 1110\'ement (p. 15) is acceptable. As 
this method is set up in detail by Meyer, it is readily seen to be just 
the re\oer8e of the procedure illustmted in table 1 of the present report". 
In deriving rates of growth by diametf'l' classes from stand data, 
~Ieyer uses a factor thnt It~ call" "double rising over cloublp pifpetive."" 
For each dass thi~ factor is a difi't'rent ratio. with the llumemtor the 
mUll of the trees entering and ellH'J'ging from each class. and tilt' 
dpnominator the sum of thp mnnbers shown Iry tIlt' first and second 
illYentOl'ies of tit" clnss. Tilt' clecim~ll expl'Pssion of thesp ratios may 
IJe sepn to COlT('spond ",i t h the pel'cen t age figures I isted in table 1 as 
mO\'Pl1wnt factors. indicflting tIl(' reliancp of the two methods on the 
San1E' hypothesis of trpp mo\'eJllPnL 'I'll(> \veaknpss of this hypothesi~ 
and tlIP falsp aS~Ul1lptioll~ on whid1 it rests IUl\oe \)epn discussed 
already; they were called to Meyer·s attpntion by Kakasai (26), who 
('ondllded that the nwthod is inapplicable. Computations by MpYl~r 
U!) indicate that thp ('lTOrS are not largp, Unless serious l'rrol' can 
be tracpc1 t"O this lllethod and until somp simple altel'l1atin' of superior 
u(,curacy appears, pl'nctieal applicatiolJ should not be discouraged, 
'Yhel1 growth ratl's by dinnwtpr classes :ll'l' dispensed with, reliance 
on tlw questionable hypotlwsis of mOYement is cil'cunn-ented. and 
1'<'CllITillg inyentol'ies certa in ly sllpply 11 ypry pl'actieu 1 mPHns of 
detprmining \'oIIlI1lP illC'I'pnwnts undpr continUOllf': fOI'pst managelllent. 

For' the pl'Psent. hmH'Y('I'. the possibility of deri\'ing figllres for' 
pprioclie <lianwter growth by diampit'l' classes indirectly thl'Ough an 
analysis of changes in stand tablps is of interest. If this indirect 
method were fonnd to be reliable. it might make> boring sample trpcs 
IInnecessary. For tIl(> l'xtlluplp lIsPcl reppatl'<lly in this report. the 
s('('ond inwntory is not ltnlilnble. and so the re~m1t.s of applying this 
Illethod c'annot be compared direetl,\' with thosp of l)I'Hious calcnla­
t ions. X e\'c'lthelpss, if tl)(, 1)l'(,\Tiom;ly Pl'Pc! ict('d "tand pl1\s mortality 
hp ns('<1 (0 l'el)I'pspnt the sPC'oncl im'Plltory. :til illllstmtion of the in­
\'PntOI'.\' nwtlwd may be set up so as to obtain grmyth llYPl'ages ("0 

('om pu n' with tIl(> I'('sults of !letual boring, This has been done in 
table 7, with data from tnble 2 tabulated here to sho\\' tlw ('om­
putatioll PI'OCPSS repol'tpd by Meyel' (-10). The figures listed under 
"l'jpceJl1d ('ollnt" should always bp the stand table from thp S(>COII<l 
timber cl'uis('. plus all treps tflllt (lipd or wel'(> cut since the first cruise. 
The dial1wt('r c1assps are listed in descpnding order so that tIl(> 
detailpd computations may l)l'oeped lo::rically. 

In the 26-inch class III I 11 \'erage of 0.1 tl'ee per acre appeared at the 
S('concI COHnt and nonp at the first ('ollnt. Enter this 0.1 tree llo; grow­
ing out of the 24-inch class (col umn 4). If. during the 5-vear growing 
period undel' consideraf'ion, this 0.1 tree emerged fl'Oni the 24-inch 
('lass, it may be assnnwcl to have been included with the 0.2 tree Toun(l 
in that class at the first count; thel'Piore the (liifprel1('e. 01' 0.1 tree, 
must have remained in the 24-inch class (column I)). If this 0.1 t.ree 
remained in the 24-inch class as pnrt of the 0.3 tree classified as 24-inch 
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TABLE 7.-fllustration of a separate estimate of periodic diameter growth for 
each diameter class deduced solely from the stand data froll~ successive in­
ventories, assuming the hypothesis of tree 1Il{)vement is acceptable 

[Adapted from Meyer, 1931iJI 

5-year growth Oount Movement Oombinatlon Ratio in diameter 
orDiameter class move­(Inches) FirstGrow- Re- Grow- mentSec- and De· Mess-First lng main- lng Cactorand second duced uredout ing ont counts 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

,Trees Trees Trees Tree. Trees Trees 
per acre per acre per acre per <,-cre per acre per aero Percent Inches lndlu26_____________________________.____ 0.1 ________ ________ 0.1 0.1 100.0 ______•______ • __ 

24_._________________________ 0.2 .3 0.1 0.1 .3 .5 60.0 1. 2 1.4 
22___________________________ .3 .3 .2 .1 .4 .6 66. i 1. 3 1. 3 
20___________________________ .3 1. 2 .2 .1 1.3 1. 5 86. i 1.7 1. 2
18_____________________ ._____ 1. 9 3.2 1.1 .8 3.5 5.1 68.6 1. 4 1. 2 
16__________________________ 4. 0 5.6 2. 4 1.6 6.4 9.6 66.7 1.3 1.2 
14___________________________ 6.7 8.3 4.0 2. i 9.6 15.0 64.0 1.3 1. 2 
12.__________________________ 10.2 10.3 5.6 4.6 11.3 20.5 55.1 1.1 1.1 
10_____ •__________________ .__ 11.6 13.1 5. i 5.9 12.9 24. 7 52. 2 1.0 1.0 
Ingrowth___________________ ________ ________ 7.2 ________________________________________________ 

Total or average._ ••• _ 35.2 42.4 _____________ •• _ 45.8 n,6 59.0 1.2 ______ __ 

1 Only the first inventory has been made so far In actual practice. Data (rom line 8, table 2, appear above 
in column 2. To represent the second inventory (column 3) are the data (rom line 13 of table 2 plus the 
mortality allowance. The figures in column 10 are from line 7 of table 2. Columns 4 to 8 contain computa· 
tions leading to the results shown in column 9. 

at the second count, the difference (0.2) must have grown out of the 
22-inch class (column 4). This 0.2 probably was included with the 
0.3 tree first found in the 22-inch class. If 0.2 of this 0.3 emerged, 
then 0.1 remained classified as 22-inch (column 5). Subtracting this 
0.1 from the 0.3 tree found at the second count leaves 0.2 which must 
have grown out of the 20-inch class (columl1 4). The same procedure 
is continued in like manner until columns 4 and 5 are completely filled. 

In brief, for a g:-ven diameter class the figures for movement status 
(columns 4 and 5) are derived from those for inventory (columns 2 
and 3) in the following order: (1) Those growing out are derived 
from counts of the class above; (2) these emerging trees are sub­
tracted from those presel1t at the first count to get the remainder in 
the class; (3) deducting this remainder from the second count reveals 
the number that rose from the class below. 

The last figure for colunm 4 shows il1growth (7.2). which should 
equal the difference between the totals of columns 2. and 3. 

The figures for each class (in column 6) are the average numbers 
of trees growing out plus those entering from below (column 4:). This 
summation of outgrowth and ingrowth by classes :Meyer termed "double 
rising." The figures.for each class in column 7 are the sums of those 
entered in columns 2 and 3 for the same class. These sums Meyer 
termed "double effective." Figures in columns 6 and 7 form the ratios, 
or movement factors entered in column 8.21 The results of multiplying 
the diameter-class interval by the movement factors (column 8) are 
the final figures for diameter growth (column 9). In the 26-inch class 
the scarcity of trees precludes any estintate of the rate of diameter 
growth. 

tl The reverse use for this type of movement factor was illustrateil In table 1. 
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DEGREE OF ACCURACY To BE EXPECTED 

When these estimates (column 9) are compared with the average 
results of direct measurements of growth (column 10), it may be seen 
that while the last 2 agree exactly, most of the others are a fraction 
of an inch different. Those which failed to agree are for the larger 
diameter classes, in which trees are not so abundant-less than 10 per 
acre. This agrees with Meyer's observation that results were less 
accurate for the larger diameter classes. 

Huffel (fJ5) , a French critic of this method, feared that results were 
not sufficiently accurate to justify the expense of frequent enumerations 
in large forests. According to him, inventories are frequently 5 to 7 
percent incorrect., and a timber cruise 7 percent. high followed by 
anot.her 7 percent low may result in an error of 150 to 200 percent in 
increment.. This is most likely to happen when dealing with slow 
growth or short periol:..s. In his laterleal's Gurnaud himself favored 
longer cutting cycles for t.he sake 0 the greater interval between 
inventories. 

Regarding errors of this kind, which must be faced in applying the 
inventory method. Meyer (30, pp. 803-804) says: 

Roughly, the mean error of the calculated periodic increment will equal the 
square root of the sum of the squares of the mean errors in the diameter Ineas­
urements at the time of , the two inventories. Since the periodic increment is 
directly proportional to the number of years in the period, the longer the period 
the smaller the percentage of the error. Also, the larger the number of trees 
measured, the smaller this percentage will be. 

Obviously, the period between the two inventories should not be too short­
with a mean annual growth of 2 or 3 per cent, not less than 6 to 10 years. * * • 
The method as applied in Switzerland works with an accuracy of 2, to 5 per cent 
(mean error) of the increment, if the periodic increment is about 20 per cent 
of the stand volume. 

* * * * * * * 
The calculation of the periodic increment based Ull non-permanent strips will 

be rather diffieult, beeause the mean error in the estimated volume of the 
forest is comparatively high. This will cause the error in the increment to be 
still higher. In this case growth studies based on increment cores will give 
better results, although a new difficulty is introduced by the lack of direct 
measurpment of dead and removed trees. 

D~Alverny (2) recognizes that certain well-known authors have 
condemned increment. calculation based on enumerations as inac­
curate, but believes that the theorists have exaggerated the magni­
tude of measurement uncert.ainties, and that wherever work is carried 
out efficiently such deviat.ions neecf not be considered in the same class 
with, or as important as, the variations in the increment measured. 
He states that in ordinary practice the volume error of inventory 
approximates 2 percent. In estimating annual production, the rela­
tive errOr varies inversely with the intpl'vaJ covered and the squa.re 
root of the area involved. The upper limit of this relative error 

may be expressed by thp formula: e= !.-~)~, \\'l1<.'re e=error in cubic 
poys 

meters, p=period in years, and 8=area in hectares. Thus, for an 
error in growth of half a cubic meter per hectare (about 7 cubic 
feet per acre), the denominator must approximate 27; and, disre­
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fuj~:g. fractions, sample combinations of areas and intervals ful­
. the requirements would be: 

3 hectares (7.4 acres) and 16 years 
10 hectares (24.7 acres) and 9 )"ears 
15 hectares (37"1 acres) and 7 years 

This gives some conception of what may be expected from the method 
of recurring inventories in estimating periodic annual growth on com­
mon compartments. He admits that absolute preciSIOn is a "will­
o'-the-wisp" in such calculations, warns that we had better be satisfied 
with practical solutions, and concludes that continuous application of 
"controle" by various forest owners and forest managers has furnished 
the best proof of the practical accuracy of its results. 

Du Pasquier (13,14) has warned of errors resulting from the appli­
cation of the inventory method to subnormal even-aged forests like 
some of our southern longleaf-slash pine forests. He cautions us 
against a misinterpretation of increment because of the element of in­
growth in such a forest, particularly where the ingrowing trees are 
grouped in masses of young timber. The danger is tliat an ex­
aggerated estimate of present growth-unwarranted because it con­
sists too largely of a temporarily above-normal supply of small 
ingrowing timber of low value-will lead to overoptimistic predic­
tions of yields. Similar conclusions were reached by another French 
writer (f3f3) at about the same time. It is obviously advisable to 
record separately all increment resulting from ingrowth in order 
that such misinterpretations may be avoided. 

Recurring inventories for production control are also used in 
Germany. Fritzsche (1'5) recently reported his comparison of com­
plete calipering, both rapid and deliberate, with partial cruising 
based on sam)?le strips or plots. Complete and attentive calipering, 
with precautIOns to avoid errors from lrnown sources, presumably 
was most accurate, but prohibitive in cost. Complete coverage under 
instructions to work hurriedly greatly reduced the expense, of course, 
but still cost more than the common sampling methods. The cost of 
the rapid complete inventory appeared to be justified, however, and 
it was chosen as the most efficient method tried. In like manner the 
present study is being continued by using rapid lOO-percent ocular 
estimates by log lengths and grades, with field checks made cur­
rently to correct previously unsuspected personal, systematic, and 
noncompensating errors, in experimental forest cruising. 

SILVICULTURAL SYSTEMS AND TYPES OF FOREST 

Controversy as to the suitability of the inventory method of de­
termining forest growth apparently has been stimulated in France by 
the divergent opi.nions of foresters using contrasting systems of 
management for quite different kinds of forests. It is pertinent, 
therefore, to consider whether the type of stand and its silvlcultural 
treatment impose any serious limitations on the inventory method. 

The method seems to have been applied most widely to tolerant 
coniferous species in irregular all-aged forests of selection form. 
In Switzerland, De Luze (fJS) reported the method well adapted to 
alpine forests but not suited to plateau forests. According to him, 
the natural reproduction in oak forests suffers too much from t;he 
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use of short cutting cycles,22 although in the. ~lltural continuous forest 
(Daue1'Wald) Schaeffer (34) reports that cycles even shorter than 
10 years are growing in favor. Short cycles imply light cuts at 
frequent intervals and a widely distributed harvest as in the selection 
system. Under such a system, some concern may be felt for the 
reproduction of tree species that are relatively intolerant of shade. 
While groups of trees may have to be removed to get some kinds of 
seedlings started, such trees are usually not removed in groups merely 
to facilitate the development of saplings. Regarding the relativ~ 
rates of development of young growth as affected by silvicultural 
systems, D'Alverny (1) wrote that it is probable that in an even­
aged forest new growth develops more rapidly than in a selection 
forest. so that in the sma]]er size classes trees are younger in an 
even-aged forest than in a comparable selection forest. In the larger 
size classes, however, the trees are younger ill the selection forest. 
From the time that the selection-forest reRerve trees are released, they 
develop more rapidly. catching up with and then growin~ beyond the 
same-aged trees in an even-aged forest Rel'ies on Rimilar sItes. Preju­
diced against Gurnaud's method, Schaeffer (.33) confessed his pur­
pose in visiting a certain foreRt badl~" depleted in 1863 and recon­
structed during the next 18 yean; by the "methode du controle" was 
the secret desire to confirm his objections. Even with this admittedly 
biased, unfavorable attitude, ho,vever. he ,"ms apparently induced to 
change his mind. for he repoL'tNI that by a study of the fOJ"est and 
its managPIl)ent s('hedu1e he had become disillusioned and convinced 
of its practical su('cess. 

De Coulon (11) criticized the "methode du controle'" as having 
recel\'ed more emphasis thun its importance Wllrmnts. He thought 
well of the plll't thnt deals with silvi('ultural selection, but felt that 
too rigid an interpretation of ('ont1'ol was a dungPl'ous mis('onception. 
He w:tl'lwd that in managing a rorest :iny fOl'ester who be('omes n. 
8la\'e to any system of bookkeeping is UllWOlthy of his trust and stated 
that no matter how highly c1e\'eloped a system of control may become, 
the free selec:tion of tl'('es to be cnt must remain an art, if forestry is 
to make satisfadol'Y pt'ogt'ess. By varying the size of H.reas first 
dl.'signated to be (,lit o'"er. however. it is possible from the stat't to 
operate a forest so that sild('ultural considerations remain locally 
dominant and yN a.pply Ull o,"er-aU control or {'utting that \\'il1 
(through futlll'P l'ey iRiollS) permit pl'opel' and ultilllUtl>ly more in­
tensively I 0(,1l1 ized rpgu lat ion of fOl"P~f prod udion. 

As a pl'a('tical method of ('ontJ'ollill~~ production in fore::,try. Meyer 
(,'30) cites fin> ndnll1tagcs und three disadvantages of the method of 
recurring inycntories. Briefly. the advantages are: (1) Cheapness, 
(2) appli('ability to large tracts as well ltl' to strips and plots, (3) 
the fact that the same field data yipld gl'owth information in terms 
of diameter, basal a,I'Pll. and yolume. (4) short and simple offi('e 
computations. and (5) its value both to l'eseal'(-h and practIce. The 
disaclvantag-es are: (1) Large nllmbel's of h'e('s must be nWllsllred, 
(2) a period of years Intlst elapse, alld (3) the diameter of trees 
removed must be measlll'ed. 

!!2 'rhls author (·,'rtainly WIIX lIot w('(hl~,l to old methorls of regula tlUIl, liS hp wrote 
faceti(JIlsly (llp/lllrpntly rr-rprrinl{ to til!' !"IIiSSiell) fOI·mulIiH or Heyer. /Jtlnll~8hag"n. etc,) : 
uBclil'VP m(l', jn our tiJlIf'~ WI' (':Ill hU\'(1 no tr:lUi(' with s1Jell nbstrnct c)cmvnts .us were 
Im'enled by ohl·tim(' la('klO(lnlMlcnI rlrt!lIl1rerS ncr()H8 the !thine." 
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APPLICATION OF GROWTH FORECASTS 

Some timber growers who have experienced no difficulty thus far 
in maintaining production schedules may feel that the detailed tech­
nical matters discussed in the present report need not concern them 
or their forest managers. As pointed out by Biolley (5), sustained 
yield is sometimes erroneously regarded as an end in itself, but, 
although a worthy achievement: it is by no means the ultimate goal 
of forest management. Complacency in this matter is unwarranted, 
because a managed forest is never static, and its normal or maximum 
yield remains lUlknown, so that increased yields should be sought 
consbmtly. 

Opinions as to the relative merits of the various methods of stand 
forecasting must remain tentative, since there has been so little 
opportunity to gage the accuracy (or lack of it) inherent in this kind 
of work. Certain features of one method, however, may make it less 
suitable than some other method in a given situation. For insta Ilce, 
the simplified stand-table-projection method, using average rates of 
growth and requiring the boring of fewer trees than does the dis­
persion method~ may be chosen because of this economy alone. On 
the other hand, the dispersion method gives a truer, if somewhat 
exaggerated, picture of the details of actual growth; and if informa· 
tion Oll future distribution of size classes is needed in advance of the 
next regular inventory, the dispersion method certainly is to be 
prefen·ed. Realizing how badly the total volume of growth pre­
dicted by either of these variations of the stand-table-projection 
method may be in error because of some false assnmption, or because 
changes in rates of growth werC' not corn'C'tly gaged. the preference 
shown by some workers for the time-saving- simplicity of growth­
percent forUlulas 01' other short-t'ut methods may be fully warranted. 
Absolute units, however. Ilre fill' better suitd to nn expression of the 
true significance for forest growth. 

The method of recnrring- inventories, which reverses the procedure 
of the stand-table method. falls in a different category in that the 
forecasting cannot be completed in a few weeks or months. Several 
years of elapsed time are necessary. As a consequence, much of the 
uncertainty of the other methods. e. g., the mortality allowance. is 
neatly circumvented so far as the observation period is concerned1 

and therefore this method may appear less subject to error in the fore­
east period. If exact knowledge of clumges in the distribution of 
hees by diameter classes is not vital, the method of recurring inven­
tories may be preferred. Although it may not answer the demand 
for forecasts by the immediately avwilable methods, it may be 
ndvocated largely because it offers so direct and simple a way to 
record currently the results of silvicultural management. The out­
sranding virtue to recommend this slowest of all methods is that it 
is based on the results from a long period of actual practice and 
experience-the only reliable guide in the long run. 

Forecasts of growth find their principal use in making, checking, 
and revisincr estimates of the volume of timber that may be cut 
annually without jeopardizing futUre yie1c1s. Although a forest might 
be considered weU regulated if there were no overcutting in volume, 
that is, if the total periodic cut did not exceed net growth during 
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the same period, more than that is needed. The growing stock as a 
whol~ should be built up consistently, not only by increasing the 
number of trees on understocked areas, but also by making release 
cuttings to accelerate the development of the more valuable trees now 
crowded in groups. Unless this is done, the forest will positively not 
support occasional localized overcutting that may be silviculturally 
and economically desirable under certain circumstances. Parts of 
forests or timber stands often require a certain amount of construc­
tively selective overcutting when first placed under management, in 
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order to provide, with reasonable promptness. a suitable basis for 
future growth in valnes. A sound rule for the forest manager is to 
"~ave growing stock in bad times lind >'aYe money in good timc~:' 
so that the business is equalized and stabili,zed throughout the 
years. (7). 

In marking timber for cutting, it is helpful to know something of 
the amount that may be cut locally withollt exceeding the amount 
tlmt call be restored by growth on the same area before the next 
periodic cut. Table 8, which is portrayed graphically in figure 7, is 
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designed to show the maximum proportion of the volume of present 
stand.. that may be removed with the expectation of fulll'estoration 
in a given perIod, assuming that growth can be maintained at the 
rate forecast. This table should be useful if applied only as a general 
guide. Obviously the response of a forest parallels no such precise 
mathematical formul~. While cutting brings a known reduction in 
wood capital, it brings also an indefinite and temporary increase in 
growth percentage. Thus in using table 8 the growth percentage 
should be chosen conservatively so as to approximate: if possible, the 
average normal fluctuations in rate that always accompany intermit­
tent cuttings. Since a high degree of precision is impossible in these 
calculations and since the growing capacity of forests is changing 
constantly, best results are to be htld from repeated verifications of 
rates of growth. The lower half of table 8 is included for academic 
interest only. For all but the most intolerant species, short cutting 
cycles, and the light cuts necessary to adhere to them, are recom­
mended. By this means. and by the well-considered revision of 
management plans, sound experience in silviculture and procedures 
in forest regulation can be attained most rapidly. 
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SUMMARY A~D CONCLl'SION 

A worh.-i.ng knowledge of methods suitable for short-term forecast­
ing of timber frrowth in irregular stands is essential when a forest 
is first placed under management. In situations where ingrowth is 
not large and increment in volume is sought only for the forest as a 
whole. a simple method of projecting stand tables into the future is 
adequate, provided that any existing trends of change in average 
rates of diameter growth are recognized and allowed for. The nefr­
lect of possible deceleration in uncut stands or of acceleration in 
heavily cut stands can lx> a source of larfre en-or. As a means of 
expressing rates of timber growth. perCenblfre is reliable only as the 
static expression of an existinfr momentary relationship. For this 
an(1 other reasons it is often prefemble to expre;;s yolume growth in 
absolute units. Prediction of timber frrowth by projecting stand 
tables is less necessary after conselTatiyE' cllttinfr practices have become 
,,·ell established. FOI' propt:'rties already under some form of fore"t 
management. the recurrinfr-inventory method i" a promising means of 
determininfr current /!ro\\-th and regulating the cut. A knowledge 
of both techniques should contribute to the sound re/!ulation of 
Ameriean forE'sts. 
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