
D.b.h. (inches) D.b.h. (inches) 
Figure 40.—Cumulative volume 
production (including thinnings) in 
trees larger than indicated diame-
ters, to end of fourth treatment 
period: (A) Skykomish, to age 42; 
(B) Hoskins, to age 36; (C) dem-
ons, to age 36; and (D) Francis, to 
age 33. Material removed in 
calibration cut omitted. Values 
shown for fixed treatments (1,3, 
5, and 7) and control only. 
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Discussion 
Differences in 
Productivity 

Volume and basal area production and diameters of trees at individual installations are 
expected to differ with differences in age and site index. These differences should be 
largely removed when height (H40) rather than age is used as the basis for comparison. 
The most advanced studies in the LOGS series—Skykomish, Hoskins, clemons, 
Francis, and Iron Creek—are similar in site index; the most recent SI50 estimates are 
128, 132, 122, 125, and 125, respectively. These installations could, therefore, be 
expected to behave similarly in relation to H40 development. 

Considerable differences do exist. The Skykomish and Clemons installations are clearly 
producing less volume, less basal area, and less diameter growth than expected for their 
site indexes and attained H40 values. 

Evidence for differences.— 

Controls.—The graphs of basal area, cumulative basal area production, cumulative 
volume production, and relative density in relation to H40 (figs. 10 through 13) all show 
much lower production for the Skykomish and Clemons controls than for controls in the 
other five installations compared. RD values do not appear to be approaching the same 
upper limit. 

Clemons has produced much less basal area and volume for a given H40 than have the 
other installations (except Skykomish), even though the site index and initial height at 
Clemons were comparable to Hoskins, Francis, and Iron Creek. By the time the stands 
reached 90 feet in height, diameter of the Hoskins control exceeded that at Clemons 
despite the fact that Hoskins had nearly twice as many trees per acre (figs. 7,8,9, and 
10). The Skykomish control has also produced much less basal area and volume for its 
H40 than did Hoskins, Francis, and Iron Creek, which have similar site indexes. 

Thinning treatments.—Graphs of periodic annual increment in basal area and volume 
in relation to basal area, treatment, and period (figs. 15 and 16) show relationships that 
are qualitatively similar but quantitatively different. Clemons in particular has much less 
growth than the other site II installations. Cumulative production curves (fig. 32) show 
similar patterns, but with much less total production at Clemons. The same is true for 
attained diameters (fig. 33). The various curves relating periodic annual increment in 
basal area, volume, and diameter to measures of growing stock are likewise lower for 
Clemons. 

Graphs comparing gross volume yields and attained diameters among installations by 
individual treatments (figs. 36 and 37) show differences similar to those for the controls; 
curves for Clemons and Skykomish are markedly lower than those for other installations. 

Stands differed somewhat in height, average diameter, number of trees, and basal area 
at the start of the individual experiments, and it is not surprising that subsequent 
development has not been identical. To the extent that these initial differences have 
influenced subsequent basal area growth of controls, they must have influenced the 
definition of thinning treatments Basal area levels for a given treatment do differ 
considerably among installations (fig. 38), Differences in initial condition do hot .seem a 
sufficient explanation of the observed differences however. 
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Possible causes of differences.— 

Skykomish.—This installation differs from others in that it was somewhat taller and had 
the most volume at the start of the experiment, the stand was and is about 50 percent 
hemlock by basal area, and trees on the control that were less than one-half the average 
diameter of crop trees were cut in the calibration thinning, unlike the procedure on other 
studies. The slightly later start of treatments could be a factor in the lower basal area 
growth and must affect comparisons of development in relation to H40. Removal of 
small trees from the control plots may have had some slight effect on subsequent 
development of the control plots and hence on treatment basal area levels. The major 
apparent difference from the other studies is species composition. The hemlock 
component has a substantially lower diameter growth rate and less height and average 
diameter (table 47) than did the Douglas-fir component which is used as the basis for 
site index and H40 estimates. Each of these factors probably contributes to observed 
differences, although they do not necessarily provide a complete explanation. 

Clemons.—Initial stand values at demons were well within the range of those for 
Hoskins, Francis, and Iron Creek (table 2). Clemons had the smallest initial number of 
trees, was closely comparable to Hoskins and Iron Creek in initial H40, and was in 
between Hoskins and Iron Creek in average diameter (Francis had considerably smaller 
initial H40 and average diameter). The principal difference when compared to Hoskins 
and Iron Creek was lower initial basal area at Clemons (Francis had a still lower initial 
basal area, associated with smaller average diameter and lesser initial H40). This 
difference continued throughout subsequent development of control plots (fig. 10) and 
corresponding differences are evident for thinning treatments (figs. 36 through 38). The 
poor subsequent diameter and basal area growth, when compared to more heavily 
stocked and otherwise comparable installations, indicate that the difference in basal 
area is not a cause but a result of some inherent difference in stand productivity. 

The original stand had considerable animal and freeze damage and many damaged 
trees were removed in the calibration thinning. The diameter distribution after calibration 
(table 5) suggests that more of the larger trees were removed than in the other studies; 
the 6-foot difference between mean H40 of controls and that for thinned plots suggest 
the same. Also, d/D at the second treatment thinning was unusually high (fig. 14), for 
reasons unknown (also true at Skykomish), and may have accentuated differences. 
These differences were still present at the end of the fourth treatment period, as shown 
by the volume distribution curves of figure 39 and the 10-foot difference in estimated site 
index of control plots vs. treated plots (table 8). 

Several observers have commented that trees at Clemons appear less vigorous than 
those in other installations; the trees have a slight yellowish cast to the foliage and 
relatively thin crowns. Possible causes that have been suggested for this appearance 
and for differences in performance from the other site II installations include an unknown 
and possibly off-site seed source, some unrecognized nutritional problem, effects of a 
severe burn in the early 1940's, and heavy initial brush competition. 
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Definition of Thinning 
Regimes 

There is considerable evidence, much of it from Europe (Assmann 1970, Bradley and 
others 1966) that differences in stand productivity and stockability exist which are not 
fully accounted for by height growth or site index and which are often related to 
differences in soils or regional climate. Although such differences could be involved 
here, we have no reason to expect them for the soils and locations concerned. 
Differences in early damage and initial treatment, a possibly unadapted seed source 
(Clemons), and species composition (Skykomish) seem more likely explanations. 

Staebler’s use of control plot growth to define residual stocking for the thinning regimes 
in the LOGS studies was based on the beliefs that local productivity differences exist 
and that definition of thinning regimes in relation to productivity of the individual stand, 
rather than in relation to regional averages, would be biologically meaningful. The 
differences discussed above appear to confirm the hypothesis of local productivity 
differences. It is arguable whether the attempt to define thinning regimes in relation to 
productivity of the individual stand has really simplified analysis and interpretation of the 
experiments. 

The method used to define regimes has probably not achieved complete comparability 
of thinning regimes among installations. Basal area increment culminates early in dense 
stands, and time of culmination is influenced by initial density (Pienaar and Turnbull 
1973). Installations differed considerably in initial number of stems, basal area, and 
height at the time the study was established, and such differences may well have 
introduced inconsistencies in defining thinning treatments. 

The numerous small stems of associated species that are present in some installations 
distort summary values and growth trends for the number of trees and average diameter 
and introduce some confusion in comparisons among installations. In retrospect, it 
would have been preferable to have removed the small trees at the time of study 
establishment, as was done at Skykomish but not in the other installations. Alternatively, 
more nearly equal initial conditions might have been provided by thinning all controls to 
a fixed number of trees—a number large enough to allow early crown closure—at the 
time of study establishment. 

 

Analyses of Variance Differences among treatments.—The analyses of variance (tables 11-14) show no 
significant differences between averages of the fixed and variable treatments, which 
always have the same average amount of retained growing stock. Gross basal area 
growth and gross volume growth increased with growing stock; growth percents 
decreased with growing stock. Basal area growth, and basal area and volume growth 
percent have decreased over successive treatment periods. Diameter growth (both PAI 
and growth percent) has decreased with increasing growing stock and has shown 
decreases over successive periods except for PAI at the lowest level of growing stock. 

So far, basal area and volume PAI have been greater for the decreasing treatments than 
for the increasing treatments. At the end of the fourth treatment period, the average 
percentage of control plot growth retained is 35 percent for the increasing treatments 
and 45 percent for the decreasing treatments. Average growing stock level of the latter 
is higher and would be expected to produce more growth. The experiment will not be 
completely developed until the end of the fifth treatment period, when the same average 
growing stock levels are expected for both increasing and decreasing treatments. Even 
through increasing and decreasing treatments differ at present, we cannot now conclude 
that they will be different at the end of the fifth treatment period. 
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Results for the contrasts between increasing treatments (D) and between decreas-
ing treatments (E) (table 9) vary among installations. Where significant differences 
occur, they are consistent with results of the fixed percentage comparisons. Treat-
ments 4 and 8 tend to have greater basal area and volume PAI in the increasing 
and decreasing groups, respectively. These retain more growing stock than the 
alternative treatments, 2 and 6. The opposite is true of growth percent, with treat-
ments 2 and 6 having greater growth percents when there is a significant dif-
ference because growth is on fewer and larger trees. For quadratic mean diameter, 
treatments 2 and 6 have larger PAI and growth percents because of the greater 
radial growth response associated with less growing stock in these treatments. 

The error mean squares (tables 10 through 15) show that demons has much higher 
variability than the other three installations discussed. Nonsignificance of most interact-
tions at Clemons probably reflects less sensitivity associated with this greater variability. 

Differences among installations.—The graphs of means for the fixed percentage 
treatments (figs. 15 through 18) show that trends are qualitatively similar among the four 
installations compared, but that there are considerable differences in productivity, as 
noted previously. 

Relationships 
Between Growth and 
Growing Stock 

Past observations and the Langsaeter curve.—Thinking at the time the LOGS studies 
were established was strongly influenced by the so-called Langsaeter curve (fig. 41), 
which portrayed a generalized relationship of growth to growing stock (Braathe 1957, 
Langsaeter 1941). The possible range of growing stock was subdivided into a free-growth 
zone (I) not influenced by competition, a transition zone (II), a zone (III) within which 
growth is nearly constant over a wide range of growing stock, and a zone (IV) in which 
growth is reduced by excessive competition. One purpose of the LOGS studies was to 
provide a quantitative definition of the rising portion of this curve, particularly zone II. 

Subsequent to the widely quoted publications by Braathe (1957) and ManMoller (1954), 
the generalization has been frequently made that essentially the same total cubic volume 
production can be obtained over a wide range of stand densities. A considerable number 
of thinning studies in several species have seemed to support this, and Staebler (1960) 
based his theoretical thinning regime on the assumption that the same gross increment 
may be produced with widely differing combinations of growing stock and tree size. 

There is considerable information for Douglas-fir that does not agree with the concept of 
constant gross growth over a wide range of densities. Curtis (1967) found that in 
untreated natural stands, gross increment in both basal area and volume increases with 
increasing stand density; there was no indication of a maximum within the range of his 
data. Reukema (1972) and Reukema and Bruce (1977) found, as did Curtis and others 
(1982), that thinning reduced gross volume increment. This is stem volume only, and 
mortality in unthinned stands may partially or completely offset this reduction in terms of 
recoverable volume. Also, the studies cited involve uncertainties arising from use of 
heterogeneous samples in regression and thinning practices that were influenced by 
merchantability considerations. 
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Figure 41.—Relation between 
volume increment and growing 
stock, as hypothesized by 
Langsaeter (adapted from 
Braathe 1957). Roman numerals 
denote Langsaeter’s “density 
types." 
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The LOGS study results.—The LOGS studies constitute the most closely controlled 
and extensive series of thinning experiments in existence for young stands of Douglas-fir. 
In time, they should define the relationship of gross growth to growing stock in young 
stands that have been reduced to low stocking at an early age which was followed by 
consistent thinning to maintain a series of growing stock levels. Few data are yet 
available from the installations on poor sites, so we can say little about these; but 
relationships now seem fairly well established for the better sites. 

We do not imply that the quantitative results would necessarily hold for thinnings begun 
at a later stage in stand development or for regimes that produce radically different stand 
structures. The close relationships of growth to growing stock found in the LOGS studies, 
in contrast to the results of the somewhat similar study reported by Oliver and Murray 
(1983), probably reflect the close control of initial conditions and kind of thinning that are 
a major feature of the LOGS studies. These specifications in turn imply development of 
a particular stand structure over time. 

Gross growth.—Within the range of the thinned stands, gross growth in both basal area 
and volume increases with an increase in growing stock (figs. 19 and 23). For basal area 
growth, some of the curves suggest a possible maximum between the upper margin of 
the range of the thinned plots and the controls, with a zone of nearly constant growth in 
later periods. The volume growth curves appear much steeper and show little indication 
of any maximum or of any zone of constant growth. 

Similar curves (figs. 20 and 24) with RD on the horizontal axis suggest that on these 
axes the curves are approximately proportional (and, therefore, parallel when trans-
formed to logarithmic scales). Statistical and graphic comparisons indicated that curves 
for successive periods within an installation could be regarded as proportional and that 
this is also at least approximately true across installations (with the possible exceptions 
of Clemons and Rocky Brook). 

 

 

 

 



These statements do not imply any theoretical basis for proportionality, nor do the 
statements necessarily hold over a wider range of ages and heights. For the limited 
range under consideration, proportional curves appear to be a sufficiently close 
approximation to reality to allow their use in summarizing relationships in an easily 
interpretable form. 

Assuming such proportionality, relationships between growth and growing stock can be 
generalized as shown in figure 26 where the variable on the vertical axis is the ratio of 
growth rate to the growth rate expected at the “normal" density of RD70. The variable 
on the horizontal axis is the relative density expression, RD. For RD30, for example, 
about 66 percent of "normal" volume growth and about 77 percent of "normal" basal area 
growth would be expected. 

The curves for individual periods (figs. 23 and 24) and the generalized curve in  
figure 26 do not support the idea that gross volume growth is the same over a wide range 
of stocking. The thinned stands in the LOGS study are clearly on the ascending portion 
of the Langsaeter curve (fig. 41) in Langsaeter's zones I and II. There is little indication 
of any plateau of gross growth. 

Net growth.—Mortality on thinned plots was generally minor and, within the range of 
the thinning treatments, relationships between net growth and growing stock differ tittle 
from those for gross growth. Net growth increases with an increase in growing stock. 

Suppression mortality is now substantial on the controls, and net growth of controls is 
considerably less than gross growth. The observed values, though erratic, indicate that 
by the third and fourth treatment periods net growth is about the same for the control 
and for treatment 7 (table 48, appendix). The accelerating suppression mortality on the 
control plots suggests that in the very near future net growth of the more heavily stocked 
thinning treatments is likely to exceed that of the controls. 

Differences between basal area and volume increment curves.—The gross volume 
increment curves appear steeper than the basal area increment curves and, unlike the 
latter, show no indication of a maximum within the range of the data (fig. 26). The curve 
for gross basal area growth is much closer to the Langsaeter-Mdller concept of  
near-constant growth over a wide range of densities than is the curve for volume growth. 

Douglas-fir characteristically has rapid height growth that is sustained over long periods 
of time. In this respect it differs markedly from many eastern and southern species. This 
rapid and sustained height growth is the probable explanation for the difference in shape 
of the basal area and volume growth curves and is a characteristic that has important 
implications for management of the species. 
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Height growth as a factor in volume increment and density control.—A generally 
applicable equation for stand volume is: 

V = FGH; 

in which: 

V = cubic volume per unit area, 

F = form factor, 

G = basal area per unit area, and 

H = stand height. 

We used H40 as stand height and calculated the corresponding form factor as: 

F = V/(G H). 

Differentiating the volume equation with respect to time (t), we have (Hegyi 1969): 

dV/dt = FG(dH/dt) + FH(dG/dt) + GH(dF/dt) ; 

in which dV/dt, dH/dt, dG/dt, and dF/dt are the net rates of change in volume, height, 
basal area, and form factor; all can be approximated by the corresponding periodic 
annual net increments. Values of F, G, and H corresponding to these rates are 
approximated by the period means of these quantities. This relationship can also be 
expressed as a difference equation (Evert 1964). 

As a numerical illustration, we take values from the Hoskins study, treatment 5, fourth 
treatment period. These values are: 

Period means Growth rates 

dV/dt = 416ft3/acre/yr 
F = 0.3770 dF/dt = -0.0013 per year 

 G = 147.4ft2/acre dG/dt = 8.475 ft2/acre/yr 
H = 83ft dH/dt = 3.0 ft/yr 

Substituting these values into the above equation for the derivative dV/dt: 

dV/dt = 167 + 265 – 16 = 416 ; 

which agrees with the observed periodic annual increment. 

The third term in the equation, GH(dF/dt), makes only a minor contribution to total 
volume growth.; The contribution of the second term, FH(dG/dt), is directly proportional 
to basal area growth rate. The. first term, FG(dH/dt), involves the product of basal area 
and height growth rate/The greater the rate of height growth, the greater the importance 
of this term. Differences in basal area levels will have.a greater effect on the magnitude 
of the FG(dH/dt) term-and on volume growth rate—in stands that are growing rapidly  
in height than in stands which are growing slowly in height: 



Staebler's Assumptions 

Time Trends and 
Their Implications 

Volume growth will be more closely related to basal area stocking in a species such as 
Douglas-fir, which characteristically maintains rapid height growth over long periods of 
time, than in species that do not have this height growth pattern. In the latter, the 
principal contribution to volume growth is from the second term, FH(dG/dt), which 
includes basal area only indirectly through its effect on basal area growth rate, dG/dt. 

It is thus not surprising that the growth over growing stock curves for basal area and for 
volume differ in shape, and that the volume growth curves show growth increasing with 
growing stock up to fairly high levels of stocking. The importance of height growth also 
suggests the possibility of different patterns on poor sites and in older stands as 
compared to the young stands on good sites discussed here. 

Staebler (1960) based his method for calculating thinning schedules on three 
assumptions: 

1. Gross yield in cubic feet of a normal (fully stocked), unmanaged stand represents the 
maximum production of which the site is capable. 
2. Periodic gross increment for any age period in the life of a normal stand represents 
full capacity of the site to produce wood in a stand of the chosen age. 
3. Approximately full increment may be produced with widely differing combinations of 
growing stock, tree size, and radial increment. 

These concepts played an important role in planning the LOGS studies. In view of the 
results obtained to date, what can now be said? First, although the LOGS studies do not 
provide a clear test of assumptions (1) and (2), results to date do not conflict with them. 
Second, assumption (3) is contradicted by the LOGS study results. For the stand 
conditions and treatments represented, gross volume increment is different for the 
different observed combinations of growing stock, tree size, and radial increment. 

Because all treatments start from a common base at the end of the calibration period, 
differences among growing stock levels and resulting differences in response develop 
gradually. 

Yield curves (fig. 32) differ little in early growth periods, but diverge sharply in later 
periods. The same is true of diameters and diameter growth rates (fig. 33). The 
differences among treatments discussed here extend only to the end of the fourth 
treatment period for the four most advanced installations. We can expect these 
differences to become more striking by the planned completion of the experiment at the 
end of the fifth treatment period. 

Comparison of periodic annual volume increments and mean annual volume increments 
(tables 48 and 49 (appendix); fig. 34) show that periodic annual volume increment has 
more or less stabilized in the third and fourth treatment periods. Mean annual volume 
increment is increasing rapidly, although by the fourth treatment period it is still only 
about one-half the value of the periodic annual increment. This pattern is mainly a 
consequence of the rapid and sustained height growth characteristic of the species and 
is accentuated by the low stocking level and resulting reduced volume growth in the 
early periods. 
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Comparison of Thinning 
Treatments 

Comparison of periodic annual increment and mean annual increment shows that these 
stands are still far short of culmination of mean annual increment. This, plus the rapidly 
developing divergence of the yield curves and the increased values associated with 
large tree sizes, indicates that even the end of the fifth treatment period will not provide 
a full evaluation of the potential effects of the thinning treatments. Realization of the full 
gains attainable from thinning will clearly require rotations considerably longer than the 
ages represented by the LOGS studies. 

Volume production by tree size classes.—Total cumulative production by tree size 
classes, as of the end of the fourth treatment period, has been summarized in tables 50 
and 51 (appendix) and figures 35 and 40 for the Skykomish, Hoskins, Clemons, and 
Francis studies. Generally, the lowest levels of growing stock (regimes 1,2, and 3) have 
resulted in major reductions in both total volume production and production of the 
smaller merchantable material (7.6-11.5 inches d.b.h.), without corresponding gains in 
volume of large trees. The higher levels of growing stock in treatments 4, 5, 7, and 8 
have produced volumes in trees 7.6 inches and larger that are more or less equal to 
those of the controls; volumes in trees 11.6 inches and larger are far greater than the 
controls and equal to or greater than those produced in the low-density treatments. 
Present trends leave little doubt that this superiority in net usable production will 
continue and will probably increase over time. 

Again, Clemons is different. Not only is total production less than at the other three 
installations shown, but there has been less apparent response in volume growth to 
differences among thinning treatments (fig. 35). Figure 31 shows that there has, 
however, been a response in diameter growth. This seeming contradiction may be 
explained by the lower basal areas and the narrower range in basal areas in this 
installation, which are consequences of less basal area growth on the control. The fact 
that the Clemons control contains more large trees than do some of the thinning 
treatments probably reflects excessive removal of large trees in the calibration thinning. 

Trends of basal area and RD in relation to H40.—Trends of basal area and of RD in 
relation to H40 and to age are shown in figures 42 and 43, for fixed treatments only, for 
Skykomish, Hoskins, Clemons, and Francis. Application of the study plan thinning 
specifications has resulted in much lower levels of basal area and RD, as well as volume 
growth, at Clemons. Differences among the other installations are smaller and probably 
attributable in part to associated differences in initial H40. 

Quality.—To date, no comparisons of timber quality characteristics have been made in 
the LOGS studies. In none of the treatments have trees developed excessively large 
branches, even at the lowest density levels. Even treatment 1 contains fine looking 
trees. However, even if this impression of acceptable branch size were borne out by 
quantitative measurements, results would not necessarily extend to other stands 
established with initial numbers of trees comparable to those left in the calibration 
thinning; and certainly not to stands established with less trees. Although competition 
was not severe at the time the LOGS studies were established, crowns were in contact 
and lower branches were beginning to die. This has undoubtedly influenced later branch 
development. 
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Figure 42.—Trends of basal area 
over H40, for fixed treatments (1, 
3, 5, and 7) and control at: 
(A) Skykomish, (B) Hoskins, 
(C) Clemons, and (D) Francis. 
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Figure 43.—Trends of RD over 
H40, for fixed treatments (1, 3, 5, 
and 7) and control at: 
(A) Skykomish, (B) Hoskins, 
(C) Clemons, and (D) Francis. 
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Value.—Although the thinning treatments have reduced total volume production, they 
have also sharply increased diameters. A ranking of treatments on the basis of value 
produced would differ considerably from a ranking by volume production. 

Any value comparisons should ideally be made for some reasonable rotation age or 
range of rotation ages. These stands are still far short of such an age. Because the 
LOGS studies cannot be continued to rotation age, the appropriate point for a value 
comparison would seem to be the end of the fifth treatment period—the planned 
completion of the experiment. We have therefore made no attempt to include financial 
comparisons in this report. 

Practical implications of LOGS results.—None of the LOGS studies is complete as 
of 1983, and little data are as yet available from the poorer sites. The LOGS studies 
were not designed as comparisons of operationally feasible regimes. Direct applications 
of current LOGS results to operational stand management are therefore limited. 

The short thinning cycle used in the LOGS studies is not operationally realistic and 
should not be taken as an operational recommendation. There is, however, considerable 
evidence that for regimes with comparable average periodic growing stock or compara-
ble initial conditions and thinning intensity (annual removal rate), moderate differences 
in thinning cycle have little effect on growth (Braathe 1957, Bradley 1963, Reukema 
1972). Results generally similar to those of the LOGS regimes could probably be 
obtained with considerably longer cycles, provided trends of periodic mean growing 
stock and stand density over H40 correspond to those of the LOGS treatments (figs. 42 
and 43). 

It has been shown that volume increment is strongly related to growing stock for the 
conditions represented in the LOGS studies. Relatively high stand density is required for 
high cubic volume production. Conversely, diameter increment declines with increasing 
stand density. 

Choice of any thinning regime is a compromise among conflicting desires for high 
volume production, large diameters, and relatively few thinning entries. Relative 
importance of volume growth and diameter growth varies with stage of stand develop-
ment. Volume growth is a minor consideration when trees are small; the objective then 
is to get trees to merchantable size as rapidly as possible, consistent with acceptable 
stem quality. Once merchantable size is reached, volume growth becomes important. 
Timing of the change in emphasis depends on the diameters selected for beginning of 
commercial thinning or for harvest. The silviculturist must strike a balance between 
diameter growth and volume growth that is appropriate to the stage of stand develop-
ment, to the site, and to management objectives. 

The curves in figures 24 and 27 indicate that, for stand conditions comparable to LOGS, 
densities in the range RD20 to RD40 will produce high rates of diameter growth 
combined with substantially reduced volume production. Densities in the range RD40 to 
RD60 will produce high volume growth rates, with substantially reduced diameter growth 
and negligible suppression mortality. The point when emphasis should shift from 
diameter growth to volume growth will depend on the stand diameter at which thinning 
is judged financially and operationally feasible and on the choice of harvest age. 
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The LOGS regimes all maintain stands in an understocked condition during early 
treatment periods. In the first treatment period, stands were still close to the free-growth 
condition, in which volume growth is proportional to growing stock. Approximately the 
same diameters would probably have been produced if the first treatment thinning had 
been omitted and correspondingly fewer trees left at calibration. 

Judged by results through the fourth treatment period, the LOGS low-density regimes 
(1 and 3) show somewhat higher diameter growth but considerably less total and 
merchantable volume production than the higher density regimes (5 and 7). The latter 
combine moderately fast diameter growth with relatively high volume production. At 
present, regimes analogous to the latter seem more attractive. 

The low density regimes (1 and 3) have produced large, vigorous trees that are in 
excellent condition for future growth. If these stands are allowed time to build up to 
higher densities following the fifth treatment thinning, they might well develop greater 
volume, diameter, and value at final harvest. 

Results of the LOGS studies to date appear generally consistent with previous stand 
management recommendations (Curtis and others 1981, Reukema and Bruce 1977). 
Consideration of possible analogous regimes and the information currently available 
from both LOGS and previous studies lead to some generalizations. These represent 
our best judgment rather than specific results of the LOGS studies. 

It seems reasonable to reduce a stand at initial precommercial thinning to the number 
of stems required to produce an RD of about 50 at the time the stand reaches the 
average diameter selected for the initial commercial thinning. The only limitations on 
residual number appear to be the possibility of unacceptable wood quality when this 
target diameter is large and the number of trees correspondingly low; risks of sunscald, 
snowbreakage, and thinning shock if the initial thinning is delayed in high density stands; 
and possible brush problems. 

Once the target diameter for the first commercial thinning is reached, successive 
thinnings that keep the period mean of RD in the range of 45-50 appear reasonable. d/D 
will usually be in the range, 0.85-0.95. Maximum RD should not be more than 55-60 
(except immediately before final harvest), and the minimum should not be less than 
30-35 at first commercial thinning and somewhat higher in later thinnings.8/ Within these 
approximate limits, the upper portion of the density range will emphasize volume 
production while the lower portion will give somewhat greater diameter increment. 

8/ Change in RD can be estimated as: 

RD = 0.005454N(D2
3/2-D1

3/2); 

where N is number of trees per acre (assuming negligible mortality); 
D, is stand diameter at start of growth period; and D2 is estimated 
future stand diameter. 

 

 



Critique of LOGS Study 
Design 

Hindsight is proverbially clearer than foresight, so it may be useful to point out some 
difficulties and questions encountered in the LOGS studies, which may influence design 
of future studies. 

Blocked vs. completely randomized treatments.—Treatments were randomized 
among the 27 plots per installation. According to the original study plan, complete 
randomization was chosen over a randomized block design because analysis of a 
completely random design can better accommodate the expected loss of some plots. 

To date, only one of the nine installations (Rocky Brook) has lost plots. Major losses 
occurred at Rocky Brook immediately after calibration; those plots were replaced with 
spare plots. One plot has since been lost to root rot (1982). It appears that blocking, 
perhaps on the basis of characteristics such as slope position or tree dimensions 
at end of the calibration period, would have been a feasible alternative to complete 
randomization. 

Plot size.—The 0.2-acre plots used are too small to allow continuation of thinning 
beyond the 60 feet of height increment originally planned. Thinning must cease at a 
stage when differences among treatments are increasing rapidly and when stands are 
still well short of any biologically reasonable rotation age. The result is a major gap in 
information. This is not a criticism of the LOGS study design; the study was not intended 
to extend to later stand development. Rather, it indicates that there was and is a need 
for concurrent studies addressing the later development of stands having early and 
continued stocking control. 

Buffers.—Associated with the limitations of small plots is the question of possible effect 
of the lack of buffers. Some edge effects must exist. Although we think such effects are 
minor, they could have had some influence on the results. The possibility exists for future 
analysis of this question on those installations that have been stem-mapped or had trees 
on the inner 0.1 acre identified. Comparisons could also be made using the two 
Canadian Forestry Service installations, which do have buffers. 

Crop Trees.—Well-spaced crop trees, selected after the calibration cut at the rate of 80 
per acre, are retained through subsequent thinnings. The utility of this procedure and its 
possible effect on stand development have sometimes been questioned. 

In general, crop trees have been fairly stable over time, although occasional substitutions 
have been made because of damage or poor growth of initially selected individual crop 
trees. Limited comparisons of diameters of crop trees with average diameters of the 
largest 80 trees per acre (see footnote 7), after the calibration thinning, showed that 
initial average diameter of crop trees was substantially smaller than that of the 80 largest 
trees per acre. Subsequent diameter growth at Hoskins, Skykomish, and Clemons was 
slightly greater for the 80 largest trees per acre than for the crop trees. This difference 
was larger on controls than on thinned plots, because in the later periods on thinned 
plots these were nearly the same trees. 

87 



88

Slightly larger trees and slightly more volume might have been produced by a more 
flexible choice of leave trees at each thinning. On the other hand, permanently marked 
crop trees simplify control of spacing in thinnings and make it easier to maintain 
comparability of treatments. Marked crop trees are most useful in early thinnings. Their 
usefulness declines with time, as substitutions are made necessary by individual tree 
damage and decline in vigor. Rigid adherence to the initial choice of crop trees is neither 
reasonable nor feasible. 

Kind of thinning.—The LOGS study plan specifications produce d/D ratios of about 0.9 
in the earlier treatment thinnings and higher growing stock levels, and d/D's near 1.0 
after removal of all noncrop trees. Until all noncrop trees have been removed, these d/D 
ratios represent crown thinnings and appear entirely reasonable. Although strict, low 
thinning would have produced somewhat different stand structures and might have 
resulted in slightly more growth in the early years, removal of some of the larger trees 
is necessary if spacing is to be controlled and crop trees favored. 

Justification for a d/D of 1.0 after removal of all noncrop trees is less clear. Low thinning 
is not possible at this stage because of the absence of lower crown classes, but 
differences are still evident in individual tree size and vigor that suggest that a d/D of 
somewhat less than 1.0 would be silviculturally preferable. The reasons for specifying a 
d/D of 1.0 at this stage are not now clear. They may have been in part simplicity; in part 
suggested by the requirements of Staebler’s (1960) procedure for calculating numerical 
thinning schedules; and in part an expectation of a narrower range of crop tree 
diameters than has actually developed. 

A d/D of 1.0 is usually attained only in the final thinning at the lowest growing stock 
levels, and this specification has probably not had much effect on the outcome of the 
experiment. It does not seem a desirable restriction, however, and we do not recommend 
it for future studies. 

Thinning cycle.—The LOGS thinning cycle was defined as the time required for 10 feet 
of height growth. Definition in terms of height growth is biologically reasonable and 
facilitates work scheduling because height growth can be predicted fairly well from 
standard site curves. The short cycle, though not operationally realistic, is justified in the 
LOGS study as a means of maintaining close control over growing stock. The resulting 
light thinnings also avoid any possible exposure effects not directly related to growing 
stock level. 

Height measurements.—Despite the detailed study plan and generally close quality 
control, some problems exist with height measurements. Inadequate sampling in some 
periods at Skykomish and Clemons has forced combining height measurements by 
treatment, thereby preventing adjustment of plot values for height differences or 
satisfactory assessment of among-plot site differences. The peculiar trend of volumes 
at Hoskins in treatment period 3 strongly suggests some systematic error in height 
measurements, despite apparently adequate sampling. These difficulties emphasize the 
critical importance of adequate sampling and careful measurement of heights. 

Initial differences among controls.—Initial differences among controls in different 
installations, could have influenced control; plot growth and therefore, definition of 
thinning treatments: In retrospect; all controls should probably have been reduced to 
some standard number of stems at calibration.



The Future 
of the LOGS Studies 

Number of installations.—There is some difficulty in generalizing results because of 
the small number of locations represented. There are five LOGS installations on site II, 
two on site III, and one each on sites IV and V. Results to date show clearly that, among 
the site II studies, relationships between growth and growing stock are qualitatively 
similar but quantitatively considerably different. Five locations are insufficient to 
establish good regional averages or to identify causes of differences. This will be even 
more true of the poorer sites. 

The combination of stringent uniformity requirements and the relatively large area 
required to accommodate three replications of nine treatments forced use of small plots 
and made it difficult to locate suitable areas, thereby limiting the number of installations. 
If future studies are to sample a wider range of site conditions and geographical areas, 
they must be less complex and less demanding in area and uniformity requirements to 
allow more installations. This will probably mean fewer treatments and use of blocking 
or covariates to reduce the effect of initial variation in site and stand conditions. 

Analysis.—The study plan discussed analyses solely in terms of analyses of variance, 
and contemplated (but did not spell out) a combined ANOVA including all installations. A 
combined ANOVA does not appear feasible because of uncertain equivalence of 
thinning treatments in different installations and because of heterogeneous variances. 
The more meaningful analyses have been by graphic and regression methods. We think 
this will remain true for future analyses of these studies. 

The most productive future use of the LOGS data and the most effective means of 
applying results to practical management will probably be their use, in combination with 
other data, in construction and refinement of stand simulators. The LOGS studies 
provide a unique set of high-quality data from young stands maintained at relatively low 
densities. This is a condition of crucial importance in evaluating stand management 
regimes for our future forests, and for which very little other data are now available. The 
LOGS studies provide basic information on the nature of relationships between growth 
and growing stock in such stands. The future use of this information in combination with 
other data should provide greatly improved predictive functions for stand simulation. 

The LOGS program is now over 20 years old and is an outstanding example of continuity 
and coordination achieved with a minimum of formal organization. Study installation and 
maintenance have been carried out by the individual cooperators. A number of the 
studies have now reached a stage where meaningful analyses can be made, and this 
report is a first effort in such analyses. As additional data become available within the 
next few years, the LOGS data will be widely recognized as a resource unique in its 
nature and quality and a "gold mine" for those engaged in growth modeling and stand 
management research. It is therefore important that there be no loss of interest and 
continuity and that the studies on the poorer sites—which are developing slowly and 
unspectacularly—be carried through to completion. 
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An immediate concern is disposition of the site II studies following completion of the fifth 
treatment period, which marks the end of the experiment as originally planned and which 
is now imminent for four LOGS studies. These stands are still well short of any reasonable 
final harvest age, and the thinning treatments will clearly influence stand development 
long after the originally planned completion of the experiment. The stands are unique in 
that they have developed under closely controlled and thoroughly documented condi-
tions, including relatively low densities. Further thinning treatments are not feasible, 
because of the small size (0.2 acre) of the plots. There are simply too few trees left per 
plot to allow reasonable thinning. 

The stands in the lower density treatments are still relatively open and will undoubtedly 
make excellent growth for a considerable period without further thinning. Indeed, an 
extended period of growth without further thinning seems a reasonable management 
alternative for stands in their present condition. 

We recommend that, following completion of the fifth treatment period, these stands be 
allowed to grow without further treatment for at least two additional growth periods  
(20 feet of height growth) with remeasurements made after 10 and after 20 feet of height 
growth. 

The present LOGS Committee should continue with all present cooperators, including 
those that have installations with all five treatments completed. A new version of this 
report should be prepared as soon as the committee feels sufficient additional data are 
available. Such a revision, or supplemental reports, should include additional analyses 
covering topics not treated here. Examples include values produced by thinning regimes; 
crown development; stem quality; effect of absence of buffer strips; and diameter 
distributions in relation to other stand characteristics and thinning regimes. 

Metric Equivalents 1 inch = 2.54 centimeters 
1 foot = 0.3048 meter 
1 square foot = 0.09290 square meter 
1 acre = 0.4047 hectare 
1 square foot per acre = 0.2296 square meter per hectare 
1 cubic foot per acre = 0.06997 cubic meter per hectare 
1 mile = 1.609 kilometers. 
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Appendix 1 
Tables 22-51 

Table 22—Skykomish study: means of periodic 
annual increment in gross basal area (all trees), (by 
treatment and period 
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Table 23—Hoskins study: means of periodic annual 
increment in gross basal area (all trees), by treatment 
and period 

 

 



Table 24—demons study: means of periodic annual 
increment in gross basal area (all trees), by treatment 
and period 

 

Table 25—Francis study: means of periodic annual 
increment in gross basal area (all trees), by treatment 
and period 
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Table 26—Skykomish study: means of gross basal 
area growth percent (all trees), by treatment and 
period 

Table 27—Hoskins study: means of gross basal 
area growth percent (all trees), by treatment and 
period 



Table 28—demons study: means of gross basal area 
growth percent (all trees), by treatment and period 

 

Table 29—Francis study: means of gross basal area 
growth percent (all trees), by treatment and period 
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Table 30—Skykomish study: means of periodic 
annual increment in gross volume (all trees), by 
treatment and period 

Table 31—Hoskins study: means of periodic annual 
increment in gross volume (all trees), by treatment 
and period 



Table 32—demons study: means of periodic annual 
increment in gross volume (all trees), by treatment 
and period 

 

Table 33—Francis study: means of periodic annual 
increment in gross volume (all trees), by treatment 
and period 
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Table 34—Skykomish study: means of gross volume 
growth percent (all trees), by treatment and period 

 

Table 35—Hoskins study: means of gross volume 
growth percent (all trees), by treatment and period 



Table 36—demons study: means of gross volume 
growth percent (all trees), by treatment and period 

 

Table 37—Francis study: means of gross volume 
growth percent (all trees), by treatment and period 
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Table 38—Skykomish study: means of periodic 
annual increment in quadratic mean diameter (all 
trees), by treatment and period 

Table 39—Hoskins study: means of periodic annual 
increment in quadratic mean diameter (all trees), by 
treatment and period 



Table 40—demons study: means of periodic annual 
increment in quadratic mean diameter (all trees), by 
treatment and period 

 

Table 41—Francis study: means of periodic annual 
increment in quadratic mean diameter (all trees), by 
treatment and period 
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Table 42—Skykomish study: means of quadratic 
mean diameter growth percent (all trees), by diameter 
and period 

Table 43—Hoskins study: means of quadratic 
mean diameter growth percent (all trees), by 
treatment and period 

 



Table 44—demons study: means of quadratic mean 
diameter growth percent (all trees), by treatment and 
period 

 

Table 45—Francis study: means of quadratic mean 
diameter growth percent (all trees), by treatment and 
period 
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Table 46—Gross cubic volume yield in trees 1.6 inches d.b.h. and larger 
(material removed in calibration cut excluded), by treatment and age, for the 
Skykomish, Hoskins, demons, Francis, and Iron Creek studies 



Table 47—Quadratic mean diameters (after thinning), by treatment and age, for the Skykomish, Hoskins, 
demons, Francis, and Iron Creek studies 
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Table 48—Periodic annual gross volume increment (PAI) by treatment and period, 
for all trees 1.6 inches d.b.h. and larger, for the Skykomish, Hoskins, Clemons, 
Francis, and Iron Creek studies 



Table 49—Mean annual increment (MAI) in gross volume,1 by treatment and 
period, for all trees 1.6 inches d.b.h. and larger, for the Skykomish, Hoskins, 
demons, Francis, and Iron Creek studies 
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Table 50—Volumes produced in trees larger than 11.6, 7.6, 9.6,11.6, and 
13.6 inches d.b.h., at end of 4th treatment period, for the Skykomish 
and Hoskins studies 



Table 51—Volumes produced in trees larger than 1.6, 7.6, 9.6,11.6, and 13.6 
inches d.b.h., at end of 4th treatment period, for the Clemons and Francis 
studies 
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Appendix 2 
The Nine Cooperative 
Study Areas 

Study Area 
 
Skykomish 

Hoskins Rocky 

Brook 

Clemons 

Francis Iron 

Creek 

Stampede Creek 

Sayward Forest 

Shawnigan Lake 

Cooperate? 

Western Forestry Research Dept. 
Weyerhaeuser Company 
Tacoma, Washington 

College of Forestry 
Oregon State University 
Corvallis, Oregon 

USDA Forest Service 
Pacific Northwest Research Station 

and Pacific Northwest Region 
Portland, Oregon 

Western Forestry Research Dept. 
Weyerhaeuser Company Tacoma, 
Washington 

Washington State Department of Natural Resources 
Olympia, Washington 

USDA Forest Service 
Pacific Northwest Research Station 

and Pacific Northwest Region 
Portland, Oregon 

USDA Forest Service 
Pacific Northwest Research Station 

and Pacific Northwest Region 
Portland, Oregon 

Canadian Forestry Service 
Department of the Environment 
Victoria, British Columbia 

Canadian Forestry Service 
Department of the Environment 
Victoria, British Columbia 
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Glossary Age—Total age (years from seed). 
Age b.h.—Age at breast height (years since attaining breast height). 
ANOVA—Analysis of variance. 
B.h.—Breast height (4.5 feet above ground). 
C—Symbol representing control treatment. 
CT—Commercial thinning. 
CVTS—Cubic volume of bole including stump and tip. 
Dg—Quadratic mean diameter at breast height. 
D.b.h.—Diameter at breast height. 
d/D—Ratio of quadratic mean diameter of cut trees to quadratic mean diameter of all 
trees before cutting. 
dD—Periodic annual increment in d.b.h. 
dG—Periodic annual increment in basal area 
dH—Periodic annual increment in height. 
dV—Periodic annual increment in volume (CVTS). 
G—Basal area. 
g/G—Ratio of basal area of cut trees to basal area of stand before cutting. 
H—Height. 
H40—Mean height of the 40 largest (by diameter) trees per acre. 
Hi/Hm—Ratio of plot value of H40 to installation mean value of H40. 
In—Natural logarithm (logarithm to base e). 
LOGS—Acronym for Levels-Of-Growing-Stock. 
MAI—Mean annual increment. 
n/N—Ratio of number of trees cut to number of trees before cutting. 
PAI—Periodic annual increment. 
PCT—Precommercial thinning. 
RD—A measure of relative density, defined as G/Dg1/2. 
RDn—A relative density value of n. 
R2—Coefficient of determination; equals the proportion of total sum of squares 
accounted for by regression. 
SEEy—Standard error of estimate of the variable y. 
SI50—Site index value based on reference age 50 years b.h. 
Tn—Treatment n. 
TPn—Treatment period n. 
V—Volume (equals CVTS as used in this report). 
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Curtis, Robert O.; Marshall, David D. Levels-of-growing-stock cooperative study 
in Douglas-fir: Report No. 8—The LOGS study: twenty-year results. Res. Pap. 
PNW-356. Portland, OR: U.S. Department of Agriculture. Forest Service. Pacific 
Northwest Research Station; 1986. 113 p. 

This progress report reviews the history and status of the cooperative levels-of-
growing-stock study in coast Douglas-fir, begun in 1961, in Oregon, Washington, 
and British Columbia. It presents new analyses, including comparisons among 
some installations. Data now available are primarily from the site II installations. 
which are approaching completion of the study Growth is strongly related to 
growing stock. Thinning treatments have produced marked differences in volume 
distribution by tree sires. During the fourth treatment period, current annual 
increment was still about double the mean annual increment, and differences in 
volumes and size distributions among treatments have been increasing rapidly 
There are considerable differences in productivity among installations, beyond 
those accounted for by site index differences. The LOGS study design is evaluated. 

Keywords: Thinnings, (-stand volume, growing stock, (-increment/yield, Douglas-
fir, Pseudotsuga menziesii, series—Douglas-fir LOGS. 
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