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Comparison of maximum density lines constructed for eastern white pine in Ontario 
and New Hampshire and this study. This study has a significantly “flatter” maximum 
density line, owing to a  more extensive dataset at both ends of the data.  The equation 
is : Log = 4.83978-1.3173*LogTPA;  the coefficient -1.3173 is significantly different than 
the theoretical value of -1.5.
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Over a chronosequence of long-term plots, Leaf Area Index (LAI) of eastern white pine 
rises rapidly to an apparent peak at a height of ca. 12-13 m (breast height age 15-18), 
then gradually declines or reaches a plateau at about 25-30 meters (bh ages 80-110).  
Both site index and relative density influence the level of this curve, in a non-linear 
fashion. The best model was a double-logistic equation (Ogawa 2012); parameters fit 
with nonlinear regression are shown in the table.   Note that the 200-year old-growth 
plot has as much LAI as 50-year-old stands.
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Actual LAI trajectories of 5 dense, young stands; trends highlighted with a LOWESS 
smoother. Interestingly the precommercially thinned stands 2x2 (left photo) and 3x3 
appear to reach the peak LAI several meters in height later than stands with no history 
of density reduction or spacing. Right photo, dense stand on left, is the 1970 stand in 
2016, in contrast to the low-density (LD) thinning on right.
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Scatter plot of total stemwood volume, all unthinned plots.
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Equations (Weibull distribution functions) to predict maximum production of eastern 
white pine as a function of age alone. VOLM3HA = cubic meters of stemwood volume 
per ha; MASSMGHA = metric tons of oven-dry stemwood biomass per ha; 
CMGHA=metric tons of stemwood carbon per ha; CO2EQUIV= metric tons of carbon 
dioxide equivalent to CMGHA. All parameters are identical except A, the asymptotic 
upper limit implied by the equation form.
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Scatter plot of annual stemwood volume growth (gross) over age (Unthinned Plots 
Only).  Double-logistic equation fitted to all data, including thinned plots.  Parameters 
shown in table; R2 = 0.857.  Growth rates over 20 m3 are unprecedented in the 
northeastern United States; the values achieved by two young plots (26 and 28 m3, over 
4 cords per acre per year, photo inset) are higher than any known published values for 
this region.  Values for oven-dry biomass, carbon, and carbon dioxide equivalent can be 
calculated using the conversions given in the Methods.
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Scatter plot of stemwood growth efficiency (GE, m3 stemwood per unit LAI) over age, 
compared to volume growth over age (unthinned plots only). Both metrics are highest 
in young (under 20) stands, but GE does not decline as rapidly.  GE of the oldest plot 
(age 210) is as high or higher than at least 20% of those age 50 and younger.
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Scatter plot of stemwood growth efficiency (GE, m3 stemwood per unit LAI) over age, 
compared to volume growth over stand top height, all treatments. Note that the high 
growth of two young plots is not due to higher GE, but simply very high LAI. (recall LAI 
patterns in earlier slides). Note also the low GE of the precommercially thinned plots; 
those are growing much less stemwood than unthinned plots of the same height and 
age, despite very similar LAIs.  The highest GEs occurred on one plot thinned very 
heavily, to a low crop-tree density, at age 35, top height about 18 m. ANOVA on GE 
shows a peaking pattern with TopHeight (both TopHeight and Log of Topheight are 
significant), with highly significant effects of Site Index and Treatment.  Mean 
separation reveals that the entire treatment effect is a result of the lower GE of the PCT 
plots relative to all others.
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FVS validation:  In the thinning study, diameter growth prediction was highly biased, 
both as a function of the tree’s place in the dbh distribution, as well as the thinning 
treatment. 
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READCORD diameter growth calibration factors (Y-axis) were highly related to stand 
density index, a highly undesirable feature of any model, but a finding that suggests a 
way to improve the predictions.
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