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TASS Simulations 

Research Branch's Tree and Stand Simulator (TASS) was used to simulate several hundred 
different combinations of site index (22, 20, 18 and 16 m), initial densities (natural regeneration with 2500, 
5000 and 10,000 sph), with and without precommercial thinning ( no-PCT, and PCT to 2000, 1600, 1200 
and 800 sph) and with and without commercial thinning. The commercial thinnings were simulated at age 
40, 50, 60 and 70 years to residual densities of 1200, 900 and 600 sph. Not all of these simulations were 
retained for detailed analysis. Table 1 lists all the simulations retained. Attached are figures for the no- 
PCT initial density 5000 sph runs and the site index 18 PCT runs. 

The simulations suggest that the effect of the thinnings on cumulative volume depends greatly on 
the site index for the stand and on the rotation age chosen. If one is prepared for long rotation ages (i.e. 
for 120 or more years) then the volume response is maximized for thinnings in the range of 600 leave 
trees per hectare. However, if shorter rotation ages are chosen then the lighter thinnings produce the 
greatest volume response. The reason for the lighter thinnings having the better short term volume 
response while the heavier thinnings have the better long term response is explained by the effect the 
thinnings have on growth as discussed below. As expected, the volume response declines for the lower 
site index simulations. The light thinnings also had little effect on other possible stand management goals 
such as increasing piece size, increasing wood values, or minimising final harvest costs. Detailed 
comments of the volume growth response of the thinned and unthinned simulations includes: 

Site lndex 22 No-PCT -All thinnings simulated increase cumulative volume if the rotation age is set at 
90+ years. If rotations are set between ages 70 to 90, then a thinning to 900 SPH at 40 to 70 years 
would increase cumulative volume while thinning to 600 SPH at ages 60 or 70 would just maintain 
cumulative volume. 

0 Site - Thinning at age 60 to 900 SPH or at age 70 to either 600 or 900 SPH will 
maintain or increase cumulative volume at all rotation ages of 90+ years. Earlier thinnings will require 
rotation ages of 120+ years to make up cumulative volume. 

0 Site lndex 18 No-PCT - Thinning to 600 SPH at all thinning ages simulated will reduce cumulative 
volume unless a rotation age of greater than 140 years is desired. Thinning to 900 SPH will roughly 
maintain cumulative volume until approximately age 95, after which the cumulative volume of the 
thinned stand will exceed the unthinned control. 

e Site lndex 16 No-PCT - Thinning to 600 SPH will substantially reduce cumulative volume and the 
volume loss becomes larger the earlier the thinning age. Thinning to 900 SPH at age 70 will maintain 
cumulative volume until age 120 after which the cumulative volume of the thinned stand will slightly 
exceed the unthinned control volume. 

PCT to 1.600 SPH - Volume impacts of the commercial thinnings are almost identical to those from 
the initial density 2,500 SPH No-PCT simulations. 

0 PCT to 1.200 SPH -At site index 22 thinning to 600 SPH will result in some cumulative volume gain if 
rotation ages are set at greater than 100 years. Prior to age 100 there will be some modest 
cumulative volume loss if the stand is thinned at ages 40 or 50 but little or no loss if thinned at ages 60 
or 70. At site index 20 thinning to 600 SPH at ages 50 to 70 has virtually no impact on cumulative 



volume. At site index 18, cumulative volume of the thinned stands drops below the unthinned control 
volume and the volume loss becomes much more substantial at site index 16. 

PCT to 800 SPH - Commercial thinning to 600 SPH at age 60 or 70 has virtually no impact on 
cumulative volume at site index 22 but below this site index cumulative volume of the thinned stand 
start to drop below the unthinned stands. However, cumulative volume loss is not substantial until site 
index 16 is reached. 

TABLE I 
COMMERCIAL THINNING SIMULATIONS RETAINED FOR REPORTING 

Site Initial Post-PCT Post-Commercial Thinnina Densitv 
In x n i  n i 1 Aae Aae 70 
(m) (SPH) (SPH) (SPH) (SPH) (SPH) 

Generally the effect of delaying the age at which the thinning takes place was to increase the 
cumulative volume produced. One reason was the higher merchantable volume taken at the commercial 
thinning at the later thinning ages. The table indicates that the merchantable volume of the commercial 
thinning typically increased as the thinning age was increased for all site indexes and initial densities 



which means that the volume growth on trees to be thinned if left for another ten years would be greater 
than the volume lost to mortality over that period. The exceptions to this rule were some of the early light 
thinnings. Thus, if the objective was to maximize merchantable volume then the stands should be thinned 
at the later thinning age. However, delaying the thinning age also means that the volume taken at the final 
harvest will be smaller for any given final harvest age. This is because the stand would have had less 
time to respond to the thinning. This meanslhat the higher volume taken at the thinning as a result of 
delaying the thinning age will come at the expense of a lower final harvest volume. 

The simulation figures also show the 5-year periodic annual increment (PAI) of the simulated 
stands following each thinning intensity. The PAls can be viewed as the stand's marginal growth rates.l 
Thinning to 600 leave trees per hectare at age 40, results in an immediate drop in PA1 sometimes well 
below the PA1 for the corresponding unthinned stand. At site index 22 it takes 20 years before the PA1 of 
the 600 leave trees per hectare thinned at age 40 stand equals that of the unthinned stand but from then 
on the PA1 of the thinned stand remains above the PA1 of the unthinned stand. At lower site indexes it 
takes substantially longer for the PA1 of the 600 leave trees per hectare stand thinned at age 40 to 
converge toward the PA1 of the unthinned stand. For the 900 leave trees per hectare simulations the PA1 
initially drops after the thinning but quickly increases to surpass the PA1 of the unthinned stands. The 
reason for this initial drop in PA1 is that thinnings create holes in the canopy which take time to fill. The 
heavier the thinning the longer it takes for the residual stand to fill the holes. This means that until crown 
closure occurs there would be a period when the site would not be fully utilised. For the heavier thinning 
regimes the holes created take so long to close that some volume growth is usually sacrificed unless long 
rotation ages are mandated. Thus, in the short term the lighter thinning will achieve the highest growth 
rates while in the longer term the growth rates for the 600 leave trees per hectare regimes will rise above 
the other regimes and usually produce the greatest cumulative merchantable volume. 

As the age at which the thinning takes place is increased more of the canopy is occupied by the 
largest trees which means that smaller holes are created in the canopy by a given thinning intensity, when 
thinning from below, and thus the initial drop in PA1 is smaller. Naturally, as site index is decreased the 
average size of a leave tree at any given thinning age will be smaller, meaning that for a given thinning 
intensity the canopy holes left by the thinning will be larger as site index declines. Thus, as we move to 
lower site indexes, the thinning age should be increased. 

Tree mortality in the unthinned stands which had not been previously PCT would be substantial in 
comparison to that found after the thinnings in the thinned stands. Simulated mortality in the stand thinned 
the heaviest was substantially reduced over the rotations simulated but increased as the intensity of the 
thinnings was lowered. For example, in the site index 22, initial density 5,000 SPH, thinned to 600 leave 
trees per hectare at age 40 simulations, by age 100 only 57 of the leave trees would have died. In the 900 
leave trees per hectare simulation, 156 trees would have died over the same period. This compares to 
the 1,479 trees lost to mortality over the same period in the unthinned stand. Tree mortality was lower in 
the lower site index simulations for any given post-thinning density because of the lower growth rates of 
these sites which lessens the intensity of inter-tree competition. 

Conclusion 

The simulations of the impacts of commercially thinning lodgepole pine described above leads to 
the important conclusion that commercial thinning will provide at best only a marginal increase in the net 
merchantable volume available from a stand over a rotation and if not planned correctly the thinning will 
reduce cumulative volume. Thus, if commercial thinning is to be justified as a viable forest management 
option it will have to be based on either the potential of the thinning to increase the value of the stand, by 
concentrating the stand's growth potential on a smaller number of trees, or on the earlier financial return 
obtained from thinning the stand. 

It would be more correct to say that a PA1 is the average marginal growth rate over a 5-year period. 



A - Thinned at age 40 or 50 

B - Thinned at age 

FIGURE I CUMULATIVE VOLUME AND PERIODIC ANNUAL INCREMENT FOR 
SITE INDEX 22 INITIAL DENSITY 5,000 SPH 



A - Thinned at age 40 or 50 

Unthinned 
40 - 600 

- - - - -  40 - 900 
- - - 50 - 600 
- - - 50 - 900 

B - Thinned at age 60 or 70 

FIGURE 2 CUMULATIVE VOLUME AND PERIODIC ANNUAL INCREMENT FOR 
SITE INDEX 20 INITIAL DENSITY 5,000 SPH 



A - Cumulative Volume 

' 0  Unthinned 
/ - - - 40 -600 

- - - - - 50 - 600 
50 - 900 

- - - .  60 - 600 
- - - - -  60 - 900 
- - -  - 70 - 600 

B - Periodic Annual Increment 

FIGURE 3 CUMULATIVE VOLUME AND PERIODIC ANNUAL INCREMENT FOR 
SITE INDEX 18 INITIAL DENSITY 5,000 SPH 



A - Cumulative Volume 

Unthinned 
- - - 50- 600 
- - - - - 60 - 600 

B - Periodic Annual Increment 

FIGURE 4 CUMULATIVE VOLUME AND PERIODIC ANNUAL INCREMENT FOR 
SITE INDEX 16 INITIAL DENSITY 5,000 SPH 



A - Thinned at age 40 or 50 

Unthinned 
40 - 600 

4 - - --- 50 - 600 

I 

Age 

B - Thinned at age 60 or 70 

Age Age 

FIGURE 5 CUMULATIVE VOLUME AND PERIODIC ANNUAL INCREMENT FOR 
SITE INDEX 18 INITIAL DENSITY 5,000 SPH PRECOMMERCIAL THINNED TO 1,600 SPH 



A - Precomrnercial thinned to 1,200 SPH 

Unthinned 
50 - 600 

- - - 60 - 600 

- - - - - 7 0 - 6 0 0  

B - Precomrnercial thinned to 800 SPH 

FIGURE 6 CUMULATIVE VOLUME AND PERIODIC ANNUAL INCREMENT FOR 
SITE INDEX 18 INITIAL DENSITY 5,000 SPH PRECOMMERCIAL THINNED TO 1,200 AND 800 SPH 



Estimated Net Present Values 

The estimated net present value (NPV) of each growing regime and thinning intensity are 
displayed in the attached figures for the no-pct inital density 5,000 sph runs and the pct runs at site index 
18. They show that the choice of the rotation age for the final harvest will be critical when assessing the 
economics of commercial thinning lodgepole pine. When comparing the optimum economic rotation age 
of an unthinned stand to that of a thinned stand, the unthinned stand almost always dominates. However, 
the optimum economic rotation age for unthinned stands occurs between ages 50 to 70 with the longer 
economic rotations occurring on the lower quality sites. Typically these economic rotation ages are 
shorter than those that maximise merchantable volume production. However, comparison of NPVs at 
optimum economic rotation ages may not be particularly relevant as the provincial forests are managed to 
achieve a number of goals other than the strict maximisation of economic return. These goals include the 
maximisation of sustained yield and the maintenance of non-timber forest values. These multiple 
objective goals typically extends rotation ages to or past the culmination of MA!. In cases where the 
optimum economic rotation age can not be selected, because of conflicts with other forest management 
goals, then the forest manager should select the regime which maximises NPV while meeting the other 
forest management goals. This constrained maximisation problem will in practice mean that the forest 
manager will be selecting the maximum NPV at a rotation age greater than the economic rotation age. 
The diagrams show that when rotation ages are planned for ages greater than 80 to 90 years the NPVs of 
the thinned simulations will dominate. 

The diagrams show that for all growing regimes the NPV of the stands' quickly begins to fall after 
it passes its economic rotation age. However, the decline is not as rapid for the thinned regimes. The 
slower decline in NPVs provided by the commercial thinning regimes can be attributed to two factors. 
First, the thinnings concentrated the stand's growth on the larger dominant trees which produced a higher 
value per m3 of wood grown. Second, the thinnings produced interim revenues through the harvesting of 
trees who's timber values would have grown at a rate lower than the social discount rate. Using an I 

investment analogy, if the stand is viewed as an investment portfolio and each tree as a separate stock 
than the commercial thinning may be viewed as the liquidation of those stocks producing the poorest 
investment yields. In addition, the thinning has the added advantage of increasing the returns on the 
remainder of the investment portfolio - the leave trees. 

In considering only the commercially thinned simulations we can conclude that generally the 
lighter thinnings provided a higher NPV when the final harvest is planned for ages below 90 to 100 years 
while the heavier thinning dominates for final harvest ages greater than 90 to 100 years. A comparison of 
the results by site index suggests the following: 

0 At site index 22 a light thinning at age 40 or a heavy thinning at age 50 provided the best results for 
the no-PCT simulations while a heavy thinning at age 50 or 60 was best for the PCT simulations. 
At site index 20 a light or heavy thinning at age 50 was the best for the no-PCT and PCT to 1,600 
SPH simulations while a heavy thin at age 60 was best for the PCT to 1,200 SPH and 800 SPH 
simulations. 
At site index 18, a light thinning at age 50 or a heavy thinning at age 60 was best except for the PCT 
to 800 SPH simulation which required a delay until age 70. 
At site index 16 either a heavy or a light thinning at age 60 was best for the no-PCT simulations while 
a heavy thinning at age 70 was best for the PCT simulations. 

Table 2 provides a guide for the selection of the optimum thinning regime for each potential final 
harvest age. In the table the letters CC indicates that a clear cut final harvest is the optimum regime for 
that final harvest age while the numbers in the format aa-rrr indicate the optimum thinning age and 
residual density. In using this table it must be remembered that you are taking the final harvest age as 
predetermined by other forest management objectives and that you are now attempting to maximise the 
economic benefits subject to this constrained final harvest age. 



Those familiar with economic evaluations of forestry investments in British Columbia may be 
surprised by the robustness of the commercial thinning results, as the analysis of investments, such as 
forest regeneration, typically show a low return due to the long rotation ages. This means that the 
revenues received at final harvest from such projects are heavily discounted. However, for commercial 
thinnings discounting is working in the thinnings favour as the revenue from the thinning is received at the 
,beginning of the evaluation period while the cost of the reduced final harvest is incurred at the end of the 
period. Thus, there is a reversal in the ordering of costs and revenues in that the net revenues of the 
commercial thinning are not discounted while the net cost at final harvest are discounted. 

The discussion above does not mean that calculation of NPVs for the economic rotation ages are 
without policy relevance for they can show us the opportunity cost of extending rotation ages past the 
economic rotation age or the opportunity cost of selecting an alternative growing regime. For example, 
consider an unthinned stand with an NPV of $3,00O/ha at its economic rotation age of 55, but due to other 
forest management constraints the stand could not be harvested before age 95. For a harvest age of 95 
the unthinned stand's NPV would be $1,50O/ha which implies that the opportunity cost of meeting the 
forest management objective which extended the rotation age was $3,00O/ha minus $l,500/ha or 
$1,50O/ha. If, on the other hand, the stand was commercially thinned to 600 SPH at age 60 the NPV of 
the stand at age 95 might be $2,00O/ha which would lower the opportunity cost of meeting the constraining 
objective to $3,00O/ha minus $2,00O/ha which yields $1,00O/ha. 

Comparison Between Thinning Ages 

Note that the NPVs for each regime were calculated using age 40 as year zero, to which all 
discounting was calculated. This provides the appropriate comparison when attempting to determine the 
optimum age at which to commercial thin a stand. However, it does not provide an appropriate 
comparison when attempting to determine which of two stands, one age 50 and one age 70, should .. 

receive priority for thinning. To do this type of comparison the NPV for each stand should be calculated 
using its current age as year zero to which all costs and benefits are discounted to. This would be the 
same as compounding the NPV calculated at age 40 to its current age. If this is done then, for a given site 
index and initial density, the older the stand the higher will be its NPV when calculated at its current age. 
This means that when comparing two stands, one of which is older, the older stand should receive priority 
for commercial thinning if clearcutting the older stand is not feasible. 



A - Thinned at Age 40 and 50 

B - Thinned at Age 60 and 70 

I Unthinned 
60 - 600 

---.- 60 - 900 
- - - 70 - 600 
--- .70 - 900 

FIGURE 7 NET PRESENT VALUES DISCOUNTED TO AGE 40 OF ALTERNATIVE GROWING 
REGIMES - SITE INDEX 22, INITIAL DENSITY 5,000 SPH 



A - Thinned at Age 40 and 50 

20W T 

B - Thinned at Age 60 and 70 

FIGURE 8 NET PRESENT VALUES DISCOUNTED TO AGE 40 OF ALTERNATIVE GROWING 
REGIMES - SITE INDEX 20, INITIAL DENSITY 5,000 SPH 



A - Thinned at Age 40 and 50 

B - Thinned at Age 60 and 70 

FIGURE 9 NET PRESENT VALUES DISCOUNTED TO AGE 40 OF ALTERNATIVE GROWING 
REGIMES - SITE INDEX 18, INITIAL DENSITY 5,000 SPH 



I / Unthinned 
50 - 600 

- - - - - 60 - 600 

- - - . 6 0 - 9 0 0  
- - - 70 - 600 
- - - - 7 0 - 9 0 0  

FIGURE 10 NET PRESENT VALUES DISCOUNTED TO AGE 40 OF ALTERNATIVE 
GROWING REGIMES - SITE INDEX 16, INITIAL DENSITY 5,000 SPH 



A - Precommercial Thinned to 1,200 SPH 

Unthinned 
- - - - - 50 - 600 

- - -60-600 
- - - .70 - 600 

B - Precommercial Thinned to 800 SPH 

FIGURE 11 NET PRESENT VALUES DISCOUNTED TO AGE 40 OF ALTERNATIVE 
GROWING REGIMES - SITE INDEX 18, INITIAL DENSITY 5,000 SPH 

PRECOMMERCIAL THINNED TO 1,200 AND 800 SPH 



TABLE 2 

60 CC 40 - 900 40 - 900 

10 

Age 2,500 5,000 10,000 PCT 1,600 PCT 1,200 PCT 800 
I0 

Age 2,500 5,000 10,000 PCT 1,600 PCT 1,200 PCT 800 

40 CC CC CC CC CC n.a. 
45 CC CC CC CC CC n.a. 
50 CC CC CC CC CC n.a. 
55 CC CC CC CC CC n.a. 
60 CC CC CC CC CC n.a. 
65 CC 60 - 900 CC CC CC n.a. 
70 CC 60 - 900 60 - 900 CC CC n.a. 
75 CC 60 - 900 60 - 900 CC CC n.a. 
80 CC 60 - 900 60 - 900 CC CC n.a. 
85 CC 60 - 900 60 - 900 CC CC n.a. 
90 60-600 60 -600 60-900 70-600 CC n.a. 
95 60-600 60-600 60- 900 70-600 70 -600 n.a. 
100 60-600 60-600 60-900 70-600 70-600 n.a. 
105 60-600 60-600 60-900 70-600 70-600 n.a. 
110 60-600 60 -600 60-600 70-600 70 -600 n.a. 
115 60-600 60-600 60-600 70-600 70 -600 n.a. 
120 60 -600 60-600 60 -600 70 -600 70-600 n.a. 
125 60-600 60 -600 60-600 70-600 70-600 n.a. 
130 60 -600 60 -600 60 -600 70 -600 70 - 600 n.a. 
135 60-600 60-600 60-600 70-600 70-600 n.a. 
140+ 60 - 600 60 -600 60 - 600 70 - 600 70 - 600 n.a. 




