
CHAPTER 5 FINANCIAL ANALYSES OF THE RESULTS 
FROM THE MODEL 

INTRODUCTION 

The results in the previous chapter were obtained from analysis of the time taken to 
carry out each operation (Standard Minutes per Cubic Metre) included in the model. 
These values were used to examine the effect of several management variables 
(machine type, harvest system, group size, age at start of transformation, length of 
transformation period etc.) on the time to carry out operations in even-aged and 
uneven-aged forests. The aim of this chapter is to use the previous results to carry out 
financial analyses and to examine the management implications of the two systems. 
The main questions to be answered are: 

1. What does uneven-aged management cost vis-à-vis even-aged 

2. What are the cost implications of varying group size? 
3. Is there a financial optimum age to begin the transformation of an even-aged 

management ? 

forest? 
4. Is there a financial penalty incurred if transformation is carried out over a 

5. How is the profitability of each system affected by choice of discount rate, 
longer period? 

Yield Class, and planting grants? 

The following results and discussion are based on the model results for the shortwood 
harvesting system. A corresponding set of figures for pole-length harvesting is not 
shown because the results for skidder extraction did not show a tendency to increase 
as the group size decreased and there would not, therefore, be a relationship between 
group size and Net Present Value. 

The calculations carried out to find the optimum age to begin transformation are 
presented first, because the maximum Net Present Value obtained at the optimum age 
was then used in the comparisons of even-aged and uneven-aged management. 
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5.1 CALCULATION OF COSTS AND REVENUES 

The output from the model consists of the following values: 

1. The time to carry out each operation during each felling period (expressed in 

2. The cost of the operation (machine costs and labour costs) 
3. The total volume of wood removed during each felling period 
4. Pulpwood and sawlog revenues 

Standard Minutes per Cubic Metre) 

The user of the model is prompted to enter values for machine and labour costs (in 
pence per Standard Minute) and the roadside prices of pulpwood and sawlogs (in 
pounds per cubic metre). Total costs and revenues are then calculated within the 
model, by simply multiplying the total operation time by the machine and labour costs 
and multiplying the pulpwood and sawlog volumes by pulpwood price and sawlog 
price respectively. 

Calculation of Net Present Values was not carried out within the model, because it 
would have been inefficient to run the whole model in order to investigate the effects 
of altering the discount rate, for example. Therefore, Net Present Values were 
calculated using the EXCEL spreadsheet package. Once the cash flows have been 
entered into the spreadsheet programme, variables such as the number of years for 
discounting and the discount rate may be changed easily and new Net Present Values 
are calculated almost instantly. 

Net Present Values were calculated for discount rates of 3%, 5%, and 7%. This range 
of discount rates was chosen to cover the range of values normally associated with 
forestry investments. 

The relevant costs and prices used i n  the following financial analyses have been 
derived from Forestry Commission data and the economic surveys of private forestry 
in England and Wales and are presented below: 

Labour Costs (felling and planting): 6.7 p/S.Min 
Machine Cost (10-tonne forwarder): 80.0 p/S.Min (includes cost of operator) 
Pulpwood price: £15.00 / Cubic Metre (at roadside) 
Sawlog price: £29.00 / Cubic Metre (at roadside) 
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One of the assumptions used in the analyses is the number of years of weeding and/or 
beating up needed and the cost of such operations. Beating up is carried out one year 
after planting and weeding operations carried out according to the following schedule, 
based on the assumption that higher Yield Class sites will require more weeding: 

Yield Class 8: One year after planting 
Yield Class 12: Two years after planting 
Yield Class 16: Three years after planting 
Yield Class 20: Four years after planting 

It may be that the unit cost of these operations should be slightly higher in an 
uneven-aged forest than in an even-aged forest, but the difference is thought to be 
small and average values from the Economic Survey of Private Forestry in England 
and Wales (1988) were used based on small-scale even-aged management. These are 
the best data available. 

The age chosen for clearfelling the even-aged forest was that of peak MAI; for Sitka 
spruce this gives ages of 65,55, and 50 for Yield Class 8, 12,20 respectively. 

5.2 THE OPTIMUM AGE TO BEGIN TRANSFORMATION 

The spreadsheet for the Sitka spruce Yield Class 12 baseline example is shown in 
Table 5.1. The values presented in the table are for extraction by 10-tonne forwarder 
on a 16 hectare block and with a 40-year transformation period. The Net Present 
Values for a range of starting ages are then summarized in Figure 5.1. 

In order to find the optimum age for the start of the transformation it was not necessary 
to project the cash flows to infinity. It was, in fact, not necessary to project them any 
further than 80 years because this is the age when each of the starting age options has 
been transformed. After this point, the Net Present Value of each starting age increases 
by the same amount in each felling period and the difference in Net Present Values 
between each starting age does not change. 
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It is easy to comprehend why it is not sensible to begin the transformation too early. In 
this example, at age 20 the trees have not even reached the age of first thinning and the 
harvesting operations carried out during the first felling period actually incur a loss. 
Then, for much of the remainder of the transformation period trees are being harvested 
before they are mature and the sawlog revenues are low throughout the transformation. 

However, it is also possible to delay the start of the transformation too long. If the 
transformation is delayed, the lower revenues in the early years (obtained from 
carrying out only thinnings) are never recouped when subsequent revenues are 
discounted, even when the large trees are harvested towards the end of the 
transformation. As these trees reach peak MAI the net revenues from the different 
starting ages begin to merge because the rate of increase in value of the residual trees 
begins to decrease. The values for the net cash flows, shown in Table 5.2, help to 
illustrate this. 
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From figure 5.1, it can be seen that as the applied discount rate increases, the optimum 
age to begin the transformation decreases. This again follows from the argument in the 
previous section: the discounted values of the later fellings are less likely to make up 
for the low early revenues obtained from thinning only and this phenomenon is 
exaggerated with higher discount rates. At a discount rate of 3%, the optimum age to 
begin transformation is around age 45, whereas at a discount rate of 7%, 
transformation should, ideally, begin around age 35. 

Figures 5.2 and 5.3 summarize the Net Present Values for the higher and lower Yield 
Class examples (see spreadsheets in Tables 5.3 and 5.4 for the full values). The 
optimum starting ages follow the same relationship with the discount rate as described 
above. i.e. at lower discount rates the optimum age for the start of transformation is 
later. However, the optimum starting age for the higher Yield Class example is 
significantly earlier than that of the baseline example for each discount rate. The 
optimum age is approximately 35 years for the 3% discount rate and 28 years for the 
7% discount rate. Delaying the start of the transformation on the higher Yield Class 
site incurs a higher financial penalty because MAI peaks earlier and thinning volumes 
taken out after peak MAI decrease significantly. As the transformation is delayed, a 
greater proportion of the volume removed during any one felling period is obtained 
from thinnings and this therefore has an impact on net revenues. Conversely, on the 
Yield Class 8 site where MAI peaks later and thinning volumes do not drop so 
dramatically, transformation may be delayed to age 40 (7% discount rate) or even 
beyond age 45 (3% discount rate). 

Although almost all the graphs in these three figures (with the exception of the YC 8 
example at a discount rate of 3%) show a clear peak, the peak is generally not very 
sharp. This means that starting the transformation at ages either side of the optimum 
will not lead to great losses. In fact, starting the transformation within five years either 
side of the optimum age gives Net Present Values within approximately 5% of the 
maximum (obtained when starting the transformation at the optimum age). 
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5.2.1 INTERNAL RATE OF RETURN 

Although the Internal Rate of Return is not the best criterion to use to choose between 
investments, because of the problem of multiple roots and the inappropriate discount 
rate problem (Price, 1989) I have included the corresponding IRR’S for the range of 
Yield Classes and starting ages (See Figure 5.4), because the Internal Rate of Return 
for each Yield Class shows a clear peak which correspond to the peaks in Net Present 
Value for each Yield Class. 

5.3 THE EFFECT OF THE LENGTH OF THE TRANSFORMATION 
PERIOD ON NET PRESENT VALUES 

In the early stages of transformation the net cash flows from the shorter (40-year) 
transformation period are higher than those from the longer (80-year) transformation 
period, because a greater proportion of the fellings are final fellings rather than 
thinnings. Therefore, both the total volume removed and the sawlog volume are higher 
with the shorter transformation period. 

Once the forest is transformed, however, the position is reversed because although the 
longer transformation period involves half the final felling area of the shorter 
transformation period, the trees removed during the final fellings are twice as old and 
far more valuable. Also, with the longer transformation period, much of the thinning 
volume (once the forest is transformed) is made up of older, larger trees with a 
corresponding higher proportion of sawlogs. The net cash flows for the two 
transformation periods, with other variables as for the baseline example, are shown in 
Figure 5.5. 

The Net Present Values (using the same range of discount rates) for the cash flows 
shown in Figure 5.5 are shown in the following figure (see Figure 5.6). 

Unfortunately, the 80-year transformation period could not be investigated as 
thoroughly as the 40-year transformation period (i.e. examining the effect of later 
starting ages) because the Yield Tables were only extrapolated to age 105 and, also, it 
would be unwise to rely heavily on the extrapolated portion of the tables. 
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At low discount rates the longer transformation period is a better investment, because 
the higher revenues obtained after transformation (from felling and thinning trees 
which are twice as old) make a large contribution to the Net Present Value. However, 
as the discount rate increases the Net Present Values for the two transformation 
periods merge because the revenues obtained after transformation are higher with a 
longer transformation period, these revenues are so far in the future that they do not 
compensate for the higher revenues obtained from the shorter transformation period, in 
the early stages of the transformation. 
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5.4 THE RELATIVE PROFITABILITY OF EVEN-AGED AND 
UNEVEN-AGED MANAGEMENT 

For the uneven-aged management option, the Net Present Value (obtained using the 
optimum starting age found in the previous section (5.3)) was compared with the 
values generated from clearfelling a 16 hectare even-aged block at peak MAI. The 
clearfelling figures were generated by repeating the clearfelling rotation until the 
present values in each felling period were contributing very little to the Net Present 
Value, and the values for the uneven-aged option were then projected into the future by 
the same length of time (250 years in total). The output from the clearfelling 
calculations is shown in the spreadsheet in Table 5.5 above. 

Table 5.6 summarizes the Net Present Values for the two systems, using the same 
range of discount rates as in the previous section and the results are shown graphically 
in. Figure 5.7. 

Table 5.6: Net Present values (E) for even-aged and uneven-aged 

Management 
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The difference in Net Present Value between the uneven-aged option and the 
even-aged option ranges from -£22 (Yield Class 8 discounted @ 7%) to £10000 (Yield 
Class 20 discounted’@ 3%). The lowest discount rate produces the greatest difference 
between the two systems for all three Yield Classes and the highest discount rate gives 
the smallest difference. With a high interest rate the costs and revenues in the early 
stage of the investment make the greatest contribution to Net Present Value. For the 
first fifty or so years (depending on the Yield Class) before clearfelling, the net cash 
flows from each system are similar, with the uneven-aged system giving slightly 
higher net cash flows. The revenue from the clearfelling of the even-aged block is then 
so heavily discounted that it contributes relatively little to the Net Present Value. 
Conversely, with a low discount rate, the final clearfelling revenue at age 50, 55 or 65 
makes up a large proportion of Net Present Value and the even-aged system performs 
bet ter. 

5.5 THE EFFECT OF VARYING THE GROUP SIZE 

In Table 5.7 the values for the range of group sizes in the baseline example (Sitka 
spruce, Yield Class 12, 16 ha. block, 40-year transformation) are presented, with the 
corresponding values for even-aged management of the same block size. 

Table 5.7 Net Present Values (£/1 6 ha block) for even-aged management 
and a range of group sizes for uneven-aged management 
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The greatest financial penalty is incurred with the adoption of an uneven-aged 
management system i.e. the greatest reduction in Net Present Value occurs between 
even-aged management and the largest group size of the uneven-aged management 
option. Once the decision to use uneven-aged management has been made, decreasing 
the group size has less of an impact, but there is a more or less steady decrease in 
profitability as group size decreases. This rate of decrease in Net Present Value is 
slightly higher when the group size becomes very small (this occurs with the 0.0625 
hectare group in the above example). The results for the four group sizes in the 
baseline example are summarized in Figure 5.8 below. 

The results presented here are for the 40-year transformation period, but the discussion 
in section 5.3 indicated that the longer transformation period (80-years) was a better 
investment. A longer transformation period would, therefore, reduce the difference 
between the even-aged and uneven-aged results, although the relative differences 
between the four group sizes would remain. 

The differences in Net Present Value reflect the increased operational costs of working 
in a fragmented forest block, the increased costs of working in small groups and the 
reduction in revenue attributable to the area occupied by permanent extraction racks, 
but they do not include any increased management costs. 
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The classification of the permanent extraction racks as unproductive land is probably 
too harsh (in the model, no account has been taken of the probable increase in volume 
of trees along the extraction racks). Therefore, the differences between group sizes and 
the two management systems shown above are likely to represent the worst case 
scenario. 

5.6 THE IMPACT OF PLANTING GRANTS ON THE FINANCIAL 
ANALYSES 

The planting grants I have considered are those available under the Forestry 
Commission Woodland Grant Scheme which was introduced in April 1988. The 
planting grant rates per hectare vary, depending on the total area planted, according to 
the table below (Table 5.8). The grant is paid in three installments: 70% on completion 
of planting, a further 20% after five years and the final 10% after ten years, which is 
the scheme followed for the spreadsheets when calculating new Net Present Values. 

The grant band is determined by the total area planted and "the size of the individual 
areas within the application will not affect the grant band" (Forestry Commission, 
1988). This means that regenerating a forest by means of very small groups does not 
necessarily qualify for the highest grant band. However, in most cases of uneven-aged 
forestry the length of the transformation period dictates that the area regenerated in 
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any one period is also small and is likely to qualify for one of the higher grant bands, 
if not the highest. 

For the 16 hectare block used as an example up to this point, the rate of grant for the 
even-aged version of the block is £615 per hectare, because the 16 hectare block falls 
into the lowest grant band (10 hectares or more), whereas the grant for the 
uneven-aged version is £880 per hectare because only 2 hectares of the 16 hectare 
block are regenerated during any single felling period. This difference in planting 
grants serves to narrow the gap in Net Present Values between the two systems as 
shown below in Table 5.9 and Figure 5.9 which correspond to Table 5.6 and Figure 
5.7 for the situation where planting grants are not included. 

The planting grants are paid on a per hectare basis, irrespective of the Yield Class of 
the planting site which is why the Net Present Values for the Yield Class 8 site are 
most altered by the inclusion of planting grants. Revenues from the planting grants 
make up a large proportion of total revenue on such a poor site. 

The inclusion of planting grants brings forward slightly the optimum age to begin the 
transformation from an even-aged to uneven-aged structure, because the grants make 
the early unprofitable fellings slightly more profitable. Also, the discount rate at which 
the two systems have the same Net Present Value is lower due to the higher rates and 
earlier receipts from planting grants with the uneven-aged system. 
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