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THE ECONOMICS OF FORESTRY PRODUCTIC)N

IN SILVICULTURAL RESEARCH

INTRODUCTION

For this series of talks I have taken as the general topic the Economics
of Forestry Production in Silvicultural Research. For purposes of the discussions
I have assumed that the silvicultural research forester is primarily interested
in developing techniques for growing continuous crops of various species, in
certain localities so as to produce a continuous output of products, under
conditions that, for him, are given by certain policy decisions. Thus a decision
to regenerate and grow Coachwood at Bellangry for the veneer and ply market
virtually sets the framework for the silvicultural research programme.

In studying and measuring the influence Qf:canbpy, seed production and
characteristics, seed-bed, micro-climate, physiological and competion factors

associated with the regeneration, establishment 4nd development.of the new fores't,.

the research silviculturalist works largely in the field of ecology. Out of his
investigations, it is expected that prescriptions for application to the species
studied will eventually be developed. -

Occasionally he might wonder whether what he is doing’'is worth doing.

More often he will wonder why it has not been done before, and sometimes he
may find that the prescriptions or techniques which he has developed are not
applied. Perhaps when, as silviculturalists are prone to do, he becomes single-
mindedly intérested in his particular species or association, he will wonder why
other species and areas are preferred to this. In fact, in.the extreme but not
uncommon case he will probably find it completely inekplicable that anyone could
be bothered with any other species. '

The aspects or activities which lead to such speculations, even if they
are merely incidental, about the overall forestry programme are really economic
in origin. The truth of this comes as a rude shock, when someone questions,  not
just the scientific basis of his studies, but their justification,

The questions that are raised by the intrusion of the nox}piolozgical or
the non-technological aspects into silvicultural research are however, as
complex as they are intriguing. Questions as to why forestry is short of funds,
or why a policy of pine afforestation is pursued at the expensge of apparently
worthwhile investments in hardwoods, or why the markets for small materials
or less desirable species which would solve silvicultural problems are not
developed, can be answered largely in economic terms. But associated questions
relating to the actual distribution of available resources, or-methods for '
encouraging forest development, introduce non-economic aspects which may,
in fact, be by far the most important. In many problems therefore economics

is unable to give a complete answer, or even in some problems a very effective
guide towards the right answer. '

Nevertheless I have assumed that some idea of the economic aspects of
forestry, would at least, give the silviqultural research officer, a guide in his
approach to the problems which are at present interpreted largely in technological
terms. ' :
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Obviously it is impossible to give anything like the sort of coverage
which would be needed to achieve even this limited objective. Of the several
fields that could be regarded as providing an appropriate approach to this
objective, I have selected production economics, as the most useful. Many
of the more important, far-reaching and interesting aspects of forest economics
will not therefore be mentioned, let alone considered. Perhaps what is worse,
many of the really critical aspects of the topic, such as the evaluation of the
so-called intangibles, or the rationale of state forestry, or the nature of future
demand for forest products can, if mentioned, only be treated most inadequately.
"‘Possibly some of these defects can be .partly corrected during discussion.

It has been put to me that on departing from this seminar the partic -
ipants should:

1. . Appreciate the extent to which government forestry can be evaluated. .
by economic criteria.

2. Know how to measure costs and réturng; which ones to measure and -
how-to project them into the future.

3. Have an armoury of economic technigues or answers to the problems
of future demand for forest products and services, the effect of
limitations of land, manpower and funds, and the selection of interest

rates. .
4, Know how to evaluate the various objectives in multiple use management.
5. Have a series of rules about how to dec1de on What are valid alternatives -

for comparison.

Although the need for such a programme must be admitted, I have not
been so ambitious. Few specialists in forest economics would claim to be in
this position after years of training and research, and we have only a few days.
However, some of the aspects can probably be discussed at.a general level .
during the seminar.

The programme I have selected as meeting the limited objectives of
a survey of production economics in forestry is as follows.

1. A restatement of forestry as an economic activity, rather than as a
biological science. In this we relate forestry to the economic problem
of a scarcity of means relative to ends. We will not have time to
consider to what extent this view, which is only one of several versions
of the economic point of view, is an adequate one to explain problems
of real life. For instance, it has been pointed out that this view hardly
fits the problem of unemployment, where the resources available are
greater than the demand.

2, A consideration of the place of silvicultural research in the economics
of forestry. With these two aspects of the same activity we will be able
to appreciate the complete inter-dependence of the biological and the
economic phases of forestry.

3. A very brief and simplified discussion of the nature of costs and returns .
in forestry. The term''cost' is probably one of the most used, most abused
and most confused concepts in current usage, and if we cared to explore
it, we would probably end up hopelessly lost. Therefore I have taken it
in the broad economic sense, as the sum of all the inputs and sacrifices
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involved in a given-productive activity. Tn this phase we will see that
the cost of capital in forestry if it is admitted as a cost, is.so over-
whelming that to all intents, other inputs are almost insignificant.

4. Another very brief review of techniques for making economic analyses
in forestry problems. In this phase I want to emphasise the marginal
analysis approach, not because it is necesgsarily preferable to other
techniques, but because it is the main technique in general economics.
With more forestefr's receiving some training in general economics,
marginal analysis concepts are comirig intomore prominence in forestry
literature. ‘

5. An attempt to integrate biological data from a study of the silviculture
problem of natural regeneration with.an economic anélysis, in order
to derive the most efficient silvicultural prescription for natural
regeneration. This analysis might also have a nuimber of associated uses.

6. As the question of what are economic ofr uneconomic procedures or
~ prescriptions cannot be determined solely ‘on cost considerations, some
projections over the whole period of the investment are needed. Some of
the factors involved are worth discussion.

It will become apparent that the emphasis is on the timber products of
forestry. This may seem old-fashioned in view of the increasing emphasis being
placed on the non-monetary or intangible values of forests. - However, this
emphasis is deliberate. I am inclined to the view that the day is passing when
we can expect to justify timber production forestry on anything but its monetary
considerations. With this movement from indispensibility, wood production must
fall in social importance, relative to the non-wood services of which forests are
more monopolistic suppliers. However, silviculture for the non-wood services
seems likely to be the relatively simple problem of maintaining any vegetational
cover. By contrast, the problems of wood production silviculture, in maintaining
given and quite often sub-climax, associations are extremely complex. Silvic-
ultural research for timber production,:apart from contributing to the competitive
efficiency of forestry, seems to -offer the most challenging opportunities for
silvicultural researchers. ‘






































































































TABLE 8;

Minimum Cost Treatments for Natural Regeneration of E. regnans.

15.7*  13.8

Topographic . )
Class 0-5% 5-10% 10-15% 15-20% . 20-25%
Royalty level . . ’
(as per 100 c.ft.) 7.5 5.0 3.5 2.5 7.5 5.0 3.5 2.5 7.5 5.0 3.5 2.5 7.5 5.0 3.5 2.5 7.5 5.0 3.5 2.5
Treatment No. 7 7 7 7 7 14 14 14 14 4 14 14 37 37 40 40 37 - 40 40 40
No. of Seed Tree 15 15 15 .15 15 17 17 17 17 17 17 17 18 18 19 19 18 19 19 19
No. of Years Seed A
| Trees Retained 4 4 4 4 4 4 4 4 4 4 4 4 3 3 4 4 3 4 4 4
| Degree of Site .
Preparation 0.8 0.8 0.8 0.8 0.8 0.6 0.6 0.6 0.6 0.6 0.6 0.6 . 0.5. 0.5 04 0.4 0.5 0.4 0.4 0.4
Spraying 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1. 1
Costs per Acre 17.8 13.4 11.8 10 18.7 13.9 12,1 10 20.6 11.8 27.1 22.6 22.5 18.1 32.1  26.0 239 21.6

8¢
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The Implications fof Silviculture andl Research

It is obvious from such an analysis that the natural regeneration
of Mountain Ash is not likely to be cheap. Even in the royalty zZone of 50/~
per 100 cubic ft., which would probably be towards the minimum for Mountain
Ash forests in Victoria, the real cost is not likely to be much less than £10
per acre under the easiest of conditions. For the typical logging area it is
more likely to be around £13 to £15 per acre, while in the areas closest to
the main markets, the cost could rise to as high as £25 per acre.

Analysis of the minimum cost treatments undér the various conditions

(Table 9) indicates that at least 70% of the cost is ac¢ountéd for by the seed 4
supply. As can be seen this cost declines with increasing distance from market,

which to a ldrge extent governs the value of a seed tree of given quality while

not affecting (or probably increasing slightly) the cost of the other factors. The

ratio of the costs per unit of the substitute inputs, therefore changes with changing
royalty levels, so that the prescriptions for minimum cost regeneration change
~accordingly.

The actual cash outlay involved in site preparation and spraying is
therefore relatively small, and on most areas under regeneration, would
probably not exceed £4 to £5 per acre. Because the bulk of the high cost
of natural regeneration is an opportunity cost, 'and hence does not enter into
accounting statements, the impression could be created that natural regeneratlon
is relatively 1nexpens1ve

From the forester's point of view the omission of inputed costs may
be justified as a means of getting something effective done in native forests.
But for him to believe that the cost of natural regeneration is low, because
the cash outlay it low, could become a very dangerous piece of self delusion.

Since, in this example, and possibly with other forest types, it is
the seed supply which makes the main contribution to the high cost, it is
worth a fair amount of attention in silvicultural research. The only ways in
which the cost of the seed supply for natural regeneration can be reduced are:

(a) by reducing the discount rate
(b) by reducing the value of the retained seed source
(c) by increasing the amount of seed production from each seed tree.

In view of the reasons for selecting the discount rate of 4% used in
the estimates, any reduction in the rate would amount to subsidising Mountain
Ash for timber production. There may be a case for subsidising timber production
forestry generally, but a case for subsidising any particular species over others
would be much more difficult to establish, so that this alternative does not
appear to be particularly tenable. On the other hand it is feasible to reduce
the value of the retained seed source, not be reducing royalty rates but by using
cull trees where they are suitable, for seed trees. Each cull tree that is used
instead of a merchantable seed tree, reduces the cost of regeneration by 10/- to
£1 per acre. With most second growth stands coming under more intensive manage-
ment in the future, the rising quality of the final crop trees, will probably reduce
the number of cull trees available as seed trees to well below the full number required
Therefore whenever spacing considerations warrant it, the retention during inter-
mediate cuttings of defective trees which have seed tree potential, could be a
worthwhile investment.




TABLE 9

Distribution of Cost of Natural Regeneration for a Hypothetical Rég'ene'ré'tion Area.

Topography of Area.

Proportion of

Topographic Regeneration Cost of Regefieration
Class Area I
0-5% 10% Royalty Level ) ‘
£’s per 100 c.ft. 7.5 - 5.0 3.5 2.5
5-10% 36% Cost per )
Acre (£'5) 2.2 114 15.8 - 13.3
10-15% 30% Proportion of
Cost Due to Seed . _ _—
Supply 1% 74% . 74% 70%
i f
15-90% 20% Proportion o
Cost Due to Other ) ] A . A
Inputs 23% . ‘,26% - h - 26% - 30%
20-25% 10%

0¥



41

However, the most promising possiblity in this field seems to be
increased seed production by the individual seed trees. For example, under
the conditions assumed by this analysis, doubling the seed production per seed
tree could reduce the cost of obtaining satisfactory natural regeneration by
about 35%. There are indications that in young, even-aged stands, seed
production per tree is inversely proportional to the density of stocking., As
density is one of the few factors affecting growth that can' be controlled in
forest management, the role of thinning in increasing seed production by the
final crop trees would be worth investigation. The reduction in the cost of
regeneration that it may be possible to achieve by reducing stand competition
represents a gain that should be considered in-the economics of thinning.

- If thinning had no other result than to double the seed producing capacity of
final crop seed trees, the resulting reducticn in the cost of regeneration would
have more influence on the economics of management of Mountain Ash than
completely eliminating the cost of site preparation. An investigation of the
way seed production is affected by stand dehsity over time would therefore
seem to be well worthwhile in any silvicultural research programme.‘

It can be seen therefore that a study of the economics of natural
regeneration has more value than merely putting the finishing touches to
the programme in which the hard work has been done by silvicultural research.
It is in fact an essential phase of silvicultural research. In the first place, it
can point out, as the various assumptions which had to be made in this exercise
show, where the data needs to be strengthened. Then, as the preceding -
discussion shows, it can indicate the directions in which further research is
likely to be most valuable. ’

But the value of an economic analysis of natural regeneration is by no
means restricted to this level of management. In studying natural regeneration,
it is assumed that the decisions have already been taken to continue wood
production with the same species in a given locality, using the existing forest to
replace itself with a new crop of substantially the same composition. The
economic problem of finding the most efficient means of achieving this and
without the restrictions, is an example of the third level at which the economic
problem operates in forestry.

However, the study can be used to provide data for making other
decisions at this level, e.g. whether to use natural or artificial regeneration,
and decisions at the higher level between the present species and conversion to
anhother species, or between the present locality and others.

As far as alternative methods of regeneration are concerned, the
cost of natural regeneration under conditions of low seed production and low
plant per cent, suggests that, where royalty levels are relatively high, artificial
regeneration could be a more economical method. With present costs areound
£25 - £30 per acre, it would appear that planting could not compete. However,
direct seeding would certainly provide a cheaper seed supply than natural
regeneration, except in remote areas, or in some pulpwood concessions where
the value of seed trees may be extremely low. Considerations such as these
are leading to the adoption of sowing after burning in areas such as South
Gippsland.
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The second level comparison between alternatives available within
forestry should be made whenever capital is a limiting factor, and alternative
re-investment possibilities are available with other species or in other localities.
Analyses at this level involve comparative budgets or soil expectation
values calculated over a full rotation for the possible alternatives. The cost
of determination needed for each of the alternatives will be apparent from Mr.
Lugton's paper..
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LECTURE VI

UNECONOMIC SILVICULTURAL. PRACTICES

In Australian forestry the terms "economic' and "uneconomic" are

widely used to described the cost of operations which it is desired to justify,
or to discredit., Actually the use of these terms implies that the returns
which it is anticipated will result from an investment, have been evaluated
relative to the costs incurred, and relative to the costs and returns in other
investment alternatives. Thus a given cost is too high, or uneconomic, if
the return is less than the cost, or less than some alternative rate of return
taken as acceptable or less than the rate which the same amount could earn
in some other available investment, or if some other way of achieving the
same end would do so at lower cost, Otherwise an operation cannot justifiably’
be described as uneconomic no matter how high its cost might sound. In
cther words, cost alone hardly means a thing. '

Hence beforeit could really be said that the costs of natural
regeneration, which were calculated for E. regnans in the last section are,’
or are not, satisfactory, the returns that result from that investment have
to be taken irnto account. Essentially this involves making the series of
calculations which are summarised in the Faustmann formula. Such a
procedure however, is only fully possible where the series of production
functions such as yield tables needed, is available, for the range of variable
inputs to be compared.

The Reliability of Cost as a Guide to Silviculture

Where production functions are available, or can be estimated, the
Faustmann formula, comparing either the nett difference between discounted
costs and discounted returns under alternative regimes, or comparing their
financial yields is most useful and logical. However, one feature of the Faustmann
formula which is worth noting is that it is based on the mathematics of a non-
terminating series. Whether the continuity in perpetuity of the investment
of land and capital in forestry which is implied by this approach is justified,
is, I think, debatable. It may be preferable to use single rotation determinations,
with the implications that a re-evaluation of forestry against alternative invest-
ments in or outside of forestry, at the completion of each production cycle.

Another point that is worth mentioning is the effect of the simplification
in the Faustmann formula as it is commonly used, of regarding all establishment
costs as occurring in the first year of the rotation, and annual expenses as
being constant over the rotation. Modifications to allow for more realistic
distributions of expenditures, have been developed by Rudra and by Petrini,

In general these refinements do increase the absolute value of the soil
expectation value, but their effect on the relative order of alternatives seems
to be fairly minor.

There are situations where common-sense might suggest that a full
economic comparison is superfluous. In some circumstances E. obliqua forest
on reasonably good sites seems capable of regeneration at very low and perhaps
zero cost. Where this can be done, the possibility of converting it to P. radiata
at £40 per acre, would hardly appear to be worth consideration. If, in addition
the annual maintenance on the hardwood forest would only amount to say, 5/- per
acre compared with £1 per acre on the P, radiata plantation, the case for the
Eucalypt forest would appear self-evident. But is 11; in fact, really the economic
alternative? Table 10 summarises a comparison over one rotation, assuming
yvields and royalty rates, which do not seem, on present knowledge, to be unfair

to the Eucalypt.
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This comparison or economic aﬁaljsis by the Faustmann principle,
on a budget basis, shows that the case for the no-initial cost alternative is
not so obvious as cost comparisons alone would show. If the interest rate
for government forestry is taken at 4%, it would be uneconomic not to adopt
the high cost alternative. It is only as the interest rate rises, that the
economic advantages of low initial costs start to show up.

It is 'pfetty obvious from this that rejection of a proposition in
silviculture as uneconomic on the grounds of its cost only, should neither
" be made, nor accepted too readily.

But perhaps this is a rather unrealistic situation. After all, it is
doubtful if enough information is available to claim that E. obliqua under the
regirne proposed would have an MAI of only 87 c.f.t. merchantable. If a
higher MAI were used the disadvantage at the lower discount rates Would soon
disappear,; and the commonsense verdict that no initial cost and only 7 of
the annual maintenance must be better, would be vindicated.

The Economics of Non-commercial Thinnings

Let's take the case therefore of the fairly widely held view that
non-commercial thinnings are uneconomic. Some idea of the economic sense
© of this view can be got from P, patula in South Africa where the necessary
sort of silvicultural research data has been published. Initial espacement of
6' x 6', with light commercial thinnings can be compared with 6' x 6' with an
early non-commercial heavy thinning at 8 years and light thinnings thereafter.

The relevant volume, thinning regime and royalty data are shown
for the two alternatives in Table 11. As the costs under the two regimes
differ only in respect of the non-commercial thinning, all costs but this
can be neglected for this analysis. The amount by which the discounted
revenue under the non-commercial thinning regime exceeds that under the
less costly regime of commercial thinnings only, is the amount discounted
to the present, that could be spent in a non-commercial thinning and still
break-even. It can be seen from Table 11, that under these conditions,
even with alternative rates of return up to 6%, an amount of £6 per acre
and more could be invested in a non-commercial thinning at 8 years, and
still be more profitable than waiting until the first thinning produces wood
of marketable size. '

The policy of commercial thinnings only, cannot therefore be accepted
without question as the sound, business - like approach that its advocates

sometimes implicitly claim it is.

The Problem of Future Prices’

However, for these sort of analyses a fairly reliable guide is needed
to the yields to be expected under given treatments at various ages, 1.e. the
production functions, and the relative royalty rates that will apply. If yield
information is available from a previous rotation, it can be presumably
projected for future rotations, but the forecasting of future prices is a
much more difficult matter. It might for instance be supposed that with
the increasing consumption of forest products forecast for the future, and
a decreasing or relatively static supply, prices must rise substantially.
Investments which appear uneconomic, when analysed with present prices
could be well worthwhile.




Opetation

Establishment
Re-filling
Zinc spray
Pruning
1st thinning
2nd thinning
3rd thinning
4th thinning
Final felling
MAT c.ft. per
acre
Discounted
at 4%
5%
6%

TABLE 10

Comparison of P, radiata and E. obliqua asInvestment Opportunities

P. radiata E. obligua
Cost Volume Royalty Revenue Cost Volume Royalty Re,venu,e
£1 per 100 c. ft £'s per £'s per £1 per 100 c.ft. £s per £'s per
Year Acre per acre 100 c.ft. Acre Year Acre per acre 100 c.ft. Acre
0 40 - - - - - - - -
1 2 - - - - - - - -
3 3 - - - - - - - -
8 8 - - - - - - - -
14 10 10 1,2 12 25 5 10 0.6 6
23 8 14 5.0 70 30 6 7 5.0 35
25 8 14 5.7 80 45 5 8 8.0 64
30 8 10 6.0 60 - - - - -
40 10 42 5.0 210 60 5 27 7.0 189
- - 2.25 - - - - 0.87 - -
- 88.9 - - 132.3 - 10.4 - - 42.0
- 81.9 - - 99.8 - 8.4 - - 27.1
- 75.6 - - 77.6 - 6.8 - - 16.4

374




TABLE 11

Comparison-of Thinning Regimes for P.patula

Treatment: Non Commercial Thinning

Volume Distribution by Size . ~ Revenue at Royalty . Total Revenue Discounted at _
Age Removed Classification Rates £ (Per 100 c. ft.) i - 4% - 5% 6%
0 16.1 5-8”° 8=12 1274 58. 8-127 1274 e '
. , 0.8 1.7 5.0.
14 16.1 5.3 4.2 ’
20 14.4 8.4 6.7
25 11.1 7.6 0.8 6.1 1.4
30 8.0 5.4 1.4 4.3 2.4 A .
40 - 49.0 11.1 33.3 2.0 8.9 56.6 10.0 i 25.8 19.1 14.2
Treatment: Non Commercial Thinning at'8 years
0 8.0
8 8.0
12 12.0 6.4 5.1
16 7.4 5.0 4.0
20 5.7 4.0 0.7 3.2 12
25 8.5 4.6 3.0 3.7 5.1 : :
40 41.5 4.7 2.6 14.2 3.8 479 7.0 362 26.4 17.2
Brealf-even point of non commercial thinning : . . . 10.4 . 7.3 3.0
Thinning - discounted actual at 8 years . ’ ) 14.0 10.8 4.8

9%
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Unfortunately, no matter how imperfect the actual market conditions
are, an increase in price will tend to reduce consumption. The extent to
which consumption is actually affected depends on the m ture of demand for
the commodity and the way that demand changes with time. If investment
in forestry is increased in anticipation of higher prices in the future, it
could come about that consumption falls so much because of the higher prices,
that prices have to be lowered to clear the greater production. Thus future
prices could well be lower. ' '

Because of the patent impossibility of forecasting prices as far
into the future as is necessary for wood products, the more generally
used prediction is that the relative price of timber and substitutes will
remain constant. Hence present prices are widely used as the prices for
these sort of long range calculations. But even this conservative approach
can be too optimistic as some of the early results from Flooded Gum plantations
suggest. ' '

The problem of future price levels, is one that is inherent in any
investment activity, but in forestry it is further aggravated by the inadequate
knowledge of the input - output functions. In the not uncommeon absence of
data for the many possible treatments, analyses such as those just made,
“-are more often than not sheer guess work.

The Break-Even Point Test of Economic Feasgibility

One way of looking at this type of problem without the amount of
direct guessing that is necessary to apply the Faustmann analysis, is to
calculate the return that must be received if a given operation is to break
even. Thus, in the absence of adequate yield table data for E. regnans, it
is hard to say whether the cost of natural regeneration at £20 per acre is
economic or not. However on a 60 year rotation, an annual cost of 5/-
per acre, and a 4% discount rate, the return on a £20 regeneration cost
must total £270 to break even. This could be obtained with many combinations
of yields and royalties, e.g.:

27,000 s.ft. HLV @ £1 per 100 s. ft. i.e. MAI 450 s. ft. per acre
54,000 s.ft. HLV @ 10/- 100 s. ft. i.e. MAI 900 s. ft. per acre
270,000 s.ft. HLV @ 2/~ 100 s. ft. i.e. MAI 4500 s. ft. pef acre -

The latter yield, on present knowledge, seems impossible so that
any forecasts of future demand which suggested that in a given area, the
market in 60 years time was more likely to be for pulpwood than for logs,
would indicate that the return from natural regeneration under the conditions
mentioned would not recoup the cost. The investment,if made, would then
amount to a public subsidy for the wood pulp industry.

In Nothern New South Wales a fair amount of silvicultural research
has been undertaken into problems of Tallowood. Some of the experimental
prescriptions adopted leave 2 or 3 Tallowood seed trees, combined with a
fairly intensive burn, while others compensate for a less intensive burn by
retaining more seed trees. Under the smaller seed supply regime, it is
claimed that merchantable seed trees rarely need to be retained. However,
overall costs, excluding seed trees, of £12 - £14 per acre are reported,
and a 100 year rotation is considered as likely at present.
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Even if there is no seed tree cost, a return of approximately -
£920 to £1,020 would be required to break even at 4%, and 5/~ per acre
annual cost. ‘The yields and returns which will have to be obtained to do this
would include: ‘ _ _ - : .

92-102,000 s.ft. HLV @ £1 per 100 s.ft. i.e. MAI 920 to 1020 s, ft. bei:' acre
61~ 77,000 s.ft. HLV @ £1.5per 100 s.ft. i.e. MAI 610 to 770 s.ft. per acre -
46- 51,000 s.ft. HLV @ £2 per 100 s.ft. i.e. MAI 460 to 510 s.ft. per acre

Whether an investmernt of £12 - £14 per acre in 'Tallowwood will
break- even, let alone be profitable, obviously depends on substantial 1ncreases
in royalty, and growth rates which appear substantially higher than those
recorded up to date. Perhaps it could be assumed that the annual cost of
fire protection which would be needed whether a new crop was éstablished
or not, would account for at least 2/6 of the 5/~ per acre, annual cost
adopted. If-so the total accumulated costs could be reduced by £156, making
the required ylelds somewhat less fanciful, at :

M.A.I requlred at £1  per 100 s.ft. royalty = 760 - 860 s.ft. per acre

M.A.I required at £1.5 per 100 s.ft. royalfy = 570 - 640 s.ft. per acre

M.A.I required at £2 per 100 s.ft. royalty = 380 - 430 s.ft. per acre

However, the possibilities for Tallowwood still seem to rest on
increases in prices, and this makes £12 -~ £14 per acre regeneration and -
a 100 year rotatlon a highly speculative investment.

Silvicultural research 1nTa110wwood should thereforebe directed
towards finding out what the growth potential of Tallowwood is, and at the
same time concentrate on reducing the cost of production. Two things seem
important in this latter aspect - lower regeneration costs, and shorter
rotations. For regeneration, each £1 saved in cost has the effect (at 4%)
of reducing the break-even point, final M.A.I. at 100 years by 50 s.ft. H,L.V.
with royalties at £1 per 100 s.ft. For the rotation with regeneration cost of
£12 per acre, the break-even ‘point final M.A.I., with royalty averaging £1
per 100 s.ft., falls by:

110 s.ft. per acre as the rotation is reduced from 100 to 95 years.
80 s.ft. per acre as the rotation is reduced from 95 to 90 years.
80 s.ft. per acre as the rotation is reduced from 90 to 85 years.

With such opportunities for improving the economics of Tallowwood,
why is rotation of 100 years being considered? The reason must lie in
terms of log size. If it is assumed that, under the fairly low level of
management implied by an annual maintenance cost of 5/- per acre, a final
M.A.I of 500 s.ft. is attainable, then the cost of growing for size, from
85 to 100 years can be estimated as follows:
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Yield at §5 years. 42,000 s.ft. cost £418; average cost per 100 s.ft. £1.00
Yield at 100 years. 50,000 s.ft.cost£762 average cost per 100 s.ft. £1.52

Thus a marginal cost of £344 per acre produces a marginal product
of 9,000 super ft. as well as some increase in mean diameter. If the industry
does want the larger sized logs it seems logical that it should pay the extra
¢ost of growing Tallowwood from the mean diameter it would have at 85 years
to that at 100 years. Not to pass this cost on to the industry would be to give
it a hidden subgidy. Not to be aware of it, would be pretty close to incompetence.

It may be however that thinning provides a less expensive way of
achieving this increase in mean diameter. If it is assumed that thinnings
were not taken into account in the break-even point calculations, because
of the lack of markets, nen-commercial thinning can be regarded as an
alternative to a longer rotation. A similar sort of calculation to those in
Table 11 shows that expenditures of £10 per acre in non-commercial thinning
at age 20 plus £6 per acre at age 35 would increase the average cost of
production, by less than an extension of the rotation from 85 to 100 years,
even if the yield at 85 years were reduced by 10%.

Or to take up Gentle's point, an expenditure of £7 per acre for
fertilisation at the start of the rotation (asstming that this is the only
effective time to apply it) would, if it reduced the time to grow to the higher
mean diameter, by fifteen years, be quite feasible.

Thus with Tallowood it could tura out that silvicultural praétices
which are not used because, on costs, they seem uneconomic, could be
more economic than the no-cost practices which are adopted instead.

. Obviously then the rejection of a practice or treatment as uneconomic
canr.ot be accepted solely on the grounds of its cost. It is one of the most
important aspects of silvicultural research to provide the data by which the
returns for a treatment can be evaluated against its costs. It has, perhaps,
an even more important responsibility to ensure that the 1mp110at10ns of
its findings are properly assessed before its recommendations are implemented
or rejected as operational procedures.
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The Use of the Faustmann Formula in Determining the
‘Comparative Profitability of Different Treatments in
Plantations.

Introduction

The Faustmann formula is used for calculations on the economics of
even aged stands. It is not the only method available but it is particularly
suited to work on plantation economics. Although complicated in appearance
the formula is in fact simple to use and with the help of tables and slide
rule calculations can be made rapidly. As management techniques become
more refined the need to make economic evaluations of different thinning
techniques, of high pruning, of fertiliser treatment or of one site as compared
with another becomes greater. Economic considerations are not the only
criteria to be used in determining priorities for use of land or in determining
the relative worth of alternative silvicultural treatments but they are important
in that they permit more balance judgements to be made.

The aim of an economic study is usually to determine the most
profitable means of production but there is no direct way of determining
profit in a forest undertaking. For a forest in sustained yield production
the annual balance of returns against expenditure will show a profit or a
loss, but without knowledge of the capital being employed in the production
of that profit or loss it is not possible to assess the value of the investment
compared with a different sort of investment.

The Faustmann formula offers a means of studying the economics of
forest operations by basin computations on present costs ard present returns.
In this way sites and treatments can be compared and valid conclusions reached
regarding the economics of one compared with another. The individual forest
gtand only is considered.

The criterion of profit is the rate of compound interest which the
returns obtained represent on the capital employed. This rate of interest is
the ""mean annual forest percent' of the text books, or more simply the finan-
cial yield. The rate of interest earned depends on the cost of establishment
and maintenance of the plantation, the rate of growth and the prices eventually
obtained for the timber sold. Before the formula can be used in economic
studies it is therefore necessary to obtain data on costs and returns.

The Costs of Plantations.

The annual report statements! of expenditure record all direct costs of
works carried out by the Forestry Commission. These statements have been
used as the basis for compiling the costs of establishing and maintaining
plantations in variqus localities. No attempt has been made to allocate
administrative overheads to these direct costs as our interest lies in the
relative merits of one area, or treatment or species over another. It is worth
bearing in mind, however, that if our interest lay in determining the absolute
profitableness of an area the direct costs would need to be increased by something
in the order of 50% to cover administrative overheads.

The costs need to be sub-divided into three main groups (1) land (2)
establishment and (3) annual-maintenance.

The cost of the land covers the cost of purchase (if any) and the cost
. of capital expenditure on roads, buildings and other permanent improvements.
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The cost of clearing is an item to be included in the land cost as it will not be
required in subsequent rotations. In numerous cases the Commission plants
land which it has acquired at no cost and in such cases the cost of purchase is
nil. :

The cost of establishment includes all operations from burning and
planting to scrubbing. For the sake of ease of calculations the cost of low
pruning, discounted to the present value has also been included amongst the
establishment costs. Pruning could be included as a separate item in the
formula. The difference as a result of doing so would not be significant. The
assumption has been made that all of the other items of expenditure on establishment
are incurred at the start of the first year.

Annual maintenance includes all items of expenditure not included in |
the land or establishment costs and in our conditions is wholly comprised pf
expenditure on maintenance of capital improvements and protection. In the costs
set out below temporary fencing has been included in the annual maintenance
charge although it could more correctly be included as an item in the cost of
establishment,

" If works such as high pruning or non commercial thinning were being
undertaken they wotild be treated separately as items for inclusion in the formula
in tlr%e same manner that returns from thinnings are handled.

The table below shows the costs incurred in forming plantations on
various areas. Some of the items are directly related to the planted area and
for these items the costs shown are fair averages. Other items such as major
roads and maintenance and protection costs are not directly related to the planted
areas in all cases. Consequently in reducing these costs to a unit acre it is not
always easy to decide the total area covered by the work in question. Provided
these points are borne in mind the tz—rble provides a reasonable basis for costs
of formation of plantations.

Table 1. Cost of formation of representative plantations of P. radiata
in N.S.W. (exclusive of administrative overheads). Costs per unit acre

in £'s
Sunny Green Buccleuch
oCost Item Corner Jenolan Canobolas Vulecan Hills
LANDS (S)
Clearing 8.50 5.85 9.99 ggg g(l)g
Roads Major 16.06 6‘90
Roads Minor 5.64 . 1.14 8.65 0. o%s
Buildings etc. 1.71 1.81 5.82 F 2,32 e
Surveys 0.38 ) 2.39 0.98 2.05 :
Total 16.23 17.19 25.44 27.74 23.47
ESTABLISHMENT (C)
R 0.26 0.34 0.63 0.56 0.39
N:;;r;;r;)g/ 2.36 2.41 2.14 2.48 2.85 1-93
Planting 10.15 9.92 10.62 11.02 6.49 7.7
fill
(Slc?r?xbgnlg ne 5.92 6.62 3,34 2.37 6.23 262
Low pruning ¥ 6.39 7.60 7.36 : - 8.65 .8
(present value) , _
Total 25.08 26.89 23.46 24.78 20.73

ANNUAL CHARGES (e) 1.16 1.11 2.19 1.75 0.62 0.91
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If we wished to take representative costs in order to examine the
economics of an average area establishment costs of £25 per acre and annual
charges of £1 per acre would be fairly near the mark at present, The land
costs used would depend on whether it had to be purchased initially., To the
purchase price, if any, it will be necessary to add about £20 to cover costs of .
capital improvements.

It will become obvious later that any saving that can be effected in any *
~of the items making up the total costs can have quite a bearing on the subsequent
returns. The plantation manager should therefore take care at all times to see
that his costs are kept as low as possible and that unessential work is not performed.

The Income from Plantations.

" The income from plantations is made up of money returns from sale of
- thinnings and final fellings after the costs of logging have been deducted. As
forecasting is involved it is necessary to use yield tables to obtain the volumes
to be removed at specified times. '

There are no published yield tables for P. radiata in N.S.W. but from
increment data which is available two yield tables have been constructed which
are applicable to stands such as those in the Tumut District. One is.based on the
heavy thinning schedule being used at present, the other is based on a more moderate
thinning practice. These tables are based on present knowledge of basal area
and height increment which has been extrapolated considerably to complete thera.
They have been constructed in order to demonstrate the working of the Faustmann
formula and are sufficient for that purpose. Another yield table representative of
low site quality stands such as Lidsdale has also been prepared.

These volume yield table can now be converted to money yield tables.
Where log prices vary with size and quality the prices need some refining before
volume yields can readily be converted to money yields., The money yields used
here have been obtained from price/size curves which in turn have been derived
from weighted average stumpages. The money yields are nett income after all
costs of logging have been deducted. . ‘

The Faustmann Formula.

The Faustmann formula is used for a variety of calculations on the
etonomics of plantations.

It can be derived either on the basis of purchasing land, growing one crop
and selling both it and the land at the end of the rotation or by assuming that the
land once purchased can be used for growing an infinite number of rotations
and that the expenditure and income in each will be the same.

the cost per acre of the land.

Let Sc =
C = the cost of establishment.
- e = the annual maintenance cost.’

Ta, Tb etc = the nett standing value of the thinnings in the
years a, b, etc.
Yr = the nett standing value per acre of the final crop which
is felled in the year r.
r = the rotation in years.
p = the rate of interest.

A man buys one acre of land and plants it and pays for both the land and
the planting by an overdraft from his bank on which there is a fixed rate of interest. *
Each year, thereafter he tends the acre at an assumed fixed annual cost and draws
the money for this purpose from the bank. Each year therefore the overdraft is

Pt "
- ‘\' .
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increased by the maintenance charge and by the interest charged on the overdraft.
Whenever the plantation is thinned the profit is credited to the account and thé debt
is reduced. When the plantation matures he sells the timber and the land and the
money received is just sufficient to pay off the debt.

At the time of felling the debtat the bank will be the cost of land and
planting compounded at p% for r years plus the cost of maintenance charged each
year, again with interest and reduced by the proceeds from thinnings with compound
interest. The total of this is:-

(SC+C) 1.0F+e 1.0~ 1 - § Ta. 1.0p°"2
1.0p -1

By selling the final crop Yr and the land Sc the debt becomes zero, so
(Sc +C) 1.0p" +E
1.0p- 1 -ZTa.l.Op -Yr.-Sc =0
1.0p -1
When rearranged this becomes:

Sc =Yr+%Ta. 1.0pr-2- C.1.0p '—_je_
1.0p"- 1 .Op

Which is the Faustmann formula.

The following assumptions have been made in the construction of this
formula.

(1)  The land is bought at the beginning of the first year and planted

at once.

(2) At the end of the rotation the land is sold for the same price it was
bought for. '

(3) The whole cost of establishment is charged at the beginning of the
first year.

(4) The cost of annual maintenance is charged at the end of each year.
In practice the cost would be spread throughout the year.

The formula can be used for a number of computations but the principal
ones are determination of the financial yield and the land expectation value.

The financial yield is the rate of interest earned by a plantation and in
this case the rate of interest p is the unknown quantity in the equation and it has
to be solved for p. Because there are high powers of 1.0p in the equation it
cannot be solved directly.

The land expectation value is the amount which can be paid for land to allow
some fixed rate of interest to be earned on a plantation. In this case as S is the
unkown quantity and assuming a fixed rate of interest, all of the items on the right
hand side of the equation are known the equation can be solved directly. The land
expectation value was the original use to which the Faustmann formula was put.

In comparing the financial advantages of one method of silviculture with another

or one site with another it was sufficient to show that one gave a higher expectation
value than the other. The difficulties in its use in this form were mainly connected
with the rate of interest because this had to be assumed. Under European practice
it frequently turned out that the expectation values werenegative unless very low
interest rates were adopted, With our silvicultural practices and rates of growth
this is not generally the case. Nevertheless selection of the correct rate of
interest to be used is a matter on which considerable argument can take place.

The use of the formula to determine financial yield overcomes problems such as
having to fix a suitable rate of interest and in any case it is a better financial
indicator than the land expectation value,
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In actual use of the formula calculations can be considerably simplified -
' by rearranging the equation and using the tables of multipliers worked out by
Hiley and reproduced in either of his books. The Economics of Forestry or the
Economics of Plantations.

In its néw form the equation becomes:
S=X-Y

"Where.X =Yr, ( 1 . ).+ Ta_ (1.0pr-a) + Thb (1Opr-b) ..+ « o

T.05¢ -1~ 1.09-1 . 1.0p-1

andY=C- (1.OpT ) + e (_1 )
' 1.Op:E -1 7 .Op
For any given rotation and values of p, a and so on the a_mdunts in the
brackets are fixed and their effect is to discount items of expenditure and income
for an infinitie number of rotations to present values.

At Lidsdale plantation the establishment costs have been estimated at
£27.3 per acre and the annual charges at £1.0. The money receipts from thinnings
and final féllings are taken from the moneyyield table. As an example we can now

calculate the financial yield at Lidsdale for a 50 year rotation and we find that when:
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By graphing S against p the financial yield for any given value of S can
be read from the graph. In this case if the land with its improments had cost £10
per acre the financial yield would be 5.7%. If it had cost £30 the financial yield
would have been reduced to 4.8% , -

If we calculate financial yields for a number of rotations we can determine
the one which gives the greatest financial yield. This is. the financial rotation. For
Lidsdale using the costs and returns of the last example for @& number of rotations
from 20 years to 50 years the test values of S are-

p% Rotation.
20 30 - 40 50
3 33 970 127.9 125.8
4- 88 495 63.4 61.2
5- 156  22.8 29.0 26.3
6 = 20.1 6.1 .8.2 4.6
7-232 48 413 -8.2

The relationship between land cost, rotation and financial yield can be
shown in an indicator graph in which S is graphed against rotation and a curve
obtained for each rotation. The financial yield for any rotation on land of a given
cost can be read from the graph with reasonable accuracy. The financial rotation
for any given land cost can also be found by reading the rotation at which the known
value S intersects the line joining the maximum points of the interest curves. In
our example with S = £10 the financial rotation is 37 years and the financial yield
5.9%. If S were £30 the financial rotation would be 39 years and the financial yield
would be 5.0%. The cost of the land and its improvements has a marked effect on
the financial yield.
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By carrying out certain works we know that the site quality and therefore
the financial return of marginal country can be improved. However we want to
know how much we can afford to spend on site improvement without decreasing the
return on our investment. It is assumed that site improvement will increase the
money yield by 30% and that this increased yield will be obtained hoth on thlnnlngs
and final fellings.

) We have found that at Lidsdale on a rotation of 40 years we can earn 5% if
the land costs £29. If the money yield is increased by 30% the total of the digcounted
income increases from £80.9 to £105.0 and the price we can afford to pay for land
and still earn 5% becomes £53.1 instead of £29.0. We could therefore spend the
difference of £24.1 on site improvement without reducing the return on our invest-
ment. In fact site improvement would not cost £24.1 so that this would be a case
where it would pay to invest money in site improvement in the expectation of an
increased financial yield.

The financial yield can also be used to test the merits of different
thinning treatments and an example of this has been examined for Green Hills
plantation. In this case we are testing the difference between the heavy thinning
schedule which is in use at present and a more moderate schedule, In the first,
thinnings reduce the stand to between 120 and 130 square feet of basal area. In
the second the stand is reduced to about 150 square feet of basal area. This
leads to smaller thinning yields but a greater final yield, more stems per acre
and smaller trees.

Calculating the test values of S in each case and drawing the indicator
graphs we find that when S = £30 the financial rotation in the case of the heavy
thinning is 43 years and for the moderate thinning is 42 years. There is not

much difference between the two treatments in this case but it illustrates the
fact that heavier thinning and the earlier returns obtained ténd to lengthen the”~

financial rotation. The financial yield of the heavy thinning is 5. 9% and of the
moderate thinning 5. 7%. The difference does not appear to be great, but when

it is considered that in 40 years £100 invested at 5. 9% becomes £990 while at 5. 7%
it becomes £918 it is greater than it appears at first sight. The financial yield

is thus a fairly sensitive economic indicator in that small variations can lead to
big differences in the money yield. On economic factors alone the heavy thinning
schedule is the better one to use in this case.

The Faustmann formula can of course be used for other purposes such
as testing the economics of high pruning provided the necessary information on
costs and returns is available. It will be apparent that quite erroneous answers
can be obtained if the data used is not correct. While the data on costs can

probably be obtained with reasonable accuracy the data on returns is not so
soundly based because the prices used are the weakest link in the chain. It

is unwise therefore to try to obtain answers that are absolute in accuracy.
However so long as the formula is used in a cofnparative sense it is capable of
assessing the relative merits, of different treatments, of different species, or
of different sites. :



TUMUT - BOMBALA YIELD TABLE,
MONTEREY PINE. A. HEAVY THINNING.

BASAL AREA (sq.ft)

VOLUME PER ACRE (Cu. ft.)’

" STOCKING

" MEAN DIAMETER

Age Dﬁrt‘ih~ Main o Total - Main . o Totgl L . oL Main" . o T e '!:\Iiain -
. Crop Thinnings Total p dn. Crop Thinnings Total Prodn. | CAL - MAL " Crop” -Thinnings - . Tota] - "Crob Thinn‘iqgs_ Total
10 42 90 90 90 1135 S 1135 1135 7 e :_'»5759 e #550. T a5 5.5
15 63 90 70 160 160 1915 .1105 3020~ 3020 C2er 294 25 . 5507 1.5 7.1 7.3
20 85 110 30 140 210 2935 635 3570 -4675 ,331. 1234 224 70 ':;7_94'.- 9.5 8.9 9.3
35 100 120 35 155 255 3115 < U815 4630 6390 s 66 . s . 2240 iLs 10.5 11.3
39 115 120 40 160 295 4360 1150 © 5510 gq25 34.? 2271 R ::4'5. 166 . . i3.5 12.8 - 13.3
35 125 130 .30 160 335 5060 . 940 6000 -.9765 ‘ _?2'8 279 93.2 28 i21 ©16.0 14.0 15.6
40 135 130 35 165 370 5490 _' 1180 6670 11375 - 284 50 ' ' 23 93 .13_.5 16.7 18.0
45 144 130- 35  _165 405 5860 1260 7120 33005 6 289 - 54 16 70 21,0 20.:()‘ 20.8
s 16T 130 30 60 435 6070 130 © 7200 ° 14345 268 287 3 TS 54. 23.5 22.3 23.3
55 154 125 35 160 465 6030 1350 7380 15655 262 '2'3'5 33 < 16 43 " 26.2 24,2 357
157 120 30 150 490 5880 1180 7060 16685 206 278 25 s | 33 29.5 26.2 2.8

9§




TUMUT - BOMBALLA YIELD TABLE
MONTEREY PINE. B. MODERATE THINNING.

Dom, - SAL AREA (sq ft) VOLUME PER ACRE (cu.ft.) STOCKING . MEAN DIAMETER.
Mo Main Total  Mai Total Mai i ‘
Crop Thinnings Total Prodn. ‘Cr ;S Thinnings  Total Proo dn. CAI MAI craég Thinnings  Total gl_a;; Thinnings Total.
10 42 90 90 90 1135 _ 1135 1135 - 114 550 550 5.5 5.5
15 63 90 70 160 160 1915 1105 3020 3020 201 294 256 550 7.5 7.1 7.3
20 85 110 30 140 210 2935 635 3570 4675 3 234 224 70 294 9.5 8.9 9.3
25 100 120 35 155 255 3715 875 4650 6390 3 256 166 58 224 115 10.5 1L.3
30 115 130 30 160 295 4475 862 5337 7952 2 265 131 35 166  13.5 12.5 13.3
35 125 140 30 170 335 5245 937 6182 9659 3471 276 107 24 131 155 15.1 15.4
40 135 150 25 175 370 6060 843 6903 11317 32 283 90 17 107 17.5 16.4 17.0
45 . 144 155 30 185 405 6690 1080 7770 13027 4 289 75 15 90  19.5. 19.1 19.2
50 150 155 30 185 435 6960 1125 8085 14422 2 2‘88. 61 14 75 2L.5. 19.8 21.3
55 154 155 30 185 465 7150 1155 8305 15767 2 1287 49 12 61 240 21.4 23.6
60 157 155 25 180 490 7290 980 8270 16887 224 281 41 49  26.3

LS




Yield Table for P. radiata - Lidsdale Plantation.

Volumes in cubic feet trde measure to 4" DUB.

BASAL AREA (sq ft.)

' STOCKING

VOLUME PER ACRE (cu. fL) MEAN DIAMETER.

Age D;)In:. Main ) Total Main Total Main . T Mai
Crop Thinnings Total  prodn. Crop | Thinnings Total Prodn. CAL MAIL Cr Op' . Thinnings - Tota[_» ércig . Thinnings. Total
0 34 70 0 70 715 715 s 2 s5 s ag 48
15 52 80 25 105 105 1245 390 1635 1635 - 109 394 156 550 6.1 5.4 5.9
20 70 90 25 _ 115 140 1890 440 2330 2720 178 136 286 "108- 394 7.6 6.5 7.3
25 80 95 25 120 170 2280 500 2780 3610 L6 144 210 76 286  9.1° 78 8.8
30 86 100 25 125 200 2580 B85 3115 4445 159' 148 163 47 210 10.6 9.9 10.4
35 90 100 30 130 230 2700 675 3375 5240 120 150 119 44 163 12.4 “11.2 12.1
40 91 100 25 125 2?5 2730 570 5300 ° 5840 1 146 91 28 119 14.2 12.8 13.9
45 92 100 25 125 280 2760 515 3335 6445 o @ 70 21 91 161 14.8 159
50 92 95 25 120 300 2620 575 3195 6880 138 54 16 70 18.0. 16.9 17.7

86



GREEN HILLS S.F. - MONEY YIELD TABLES.

29

30

MAIN CROP THINNINGS
No.of Av.Vol Price Tot.  Value  No. of Av. Vol. Price Tot. Value Final
Age Pence  Vol. - Pence Vol . : Yield
Stems Cu.ft. c.ft.  cu.ft. £  Stems cuft. c.ft. cu.ft. £ o
A. Heavy Thinning :
15 294 6.5 o 1915 . 256 43 22 1105 0.1
20 soa 3.1 552035 6130 70 91 a1 635 0.8 781
s 66 207 3775 58 151 5.9 e75- 215 -
11 360 10.0. 4360 182.0 45 25.6 8.1 1150 8.8 220.8
35 - 93 54.4 5060 28 336 107 940 41.9
40 70 78.5 13.3 5490 304.5 23 51.4 11.8 1180 - 58.0 .362.5
45 54 108.5 5369 16 78.8 13.2 1260 69.2
50 43 1412 151 6070 382.0 111027 143 1130 67.4 449.4
55 33 1829 6030 - 10 1350 151 1350 . 85.0
0 25 2352 15.4 5880 377.0 8 147.5 154 1180 14,2 4712
B. Moderate Thinning.
15 294 6.5 1915 256 4.3
20 224 13.1 543 12935 67.3 70 9.1
25 166 22.7 3775 58 15.1
30 131 34.2 9.7 4475 1810 35, 246
35 107 489 5243 24 391 -
40 . ‘90 67.4 12.2 6060 308.0 17 49.6
45 75 89.1 6690 15 12,0
50 61 114.2 147 6960 426.0 14 80.4
55 49 146.0 7150 12 96.2
60 a1 178.0 152 7290 461.0 8 122.4
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MONEY YIELD TABLE FOR P. RADIATA:
LIDSDALE PLANTATION

MAIN CROP | , THINNINGS

" ago No. of Av. vol./ PP;E]ZGe T\‘/’;i‘ Value. N.o. of Av, ‘vol. l13rice . -th.é‘lt' ;Va;ﬁé s 12?21

Troes cu ft. ot oot - £ Trees. cu.ft. cxelflfi.e cu.ft.) (Ta) “E(Yr)
15 ' . o 15 25 3.0 390. 4.9
20 26  s9 . 7.9 1890 622 108 47 - 60 440 1L0 73.2
25 | IR 76 66 87 0 500 18.2
30, 163 148 . 16.5 2580 ‘.1'77.5 47 114 13.9 535 31,0 - 208.5:
35 ‘ | ‘ : 44 ° 153 170 675 478
40 91 = 27.7 217 2730 . 247.0 28 20.4 19.7 570 46.8 293.8
45 ‘ - 21 27.4 216 575 5L7

50 54 48.5 25.0 2620 273.0 16 36.0 23.4 575 56.0 329.0
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GREEN HILLS S.F. - TEST VALUES OF 8.

A, Heavy Thinning.

Rotation 2% 3%. 4% 5% 6% % 8%
2 C729 0 326 128 -4 -6.0 114 -14.9

30 . 2443 130. 1 7.9 40.2 2000 . 67 2.4
40 347.8 178.4 . 98.6 54.0 27.3 10.2 -15

50 390.2 _1_9_3_8 T 103.5 54.1 25.2 8.2 35
391.5 190.7 94.1 48.8 21.5 5.1 -5.4

60

B. Moderate Thinning.

Rotation % - 3% 4% 5% - 6% % 8%
20 729 32.6 12.8 1.4 -6.0 114 -14.9
30 230.3 121.8 66.9 36.8 17.7 5.0 -3.6
40- 325.1 165.5 90.6 48.8 23.6 7.1 33 |
50 382.8 188.3 9.3 50.8 22.8 6.1 -5.0
60 375.3 179.6 86.5 43.3 16.9 2.0 -1.6 |
A
When S = 30
Finanaial Rotation 43 years 42 years
5.9% 5.7%

Financial Yield
In 40 years £300 invested at 5.9% C.L beqomes £990
5.7% £918
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