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OPENING SUMMARY

This study investigates the problem of finding financial maturity for any appreciating asset,
with especial but not exclusive attention to timber.

The problem may be likened to one of when to adjourn a convention. There are two elements
of urgency prompting us to close the meetings: to release the men; and to release the convention
hotel space they preempt, The problem is to balance these costs, at the margin of decision,
against the benefits of prolonging the meetings, and to arrive at an optimal hour of adjournment,

The solution is elusive because in practice the “hotel space”—the site—often has no
predetermined cost, but must be imputed one in the course of solving the problem. This calls for
a simultaneous solution, jointly determining site rent and financial maturity. This study works
out the simultaneous solution using marginalist techniques and shows it to be identical with the
classic Faustmann formula of forest economics.

The study then criticizes other concepts of financial maturity advanced by economists and
foresters. Their fault is in failing to allow for both elements of urgency. The Chart on page vii,
lays out the various solutions considered, in their relationship to the two elements of urgency,
site rent and interest rate. Only Faustmann’s solution and the variant, in the box just below it
incorporate both elements of urgency in the solution.

Allen’s and Fisher’s “maximum discounted yield” allows nothing for the second element,
value of release of the site, and drags the convention on too long. The foresters Duerr,
Guttenberg, and Fedkiw raise the question of whether this omission makes enough difference in
practice to warrant incorporating site rent into the solution. The study undertakes to demonstrate
from analysis of standard forest yield data that it does.

The study develops and demonstrates an easily operable technique for incorporating site rent
into the determination of financial maturity. Using this technique to analyze standard forest yield
data, it concedes to Duerr, Guttenberg, and Fedkiw that the influence of site rent is sometimes
negligible, but finds that it is also sometimes considerable. It specifies and discusses the
conditions under which site rent does affect financial maturity appreciably, concluding that these
conditions obtain in many areas, and are likely to extend their sway in the future. It notes that site
rent is much more important in nonforest determinations of financial maturity.



vii

Boulding’s maximum “internal rate of return” also fails to deal with the second element of
urgency, but in the process imputes its value to the first, overstates the sum, and adjourns the
meetings prematurely.

The paper discusses the choice among Faustmann’s, Allen’s and Fisher’s, and Boulding’s
solutions. It finds the advantage of Faustmann’s in its dealing adequately with both elements of
urgency and discusses how the rejected solutions, especially Boulding’s, may be partially
salvaged within the framework of Faustmann’s formulation. This produces a new concept of
financial maturity, joint maximization of site rent and internal rate of return that is recommended
for limited circumstances.

Next the study criticizes zero-interest doctrines, which dismiss the first element of urgency,
internal rate of return, and looks for reasons why such obviously indefensible doctrines are
tolerated by many foresters.

The study then elaborates Faustmann’s formula to deal with intermediate costs and revenues,
and suggests how to generalize the formula beyond the confines of forestry, beyond the
limitation of appreciating assets in general, to find financial maturity of depreciating assets and
contribute to the accurate solution of all economic problems of replacement and turnover.

Finally, the study applies its analysis to a number of practical questions of private and public
policy. It concludes that forest rotations in the United States are on the whole uneconomically
long, through inadequate recognition of one or the other element of urgency. It implicitly
suggests improvement through wider adoption of Faustmann’s formula and removal of
institutional obstacles to its application. It notes that wide adoption of the formula, outside
forestry as well as in, would probably tend to accelerate the turnover of the economy’s capital
stock, with significant macro-economic effects.
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CHART: SOME CONCEPTS OF FINANCIAL MATURITY

AND THEIR ADVOCATES IN RELATION TO TWO ELEMENTS
OF URGENCY

Financial Maturity Is When

If the Site Rent Is

If the Interest
Rate Is

Zero

Total Growth is
Maximum

(No Avowed Advocates)

Mean Annual Net Growth
(Waldrente) is Maximum
(Borggreve)

Zero
Annual Equivalent of
Periodic Net Revenue

Market Rate

Maximum Internal
Rate

Discounted Net Revenue is
Maximum

(Allen and Fisher)

Annualized Net Revenue
(Bodenrente)
Is Maximum

“Internal Rate of Return” is
Maximum

(Boulding)

Site Rent and Internal Rate
of Return Are Jointly
Maximized

(Present Study)
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Its fault, however, is in omitting part of the incremental cost of time, of which gi, interest on
the realized value of timber, is not the whole. Again, one may ask, is it so difficult simply to add
these other incremental time-costs to gi? Basically that is indeed what one must do. But the
operation is not so simple.

That is because one cost—the annual value of the site the timber occupies—is not as a rule an
externally “given” datum, but is to be found in the very process of finding financial maturity.
The best alternative use of timberland is not, unless it is submarginal for timber, some nonsylvan
use. Rather the best alternative is to harvest the present stand and start the next. One cannot
specify the value of this alternative without knowing the age of harvest, which affects it. So
financial maturity depends on the annual value of the site, which in turn depends on financial
maturity.

This sort of problem, of course, calls for a simultaneous solution. While this cannot be
considered higher mathematics, still the process of formulating the simultaneous equations
causes perplexities—perplexities that have never been resolved, so far as the writer knows, in the
literature of economics.

When one surveys the relevant literature of economics and forestry, one finds divided counsel
indeed. Advocates there are for a number of solutions, many of them plausible enough until one
tries to reconcile them. R. G. D. Allen, Irving Fisher, at times Friedrich and Vera Smith Lutz,
and others would maximize the “discounted net revenue”; Kenneth Boulding, and at times
Clifford Hildreth and Tibor Scitovsky, the “internal rate of return.” Many foresters—Borggreve,
Micklitz, Ostwald, Dieterich, et al.—would maximize the Waldrente (forest rent), or annual net
growth, undiscounted; the U.S. Forest service prefers the simple annual growth, undiscounted;
many others—Faustmann, Pressler, Judeich, Hiley, Thomson, et al.—the Bodenerwartungswerte
(called “soil expectation value” in English-language forestry literature), the infinite series of
discounted future net revenues. Some forest administrators appear simply to maximize tree
growth, and even to hold deteriorating stands uncut.

These various concepts of financial maturity produce a wide range of “optimum” ages of
financial maturity, or, in the foresters’ terminology, length of “rotations.” The writer applied the
different principles to standard growth data for European Larch and found rotations ranging from
33 years to well over 100 (Table 1).

Such irresolution would be challenging enough were this only an obscure curio of economic
theory, but it is a good deal more basic than that. The timing of turnover and replacement of
capital is a problem for private management and public policy in every industry. Viewed in the
aggregate, the time-rate of turnover of the economy’s capital stock is one of the important
variables influencing income and employment. Of this problem
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TABLE 1. Optimum Rotations for European Larch on Site II
Indicated by Various Criteriaa

Criterion Maximized Rotation
(years)

Boulding’s internal rate of return 33
Faustmann’s soil expectation value 48
Allen’s discounted net yield 66
Borggreve’s forest rent 80
Tree growth Over 100

a. Thinnings and intermediate costs disregarded. Interest figured at 2 per cent and regeneration
costs at £10 per acre.

Source of Yield Data: W. E. Hiley, Economics of Forestry (Oxford: The Clarendon. Press,
1930), 127.

Knut Wicksell wrote:

If, in such a simple case, we are able to deduce the general laws of capital and interest,
this deduction may be regarded as an essential ingredient in the explanation of all the
more complex phenomena of actual employment of capital.2

On the other hand, so long as economic analysis fails to master this problem, it constitutes not
only a failure, but—as no problem is an island unto itself—a nuisance and perhaps menace to the
whole of economic theory. For most of the rival solutions mentioned above clash, not only with
each other, but with general principles basic to much of economics: Boulding explicitly disavows
the marginalist approach; Allen and others implicitly dismiss from their reckoning the annual
value of land; some forest economists disavow the use of compound interest, or of any interest at
all.

Such division is a challenge, too, to the practicing economist. On a valid concept of financial
maturity rest key decisions in many important industries. This study emphasizes forestry. As
some 600-700 million acres3 of the land area of the United States are in timber, about one-third
of its total, this constitutes a practical problem of some dimensions.

2 Knut Wicksell, Lectures on Political Economy, Vol. I, General Theory, trans, E. Classen
(New York; The Macmillan Company, 1934), 127.

3 P. L. Buttrick, Forest Economics and Finance (New York: John Wiley and Sons, Inc., 1943),
147.
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But the analytical problem is quite general. There comes a time to replace machinery, market
livestock, demolish buildings, clear out inventories, or what you will, in almost every
conceivable industry. Timber and many other biological assets differ from most others in that
they appreciate. But we will see that a valid concept of financial maturity may easily be adapted
to deal with depreciating assets as well.

We proceed as follows. In chapter II we submit the elements of what the writer considers a
correct solution, long known to foresters as the Faustmann formula, and put it in its most
operable form. In Chapter III we criticize some incompatible concepts of financial maturity. In
Chapter IV we draw from the Faustmann solution some of its more important practical
implications. In Chapter VII some suggestion for future research, in forestry and in general.
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FIGURE 1. Growth Function (g) of stumpage Value of European Larch on Site II, with
Several Derived Functions Used in Finding Different “Optimum” Rotations. For a
complete explanation of the relations and operations shown here, see the
Appendix to Chapter II, p. 12. The original data are from the Hiley, W.E., The
Economics of Forestry (Oxford: The Clarendon Press, 1930), p. 127.
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compound interest, and simply maximizes the residual return to land. But Allen and Fisher allow
for no return to land whatsoever.

It is true that if one were to take a as externally fixed, he could then maximize the T0 of
equation (7a) and reach a defensible solution, which would differ slightly from Faustmann’s
solution if the external a differed from the maximum residual a. One might also fix both C0, and
a and maximize i. The choice among these would depend on individual circumstances, a being
the most likely choice because the site is generally more narrowly specialized for forestry,
especially in the long run, than the capital input, which is converted into money with each
harvest. But none of these is Allen’s and Fisher’s solution.19

An externally fixed a would be appropriate on wooded land whose best use was non-sylvan.
Here the external a would exceed the maximum residual a and lead to a harvest even earlier, and
hence farther from Allen’s and Fisher’s, than Faustmann’s formula would prescribe. The same
reasoning applies to under-stocked stands.20

Allen’s solution, then, is valid only on land of no value where stumpage yields are only
enough to return planting costs with interest. Elsewhere it prescribes too long a rotation. For
there is an urgency to release the site for future uses, of which Allen’s analysis takes no account.

b. Friedrich and Vera Smith Lutz

Friedrich and Vera Lutz, in Chapter II of their Theory of Investment of the Firm, discuss
several possible criteria of financial maturity under various assumptions. Two sets of
assumptions eventuate in Fisher’s and Allen’s solution—they identify it by Jevons’ name. They
also arrive at Faustmann’s solution, but only as one of many possibilities. They leave the
impression that “Jevons’” solution is perfectly valid under usual conditions, which they specify.
Their coming to such a conclusion, despite their cognizance of Faustmann’s solution, makes it
important to consider their reasoning.

i. The Limited Planning Horizon (p. 27)

Here they assume the forester’s planning horizon is only as

19 See Chapter III, Section 3, for a fuller treatment of this point.
20 See Chapter III, Section 1, d, ii and Chapter IV, Section 3.
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long as the rotation period. They assert that this assumption lets one dismiss future plans and
thus reach “Jevons’“ solution by maximizing the present value of harvest revenue. That is, since
the forester is interested in nothing beyond the first harvest, he selects a growth period such as to
maximize the present value of that single harvest. This discounted harvest value is what Fisher
and Allen also maximized, and of course yields the same solution.

If at harvest time we are not concerned about future plans, why do we charge any interest? It
is vain to say we are maximizing the “present” value of the timber as of, say, 40 years ago—at
harvest time, who cares about that? The only reason for charging interest is that there are
anticipated future uses for the money tied up in trees.

If we charge interest, we reveal that we are, after all, interested in future plans for our assets.
And then we would also have to charge soil rent, or, if you prefer, interest on the capital value of
the site, or again, as the Lutzes phrase it, “interest on the present value of future profits” (p. 33).

Furthermore, if our horizon equals one rotation, then by harvest time the horizon extends all
the way forward to the next harvest. And one rotation is all that we need to compute soil rent and
thus know the alternative value of land for the next rotation.

ii. The Overlapping Infinite Chains—i.e., Uneven Aged Stands (pp. 32-35)

After exploring the implications of several limiting assumptions, the Lutzes finally suppose
that the forester’s horizon is not arbitrarily limited. They then come to Faustmann’s solution,
using in fact one of the same derivations as Faustmann. They present an “infinite chain” of future
rotations and maximize the present value of the infinite series of future harvests, net of
compounded regeneration costs.

But they regard this as a special case, applying only to even-aged stands. They immediately
revert to Jevons’ solution by supposing the forester to prefer an uneven-aged stand, with many
overlapping rotations growing together. They regard this assumption as “more appropriate” for
the unlimited horizon assumption and conclude that “The interest on the present value of future
profits 21 drops out of the solution entirely” (p. 33).

21That is, on land value, although they never use that term.
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rotation. The land input is in fact distinctive in that it need be applied only once.22

But suppose, even so, they intend to subsume the site with C0. Then their “Jevons’” solution
is much the same as Faustmann’s since the base on which they are just earning a market return at
harvest time includes the site value. Their method of reaching Faustmann’s solution in this case
is open to serious question, but there is little point in conjecturing at length on what they may not
have meant by “profit” and other equivocal terms. It is clear that they have failed to establish
Allen’s and Fisher’s solution.23

c. Nominal Opportunity Costs for the Site

Another approach to Allen’s solution, found frequently in practice, is achieved by dismissing
the annual cost of land with a nominal figure. The writer has heard a forest management
consultant for the Weyerhaeuser Timber Company and spokesman for the National Association
of Manufacturers estimate the annual value of the company’s timberlands at their alleged rental
for sheep-grazing, a negligible figure. The Faustmann solution by contrast rests on the postulate
that the best alternative use of timber land is growing the next crop of timber. As long as this
opportunity cost is greater than any non-forest alternative, the use of the latter constitutes an
understatement. Non-forest alternatives are in point only when more remunerative than forestry,
in which case they would always lead to rotations shorter than the Faustmann, i.e., rapid clearing
to release land for non-forest uses.

22See pp. 52-54 for further discussion of how land can be treated as an input.
23 Hildreth, as long ago as 1946, in criticizing a previous paper in which Friedrich Lutz advanced this same

proposition, seem to have had in mind the same shortcoming we have emphasized:

“… the longer the period of production chosen, the larger will be the grove of trees in existence after full
production is reached.” (Hildreth, 1946, p. 161)” …at no point does he (Lutz) take into account of the fact that the
rent charge would be higher for a long production period than for a short one.” (Op. cit., p. 156, n. 7). The Lutzes, in
introducing their 1951 chapter, remark that they are expanding the earlier treatment in response to Hildreth’s
comments (p. 17). It is curious that they did not take cognizance of this most decisive criticism by Hildreth.
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TABLE 2C. Rotation Ages, Corrected and Uncorrected, at 2 Per Cent and 5 Per Cent, Showing
Increase of Rotations Due to Lower Interest Rates.

Species At 5% At 2%
Increase from

5% to 2% Per Cent Increase

(years) (years) (years)

Upland Oak b

Uncorrected 18 47 29 161

Corrected 10 10 - -

Mass. Red Hook c

Uncorrected 29 55 26 90

Corrected 24 46 22 92

Vt. Hardwoods d

Uncorrected 20 45 25 125

Corrected 20 20 - -

Yellow Poplar e

Uncorrected 35 55 20 57

Corrected 31 44 13 42

Slash Pine f

Uncorrected 18 35 17 94

Corrected 14 15 1 7

Ponderosa Pine g

Uncorrected 23 48 25 109

Corrected 20 20 - -

Jack Pine i

Uncorrected 29 44 15 52

Corrected 25 32 7 20

Loblolly Pine S. 110’ j

Uncorrected 25 40 15 60

Corrected 20 25 5 25

Redwood S. II U.S. m

Uncorrected 27 45 18 67

Corrected 20 29 9 45

Eur. Larch II, cu.ft. o

Uncorrected 31 44 13 42

Corrected 27 33 6 22

Douglas Fir, S. 140’ q

Uncorrected 34 51 17 50

Corrected 31 38 7 23
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TABLE 4. Optimal Rotation Ages. Uncorrected and Corrected, with Yields Measured in Volume, Board Feet, and Money,
at 2 Per Cent and 5 Per Cent.

Optimal Rotation Ages
At 2 Per Cent At 5 Per Cent

Species and Measurement Uncorrected Corrected Difference % Increase Uncorrected Corrected Difference % Increase

(years) (years)

Loblolly Pine, III a

Cu. Ft. 44 38 6 16 35 32 3 9
Dollars 52 45 7 16 43 42 1 3

European Larch, II b

Cu. Ft. 44 33 11 33 31 27 4 15
Pounds, Sterling 65 45 20 44 38 35 3 9

Yellow Poplar, Site 120 c

Cu. Ft. 50 30 20 67 28 22 6 27
Bd. Ft. 55 44 11 35 35 31 4 13

Douglas-fir
Cu. Ft. (Eng.)d(thinned)(US Site III) 35 30 5 17
Cu. Ft. (Denmark)e(thinned) 45 39 6 15
Bd. Ft. (US) f Site I 64 54 10 19 44 42 2 5

Redwood II g

Cu. Ft. 45 29 16 55 27 20 7 35
Bd. Ft. 54 45 9 20 38 34 4 12

Ponderosa Pine h

Cu. Ft. 48 20 28 140 23 20 3 15
Cu. Ft. (trees 11.6” d.b.h. and larger) 55 41 14 34 34 30 4 13
Bd. Ft. 62 45 17 38 26 31 5 16
Norwegian Spruce i

Volume 61 50 11 22 42 38 4 10
Crowns 80 67 13 19 49 47 2 4

Douglas-fir Site 140’ (III)
Bd. Ft., Comprehensive j 51 38 13 34 34 31 3 10
Bd. Ft., choice saw logs only k 102 95 7 7 73 73 0 0
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TABLE 5. Effects of Understocking on Growth Paths and Rotation Ages.

Douglas-fir a S.200’ Loblolly Pine b Site 30’
Stumpage ($) Cubic feet

Heavy
Stocking Low Stocking

100%
Stocked 20% Stocked

(per cent) (per cent)

20
25 10.0 10.7
30 11.6 5.19 6.7
35 13.7 8.26 3.03 4.53
40 8.0 5.55 1.62 3.31
45 5.65 4.16 2.67
50 4.78 3.48 2.07
55 4.11 2.99
60 3.11 2.44
65 2.46 2.06
70 1.76 1.73

Solutions:

At 2 Per Cent
Uncorrected 68 65 39 51
Corrected 62 55 32 38
Difference 6 10 7 13
% Increase 10 18 22 34

At 5 Per Cent
Uncorrected 49 42 30 34
Corrected 46 40 29 31
Difference 3 2 1 3
% Increase 7 5 3 10

a. Grah, 1957, Table 49.
b. MacKinney and Chaiken, 1939, Table 12 and p. 28.
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of the solutions.42

Boulding’s proposition is of interest not only as a concept of financial maturity, but for two
startling by-products. Boulding alleges that marginalist reasoning, applied to time economics,
leads to error; and that changes of market interest rates, however great, should not affect rotation
ages one iota.

Before systematically refuting Boulding’s demonstration, it is instructive to note how this
solution breaks down at one extreme. Suppose regeneration cost, C0, approaches zero, as in fact
it does on sites where natural regeneration occurs. Boulding’s “internal rate of return”
approaches infinity—a pleasant but not plausible outcome.

A timber management consultant using Boulding’s solution would advise his clients to limit
their planting to self-stocking sites, on which sites minute investments would yield nearly infinite
percentage returns. But he would not let them pay a cent for the sites themselves, since
Boulding’s method allows no return to the site whatsoever. He would have to insist, in fact, that
they sell whatever land commanded any market price. As they converted to this system, they
would make higher and higher percentage gains on less and less land until reduced to an extra
terrestrial figment in an economic Nirvana of infinite internal rates of return. This outcome
would spare them many more headaches implicit in a system of dual interest rates: nothing on
the site value, and everything on the regeneration cost.

What Boulding has done is to impute all returns above C0 to one input, leaving nothing for the
others. Therefore instead of “optimizing,” finding the best combination of all inputs, he
maximizes the return to one alone. Allen’s and Fisher’s error was similar, but where Allen
simply left the soil rent unimputed, Boulding imputes it, and all the accumulated compound
interest on it over the years, to interest on the planting costs, C0.

42 Boulding actually takes wine, not timber, as his example, but his treatment is quite general in respect to
technology. He advances his conclusion as a general one, and some foresters have cited it as bearing on timber
rotations. “Site rent” in this case would be the return on storage space in the wine vats. In practice this would differ
from forestry in that wine vats depreciate, but Boulding does not introduce this factor at all.
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included site rent, a, as part of the marginal cost of time, he would have arrived at the Faustmann
solution and marginalism would have been vindicated.

3. The Choice of What to Maximize

We now have before us three distinct concepts of financial maturity. While we are to consider
still others, these three have the most general interest for and support of economists. So this is a
good time to pause in our catalogue of concepts to discuss the choice among these basic ones.
We will see that it is sometimes valid to maximize the internal rate of return or the discounted
net yield, provided one first carefully defines these as residuals net of site rent.

a. Maximizing C0 or i within the framework of Faustmann’s formula.

A few readers of this manuscript have remarked that Faustmann’s solution, maximizing site
rent, seems appropriate to some circumstances, Boulding’s to others, Allen’s and Fisher’s to still
others. Tibor Scitovsky probably finds the nub of this thought when he states that one should
maximize the return to whichever input is limited to the firm.51 This contains an important
element of truth, but it is a half-truth and thereby doubly mischievous. For as a rule several
inputs are limited in the sense that they command a price. Economic problems would not be very
interesting if only one input were scarce. The hard problems arise in striking an optimum balance
among several scarce inputs.

The clear and unexceptionable superiority of Faustmann’s concept of financial maturity is not
his choosing the return of land instead of another input, to maximize. Rather it is his
acknowledging the joint contribution of other inputs, and allotting them their market rates of
return before maximizing the residual return imputed to the site. Faustmann is simply more
comprehensive than Boulding, Fisher et al. These err in that they fail to deal with one input
whose presence is implicit in the problem.

Fisher’s and Allen’s error is not in failing to choose site rent as their residual imputee. They
simply overlook it altogether. Had they allowed an adequate return to the site and then
maximized net yields, defined net of site rent as well as regeneration cost, our quarrel would be
reduced to minor matters of practical judgment. Likewise Boulding’s error is not to maximize i,
but to do it by arrogating the joint product of two inputs to the account of one alone.

Other readers have protested “Need we bother with Faustmann’s troublesome expression for
accumulating and compounding soil rent? Instead of expressing the site’s claim on the product
separately as an annual charge, why not threat the site entirely parallel to regeneration cost, as an
input at time t0? Measure it by its capitalized value, V, and compute an interest return

51 Scitovsky op. cit., p. 373. Cf. Hildreth, op. cit., p. 163
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Now it is true that markets for loanable funds sometimes also fail to establish an unequivocal
external market price. Small firms especially feel the bite of credit rationing. While often this
takes the form of a stepladder of definite interest rates, rather than an unknown rate, there are
firms that simply cannot borrow more. If a credit-starved firm can buy and sell land at a known
price, then by all means let it take the market V as fixed and maximize its internal net rate of
return, as defined in sub section (a) just above.

Larger firms usually have good access to credit markets at known rates of interest. They also
have internal funds from profits, depreciation, and turnover, often from diversified holdings,
which alternative internal investments give them a basis for pricing the money. And the largest
timber holder of them all, the United States, has an exceptionally well defined borrowing rate.
These large holders should almost always compute the maximum site rent.

This is on the assumption these large holders are keeping their land to produce lumber. That is
not always true. Timberlands are held for the mineral rights; to maintain local prices or depress
wages; to establish legal claims to water, or protect watersheds; to gain anticipated price
increments; to keep unwelcome voters out of controlled counties; and many other motives
ulterior to timber culture. These are of great interest, but beyond the scope of this study.

As to the third alternative, it is rare that one would want to maximize C0, inasmuch as markets
for regeneration inputs-labor, materials, equipment—are ordinarily more closely linked with
external alternatives than are land and credit markets.

Now consider a situation where two or more inputs have no externally fixed market values.
Here is a line beyond which many theories of imputation do not venture. Must we now throw up
our hands in despair of ever finding a rational decision?

The economy of Robinson Crusoe has long made a favorite copybook example to illustrate
elementary textbook principles in simplest form. It would be ironic indeed if applied economic
theory should break down in actual Robinson Crusoe economies.

An individual partly isolated from markets has himself, his preferences, his assets, and on
these bases can build a perfectly rational internal economy. If he cannot adjust amounts of
resources by buying and selling in the open market, he can adjust their marginal productivities to
correspond to their relative scarcity to himself. If, for example, he is long on land and short on
capital he would want to set a low site rent and a high interest rate such as to clear the market of
his little economy. Using these values he could then work out an optimal rotation period.
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Since a Robinson Crusoe can create capital in the long run, and consume it more quickly that
that, his own time preference if nothing else would give him an interest rate. He would probably
want to treat his land therefore as the fixed factor, and maximize site rent.

To summarize: if one wishes to maximize i, or C0 or g, he may do so without reproach
provided he first allots market returns to the other inputs. This he may do within the framework
of Faustmann’s formula simply by singling out different elements to maximize.

The choice of what to maximize is a matter of judgment. In general, one should maximize the
return to the input that is hardest to evaluate in existing markets or other alternative uses. As a
rule that is the site. But small firms, constricted by stringent credit rationing, may want to
maximize i. In so doing they should beware taking a as fixed; but take V instead. This gives a
new concept of financial maturity that is shorter than Faustmann’s, and superior to it for firms
whose capital funds are strictly limited.

4. The Alleged Convergence of Solutions in “Competitive Equilibrium”

A recurrent notion is that all concepts of financial maturity are basically the same. We have
considered Boulding’s effort to establish one identity, and Guttenberg’s and noted Kearns’. Now
let us consider the Lutzes’ and Scitovsky’s.

The Lutzes open their discussion of our subject by listing four possible criteria, which
ultimately are shown to include the three we have considered, and remark “…in competitive
general equilibrium, when an entrepreneur just earns the going interest rate on his investment, all
four criteria amount to the same thing.” (p.17) Tibor Scitovsky renders the same general opinion
(pp. 39- 70), as does Clifford Hildreth (p. 164).

In each case the reasoning is that any excess of yield, g, over regeneration cost compounded
at the market interest rate, must be a “profit” due to some market barrier or the inertia of
competitors. Allow free competition and ample time and this “profit” disappears, making all
solutions one.

But this is to assume that regeneration cost, C0, is the only input. The inescapable fact is that
trees require Lebensraum on the surface of our shrinking planet, a scarce resource covered with
price tags. The Lutzes and Scitovsky’s evanescent “profit” is in general site rent, the result
neither of market barriers nor passing imbalances but of the relative scarcity of good land.
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Now in defense of the Lutzes and Scitovsky one might say that they intended to subsume site
value with C0 as an input at t0. They were reasoning on a highly abstract level and mentioned no
specific inputs of any kind.

But if that was their intention, it was lost in the execution. Even at the highest level of
abstraction it is still necessary to account for the unexhausted value of the site at harvest.
Scitovsky specifically posits the absence of any “salvage value” (p. 372). The Lutzes deal with
“infinite chains” of future rotations, in which their C0 is wholly reinvested at the start of each
new link, which indicates they, too, had no “salvage value” in mind. And they shortly afterward
fall into error by a route that suggests they have in mind a costless, indefinitely expansible land
base.55

It is not perfect competition, but perfect imputation that makes the solutions converge. Perfect
competition is not even necessary. As we have seen, when the enterpriser can buy and sell all
inputs at externally determined prices, competitive or not, it makes no difference which return he
maximizes, provided only he first allows the market return to the others.56

It might be added parenthetically that, in the long run, the general equilibrium solution with
perfect imputation would leave only the foresters using the Faustmann method operating
successfully. Only they would be able to pay all factors the returns imputable to them.

We have previously noted, too, that the solutions converge on marginal land where soil rent, a,
equals zero.

5. A Solution Suggested by Clifford Hildreth: Maximum Discounted Mean Annual Growth

Clifford Hildreth has advanced an interesting variant concept of financial maturity (Hildreth,
1946, p.162). His general thesis is that the concept of maturity should vary with the technique of
production, so the present concept by no means represents the full scope of his analysis. He is, if
anything, probably more favorable to maximizing the internal rate of return. But the present
concept is, so far as I know, unique with him.

55 See Lutz and Lutz, pp. 34-34, discussed above in Chapter III Section 1, b, ii.
56 See Chapter IV, Section 3, b.
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6. Zero-Interest Solutions

The nonforester probably expects a discussion of zero-interest doctrines to call up a collection
of amiable eccentrics misquoting Marx, Gesell, or St. Thomas Aquinas. But not at all: the United
States Forest Service itself adheres to a zero-interest doctrine, maximization of mean annual
yield; and many forestry texts and schools treat zero-interest doctrines with great respect. We
will survey three variants: maximum total growth; maximum mean annual growth; and
maximum mean annual net growth, or Waldrente.

a. Maximum Total Growth (Z on Figure 1)

Maximum total growth arrives when the incremental product of time, g’, falls to zero. This
solution implies that the incremental cost of time must therefore be zero—that is, it dismisses
both interest and site rent.

No professional forester or economist to my knowledge openly advocates this solution. Yet it
would require no very unlikely combination of existing doctrines to arrive at it. Allen’s and
Fisher’s solution already dismisses site rent. And not so long ago some economists were
confidently anticipating the “euthanasia of the rentier.”

Furthermore, one finds strong undercurrents of support in popular literature, based on what it
is probably fair to characterize as sheer mysticism, yet which still carry weight in determining
public policy.

b. Maximum Mean Annual Growth (W’ on Figure 1)

This represents a fundamental conceptual advance over Z. It achieves economy of the time-
dimension of land by specifying maximum yields per year (g/t), rather than per rotation. This
time-averaging step, implicit in Faustmann’s formula, is the essential lack of Allen’s and
Fisher’s.57

The faults of W’ are to dismiss interest and also regeneration cost, C0. True, these omissions
are compensating. Dropping C0 tends to shorten rotations; dropping i to lengthen them. But
reliance on compensating errors is a treacherous practice. In general W’ gives too long a rotation.

57 See the opening and the chart entitled “Some Concepts of Financial Maturity in Relation to Time Elements of
Urgency.”
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d. Critical Appraisal of Arguments for Zero-Interest

The above three zero-interest doctrines are worth noting for two reasons. First, as limiting
cases of Allen’s and Fisher’s and Faustmann’s formulas, with interest at zero, they abstract from
interest and thus lay bare the contrast in how the two formulas handle the other variable cost of
time, site rent. At zero-interest Allen’s and Fisher’s formula devolves into maximum tree growth,
with the marginal cost of time figured at zero. Faustmann’s devolves into maximum mean annual
net growth, with the marginal cost of time figured at (g-C0)/t, the site rent at zero-interest.

Second, these doctrines warrant note because many foresters, or others in charge of managing
timberlands, take them much more seriously than one would suspect from their merits.

As to Z, maximum tree growth, there are vast stands of virgin timber still held in some of our
national forests, and on some private lands as well, that are not only stagnant but deteriorating.
There are several reasons for this, some of which we discuss presently. But one cannot spend
much time on this subject without encountering the inchoate sentiment that there is something
shameful about man’s cutting a tree before it has lived out its allotted span of years. The cry of
“Woodman, spare that tree!” touches a sympathetic chord in us all. The feeling is bound to find
an expression, however it may be rationalized. Closely related, perhaps is the austere doctrine
that man’s material demands are largely vanities that should not be suffered to defile the
grandeur of Nature, however eager most men may be that they should.

As to W’, maximum mean annual growth, our own Forest Service endorses it as a good
standard of financial maturity. The Forest Service uses this criterion in its current evaluation of
forestry practices in the United States and judges on this basis the relative merits of various
categories of timberland holders.59

Timber holders who fell their trees before age W’ receive demerits for “premature” cutting. If
the Forest Service shows any doubt about the standard, it is that it is too short. Those who

59 Timber Resource Review, Chapter IV, Part B, September, 1955, pp. 16-19, 63-73. Timber Resources for
America’s Future, 1958, pp. 72, 671. “Effect of felling age” is one-quarter of the Forest Service “Productivity
Index—a new concept in appraising forest conditions.” The Forest Service Index is also open to criticism on the
ground that the age at which the last stand was felled is irrelevant to the present condition of the land. For a more
comprehensive critique of the Timber Resource Review, see Zivnuska, 1956.
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harvest after W’ receive no demerits for postmature felling. So the result is as though the Forest
Service were applying a still lengthier standard. And even this is only a compromise with evil:
the Forest Service looks forward to a time when it can “raise standards” by positing even longer
rotations.60

The ineptitude of the Forest Service’s standards may be exemplified by its judgment of
Southern Yellow Pine—Longleaf, Slash, Loblolly, Shortleaf. These pines account for 30 per cent
of the growth of sawtimber in the United States, but only 8 per cent of the sawtimber inventory
volume.61 That is to say their growth is very high relative to the capital tied up in growing stock,
in comparison with other species. Now to some degree this reflects characteristics of the species,
but the mere fact that a species grows fast would not produce this result if management policies
were to hold the trees until growth had become slow. So to a greater degree this would seem to
reflect management policies. And there is no group of species whose management rates quite so
low on the Forest Service scale as Southern Yellow Pine.62

As to W, Waldrente, the forestry literature treats it with much respect and serious
consideration. As Thomson tells us, few writers have subjected it to critical analysis, and most
are noncommittal as between it and site rent, Bodenrente (Thomson, 1942, p. 31).

Just why foresters should be so tolerant of doctrines that to the outsider seem so patently
indefensible receives little explicit discussion in forestry literature. Hiley sets forth some
interesting suggestions (Hiley, 1930, pp. 218-222), to which I would add a few sadly cynical
observations which I hope will be vigorously and successfully refuted.

The forestry profession in the United States seems to have inherited from Germany an
inflexible and largely biological concept of “good forestry” that transcends mere local economic
conditions. Above all, interest cost is unworthy to be weighed against anything as splendid as a
tree. When interest cost thwarts otherwise feasible forestry projects, it is not “good forestry” that
must yield. Sven Petrini writes:

60 Timber Resources for America’s Future, 1958, p. 73. There are two compensating errors in the Forest
Service’s criterion: first, it omits harvest and regeneration cost; second, it uses volumetric yield data, which lead to
shorter rotations than monetary data as a rule. It is doubtful, though, that these two make up for the omission of
interest and the tolerance of postmature felling.

61 Timber Resources for America’s Future, 1958, p. 55.
62 Ibid, p. 77.
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In point of fact it is by no means unusual for negative soil-values to arise when applying
Faustmann’s formula. This circumstance is one of the main reasons for the disrepute of
the soil-rental theory.63

Roth puts it this way:

…if the forest cannot make more than 3%… there is little use of introducing 5% into the
formulae.64

And Hiley, who does not hold with this idea, writes:

The enormously high cost of production of large timber is due to the incidence of
compound interest, and in order to get over this difficulty many foresters have questioned
the reality of compound interest.65.

Interest also comes under suspicion by neo-Malthusians, with their distrust of the free market
as an agent for rational conservation policy. But whatever validity such thinking may have, it
hardly applies to a renewable resource like timber.

Price maintenance is also sometimes a great motive. It is well known that private timber
holders brought great pressure to bear on the Forest Service in the 1930’s to withhold its timber
to avoid “disorganizing” the market. Many foresters have expressed anxiety that Faustmann
rotations might make the market “collapse under a flood of small-sized products.66 The benefit to
consumers of market “collapse” and “disorganization” is given little weight.

63 Sven Petrini, Elements of Forest Economics, trans. Mark L. Anderson (Edinburgh: Oliver and Boyd, 1953
(Swedish publication, 1946,) 68. Cf. W. E. Hiley, Woodland Management, p. 271, for parallel observations.

64 Filibert Roth, Forest Valuation, Vol. 2, Michigan Manual of Forestry. 2d ed. Revised. George Wahr, publisher.
Ann Arbor, Michigan.

65Hiley, Economics of Forestry, pp. 218-220.
66 Davis, 1954, p. 242. Davis’ concern is nominally with the price structure, not the over-all price level, but his

statement has overtones of over-all monopolistic pricing policy without which it makes no sense and Davis’
rationality makes it fair to conclude he had over-all price maintenance in mind. See also Hiley, 1930, p. 212; Schlich,
1905, p. 200; and Marquis, 1939, pp. 111-12.
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Another factor, of undeniable historical importance, has been mercantilism, with militarism,
nationalism, and socialism, with their strong emphasis on national self-sufficiency. Roy
Thomson has traced the development of forest ideology in nineteenth century Germany in these
terms (Thomson, l902, pp. 29 ff,). Zero-interest is a subsidy to an essential national industry. The
Nazis, the twentieth century embodiment of these combined doctrines, in 1934 outlawed short
forest rotations, Thomson points out (op. cit., p. 31), whereupon the Waldrente zero-interest
doctrine gained ground from the Bodenrente or Faustmann doctrine.

The use of zero-interest has also been advocated as a compensating error to offset other
noneconomic forces working toward too-short rotations. An example of this is standard yield
tables based on unrealistically heavy stocking. These tables reach their financial, maturity earlier
than do actual stands.

If that is so, however, it is hazardous to assume that longer rotations are desirable without
actually correcting the yield tables, which is the obvious remedy to take. For Grah has recently
shown that in some cases understocking leads to shorter, not longer rotations.67 The method of
compensating error is treacherous indeed.

Zero-interest is also advocated to allow for off-site and other nonsalable forest benefits, such
as watershed protection, wildlife sanctuary, and recreation. But again, without direct study of the
benefits it is hazardous to assume that mature forests provide more of them than young ones, and
that they do not at the same time harbor more insects, blights, snags to invite fires, and other
detriments to neighboring sites. Younger forests often provide a more hospitable environment for
wildlife (Dolder, 1955, p. 50).

The writer has heard a forester remark: “It is too early to think about spinning out fine
theories. The public hasn’t yet accepted the elementary principles we try to teach them.” But if
one of those “elementary principles” is zero-interest, small wonder! Can it be that small woodlot
owners, humanly impatient for their money, who perversely insist on harvesting “premature”
timber and earning the lowest marks on the Forest Service’s rating sheets, are actually
economizing more carefully on their resources than the giant corporations, and the Forest Service
itself, which earn the top grades?

It is a possibility that the Forest Service is hardly in a position to refute without some
agonizing reappraisal of its conceptual measuring sticks. But in fairness to the small operators it
condemns so roundly,68 such a reappraisal is very much in order.

67 See Chapter III, Section 1, d, ii, “Stocking”, p. 40.
68 Timber Resources for America’s Future, 1953, pp. 75 ff.
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7. Summary: An Adequate Concept of Financial Maturity

There are two elements of urgency prompting a forester to harvest his stand: economy of the
site and economy of the money tied up in the trees. The first is expressed by site rent, the second
by interest on the stumpage value.

An adequate concept of financial maturity must account for both elements. The fault of
Allen’s and Fisher’s solution is overlooking site rent, this arriving at too long a rotation. The
fault of Boulding’s solution is, while remembering site rent, to forget to reckon the site as an
input and thus impute the rent to another input. This process, as it happens, overstates the
marginal cost of time and arrives at too short a rotation.

The fault of zero-interest doctrines is, of course, to overlook the second element of urgency,
interest on stumpage value. Thus they, like Allen’s and Fisher’s solution, arrive at too long
rotations. One might also tax them with inconsistency: site rent is a percentage return on the site
value, and if this is allowed, an interest rate above zero is implicitly allowed.

Hildreth’s solution does account for both elements of urgency, but overstates the first, site
rent, by annualizing it in effect at zero-interest. Faustmann’s formula allows for both elements of
urgency, using in each case a given rate of interest appropriate to the firm’s financial position.

Of these concepts of financial maturity, only Faustmann’s is adequate. If one prefers to
maximize the discounted yield value, he may legitimately do so within the framework of
Faustmann’s formula. Likewise one may maximize an internal rate of return within Faustmann’s
formula.

In the latter event, to avoid an absurd dual interest rate in the result, he must take not site rent
but site value as externally fixed, and jointly maximize the return to site and regeneration input.
This affords a new concept of financial maturity that is superior to Faustmann’s in limited
circumstances.

Table 8 lays out the several concepts of financial maturity. See also the chart in the Opening
Summary on page viii.
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The only reason for expressing Rm separately from g’m is to be ready to handle intermediate
revenues other than growth of the basic timber stock. The need for this becomes evident
presently when we discuss financial maturity of nonappreciating assets, for which g’m is zero,
and whose entire excuse for being rests with the “intermediate” revenues.

Table 9 presents examples of the computation of financial maturity of thinned stands, with
rotation ages at 5 per cent.

Taking thinnings from a forest tends by and large to lengthen rotation ages. To be sure it
increases site rent, assuming thinning is economical, which has the opposite effect. But it
increases annual growth in the years near financial maturity, and it lowers the volume of standing
timber on which one must charge interest. These latter two effects would ordinarily prevail.

Lengthening rotations might seem to bring Faustmann’s solution closer to Allen’s and
Fisher’s and thus warrant bypassing the lengthy computations illustrated in Table 9. But thinning
would also tend to lengthen Allen’s and Fisher’s solution, and quite possibly the percentage
difference would become even greater.

As the laborious task of computing enough thinned rotations to generalize about this would
overtax our limited resources, we leave the question to future investigators. Since thinning
usually accompanies more intensive forestry practices of several kinds, including more
comprehensive mensuration standards, it is hard to find primary data with which to evaluate the
effect of thinning in isolation. The data of Table 9 show a considerable difference of solutions,
but this is of limited application. The solutions might differ less if data were in monetary terms,
with thinning costs deducted from thinning revenues.

2. A General Solution to Any Problem of Replacement or Turnover.

This slight elaboration of Faustmann’s formula vastly expands its scope in practice. No longer
is it limited to appreciating assets like timber. Wherever stock turns over, and there is a
continuing implicit overhead, the formula helps find the optimal turnover period. Indeed it is
hard to see how one could find the optimal turnover period without using this formula in some
guise since it is necessary to evaluate implicit overhead charges simultaneously with determining
the optimal turnover period.

Where the stock has no salvage value, like old fruit trees for example, one would not count
appreciation of the trees as revenue—that would be double counting, as the fruit yield is counted
as revenue when it is realized. Neither would one count depreciation
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For their salvage value is at best zero, and on this base they always earn some income thanks
to the potentialities of the site. If one then overlooks site rent, this looks like an infinite
percentage return and the shrewdest investment imaginable. This is in contrast to forestry, where
the capital stock on the land increases continually so that financial maturity arrives presently
even if one ignores site rent.

Faustmann’s formula is also useful in helping plan new structures. Failure to count site rent as
a cost leads to structures too small for the potentialities of the site—a relationship often basic to
the controversy between advocates of high and low dams, for example. The percentage return to
a low dam on a valuable dam site can look very high if one puts no value on the site. The market
for dam sites being rather limited, it is usually impossible to value the site outside a given
problem. But Faustmann’s formula helps one put a value on it for any given dam size, and thus
find the optimal size, which is the one maximizing imputed dam site rent.

3. Changes of Data in Mid-Rotation

Faustmann’s formula has been attacked as looking backward to sunk historical costs to
determine present rotations. If this were what it did—and one could use it that way—the
criticism would be warranted.

That is not to say the criticism as usually made would be warranted. The most frequent
complaint seems to be that interest on sunk costs compels rotations too short for present
conditions. This implies that current regeneration costs are lower than historical; and that this
calls for longer rotations.

Now current regeneration costs may indeed be lower than historical costs in real terms, or
relative to stumpage prices; but from equation (6a) it is clear that lower costs call for shorter, not
longer, rotations. This is because lower costs mean higher soil rents, hence higher incremental
costs of time. Still, it would be valid to criticize the formula for prescribing too long rotations
based on historical costs higher than present costs.

It is customary in many enterprises to revalue inventories, and by implication the resources
that originally produced them, according to current shifts in reproduction costs, and/or demand.
This seems to the writer the most economical procedure, and especially important to follow in
forestry with its long rotations.

In the event of a general proportional inflation, the problem is very simple. One converts all
data to current prices, all proportions remain fixed, and the optimum rotation remains unmoved.
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capital-intensive uses. But once a new stand is started, this tax will again hasten harvest. The
forester seeks to minimize the tax burden by working over the years with as little forest capital as
he can, which means on short rotations.

Constant annual taxes on site capacity, on the other hand, do not affect optimum rotations in
the least. Like other constant annual costs their effect on the incremental cost of time is just
offset by an equal and opposite effect on site rent.

Severance taxes, like other outlays contingent on harvest or regeneration, tend to lengthen
rotations.

The effects of income taxes are a little capricious, depending on the individual taxpayer’s tax
needs. Income taxes may hasten or postpone harvest, depending on when the individual can
absorb the income with least tax liability, or use a loss offset to best advantage.

But this capricious effect would not much influence those in high tax brackets. For timber
receives “capital gains” treatment; 50 per cent of any gain is non-taxable, and the maximum tax
rate on any gain is 25 per cent. This doubtless tends to lengthen rotations, for the capital gains
privilege magnifies several times the low percentage gains of postmature timber in eyes that look
through the powerful glass of an 80 per cent tax bracket.

5. What Is a Forest’s Tax-Paying Capacity?

A forest can pay constant annual taxes up to the amount of its maximum site rent, a. Poorly
administered forests could not pay as much as others, but the tax prompts sales from poor
administrators to others who impute higher annual site rents. It prompts holders of understocked
and overripe stands, yielding little annual growth, to harvest them and commence new stands on
a more economical basis.

In general, by making site rent explicit, a constant annual tax encourages timber management
such as to maximize site rent.73 Of course, taxes higher than site rents imputable by the most
efficient users of land would eventually prove uncollectible and the lands revert for taxes.

6. How Much Alternative Income May Be Foregone for Forestry?

73 Cf. Shirley, p. 270. A segment of professional opinion favors levying taxes on this basis. A recent advocate is
Bronson (1954). In some jurisdictions, assessors do not revalue trees as they grow, so that the general property tax
approximates a constant annual tax on the productive potentiality of the site. Finnish forests are taxed on this basis
by design.
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Site rent, the annual equivalent of the forest’s net yield, is a fitting basis for comparing
forestry with other land uses. This is an important byproduct of the Faustmann formula. Site rent,
a, is directly commensurable with the incremental productivity of land in uses yielding steady
annual net incomes. Forestry, to vindicate its tenure, must promise site rents higher than the best
alternative so expressed.

Rigorous application of this rule would doubtless reveal that much more or less wooded land
should be cleared for other uses (assuming prevailing price levels and without entering the farm
“surplus” argument). Many landlords in our economy are, for one reason or another, under only
mild constraints to economize on their lands; and lands neglected long enough revert naturally to
forest. Probably even some very actively administered forests should be cleared for agriculture.

This may appear as an attack on forestry and “conservation,” but it is not intended as such.
Conversion of level lands from forest to farm must tend to reduce the economic pressure to clear
the hillsides for erosive tilling and increase the economic pressure to reforest them.

7. Are Prevailing Rotations Too Long?

The annual growth of commercial timber in the United States, net of certain losses, expressed
as a percentage of the live saw timber and measured in board feet, in 1952 was very roughly as
follows: hardwoods, 4.74 per cent; softwoods, 1.70 per cent; both together, 2.30 per cent.74

This growth is the annual yield that must cover not only interest on money tied up in growing
stock, but also interest on the site, as well as annual operating charges and taxes. Judged on this
basis, an enormous national investment in timber and timberlands hardly seems to be paying its
keep. And remember, this is not the marginal growth rate of mature stands alone but the average
of all stands of all ages.

Of course the forest produces other values to help justify this otherwise not very productive
investment. We lack the data, and

74
Statistical Abstract of the United States, 1957, p. 693 cited from U.S. Forest Service Timber Resource Review,

preliminary. In terms of cubic feet, the figures become 4.44 per cent, 1.97 per cent, and 2.75 per cent, respectively.
Softwoods are generally more valuable, so the aggregate figure should actually be nearer the softwood figure than it
is, hence lower.
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even the conceptual equipment, to balance these other values in the same scale with timber yields.
But it is doubtful if they would bear enough weight to vindicate the present low growth rates
because younger forests supply many of the non-timber values more abundantly than old ones.
Older forests become “biological deserts,” strangling undergrowth and repelling wildlife.75

Younger stands offer more both to the sportsman and the cattleman.

In addition to the data cited, there are many indirect reasons for believing rotations are too
long. First is the dominance among foresters and economists of doctrines prescribing rotations
longer than the optimum. The U.S. Forest Service is the prime example, with its adherence to the
maximization of mean annual growth, a zero-interest doctrine. Few foresters seem to commit
themselves firmly between the Faustmann Bodenrente solution and the zero-interest Waldrente
solution, with its extremely long rotation. Compromise between the two seems to be the
prevailing spirit of the forestry literature.

Among economists Fisher’s and Allen’s solution is popular, as it is with Duerr, Guttenberg,
Fedkiw, and other foresters. Jay Gruenfeld, Assistant Land Supervisor with Weyerhaeuser
Timber Company, writes: “We do not use $5.00 per acre or any value in determining our rotation
period. Particularly due to our heavy volumes of old growth the value per acre does not enter into
the determination.”76

Boulding’s solution, it is true, prescribes rotations shorter than the optimum, as does
Hildreth’s. But these seem to have almost no avowed practitioners.

A second reason is that optimal Faustmann rotations computed from standard yield data, as in
Table 2, prove so much shorter than prevailing rotations on comparable sites. This is not
conclusive because the “standard” yield data may be based on more comprehensive mensuration
and fuller stocking than are economical today. But a third reason is the probable tendency for
forest mensuration, which is not after all a costless process, nor one without its obsolete
traditions, to lag behind increasing pressures to economize on scarce timberlands. More
comprehensive and intensive mensuration leads, as we have seen, to shorter rotations.

And a fourth reason is the prevalence of understocked stands. Due to the “trend toward
normality” these often call for longer rotations when, as seems usually to be the case, the site
rent, if computed at all, is based on the present rotation rather than the best future rotation.
Economy of the site would call for borrowing the site rent value from the best future rotation,
which would tend to clip rotations on understocked stands very short.

Fifth is the widespread practice of holding timberlands for motives ulterior to timber culture:
for mineral rights, water

75 Dolder, 1955, pp. 50 ff.
76 Letter of March 20, 1957, Author’s files.



81

rights, price increments to the land, political control, and so on. Holders with these ulterior
motives, and like as not with outside funds, are under little pressure to make the most of the
timber-growing capacity of their lands. Often they accept whatever regeneration Nature offers
spontaneously, which tends to be too little and too late for an optimal rotation.

Landholders, thus freed from economic constraints to economize on timber sites, might
conceivably depart from optimal rotations on the short as well as the long side. But their ample
low-interest funds make it unlikely they would care about maximizing their internal rates of
return. They generally would err on the long side.

A sixth reason is the probability of physical damage to aged timber, a probability not reflected
in standard yield tables. The forester might well paraphrase Biblical advice: “Lay not up
treasures in tall timber, which moth and rust do corrupt and fires break through and destroy.”
Adding an annual charge for the probability of such loss, increasing with age would tend to
shorten rotations even below those derived from standard yield tables.

A seventh is the Federal income tax law, which exempts timber from ordinary tax rates by
allowing it “capital gains” treatment. This makes the low percentage yields of aged timber look
quite agreeable to those in high tax brackets. To the individual of course this does justify the
longer rotation. We are here considering what is best for the whole society.

On the other hand we should entertain three arguments suggesting that rotations are not, after
all, too long.

The first is that our local general property taxes, falling in part on standing timber, create an
artificial incentive to shorten rotations below the optimum. There is good reasoning in this
proposition. But remember that timber does not necessarily escape taxation when harvested. Log
decks are taxed too, and, more important, buildings and many other durable wood products. In
many jurisdictions the general property tax on standing timber is purely nominal, thanks to
obsolete assessments. In others it has been replaced by statute by severance taxes, which tend to
postpone harvest. But taxes on buildings have hardly anywhere been lifted. Public buildings, it is
true, are tax exempt, but they are not noted for heavy use of wood, whereas tax-exempt National
Forests are indeed noted for their heavy stands of timber. On balance, it would not be easy to
generalize that property taxation, considered in all its aspects, tends unduly to shorten rotations.

Second is the argument that timber is held for the price increment, as though price increment
were something as confidently to be expected as physical growth. But this assumption is
unwarranted.
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In the first place, the mere depreciation of the dollar is no argument for holding timber in
preference to other equities. The only price increment to consider seriously is relative price
increment, that is, price increment deflated by a general price index.

Over 80 years in England, Hiley reports that the corrected price relative for imported sawn
wood rose 0.5 per cent per annum, from 1857 to 1937 (Hiley, 1955). That is too little to justify
any great lengthening of rotation ages over those prescribed by physical growth at constant price
levels.

Do 80 years of past English experience tell us what to expect here in the next 80? No one can
read the future, but a knowledge of the past helps. While there are times and places of
spectacular advances of relative timber prices, there are also stunning setbacks, such as we are
witnessing today. There is increasing pressure on limited timberlands, true, but there is also
increasing pressure on other limited natural resources, and there is a dynamic, innovating
economy to reckon with, continually generating new substitutes for overpriced resources. Timber
has proved to be very substitute-prone, making a mockery of the predictions circa 1907 of acute
timber famine, after which prices collapsed abysmally.

In the perspective of history, overestimation of future price increments to standing timber is
not only possible, but quite characteristic of the boom phase of a business cycle. Booms increase
demands on limited natural resources and generate Malthusian anxieties that lead to timber-
hoarding on an unreasonable scale.

Around the turn of the century Gifford Pinchot’s dire warnings of imminent timber
bankruptcy seem to have helped convince many persons that timber speculation was the royal
road to riches. The subsequent famous 1911 Bureau of Corporations report on The Lumber
Industry, persuasively foreboding early monopolization of remaining virgin stands, must also
have deterred many hopeful investors from releasing supplies.

Timber speculation such as that would have been quite rational, and to a degree socially
useful, were a future shortage truly imminent. But in an imperfect, ill-advised market,
speculation can and did proceed with precious little cognizance of supply-demand relations in
the long run.

Speculative timber withdrawals hold a price umbrella over the market and thus encourage
development of new supplies 77 by means of new access roads, more intensive land management,
increased imports, milling advances, and so on. For all of these advances our loose and wasteful
land economy offers great scope. Briegleb, for example, stated in 1956 that “22 million acres of
idle land in the South should be planted to trees,” in an article entitled “South’s Timber Crop
Could be Doubled” (Briegleb, 1956). Let these new supplies hit the market simultaneously with
the speculative holdings, let construction recess about the same time, and the optimistic timber
holder can only wish he had gathered his

77 Cf. Marquis, pp. 38-39
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rosebuds while he might.

By hindsight from 1957 it seems clear that the Malthusian climate of opinion of the last few
years may already have led to excess supplies similar to those of 1907 and 1929. Now the
argument becomes, “The present market is weak, so the rational course is to wait for the upturn
which increasing population pressures will inevitably bring.”

But unless one anticipates that resurgent demand quite quickly, that is an argument for
harvesting. If it is the “inevitable, ultimate” Malthusian triumph that one awaits, some decades
away, he had better put a higher value on the site. This would prompt him to harvest the present
stand and begin the next.

As distinguished a forester as Hiley made the slip of including increments to the price of
forest land with increments to the price of timber in computing the financial yield of a timber
rotation (Hiley, 1955, p.6). If one does this, then shortages anticipated in the remote future,
whose main present manifestation is to increase the price of timber sites, would indeed justify
longer rotations. But it must be quite evident that site price increments occur whether timber is
harvested or not, and are not sold with the harvested timber, so it would be folly to delay harvest
because site prices are rising. On the contrary: this argues for higher carrying costs on the site
which lead to shorter rotations.

A third argument that rotations are not too long is that shorter rotations would mean a flood of
increased output and spoil the market. The monopolistic tone of this argument is evident, and
from the social viewpoint it has therefore no merit. Even from the monopolist’s viewpoint it
defeats itself in the long run, since longer rotations up to a point (W’ on Fig. 1) mean higher
mean annual yields.

In summary, then, there are several reasons to believe that timber rotations tend to be too long.
But this is not to say they all are, nor to deny that some are uneconomically short. Indeed, the
most glaring diseconomy in forestry is the extreme contrast between credit-starved small holders
who harvest young trees while they are still growing very rapidly, and large public and corporate
holders who keep stagnant decaying virgin timber off the market. The contrast offers some
measure of the failure of our forest economy to achieve optimal allocation of its resources.
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CHAPTER VI

VI. CONTRIBUTIONS OF THIS STUDY

The main theme of this study is that Faustmann’s concept of financial maturity has greater
merit than the others analyzed. While it is useful to rally to support an embattled truth, this is no
new intellectual contribution. Much other material is also borrowed. What, then, can the study
show as contributions to forestry and economics?

1. It shows that marginal analysis is valid and useful for handling time relationships in
economics and refutes Boulding’s allegation to the contrary. Besides, it develops in some depth a
marginal analysis of one economic problem involving time, in both its analytical and applied
aspects, and thereby suggests one way economists might apply marginal analysis to economic
problems involving time, demonstrating that marginal techniques are not only practicable, but
more so than alternative techniques.

2. The study shows the consistency of marginal analysis with Faustmann’s concept of
financial maturity.

3. It brings Faustmann’s formula to the attention of economists, not just as a neglected
historical curiosity but as an important useful tool. It shows the formula’s necessity in terms not
only of marginal analysis, but several other viewpoints likely to commend themselves to
economists with different methodological preferences.

Thus the study removes any question that a valid concept of financial maturity may vary with
individual caprice, and translates several variant economic dialects into one another. Also it
enhances the operator’s understanding and hence his ability to apply the formula intelligently
under a wide range of conditions and avoid “formula-feeding” which inevitably leads to abuses
and errors.

4. It brings the possibilities of this aspect of marginal analysis to the attention of foresters,
confirming Faustmann’s formula and offering several working advantages over the maximization
technique for applying it: marginal analysis permits a sharper definition of revenues and costs at
the critical time of the harvest decision; by annualizing site rent and treating it as part of the
marginal cost of time, it frees Faustmann’s formula from dependence on a cumbersome
assumption of an infinite future chain of forest crops; most important of all, it allows easier
flexibility in adapting the formula where data change in mid-rotation and where stands are
understocked (see point 5, below).

5. The study shows the technique of borrowing the site rent value from the future rotation,
where that differs from the present, that is, in cases of data changing in mid-rotation, and
understocked stands. It refutes the criticism that Faustmann’s formula is necessarily based on
irrelevant historical costs—and to caution against
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rigid blind formula feeding that would warrant the criticism. This is probably the most important
advantage of marginal analysis over the traditional forestry concept of Faustmann’s formula as a
maximization of soil expectation values. Marginal analysis is more adaptable to dynamic
conditions, and that is the difference between a stiff mathematical exercise and a useful working
tool.

6. It shows the necessity for treating the site separately from other inputs in problems of time
economics, due to the site’s not being embodied in the product. This is necessary whether one
maximizes the net return to the site or to some other input.

7. It shows that it is generally advantageous to treat the site as the residual claimant on the
product; not for any traditional or mystical reason but because it is harder to put an external
value on the site than on other inputs. It is valid to maximize residual net yields to other inputs
where these conditions are reversed.

8. The study shows the necessity for accurate imputation of the product among specific
tangible inputs in order to achieve rational allocation and management of resources through time.
It shows that reliance on a vaguely defined residual catch-all, “profits,” leads to equivocal
imputation and probable errors of management. It demonstrates how one can impute “profits” to
specific inputs under a wide range of conditions, and can integrate functional distribution theory
in a specific time problem with production theory as an example of how the two can work
together.

9. The study refutes Allen’s and Fisher’s and Boulding’s concepts of financial maturity.

10. The study also refutes recurrent efforts to show that Faustmann’s solution is the same as
some other in general (Boulding), in the case of overlapping rotations or of limited time-horizons
(Lutz) or in perfect competition (Lutz, Scitovsky).

11. It salvages something of Boulding’s solution by showing it is legitimate to maximize i
provided it is net of soil rent. It points to the pitfall of a dual rate of return, shows the means of
avoiding it, and thus arrives at a new concept of financial maturity, joint maximization of i and a,
that is superior to Faustmann’s in certain limited conditions.

12. The study makes of Faustmann’s formula a complete general solution to the economic
problems of replacement and turnover. This is achieved first, by using marginal analysis to adapt
it to mid-rotation changes of data, as already mentioned; second, by applying it to depreciating
assets with little or no salvage value such as fruit trees and buildings.
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18. The study supplies ammunition to inter-disciplinarians by pointing up the
noncommunication between forestry and economics that has let Faustmann’s formula, a
commonplace among foresters for a century, go unnoticed by economists, including the
Austrians who read Faustmann’s language, lived nearby, and were obsessed for decades with the
question of the “period of production,” as exemplified by their timber culture.

19. It points up areas in which future research might be productive. This we treat separately
in Chapter VII.
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CHAPTER VII

VII. SUGGESTED FUTURE RESEARCH

In the course of this study several fruitful lines for future research have appeared. Some of
these are:

1. In forestry economics

(a). To reevaluate the U.S. Forest Service judgments of the merit of various classes of
timber landholders in terms of Faustmann’s concept of financial maturity.

(b). To reconsider rotation policies on public lands in the same terms.

(c). To integrate forest economics with mill-town, mill, and transportation economics to
work out rotations that are optimal in terms of all the economic forces considered together.

(d). To investigate to what extent economies of scale in large mills are achieved at the
expense of diseconomies in company forests.

(e). To work out monetary yield tables tailored to local markets.

(f). To put monetary values on non-timber forest benefits and integrate these with timber
yields in working out optimal rotations.

(g). To work out probabilities of physical damage, including catastrophic loss, for use in
determining optimal rotations.

(h). To work out an optimal system of forest taxation.

(i). To explain why many actual rotations are so much longer than optimal rotations
worked out from standard yield data.

(j). To explain why market values for forest sites are often lower than soil expectation
values based on standard yield tables and market interest rates. The explanation that
business firms require returns much higher than market rates calls for critical examination,
inasmuch as companies requiring very high returns would not hold timber at all.

(k). To develop figures on regeneration and harvest costs corresponding to given yield
tables, and recompute financial maturity on this basis.

(l). To investigate the effect of understocking on rotations; to work out a new concept of
“normal” or “standard” yields based on an economic standard of stocking.

2. In general

(a). To apply Faustmann’s formula to specific problems of replacement and turnover;

(b). To analyze the macroeconomic implications of applying Faustmann’s formula to
speed the turnover of the economy’s total capital stock, which would tend to increase
income and employment.
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CHAPTER VIII

VIII. CONCLUSION

Faustmann’s formula represents an important advance over the concepts of financial maturity
advanced by several economists, and by those foresters who would dispense with interest costs.
It is time both professions acknowledged its fundamental contribution.

But Faustmann’s formula is no final solution to the question of financial maturity. It is only a
simple classic theme, if you will, for latter day composers to weave into larger patterns, to vary
and orchestrate with the full symphony of modern instruments.

This paper has purported to enhance its usefulness, but has said nothing of programming, of
probability and expectation, and many other kinds of analyses that might be joined with
Faustmann’s formula. But of all the things this study has had to neglect, the most important by
far are the macroeconomic implications. Faustmann’s concept of financial maturity prescribes
policies of rapid turnover and replacement—more rapid, if we may generalize from our forestry
studies, than are customarily practiced today. General application of Faustmann’s formula in all
industries would, if this is so, speed the turnover of the nation’s capital stock, which in turn
would contribute toward increasing employment and income.78 Should economists find
Faustmann’s formula acceptable and devise public policies to prompt its practical application,
this benefit would, from the standpoint of human welfare, probably outweigh all the other
benefits.

78 Cf. Wicksell, 172 ff.
















