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Financial Matunity: A Guide To When Trees Should Be Harvested

by WL Mills, Jr. ond Jodn C. Caliwhan, Deportment of Forestry and Noheral Kesources

Financial maturity is a concept which provides for
the maxirmization of monetary returns from an in-
vestment in an appreciating asset (one increasing in
value ower time). The financial maturity calculation
requires that the investment opportunity at some
point in its hfe meet the owner's profitability objec-
tive. Therefore, it is necessary that the imvestment be
an acceptable one to the investor based on an analy-
sis of its net present worth or internal rate of return.?

Financial maturity, then, 15 the point n the hfe of
an appreciating asset when the owner's cost of keep-
ing an asset exceeds the expected monetary gaim.
Timber, some wines, bonded distilled liquors, and
Iwvestock can be categorized as appreciating assets,
All have characteristics which make it difficult to as
certain the age at which financial maturity is reached,
In the case of timber, the basic reasons for this diffi-
culty are the inherent nature of the wood production
process (a free s both the production facibby and the
product) and the changes in quality which occur as
trees grow in size.

Since a tree’s annual growth cannot be harvested
without also destroying the production process itself,
financial maturity for trees is approximated when the
tree’s rate of value merease (value growth percent) is
just equal to the owner's implicit cost associated with
the capital nvestment in the tree. This cost is deter-
mined by the rate of return which the owner expects
frorn other mvestments of similar risk and duration.

Spe Chapmmeam, H. H. & W, H. Meyers, 1397, Forest Valurion. Mes
York., MeGrasHill Bonk Company, Inc. or Jobnston, B W, 1970
Capilal Budieting. Belmont, Calilornia. Wadsworth Publishing Com-
peny, T fioer 2 ddiscission of nef present worth and inbemnal rate of returm

In other words, fmancial maturity is that point in the
life of the tree bevond which the expected value in-
crease no longer equals or exceeds the net return
which would be obtained if the tree were sold and the
cash value were invested elsewhere. The owner's
“expected” rate of return is referred to as his “alter-
native rate of return” which is discussed in greater
detail later. The net effect of cutting financially ma-
ture timber 15 to maximize the net return to the forest
enterprise.? If the tree is not cut when the point of fi-
nancial matunty & reached, the mvestment wall not
be earning a rate of return greater than or equal to
the return expected from the alternabve mvestment,
Thus, the cutting of the tree and the reinvestment of
the capital funds at the alternative rate of return wall
provide a greater return than mamntaining the invest-
ment in the free. Throughout this discussion, it is as-
sumed that the investor wants to maximize his return
on investment and that an altermmative investment is
always available for reinvestment, eg., a savings
account,

In contrast, the biological maturity of a tree or a
stand of trees occurs when the tree or stand achieves
maximum merchantable volume. Financial maturity
differs from biological maturnty by imposing econom-
ic and busmess management constraints on the pro-
duction process. In determining financial matunty,
benefits are weighed against costs. The benefits are

Proof of this statement and dervanion of formulas used im this publ-
calion can be ublamed by writing Dr. J. C. Callshen, Departmend of For
estry and Matural Resources, Purdoe Uhiversity, West Lafayerte, [N
47907,
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the marketable values, while the costs include capital
charges and expenses. If the fimancial matunty con-
cept is adopted as a management guide, trees and
stands are normally harvested at a point in time prior
to their biological maturity (Figure 1). Usually the
point of financial maturity and biological maturity will
be equal only if costs are zero and the owner’s alter-
nalive rate of return is zero.?

150 Binksgical Maturity
125 —
120}
105

f

Tatal Hevenue

VALLUE (dollars)

. ey ]

Discounted
Mot Revenue

20 a0 40 Al ol Ta Bl
AGE (years)

Fiqure 1. Comparison of financial and biological maturity for o
hypothetical tres.

Hoberl W, Koersg, [ndana Department of Nafural Resoarces, D
sinn of Forestry, suggested the lollowing “urissual™ case for 2 sngle hlack
walmul tree. In 135%, the Hougham famidy had a standing ofler of 32,500
for & very old and large black watnui tree. The lamly held the tree undil
1965, al whach tene it sold for 12,600, The tree was 35,5 mnches, con-
tained an estimated 2,259 bd. . ol merchamable wolums, and was about
1501 years old. The tree had reached hinkogical maturily sewe 2 sinall bole
was discreered in Uwe bult log, caising some lnss of merchantable vaol-
ume. ¥ the concept of Anancial maturity had calked for <ting the trae m
1965, L tree nmeght hawe been both finemcially 2nd biologically malure
with an allermstive rate of retumn greater than zero. The stuabion sur-
rowinading 1he marketing of this tree was umigue. The tree sold at 3533 per
b, fi |, while the average price of the hest and largest black wealriuls sokd
in Indiana during 1965 was only 5.85 per b, fr,

Information Requirements

The Alternative Hate of Retumn

It is necessary that the “proper” alternative rate
of return be determined. It is the rate eamed by the
investor's best alternative mvestment. One way for a
woodland owner to estimate his alternative rate of re-
turn is to review present and future investment op-
poriunities. For example, someone investing money
in a Certificate of Deposit for 5 years at 10°% is pro-
viding a guide to his alternative rate of return. If an-
other available investment is the improvement of
cropland through drainage, and the expected return
is 15%, this would also provide an indication of alter-
native investment opportunities. Likewise, the cost
to an ndnadual m borrowing money provides a simi-
lar quide. A tree or stand earning less might be sub-
ject to higuidation with the money used to repay a
loan or to be reinvested after fully considering the
comparable risks, uncerlainties, and length of invest-
ment period. The rate may vary from time to time in
accordance with the owner's appraisal of his financial
circumslances.

In summary, the “required” return (the alterna-
tive rate of return) is the rate of retum a person will
need to economically justify an meestment in a given
type of asset. If the yield from an asset fails to meet
this expectation, the rational decision is to liquidate
the existing capital assel and to reinvest the pro-
ceeds in another form of capital, eaming a rate of re-
turn equivalent to or greater than the “required”
rale.

Expected Incremental Changes in Tree Value

Trees increase in value in three principal ways. As
trees grow, they increase in volume and, conse-
guently, in the amount of wood which has merchant-
able value. They may also improve in quality as the
knotty cores are buried under clear lavers of annual
growth. Changes in quality are reflected in the in:
creased market price per unit volume of standing
timber and cut products. The value of trees may also
increase over lime relative to other goods and ser-
vices in the economy as a conseguence of market
scarcity or changing tastes and preferences of the
consuming public for wood products or for given
SPECcies.

The first two types of value increases are direct
related to the growth potentials of trees. These are
predictable and can be estimated with some reliabil-
ity by foresters. The relative value changes are more
difficult to judge because of the inability to accuratehy
predict future trends and because of the inherent un-
certainty associated with any forecast. Assumptions
can be made that there will be no change in the rela-
tive prices during the mvestment period being con-
sidered (the assumption made in this publication),




that relative price changes will follow observable past
trends, or that the future price relationships are
those anticipated or expected by the investor using
perceptive intuition or a crystal ball.

Anticipated Costs

Exphat costs such as property taxes, manage-
ment expenses, and service fees can be estimated for
a given forested property by examining past records
of these expenses. Mormally, these costs are consid:
ered to be out-of-pocket expenses paid annually or
periodically during an mvestment period, Explicit
costs which are anmual and constant, as is the case of
ad valorem property taxes, can be ignored in this
search for fimancial maturity.?

Implicit costs are sometimes nol easily under-
stood since they are not as obvious as out-of pocket
charges. The principal implicit cost in the case of tim-
ber production i the cost of holding the standing in-
ventory of timber. During the investment period,
trees accumulate wood which has a market value.
This is inventory in the same context as stored grain
and shelved iterms in a retail store. The principal cost
of holding this inventory is the potential returm which
could have been earned if the value of that inventory
had been invested alternatively. This “opportunity™
cost forms the basis for determining the individual’s
alternative rate of return as was indicated previoushy.

Financial Maturity of an Individual Tree
The General Case

In uneven-aged stands managed for timber pro-
duction, indnadual frees should be selected for har-
vest as they become mature. The financial maturity
concept is ideally suited for the purpose of determin-
g “maturity” i maximization of net revenues is the
decision-making triterion. Figure 2° represents the
typical value growth percent (VGP) pattern for an
individual tree. VGP measures the rate of value in-
crease in the discounted net revenue curve (Figure
1}, however, the VGP may be calculated without
drawing such a graph. The value growth percent is
madest when the tree is small in diameter because
the value per unit of wood is low, and the volume is
small. In the diameter range of 12 to 16 inches, the
VGP initially rises sharply because unit vahses in-
crease rapidly as the tree increases in volume and
quality. The VGP then falls as the implicit costs as-

fHeder 1o Fontrate 2.

_ ¥For the mathematically nclned, the graph i Figure 2 represents a
bimedal discoumted net reverus dulzibution. The assumption mads &
that the fusf 1mode or manimunm is the global masimuem.

Walue growih percent b explained in detail in the next section,

sociated with holding the tree increase. Implicit cost
increases as tree value increases. There may be a
second rise in VGFP which frequently occurs because
of the development of prime sawlogs and veneer
quality logs. Once the prime and veneer quality stan-
dard has been achieved, VGP again begins to fall as
the implicit costs of holding the asset offsets the value
growth in these higher quality trees. When the alter-
native rate of retumn is 8%, financial matunty occcurs
at Point B. The tree's dbh (diameter at breast height)
at this point is between 14 and 15 inches. Note that
the point of financial rmaturity is not determined at A
since the owner’s alternative rate of return has just
been reached, and higher VGF’s are realized beyond
this poinl.” If the alternative rate of return were 6%,
the point of financial maturity is at point C where the
decreasing VGP equals the alternative rate of return,
and tree diameter is between 20 and 21 inches (dbh).
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Source: Lkata on file in Purdue Uniersity Departmernt of For
esiry and Nodewrol Rosources,

Talwe grosarh percend s analugoes o calculating the marginal reve
miwes for any frgductive process. Equating WGP and the allernative rate
af refurn s anahegous e eguating manginal cost 10 marginal revenus.
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A Specific Case

® When should a white oak tree, presently 14.2° dbh,
be harvested if the oumer’s alternative rate of re-
turn is 7%?

* Should the tree be cut now or allowed to grow?

* [sthe tree paying its way compared to other mvest-
ments available to the owner?

To respond to these guestions, the tree's pros-
pects for growth and changes in quality must be ap-
praised. Such an assessment for a hypothetical tree
covering the next 30 years s shown in Table 1. To
simplify the analysis, only the implicit cost of holding
imvenbory & considered. Properly laxes, manage-
ment, and other explicit costs chargeable to an indi-
vidual tree are minimal and can be safely gnored.

The calculated value growth percents (Table 1,
Column 9) are the compound interest rates which
equate the beginning tree values with the lulure ree
values jn the five year time periods indicated. Since
all other costs except holding costs have been as-
sumed to be nealigible, a relatively simple formula
can be used to calculate the value growih percent:®

=
i
-

“ 4

where WOP = Walwe Grosth Percent
Py - Begimming Trec Yalue
FY = Endirg Tree Valge
t - Mumher ol Tears Botween Fstimated Teed Yalers

As an example, to calculate the VGP between 10 and
15 vears:

[4:98 5 1

WGP -
' 9,

ol - 1.9%129 5 -
WaP - 1.0k - 1

WF = 0832 or B.37%"

Since the owmer’s alternative rate of return is 7%,
the pomt of financial maturity would occur later, and
the decision to cut would be postponed until that
time when the WGP declines to the owner's alterma
tee rate of returmn, If the owner's alternative rate of re-
turn is greater than B.32%, test the next time interval

ERefer 4o Fratnole £

Blamy pocket cakoulators are now * programmed” g precresde sithe oot

cabculannns Loganthmic tablkes can ales b imad 2o obtain nib rools

Wit is & measure of productivity which includes ckmatic, soil, and
tapngraphic factnrs. It i commaonly measurad as the height of the dom
manl and co-dyminanl trees on a site al aoe B or TN years.

to see if VGP is increasing or decreasing. If it is
decreasing, then the tree should be harvested unless
there are non-economic factors that need to be
considered.

Application

The concepts and procedures outlined above can
assist landowners in deciding whether or not to cut
target trees. The example which was used analyzed
prospective retums and implicit costs during five-
year periods. The principles can also be applied on a
year-to-year basis, In other words, it is not necessary
to make growth and value projections over extended
periods of time. However, the assistance of a forester
in estimating values and prospective growth may be
desirable whatever the owner's plannmg honzon.
(Guidance in obtaining the help of foresters is found in
Purdue University Extension pubbcation FMNE-87
“Forestry and Wildlife Management Assistance
Available to Indiana Woodland Owners: Providers
and Programs.” Guidelines based on the financial
maturity concept published by Trimble, et al. (1974)
prowvide the basic elements for selecting trees that
should be harvested (Table 2). These guidelines are
influenced by both silvicultural and financial maturity
concepts and provide a good balance between the
two. Mote that at lower alternative rates of return (2
to 5%), trees growing on good sites™, e.g., Site BN,
may have larger diameters (dbh) at financial maturity
than those trees growing on poorer sites..

Financial Maturiiy of Even-Aged Stand
The General Case

In even-aged stands managed for timber produc-
tion, the length of rotation (number of vears between
planting and harvesting) may be determined by using
the financial maturity concept, The basic value
growth percent method used in the case of an mdi-
vidual tree will be employed again. Since stands are
groups of individual trees, determining financial ma-
turity for a stand mvolves the same factors used in
the analysis of individual trees; however, these fac-
tors are aggregated into one average value for the
stand. Fiqure 2 also characterizes stand growth and
the phenomena which were described earlier for indi-
widual trees also occur in stands.

A Specific Case

* When should a 40 year-old, even-aged stand of up-
land oaks be harvested if the owner's alternative
rale of return is B%?

* Should the stand be cut or allowed to grow?

® |5 the stand paying ils way compared (o other in-
vestments available to the owner?
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To respond to these questions, the stand’s pros-
pects for growth and impending changes in quality
must be appraised. The stand's future expenses
must be estimated, also. Estimates of these items
covering the next 25 years are shown in Table 3.

The VGP is calculated similarhy to the VGP for in-
diidual trees, except that intermediate revenues
and periodic explicit costs will enter into the calcula
tion, The value growth percents, including the inter-
mediate values, are calculated by the formula: it

FW-FY

LI R . " fr ® OF

Wi -

-L|’ L

whern TY - the future walue of the stand [column 9]

F¥ - Ehe present waliue ol the stand (calwan 100

L, = intemedlate costs ab r years Trom preseal year
"'" = inlermedigbe revenpes b @ yedrs from peresent
FEdT

L = mmber of vears beteeen TV and PY

E'-'I = discountieg factnrs 1 - nor m (From Table 1,
Aopemdin A

For example, to calculate the VGF for the perind
5 to 10 years in Lhe future using data from Table 3 and
a 6% alternative rate of retum:;

where F¥ o5 F42_MH

M= JHWR
Lo = 10 (colute 5]
ry" 1% [caleen §)

[!r;'I = 0.0900 from TahVe 1|, Appendix M., colwem 0,00
n=t

]
M= = 1. H3%0 TFrpm Talble 1, Bppendic B, ol D08
-3
" k.
ne ]

Substituting these values into the formula, the form-
ula reads:

L
2z, 878,50, | %

LIFLE [JE-BE T 1ai0.880aY = 150003960

Completing the operations:

A
MR.FT

|]:\' ]
1

e - [2.9910° -1
b1 S WL, |
WGP - L BASE or 244t

ir
. 1 LEA. M

UReler tey Foesfiagle 2

In the example given, the point of fmancial matuy-
ity comes in the 20 to 25 vear period because the
VGP equals and then [alls below 6% in this period. In
other words, to maintain a rate of return of 6% on as
sefs, it is necessary to harvest the stand in thas period
and re-invest in an allernative investment, such as
savings accounts, or re-establish a new stand of
lrees,

Application

To estimate financial maturity for a stand, esh-
mate present and future sland values in 5or 10years.
Mex! estimate any inlermediate periodic costs or rev-
enues which will be associated with the woodlands
during this perind. Annual constant or almost con
stant cost may be ignored. 17 An example of perodic
revenues may be from the selling of firewond or from
a commercial thinning. Select vour alternative rate of
return. Mow enter the estimated values and interme-
diate costs and revenues into the formula for VGP
for even-aged stands, and calculate the VGP It s
grealer than the allernative rate of return, maintain
the stand for the number of years in the period ex-
amined. Il the VGP is less than the alternative rate of
return and the trees to be harvested are of sawlog
size, harvest the stand. Calculations of VGP for
ypoung, non-merchantable stands will not vield ac-
ceptable rates of return just as new businesses or
manufacturing processes lake lime to begin opera
ting on a profitable basis. Therefore, harvesting a
stand before mechantability is reached may reduce
the total wealth of the owner.

Income Tax Implication

Up to now the eflect of income taxes has been ig-
nored go as 1o not complicate the basic idea of inan-
cial maturity. In general, the inclusion of income tax
expenses in the calculation of value growth percent
for individual trees as described herein will not ma
tenally change financial maturity. It is, therefore, rec-
ommended that income taxes be ignored along with
other explicit costs m these cases. However, the
same is ot aheays true when considering the finan
cial maturity of tree stands, Because some expenses
may he reduced by itemized deductions, the effect of
income taxes is to shorten the time a stand will be
held when all other things are held constant.

Az the number of perindic deductable expenses
increases and as your personal income lax rises, the
influence of income taxes becomes more significant
For example, il you are in a low-income brackel or
hawve few expenses, the calculation of after-tax finan-

YReder to Foatnote 2.
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cial maturity is not recommended. If your tax rate is
high and many expenses are incurred m the wood-
lands, after-tax analysis may be worthwhile.

Summary

Procedures and quidelines are presented which
will assist woodland owners in determining whether
or not to harvest individual trees or stands if mcome
maximization is an objective. These procedures and
quidelines are based on the mdnidual cuwner's invest-
ment alternatives. The suggested methods help in-
sure that the wonodland owner will receive his ex-
pected and desired rate of returm on the investments.
If not, the owner should cut the timber and either re-
establish new woods or convert the land to another
more profitable investment.

The VGP method recommended will provide reli-
able estimates of financial maturity if accurate es-
timates of present and future tree value are made.
These estimates of tree value will be influenced by
site, species, and the tree’s unique growth rate. The
guidelnes in Table 2 must be used with the know-
ledge that the indinidual tree's unique growth rate
has been considered only by averaging the growth of
many trees. Therefore, some trees may have diame-
ters at financial maturity which are lower or higher
than the diameters suggested.

Finally, if tree prices are expected to rise or fall
relative to all other commeodities, the point of finan-
cial maturity will lengthen or shorten, respectively.
This may be incorporated in the WGP method by in-
creasing or decreasing the relative prices used to
evaluate the volume of timber and proceeding to cal-
culate VGP as described.

Sources of Additional Information

Estimating Tree Volume and Log Quality

FNR 4, How to Make and Use the Tree Measuring
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Bentley, Williarm K. and Dennis E. Teegarden. 1965.
“Financial Maturity: A Theoretical Review,"
Forest Science, Volume 11:76-87.

DeBaid, Paul 5. and Joseph Mendel. 1976. An Indi-
vidual-tree Approach to Making Stand Evalua-
tion. UISDA Forest Service Research Paper NE-
336, 13 p.

Duerr, William A., John Fedkiw, and 5am Gutten.
burg. 1956. Financial Maturity: A Guide to Profit-
abie Timber Growing. USDA Agricultural Tech:
nical Bulletin 1146, 75 p. illus.

Galfney, M. Mason. 1957, Concepts of financial ma-
turity of timber and other assets. AE. Informa-
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Raleigh. 105 p.
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and White Ash. USDA Forest Service Research
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Jr. 1973. The Rate of Value Increase for Sugar
Maple. USDA Forest Service Research Paper
NE.250, 19 p.
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Tree Value Conversion Stondards for Hard-
wood Sawtimber. USDA Forest Service Re.
search Paper NE-337. 74 p. illus.
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