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ESTiMATiNG  NVESTMENT RETURNS FROM
GR©WING RED PINE

Alien L.Lundgren

1. INTRODUCTION

Red pine (Pinus resinosa Ait.) is a favored Some appraisals of growing red pine as an in-
species in the Lake States. Every year landown- vestment have been made; a recent example is the
ers, including public agencies, invest large sums work by Manthy et al. (1964). Although these
o[ money establishing and maintaining the growth studies answer some management questions, they
ot red pine stands for future timber production, consider only a few of the investment opportuni-
They do this for many reasons: to earn an invest- ties open to red pine timber growers and cover
ment return _)y growing timber, to provide a re- only a limited range of costs and prices. The re-
serve supply of timber, to protect hillsides from sults do not apply to many common investment
erosion, to beautify the landscape, to fill up empty situations.
space, or perhaps just because they want to grow
trees. This paper is designed to help timber owners

and managers evaluate red pine timber-growing
Obviously, those who grow timber as an invest- investments for a wide range of stand and site

ment want to know what kind of return they can conditions, thinning practices, costs, future prices,
expect. But even landowners and managers who and alternative discount rates. It presents tables
have other aims may wish to know the expected of expectation value indexes and interest rate mul-
return on their investment if they should sell tipliers (tables 1 to 20 shown on blue sheets
timber. Many will use this knowledge to decide in the middle of the report) and explains how they
whether they wish to grow red pine, some to de- can be used to answer many questions about the
cide how they should manage their stands, others economics of growing red pine.
to estimate how much they are losing by not selling
timber or by favoring nontimber uses. Not all readers may want to study every section

of the report. Those who wish to understand the
Fortunately, we know much about how red general principles involved and the methods used

pine grows. 1 This information is useful in manag- and assumptions made in developing the tables of
ing red pine to grow the kind of products owners expectation value indexes will find Sections II and
want. But to solve many management problems III helpful.
we also must know how much it costs to grow
timber under various conditions, and how much Sections IV to VII explain how to use the
income can be expected in return. Such knowledge tables to estimate incomes, costs, present net
can be used to measure investment return and values, and rates of return, and give numerous
thus compare investment opportunities, examples of their use.

Sections VIII and IX show how to compare tim-
Note: The a_iho_', Dr. L_ndgren, is I_rin_;ipal Econo- ber-growing alternatives and to determine the

-. mist on the staff Of the North Central Forest Experi-
ment Station. His headquarters are at the Station's amount that can be spent for land and stand estab-
Labo¢'atories and Main Office, which are maintained by lishment and maintenance.
the Forest Service, U.S. Department of Agriculture, on

_2 the St. Paul Campus in cooperation with the University Section X will be useful to those interested
of Minnesota. only in the general level of returns for some corn-
1 The reader who wants to find out more about red mon cost and price situations.

pine silviculture and management can start by read-
ing Eyre and Zehngraff (1948), Rudolf (1957), and Although the paper was written primarily for
Buck.man (1962) and referring to their list of refer- the professional land manager, it contains only a
ences for additional reading. See "Literature Cita-
tions" at the back of this report for the list of lltera- minimum of technical terms so that others may
ture referred to in this paper, find it useful also.



A lar_'e acreao'e in the Lake States once supported hal-dwoods and successful conversion to :_'ed pine. The
stallds of pure, or nearly pure, _'ed pine. (above). Now decision of whether to convert must be made by the
much of this land K_'ows aspen and other ]ow-value forest landowner. But first he must investio'ate the
hardwoods (bottom left). Where it is economically cost o:f the ventu_'e and estimate the expected inc'ome
feasible, such land can be converted back to red pine. --- will his blvestments ea_'n _m acceptable rate of
The photo at the bottom right shows both low-value 1-eturn. 9



If an acrea_'e is to be converted, the uuwanted fo_'est cove l' must
first be cleared away. This can be done by sheariv.a and wind-
rowing' (above) at a cost of S30 to $40 per acre. l)iskinK and
other mechanical methods successfully prepare many areas for
planting" red pine and ace often used, but the cost is also high.
Such high expenses for site preparation, with the added costs of
plantina', are feasible only on the most productive forest land.
Prescribed burning (right), where practical, may make it pos-
sible to clear large areas at a lower cost; this work must be
done by trained pel_sonnel.

Once the pine stand is established, it
may have to be released from com-
peting vef_'etation; protected fr'om fire,
insects, and other destruc.tive ag'ents;
and pruned and thinned to insure
quality _ou"owth. These a_ad other ex-
penses often result in a large per-acre
investment in timber-growing" for lon£
periods. Fortunately, in red pine
stands thinning can be started at a
young age to provide an early and
continuous stream of income. Later

thinnings and the final harvest will
p_'oduce valuable saw logs. In some
localities red pine can also be sold
for posts, poles, pilin;rs, and other
products. The expected incomes, bal-
anced against costs, determine the
profitableness of growing red pine as
an investment.



investment returns from growing red pine will Compound interest f;_t.m,,.:......... fdve t.h_:_-_,,,.,.-._{:,'._.,._:d._.e.r......

be measured in two ways: (1) by the exp _cta,4on _l-!-p)_'_ f_ various rates "L_-an<_ _;'ears ';__ovalue, and (2) by the .rate of return. ', -_ ._ _,
Discounting _s done _)' __._"_'"-__"..........._'o C_r_esame

The expectation value of an investment is the basic _ormum"_ to
net value at some point in time (usually the pI.'co- Vo = V_ _'_._
ent) of expected future incomes and costs that
have been discounted back to that time at some (:U_p)_

given rate of interest. This value is used to esti- Most evaluations of investments are "_:)asec_'-_on
mate the present or future net worth of an invest- these simple formulas° Some of the more complex
ment, or how much can be spent for land clear- formulas are nothing more than shorthand waw of
ing, planting, pruning, or some other operation summarizing a series of simple compounding and
and still earn a specified rate of compound inter_ discounting operations. To simplify computations,
est on invested capital. Expectation values or fu- tables of the few special multipliers needed to
ture net worths of different investment alterna- evaluate :red pine timber-growing :_, ' _+_In g._,sL/neL._, 81"e

tives can be compared to pick out the most de- included in the blue section of this Paper.
sirable program.

The value of a timber-growing investment can
The rate of return is the compounded annual be calculated for any age of a timber stand, but

rate (usually given in percent) at which the value most of the time we want to know the expectation
of invested capital increases over a period of time. value at the time a stand is established. For this
By comparing earning rates among investments reason, all expected costs and incomes are usually
we can judge which investments offer the best discounted back to stand age zero.
chance for increasing invested capital.

The rate of interest to use in discounting is the
Expectation values are closely related to rates alternative rate of return, the price of. the capital

of return, and both require the same information to be invested. Since the rate used affects our
on costs and income. Each expresses the earning estimates of investment return, it is important
power of an investment in a different way. The that this rate be realistic, one that would be earn-
choice of which measure to use will depend on ed on an investment we could and would under-
what questions are to be answered, take. For some investors this may be the rate that

In estimating the value of a timber-growing in- capital would earn if :invested elsewhere within
vestment at some point in time, we must deal with the organization, depending not only on what other
the problem of time. Much of the investment may investment opportunities are available, but also
be made now, but it also may be necessary to on how much capital there is to invest7 For other
invest more capital next year, still more the fol- investors the alternative rate may be the interest
lowing year, and so on. Income may be deferred paid on long-term government bonds or by savings
for years, and then be spread out over a long institutions, currently about 4 percent. For still
period. Where costs and incomes occur at different others it may be a rate that for one reason or
times, it is customary to discount or compound another is considered satisfactory for timber-grow-
costs and incomes to some common point in time ing investments.

at a specified interest rate7 Since each investor has a different amount of
investment capital and a different set of invest-The familiar compound interest formula is

used to compound a value" ment alternatives, it is not surprising to find many
different rates being used to discount future in-

..., V_ (l+p)n = Vn comes and costs. Therefore, in this Paper invest-
Where" \% is the value at investment age 0 to ment returns from growing red pine are shown for

be compounded, a range of rates.
Vn is the value compounded for n

years, and

p is the annual rate of compound in-
terest.

3 A more detailed explanation of how the alternative
For an explanation of why compound interest calcu- rate of return can be determined will be found in
lations are used to evaluate investments see Davis Duerr (1960, Chapter 10), Duerr et al. (1956, pp.
(1954, Chapter 15) and Duerr (1960, Chapter 8). 4-7), and Fedkiw (1960).



....... ,,rvm seuJn£ final harvesting at lO-year intervals from age 25
!:intbe:_: >e ;,:n:ust first determine what kind and h.ow to 165. A similar set was made for the joint pro-
:_nuch timber willbe available for sale throughout duction of cordwood and sawtimber. An example of
a rotatio>, under various conditions. Underlying ti_ese latter tables is given in. exhibit 1o
t]tO._"c_''>':....;'""......o+_,--n.,_-,_,_in %>;isR_n_-r th_• -. _ _...... are ....
b_J_sai 4tea growth predictions and net cubic-foot Altogether more than 500 volume yield tables,
volume yieMs fo:_ red pine published by- Buckm.an representing a range of sites, initial stand condi-
(1962). These data are for' stands thinned to vari- tions, and thinning schedules, were constructed
ou.s oasa_, area dens:_ties (60 to 150 sq .... re _[e=_. of and evaluated but most of the alternatives of

basal area per acre) at 1C-year intervals from ases iginalty considered are not used in this analysis.
25 to !65 on site-index-45 to -60 land. For example, all thinning schedules that allow the

basal area after thinning to vary throughout the
Because Buckman did not present data for all rotation are omitted, because these seldom in-

the types of stands to be considered, additional creased investment returns. Only two basal area
cubic-foot volume yield tables had to be con.. densities left after thinning, 90 and 120 square
structed. Average diameters throughout the rota- feet per acre, are considered, information about
tion were computed for each stand, using Buck- yields and growth rates of trees at densities below
man's basal area ._,rowth data. Cubic-foot yields 90 square feet is incomplete; and leaving more
were converted to cordwood yields at the rate of than 120 square :feet of basal area after thinning
9.7 cords per thousand cubic feet of total volume reduced investment returns for every situation
(this conversion factor was derived from Buck- evaluated (Lundgren 1965 ).
man's cordwood- and cubic-volume ratio esti-

mates). To get board-foot yields, cubic-foot yields Because detailed growth data on stands less
were multiplied by converting factors appropriate than 25 )'ears old are not yet available, initial stand
for the stand diameter and height. These factors conditions are defined as the number of trees and
were worked out from data given by' Gevorkiantz basal area expected before thinning at age 25.
and Olsen (1955). For the number of trees in a stand at age 25

(800, 1,200, and 1,600 trees per acre are used
One set of yield tables was developed for the here), investment returns are given for three basal

volumes in cords available from thinning and from area levels at that age. Until more information on

EXI{IBIT 1, --- Sawtimber and cordwood volume yields per acre from a thinned
red pine stand on site index 55. _

S t an d : : : :
age Total Average Volume cut Volume cut

(years) "height d.b.h, if thinned if clearcut

Thous acid Thous and

Feet Inches bd. ft. Cords "_. it. Cords

25 27 5.2 0 3 0 13
35 39 6.7 0 9 0 23
45 50 8.4 0 10 0 28
55 59 i0.3 4.7 2 14.3 5
65 66 12.3 5.4 0 17.8 1

75 72 14.5 5.8 0 20.9 0
85 78 16,7 5.9 0 23.2 0
95 82 19.0 5.8 0 25.6 0

105 86 21.3 5.4 0 26.7 0
115 90 23 . 5 - - 27.7 0

I/ 800 trees and 120 square feet of basal area per acre

before thinning at age 25; thinned every i0 years to 90 square
feet of basal area per acre.



, the growth of yotmg stands is available, each to> :!. !
est manager will have to estimate as best he can PVI --: "?"82' o,<<:.: o_.:_,!;,...._. <) ! q _i ........................ <.7t @ ,;o,_/ .......................... •............................

how many. trees and how much basal area he car: ,."_._.,-,"::'"'::,>_.... '_ f<¢';<_ <!.0;::[-}_:.:,
; expect at age 25 from a stand grown under his par- -::: $6(A776) S18(._!_35.!) _(:56,:264<i:}

ticular conditions. If he has no better" information ....-: :f2,<_vo
he n:ay wish to use the middle level of basal area
given here, which is probably a conservative esti- To compute __-:,:__.,_",_:,_._-_,,....._.._,::_:_,,_:'oc*_;_'_ ........-' voi°

: mate for fully stocked stands under average field ume yields, b,_t at :: diffei:_ent pr'ice, _(im_w,......,-_:_r._,
conditions, is reheated... Obvio:....,..,_!.,_,,_:_. _._,"_,.......wo:'k i_ _""''i;'_..............>:'_.:'-::t o

consider even a sr.ua]]. :°anf_e ,'_}..............s¢-_-_-r._-'_:,or,:r,_:_.._._:"'{_''_<;_.:,-,.<:._.These volume tables were constructed with the

following assumptions All trees in the stand have Notice, ._,ho:'J¢___._.:<._.c[.>,,_ at: the stur:t<mfee pd,',_,, is
the same diameter and total height as the average the same for each age we would get the same pres-
for the stand All stands with an average diameter ent value by first d:isco::::tirm the volume:< next' • ............. ,7,

of less than 4.6 inches are nonmerct:antable. Ai]. adding them *c,o>_h-.,,_..:.,.,_:_,and _>_":s_:.,.:.........o_:uit_:_:-v"'"_",,_n_, by
trees in stands averaging 4.6 inches or larger in the stum.page price °
diameter can be cut as cordwood. All trees in

stands averaging 9.1 inches or larger in diameter c- i i 1 -]

are cut for saw togs where the market permits. PVI = 3 -_ 9---- _ 28 ............. I ($2.00)
Any cordwood yield shown jointly with sawtimber L_(1_03)_ ,'_,_.0o)._o_ ._ (v_._451
is from the tops of trees. Yields of less than 2
cords or 1,000 board feet per acre are nonmerchant- -- _ (.4776) - 9 (.3554) _ 28 (.2_44i-_ (82.00)
able. Merchantable or not, the stand is thinned = 12.03 ($2.00)
every 10 years to the indicated basal area. Non- = 824.06
merchantable thinnings contribute nothing to net

returns, but they can be carried out at no extra tf the volumes of a product are once discounted,
cost. No thinning will remove more than half the then to consider a ch::erent_"'_stumpage price (say
basal area of the stand. 83) all we have to do is multiply the sum of dis-

These volume yields make no allowance for counted volumes (12.03)by the new price to get
catastrophic losses such as those caused by fire a new present value ($36.09). The sum of dis-

counted voh_mes is the Expectation Value Indexor insect epidemics. Anyone applying these results
to large areas may want to allow for the risk of (EVI) Although the method requires the use of
loss from such causes, constant stumpage prices, these prices can be at

any level.
The present value of timber sale incomes can

be estimated by multiplying volume yields and A separate EVI is needed for each product that
is priced separately. Each index is multiplied bystumpage prices to get the value yield at each age,
its own product price, and the resulting presentand then discounting these values. Although cor-

rect, this process can be tedious if several evalu- values are added to get a total present value for
ations are to be made, because each income must all products. This approach could be used for any
be discounted separately'. Estimating the present number of products, but here only cordwood and
value of timber sale income can be greatly simpli- saw logs are considered.
tied by using an Expectation. Value Index.

The rotation age changes the timing and vol-
To show how this index is derived, let's review umes of thinnings and final harvest cut, so the

how the present value of future incomes from tim- expectation value index is different for each rota-
her sales is usually calculated, tion age. Fortunately, an EVI is needed only for

the financial rotation age, the one giving the high-
Suppose, for example, that the following per- est exoectation value. This optimum financial ro-

acre yields will be obtained in growing red pine" tation age varies with the discount rate used, but
is not affected much by establishment and man-

Thinning at age 25 ........ 3 cords agement costs and stumpage prices over a wide
Thinning at age 35 ........ 9 cords range. Even if an estimated rotation age misses
Final harvest at age 45 ..... 28 cords the optimum by 10 or 20 years it will have little

effect on estimates of investment return made
Multiplying each volume yield by a common at the beginning of the rotation (Lundgren 1965).

stumpage price. (for example, 82 per cord), dis- Therefore, for these analyses one rotation age,
counting each timber sale income back to age based on establishment costs of $40 per acre with
zero at the alternative rate (say 3 percent), and stumpage prices of $2 per cord and $20 per thou-
then adding the results together gives the Preser_t sand board feet, can be set for each stand condition
V,.ffue of bzcome (PVI) from future timber sales and discount rate. This rotation age, if not opti-
in this stand" mum, is close to it. On this basis, an EVI was corn-

6



pi.;{L<_.:i i;Oi:_ {};;i,,Or,,'/i,_i:,,,; ;_,_:"___}_ai _;vou]d ........ _.... • " %he +" _ ' - • _•or _ , "

Dreseiii£ _i,_;!; VL%IL'C,%[<i)F &:_.... %:ViC_Or_2,<_o_,." c-,'......)i:' <,t_':_•_.... }r_' _,'(.._C!Sili_i'tal.£e _he bFeSOTlf \:aiii@ Of J_U%Ui'._O_.iiYibei" sale

..... ,<.hi [i_},es(} ir!p()%1__i.StO _)_.._L,_)_.£_,each productiridex:forth.at
fCVi[s are o_:c_::R:q_1:_<it_._b-k_sL to ]._;i:rzthe <:e.:!.tc_[" s£_nd b)' the ,-o.nticipate.dstumpage price. A sap

.... "<_.._.......__-u -, __............ _T!.d£,x haFi be_,Kt ].o<:,.Rt<)(i.......................i_-_ istioNs i< s!).o\,v_t irt a later __',._ctlo..:.':_,_

When we invest capi{al :in gr(k)w]n_4_"__"_-_',.;,n_,ciwe .;[!_as<gcn_m o,.._.,_"_'",S'_c t._D_
_ - _7_OdJ<u...s,-,OF SO[Tie _.c...<...<_._expect to .$._etb_.ck. _ r.r ,_o+<-, ¢"_.... h._r,._F:_,, _ft.C'r th{tP,%7_7<7 '7?_d<t; 77.0

in the future. _:>,_-::,,<_+e +" _.... _.........z,,_<._,.,.,_:__ze,:_':_can be <o_4 for prod° Cordwood and Sawt.imber to be Sold
_.. .... p { c"_ <"0tOtS S_W;h 8S ._._d,__....... ptt].pwood, po]es, ].)i]inpj_ and 90 4{7 ]

saw !o_s_ b _f ':_,:: _' -_ •............. consider on74/two Pulpwood 90 50 2
a/K] S_V? _,',_:_qSO](i i_'S ................b...... b'" C_¢;}[_{'l"it%O"trees. [ncome from 9( 5o 3

90 60 4
other oroducts ;_nd benefi.ts is provided by red ''

_orc_t_ and income is known ]20 45 5
or can. be estimated it should be included in an 120 50 6
appraisal 120 55 7

120 60 8

Cordwood Only to be Sold
The Tabbs of Expectation Value Indexes 90 45 9

Timber sale incomes are estimated from the ex- 90 50 10
pectation value indexes discussed in the preceding 90 55 11
section. Tables 1. to 16 ( _ ,e-. _ 90 60 12cen,.:.s clue section) pro-
vide .884 sets of EVFs and rotation af_es for site
indexes from 45 to 80 (later, we suggest how EV]{'s t20 45 13
for lower or higher sites can be estimated ), ex- 120 50 14
pected stand conditions before thinning at age 1.20 55 15
25 of 800 to 1,600 trees and 60 to 180 square feet 120 60 16

of basal area oer acre, and alternative :rates from For example, EVrs for growing both cordwood
2 to 8 percent° indexes are given only for stands and sawtimber, thinning to 90 square feet on site
that are thinned back to the same basal area den- index 55, are found in table 3.
sity level ever);' !.0 years throughout the rotation,
but two densities are included, 90 and 1120square Once the uroper table has been found, the in-
feet of basal area per acre. The 90-square-foot den- rester can locate the correct expectation value in-
sity is the one recommended for maximizing in- dex and rotation age by"
vestment returns fz,.r,., growing red pine (Lund- 4. Estimating the number' of trees per acre ex-
gren 1965), but including the 120-square-foot den- pected before thinnin_ at age 25, either 800, 1,200,
sity offers the prospective investor a choice in or 1,600 trees.

computing investment return. The financial rota- 5. Estimating the basal area per acre expected
tion is given in parentheses below each index, before thinnin_ at age 25, either 60, 90, 120, 150,

or 180 depending upon the site and number ofTo locate the desired table of indexes, the in-
vestor must trees.

6. Selecting the interest rate to be used in dis-
1. Decide whether to grow red pine for both counting incomes and costs.

cordwood and saw logs, or for only cordwood; In our previous example (using table 3), with

2. Specify the basal area to be left after each 800 trees and 120 square feet at age 25 and a 3-
thinning, either 90 or 120 square feet of basal percent interest rate, the index for cordwood is

7.59 and for sawtimber 4.38. The rotation age to
area per acre; be used with each set of indexes (95 years in this

3. Estimate the site index of the land, either example) is enclosed in parentheses immediately

45, 50, 55, or 60 (from Gevorkiantz 1957). below the index numbers.

-- 7-
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Estimating Stumpage Prices per acre _';v,_:i:°v.. ;Z) y _::_.:_:_:;,,,.vi_,_,.............,_.:.:, ._........._.,._ ,!)()!)

There is no way to know what the stumpage before thinr_.in_ .... _._);e.2':,;o_<o:_:_e._,_.......... "-"".......
prices wilt be when timber is sotd from stands now actly fits s .........,,_> a _.,__,d_.............bc;t ar:_E\/I can '_"'_.,_.,.est..>at_>.,_[
being established. All we can hope to do is to using a site ind_, ef 55 >._tti[__(hi)-i>_-,_-_and :i.20
estimate what they will be. Because of this un.-
certainty, and also because of the difficulty of table 3)

_e_,u_n_ with complex price ._,:..............computing investment "" •

estimates, the following simple price estimates ,i? "e,_'r,",",,'_,.........,_. _(_'pc_ce_,_i:
are used. Cordwood 7.59 '2.7(i'

The price of cordwood anti the price of saw- Sawtimber ,:L3S _i;O
timber can be set at any level, but the price set
applies to all future yields. For example, if the A more accurate estimate _:_ani-,..... by
price of sawtimber is set at $24 per thousand board .interpolating( among t_< _.nc,_,,xe_;give;,-_ in the
feet, then all future board-foot yields are valued tables. This can be done by p_o_.>_._g'.......i..... the known
at that price. If desired, average current prices .indexes on a graph and then r'eading off the
can be used as an estimate of future prices. By cal- actual value for the stand, by °arithmetic interoof

. culating expectation values for both a high and ation _. o- . _ ,_._ . j N._,L _:::,S,,J.,_x],a.,',J,t_:>o

low price or for several price levels, a range of Although a tnree-v_.ay intert)olation am_n_, _v,e<
future prices can be considered, in the examples numbers of trees, and initial basal areas is not sire-
that follow, stumpage prices are assumed to be ple, the rounding-off error may be large enough
net of timber sale costs, to make it worthwhile, in the example we n,-,ve

been using, the interpolated EVI's would be:Although these simple price assumptions re-
strict the kind of future prices that can be con- Di,s'cotv_t rv_te
sidered, most investors willingly accept them for _ _,e','cr<r,_" 6 "_-_',_,_
estimating investment returns. Cordwood 8.10 2.90

Sawtimber 4,8t. ,68
Calculating Present Value of Future _ncome

From Timber Sales Thus, by rounding off to the nearest values for
which an index was available, EVI's for the 3-per-

The following example illustrates how EVI's cent discount __ra_,_ were underestimated by 6 per-
are used to estimate the present value of timber cent for cordwood and 9 percent for sawtimber.
sale income from growing red pine. The underestimate was slightly larger with the

Red pine is to be grown for cordwood and saw- 6-percent discount rate.
timber on site-index-55 land. The stand is expected
to have 800 trees and 120 square feet of basal area Usually, in rounding off to the nearest value
per acre before thinning at age 25, and will be for which an EVI is available, reducing the site
thinned back to 90 square feet of basal area per index will decrease EVI's, reducing the initial
acre ever)' 10 years. The discount rate is 3 percent, number of trees per acre will increase EVI's, and

For these conditions the EVI is 7.59 for cord- reducing the initial basal area will decrease EVI's.
wood and 4.38 for sawtimber with a rotation age of In the above example, a decrease in EVI's because
95 (table 3). If the expected stumpage prices are site index and basal area were reduced was partly
$3 per cord and $22 per thousand board feet for offset by an increase in EVI's because the number
this stand, the present value of future income of trees was reduced. Under some conditions the
from one rotation is (per acre)" rounding-off errors may reinforce each other and

result in even larger errors; under other conditions
7.59 x 83 = 822.77 they may cancel each other and result in no error.
4.38 x $22 =- 96.30

Total =-$1i9.13 The indexes presented in these tables cover the
range of growth and yield data available from site

That is all there is to estimating the present index 45 to 60. Red pine stands have been and are
value of future income from growing one rotation being established on poorer sites and on better -
of red pine under these conditions, sites than these, but we do not have enough infor-

EVI's are given only for the stated sites, den- mation to comDute EVI's on such sites. Further-
sities, numbers of trees and basal areas per acre more, we will have to depend upon plantations ._
at age 25, and discount rates. No stand is likely to for these growth data, so are not likely to get this
have exactly all of the stated Characteristics. If a information about older stands for decades. In the
stand falls within the range of data given but does meantime indexes can be projected from the pres-
not exactly fit the stated characteristics, the near- ent range of sites. To evaluate site indexes of less
est given stand characteristics can be used. than 45 or more than g0, the expectation value in-

Perhaps red pine is to be grown on site-index- dexes can be plotted over site index and the plot-
57 land, thinned to 90 square feet of basal area ted line extended to perhaps site index 40 on the

8



__./ side aifi!d ,_";_:, it_cif:_>,.70 on !_he h;'-._}l side. _.... "'" hom_es]_te .......................................... __ _._:_,:_,e_.:,or renta[s a special formula is used
_' ........._- do '..... ;t-_s_ , to calculate I;he t)resen_ value for one................_. pro- rotation
jections a,re because t!_ey !:(o beyond iThe .rankle of

a reasonable estimate on which to base an evalu- Present value of annual income ..... i
,.,t .........of .s,,,q-_J_,..,._s_tes." __,_i] b._:,*'_-...... yield information p (1-p]_
is ....... "_ ', ,,--,.: where" i is the annual incomeuv;-....a_).e, t_:_ev can be used whh sorue c,,nLu.
denue, n is the rotation age

p is the discount rate

Adding the present values of these other in-
If income from sources otl_er than timber sales comes to the present value of timber sale incomes

is expected., it can be included in t_e investment gives the total present value of incomes from a
appraisal To get the present value of incomes, timber-growing investment. In. a later section we
each single income received is discounted hack to wilt suggest a simple form for computing these
a_e zero. For annual incomes such as hunting values.

V° ESTiMATiNG COSTS

Investors in ti:m_0er growing may have to buy Other permanent and nondepreciable invest-
land; build roads, bridges, and other improve- ments in land are also included in this cost ,_roup. _
ments; urepare olanting sites; plant, release, thin, These include earthwork betterments and other
protect, and tarune trees" and prepare and admini- improvements that will last for more than one
ster sales. Private owners Uay annual taxes; pub- rotation with only maintenance to keep them in
lic owners pay fire protection costs. Both will shape. Fences, tem_)orary roads, ]buildings, and
have road maintenance and other administrative other improvements that are expected to last only
expenses to pay. Not every timber-grower will for a limited time and that can be depreciated are
have all of these expenses, but all will have some included under the next major cost group.

costs in growing timber. Such costs can be thought Land and permanent improvement costs are
of as investments, outlays that must be made to valued at age 0, when the stand is established.
grow a certain kind of timber in a certain way. The costs of future permanent improvements to

The costs of growing red pine fall naturally the land are discounted to age 0 and added to-
into three groups, each of which is handled dif- gether to get the present value of land costs (L o).

ferently in evaluating investments: (1) land and Because these are permanent investments, the en-
permanent improvements, (2) stand establishment tire cost is not charffed off to one rotation of tim-
and improvement, and (3) annual expenses, A1- her. At the end of the rotation the value of the

most every owner or manager has a different set land and its permanent improvements is still left.
of costs, so any specified here probably would If we use the present value of the land as an esti-
apply to only a few individuals. Instead, we will mate of its value at the end of the rotation, then
outline the kind of costs falling :into each group the land cost for one rotation is computed as rol-
and show how to handle each type of cost in lows"

evaluating investments. Present value of land costs for one rotation

Land and Permanenf Improvements Lo

Investments in land and in permanent improve- (1._p)n
ments are not used ut_ in growing one crop of

trees, but retain their value for longer than one ] (l-f p) n --.1_

rotation. Some investols may have to buy land; to = Lo I ....
these the price paid is a cost, a permanent invest- L__ (I+P) n

ment. Others already own land for growing tim- Table 17 in the blue section of this paper gives
her, and the question arises, "Should these owners
include land as a cost of investment?" multipliers for various interest rates p and years _.

If the owner (perhaps a public agency) cannot Stand Establishment and Improvement

dispose of land and has no alternative but to keep Stand establishment and improvement costs in-
it, then such land need not be included as a cost elude the costs of preparing the site, planting or
of investment. Owners who could sell their land seeding (or special measures needed to insure
have an investment in land, an opportunity cost.

This is the value of other income forgone by keep- _ Williams (19_4) disc_sses _hat expendit_zres for lc_d
ing money tied up in land. An estimate of this and g)erma_zer_4 irr_I)rovemertts are rtondepreciable
cost should be included in an investment appraisal. _nder the federal income ta.x la'ws.
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natural regeneration ), release, early thinnings, It is .,.;m:.:,.uo.__"-:_,.J.;_j__......re_',::,:e_:_:i:_e_i-i,_;:_._it.,......<::_s_s-..... i,_,,._,,be
special protection, and pruning. These are the di_ included here are ::£o__ ::_.r:__,:::_:abii_?:<.d_ta;:_A. Thus..
rect costs of _rowing one croo of timber. If actual fo_...... ___ if ' ..._._.....

expenses for supervising, these and other cultural each _Year is ._Yr_c_,_4_._,..._,_to _a_._'_i_. __,,-.,.:-__........._,.,,_,_x_.i.ni_:.'.........".... "__ .pe_:
practices are known or can be reliably estimated, acre of established ,_:.,-,t,_,_ ,, is_ hii,_!her ........
then they should be included. Also included here cost per acre planted The cost :i_K <:stab_tis_:_d.acre
may be temporary land improvements not ac- is equal to t?c_etotal ........:fia.nth:_£ <_si,._,........ _.._.._,.,,,:,,:,. .""_;:_,":' by *!-,e
counted for under land costs. Private owners elig- number of acres sctuarlv ....+,._.,_...........,' _.......
ible for subsidy payments on some establishment

and improvement practices should include only Ar._n_)a] _xpec,_sestheir share of the cost. " .......

Property taxes and fire ,_-,e._.,,-.__.._F._ .,'.t-"c,_._.._<,_i,., road

One grouo of costs not specified in our examples maintenance, and other :_eneral administration
is the cost of selling timber, including cruising, expenses often are "....... _ 'mmuea together and treated as
marking, and preparing and supervising sales. In -,_. .....one annual expense. A._.&ougn -_._--._........
our examples we assume that stumpage prices are costs over a rotation ,-'ar_ be consid_,-,_d we wi__
net of timber sale costs. This is saying, in effect, show only how to handle "-- _o' the
that sale costs are a constant percent of total sales throughout the rotation, cos,_, that are same
value. If preferred, the estimated cost of making
each sale can be included with stand establishment The present value of ,_nnual costs for one rota-
and improvement costs; they are handled in the tion is computed, using the special disco,':inf multi-
same way. plier shown in the following formula:

To get the present value of establishment and Present value of annual costs --

stand improvement costs, each cost at any age t _ ' _:_ 1
(C t) is discounted to the present, and all dis- =-= c "-_-:-_'" --
counted costs are added together:5 p(1.+p)/_

Present value of' establishment costs _ where" c is the annuat cost.

1 Multipliers for various interest rates p and
= ___ Ct years n are given in table 19.

(l+p) t

where: _ is the Greek letter Sigma,
standing for "sum." EXHIBIT 2. -- l)eterm:ining the present value of costs

from growing" one rotation of red pine.

Table 18 in the blue section of this paper, gives
: : : 3-percent :Discountedvalues of this discount multiplier for various in- _ge : Item : Cost : discount :

retest rates p and years n. Space did not permit : : :multiplier2/: value
including discount multipliers for every single year
throughout the rotation. Costs occurring in years 0 L_nd $10.00 0.93_7 $ 9.40

0 Establishment 50.00 i .0000 50.00

not shown in the table can be discounted in two 3 Release 7.00 .9151 6.41steps using the multipliers given. For example, a
cost of $20 at age 18 to be discounted at 4 percent 25 pruning 20.00 .4776 9.55
can first be discounted 3 years to get its value at - Ann_a_ .3O 31.32 9.4O
age 15" Present value of all costs (one rotation) $84.76

$20 X 0.8890 = $17.78

i/ Rotation age 95 years, discount rate 3 percent.
This value at age 15 can then be discounted 15 7/ Discount multipliers:

years at 4 percent to get its present value at agezero"

$17.78 x 0.5553 = $9.87 Land - (1"03)95-1 Table 17

Thus, a future cost of $20 at age 18 discounted (i.o3) 95
at 4 percent has a present value of $9.87. The dis- Establishment - 1 Table 18

count multiplier for 18 years and 4 percent is: (1.o3) 0

0.8890 x 0.5553 = 0.4936 Release 1 ....= ...... Table 18

(3 years) (15 years) (18 years) (1.03) 3

1
pruning = Table 18

5 If the cost is at the time of establishment (Co), then (1.03) 25

t = O. If t = O, the discount factor 1
1 (.l+p)O equals Annual = (1"03)95-1 Table 19

1, so Co (l+p)O- = Co�., .03 (l .03) 95

10_
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,'\N. ()rfZa;f}i.z(w,! ,.-_:c,I-].,_..r:i o (t _'OmoUtin_ ' '_,,_ ,_ _
....... ..............-_............,......_> prese:i.t ......_ .':,nexts_episto compute the presentvalue

vaiues o:f ;r_,",.,r,_'..:,<and costs, p:'_-_:_:,nt:set va].ues, ,_ . Each _.................................. _.....costs expected cost 1::,entered as s.hown,
............'_................._. values wili save time and ana is then multiplied by the appropriate discount

i::s:.:rethatsome incomes or costshave r_n:bee-,_ :r-_1'-__- o_-'-t:.:h.__,pl,..e:to the discounted cost. Table 17
ovel- y)<:,:_,.l F:._h:b_t o sug:,_,_t_: an or4_,-_._ way to gives the land cost muh_Dher for a. a-year rotation............................... ). -_b .................. _ . _"r ' 9 _
l::,?'o_"l:o_.]i {.bese ,-'o,_:-)*,tm--i,:r_-and •o._i-:,' ........ ,-- -.-._,=..... ,....,.._,,, p:eo,.n..:_ one and a 3-percent interest rate. The establishment
,_'_.,_a._._._:,_,",[_,_of_ the ..........fo_'m in use .....r e,.,"'sfollow it through, cost is not mscounted,"" ' of course, since it is for only
kee:)i:::::_in mind the .,,.,...<_:_,<u:_"::_"-"::ed-_discussion given one rotation. The release and pruning cost multi-
earlier on .......how to :",,,_<,_,,_._.."_,'},:,.=_._present values of in- pliers are from table 18, for 3 and 25 )'ears, re-comes and costs. ::" +_,-,.......

.........,_':,u,...computations we will use spectivety, and a 3-percent interest rate. The multi-the tables of e-",-e,'+',+_,-_,
_,p-......................value indexes to estimate plier for annual costs is from table 19 for a 95-year

present values of :fk:tu.:"e timber sale income, and rotation and a. 3-percent interest rate. Adding allt he -_-1_:....c
_ao.::=_ o, discount multipliers to calculate the discounted costs together gives the present

::)resent values of other' incomes and costs, value of all costs for one rotation, $84.76 per acre
in this illustration.

The heading of this form identifies the invest-
ment and lists the information needed to look up Subtracting the present value of costs from the
the expectation value indexes and discount multi- present value of incomes gives a present net value
pliers tn this example, both cordwood and saw- for one rotation of $]8.02.

timber are to be grown. The first step is to calcu- If all costs and incomes are included in cal-
late the present values of timber sale incomes, culating the present net value of one rotation, then
Expectation value indexes for' cordwood and saw this value is a measure of what the entire invest-
timber for this stand (table 3) are entered in the ment is worth at the present time. If the value is
appropriate space. The rotation age of 95 years, positive, the present value of incomes is higher
which is given in parentheses just below the indexes than the present value of costs. Such an investment
in table o_, is recorded in the heading for later use. provides not only enough income to pay the
Multiplying the index by the estimated stumpage alternative rate (discount rate) on all invested
price for each product (in this example $2 per cord capital but also additional income. The above in-
and $20 per thousand board feet) gives the dis- vestment, besides returning 3 percent compounded
counted income from timber sales (the present annually on all of the capital invested in the stand
value of timber sale income), for one rotation, provides an extra income present-

ly worth 818 per acre. By the end of the 95-year
Immediately below these computations are lines rotation this extra income, compounded at 3 per-

for entering other incomes Lf expected (none are cent, would amount to $298 per acre.
shown in the example). Had an annual income from
hunting leases, easements, or other sources been Besides answering many questions about a
expected, it would have been entered and multi- particular investment the present net value for
plied by the discount multiplier for a 95-year one rotation can be used to compare investments,
rotation and 3-percent interest rate from table 19 but only if the rotation ages (investment periods)
to get the discounted value. If other incomes had are the same. If rotation ages are not the same, the
been expected at a particular age, such as from present net values must be adjusted to put them

on a common time basis before a valid comparisonsales of Christmas trees or other products and uses,
these would have been entered on the following can be made. This can be done by computing the

land expectation value (LEV), which automaticallylines. Multipliers for discounting such incomes are
found in table 18. adjusts all timber-growing investments, regardless

of rotation length, to a common investment period.

Adding all of the discounted incomes from To get the LEV, the present net value is multi-
timber sales and other sources together gives the (l+p) n
present value of all income from one rotation, in plied by the factor , which assumes
this example $102.78. (l+p) n _1
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EX_{_B_T 3.--- Sug7%'ested form for computing' p:_:esent wfu<s and i[ar,_d e,'.<pe<:tatk:,_, va]u _-
per acre of red .pine. Tihe example shown here is for _ discouui_ r_:_;ioe,of ,_) ;o_" .e t_

_,:OR RED PINE ffCf"Ai_DSPRESENT-VALUE COMPUTING FORM w " ......

Site index 55 Thinned to 90 sq fro B,A._ every _ years° _'x,.........,_

_<nd stand density at age 25: _00 trees_ J£0 sq,, :fro basal area per ac:ce_
/ Only cordwood to be grown Both cordwood and _'-awtimber to be o-:_ow<, )(

Rotation age 95 _1/ Discount :cate .[_ _oez_cer!tI....

INCOME CADCULAT IONS

Timber sale income

Expectation Stumpage Discounted

value i.nde_ / x price = income

Cordwood 7,59 x $_ 2.00 : $ i5, IS
Sawtimber 4.]_ x $ 20.00 = $ _7_/o0

Other incomes Discount

Age Income x multiplier =

None $ x 2/ = $
$ x 2/ : $

Annual xxx $ x 3/ = $

Present value of all income for one rotation ..... $ ,702.7_

COST CALCULATIONS

Type of cost Discount Discounted

Age Cost x multiplier : cost

Land 0 $ 10.00 x .9397 4/ = $ 9.40

Establishment 0 $ 50.00 x 1.00OO : $ _0.00

Release =:_ $ 7.00 x _ : $ 6 . 41
Pruninq___ 2_ $ 20.00 x _/ : $ 9.55
Annuat xxx $ .30 x _ 3/ = $ 9.40

Present value of all costs for one rotation ...... $ $4.76

PRESENT NET VALUE FOR ONE ROTATION (discounted incomes minus costs) .... = $ ]8.02

5/ .,. . I 0642Land Expectation Value Multipliers_ -........................... x

LAND EXPECTATION VALUE ...... $ ]9. ]

I/ From tables i to 16. 3/- From table 19. 5/ From table 20.

2/ From table 18. 4/ From table 17.

that the value at the beginning of each future in table 20.
timber-growing investment after the first rotation
will be the same as it is at present _ in this ex- Because the LEV allows for the value of future
ample, $18.02. In the absence of more accurate investments after the first rotation, it is always
information about future conditions, this seems a larger than the present value from one rotation.
reasonable assumption. LEV multipliers for various In the previous example, with a 3-percent rate and
rotation lengths (n) and interest rates (p) are given 95-year rotation, the LEV is 6 percent larger:

-- 12



i/ From tables I to 16, 3/ From table 19, 5/ From table 20,

"2/ From table 18+ _/ From table 17, --

Present net value (one rotation) 8!8.02 percent on all invested capital, this investment also
(1.03) 95 returns from all future rotations additional income

LEV multiplier 1.0642 with a present net value of $19.t8 per acre. If each
(1.03)05--1 investment is the same amount, then the invest-

' ment with the highest LEV also will earn the
Land expectation value $i9.t8 highest rate of return on invested capital.

]'his LEV is a measure of the return on the Where discount rates are high and rotation ages
investment tt indicates that besides earning 3 are tong, it: may not be necessary to compute the

-- 13 ---



LEV because it differs so little from the present rote ......t rate. and i___._'_<_"";_.... _.,_,<_.... _,._,, _u:_t
net value of one rotation. For example, with a 6- discount multipliers is requ.k'ed. __ "'_,
percent discount rate and a 125-year rotation, the rate gives a present._o value of in<:on:)es oi] $52.82.
LEV is only 0.1 percent iarger than the present Subtracting from tins the _:_resent ......_"_" o_ _.,_ts,

880.59, gives a negative present .....'.. :_,.-_._,'_atdt_ ......_.<,7. tl.

value of one rotation. At the other extreme, it may A negat:ive value indicates t__,_.,.,_,.__-h_...,. r,r_,_t,:.__...... ,_ .......v_..._,_c<'....
be desirable to compute the LEV where discount of costs exceeds that of incomes_ and that <_'_.__.r_.
rates are low and rotation ages are short With a investment wil] _not pay., the _,,...°_r"_-_`_o_,,,,.... :['ate on the
3-percent rate and a 45-year rotation the LEV is invested capital.

38 percent higher, a sizable difference. Although it takes a while to desc:rilse this pro-
To illustrate how present values are calculated cedure, once the stand characteristics and costs

when costs exceed incomes, this same investment have been stated, the expectation value h_.dexes and
was evaluated using an interest rate of 4 percent discount multipliers can be set down and the calcu-
rather than 3 percent (exhibit 4) Note that the 4- lations made in only a few "n,* _ if done
percent interest rate gives not only a new set of ex- by hand. With experience and the heb of a desk
pectation value indexes but also a new rotation age, calculator, the entire evaluation can be done in
81.5instead of 95 3,ears (table 3 ). With a change in less than 5 minutes.

Vl_. RATE OF RETURN AS A MEASURE OF iNVESTMENT RETURN

The rate of return (sometimes called the finan- We can solve for p directly by using logarithms,
cial yield or internal rate of return) is the rate or we can approximate p from a table of compound
earned over an investment period on all the in- interest rates. The log-log scales of a slide rule
vested capital. It is the rate of interest that would can also be used to solve for p to the nearest 100th
make the sum of all compounded costs equal to the of a percent. In the above example p = 0.0717,
sum of all compounded incomes (or discounted so the rate of return is 7.17 percent.
costs equal to discounted incomes). Where there is

& r ° 'only one initial investment, no other costs, and This simple technique for dece mmmg rate of
one final income, the rate of return is easily eal- return has many applications in forestry. For ex-
culated, ample, it can be used to determine the rate at

which timber left after thinning increases in value
by comparing this rate with what could be earn-

Let Co = initial investment at age 0 ed elsewhere, we can decide whether to cut or to

I n .......final income at age,_ leave a stand, if we are growing pulpwood with
only one final cut, this method can be used to

p = rate of return estimate the rate of return on this investment.

Find p so that the compounded cost equals Usually, however, forestry investments are
the final income: much more complex than the example just given,

Co (1.+P) n = In and there are many costs and incomes during an
investment period. If several costs or incornes oc-

Expressed another way, find the rate of interest cur throughout the rotation the rate of return can
that makes the compound interest multiplier equal no longer be solved for directly, but it can be
to the ratio of final income to initial investment: approximated graphically. To illustrate, the pres-

ent values of incomes for one rotation were cal-
culated for a red pine stand on site index 55 using

ifIn a range of discount rates from 2 to 5 percent• (ex-
(1-i-P)_ = _ hibit 5). Only income from timber sales was con-

Co sidered. A rotation age of 105 maximized present
If we could invest $100 now and get back 8200 net values for the 2-percent rate, 95 for the 3-

in t0 years, the rate of return p on this investment percent, 85 for the 4..percent, and. 75 for the 5-
is found as follows percent rate (table 3). For these same rates and

rotation ages the present values of costs for one

8200 rotation were calculated, using the costs iisted in
(1 p)i0 = exhibit 2.

8100 Each present value of cost and income was
(,[ ip)10 ...... 2.00 plotted over the :interest rate used to calculate it,

P -- " and a cost curve and income curve were fitted to

-- 14



Table I o--Expectation value index and rotation age for one rotation
of red

grown for cordwood and sawtimber jointly_pine

Site index 45; thinned to 90 square feet

of basal area per acre every i0 years

Basal area per :
Discount rate (percent)acre before thin- :

Produc t
ning at age 25 : : : : : : :

2 3 4 5 6 8
(sq_ ft.) : : • : : : :

800 TREES PER ACRE BEFORE THINNING AT AGE 25

60 Cordwood 8.87 5.42 3.41 2.17 1.35 0.56

Sawtimber 3.60 1.45 .63 .30 .15 .04

(105) (95) (85) (75) (75) (75)

90 Cordwood 9.11 5.88 3.84 2.61 1,79 0_81

Sawtimber 4.92 2.09 ,97 ,48 .27 .08

(105) (95) (85) (75) (65) (65_

120 Cordwood 8.34 5.76 4.04 2.96 2.09 i. 13

Sawtimber 6.46 2.99 1.48 .78 .43 o15

(95) (85) (85) (65) (65) (55)

1200 TREES PER ACRE BEFORE THINNING AT AGE 25

90 Cordwood ii,46 7.14 4.56 2.99 1.92 0.85

Sawtimber 3.37 1.35 .58 .27 ,14 .03

(105) (95) (85) (75) (75) (75)

120 Cordwood 9.48 6.06 3.99 2.67 1,84 0.82

Sawtimber 4,63 1.97 .91 .45 .24 .07

(105) (95) (85) (75) (65) (65)

150 Cordwood 12.20 8.31 5.88 4.12 2.97 1.56

Sawtimber 5.12 2.19 1.01 .51 .27 .08

(105) (95) (75) (75) (65) (65)

1600 TREES PER ACRE BEFORE THINNING AT AGE 25

90 Cordwood 10.75 5.88 3.37 1,94 1.12 0.42

Sawtimber 1.97 .72 .28 .Ii .05 .01

(105) (105) (95) (95) (95) (95)

120 Cordwood 11.40 7.14 4.56 3.01 1.93 .85

Sawtimber 3.36 1.35 .58 .27 .13 .03

(105) (95) (85) (75) (75) (75)

150 Cordwood 10.99 6.87 4,42 2.90 1.88 .84

Sawtimber 3.76 1.51 .67 .32 .16 .04

(105) (95) (85) (75) (75) (75)

1/ Rotation ages are shown in parentheses.m



Table 2 ,--Expectation value index and rotation age for one rotation
of red pine grown for cordwood and sawtimber jointl__I/-r-

Site index 50; thinned to 90 square feet

of basal area per acre every I0 years

Basal area per : : Discount rate (percent)

acre before thin- : Product :
ning at age 25 : : 2 : 3 .: 4 : 5 : 6 : 8

(sq, ft. ) : : : • : : :

800 TREES PER ACRE BEFORE THINNING AT AGE 25

90 Cordwood 10.69 6,92 4,54 3.05 2.09 0.95
Sawtimber 6,14 2.57 1,17 ,57 .30 .09

(105) (95) (85) (75) (65) (65)

120 Cordwood 9.67 6,69 4,69 3,31 2,41 1,28
Sawtimber 7,91 3,62 1.79 ,93 051 .18

(95) (85) (85) (75) (65) (55)

150 Cordwood 8.79 6.38 4,69 3.46 2,58 1.49
Sawtimber I0,02 4.89 2.56 1.42 .82 .32

(95) (85) (75) (75) (65) (55)

1200 TREES PER ACRE BEFORE THINNING AT AGE 25

90 Cordwood . 13. i0 8,18 5,32 3.40 2,25 .99
Sawtimber 4 °27 1.69 ,72 ,33 16 .04

(105) (105) (85) (85) (75) (75)

120 Cordwood i0,83 6.99 4.58 3 o ii 2.13 .96
Sawtimber 5.80 2.42 1. I0 .54 .28 ,08

(105) (95) (85) (75) (65) (65)

150 Cordwood 14,15 9,65 6,69 4.73 3,41 1,79
Sawtimber 6,34 2,68 1.22 .61 ,32 ,09

(105) (95) (85) (75) (65) (65)

1600 TREES PER ACRE BEFORE THINNING AT AGE 25

120 Cordwood 13,08 8,17 5,31 3.40 2,35 1.06
Sawtimber 4.38 1,69 .72 .33 ,15 ,03

(115) (105) (85) (85) (75) (75)

150 Cordwood 11.17 7,16 4,70 3,14 2.07 .97
Sawtimber 5,62 2,36 1.07 ,52 ,26 ,08

(105) (95) (85) (75) (75) (65)

180 Cordwood 10.69 6,92 4,54 3.05 2,09 .95
Sawtimber 6,10 2,57 1.17 .57 ,30 .09

(105) (95) (85) (75) (65) (65)

_/ Rotation ages are shown in parentheses.
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Table 3 _--Expectation value index and rotation age for one rotation

of red pine grown for cordwood and sawtimber jointly_ r-

Site index 55; thinned to 90 square feet

of basal area per acre every i0 years

Basal area per :
Discount rate (percent)

acre before thin- :
Product

ning at age 25 • : : • : : :
2 3 4 5 6 8

(sq. ft. ) : : : : : : :

800 TREES PER ACRE BEFORE THINNING AT AGE 25

90 Cordwood 12.37 8.00 5.23 3.47 2.39 1.08

Sawtimber 7.39 3.12 1.39 .66 .35 .Ii

(].O5) (I05) (95) (85) (65) (65)

120 Cordwood 10.97 7.59 5.3! 3.75 2.70 1.45

Sawtimber 9.73 4.38 2.11 1.09 .60 .21

(105) (95) (85) (75) (65) (55)

150 Cordwood 9.36 6.86 5.06 3.77 2.82 1.64

Sawtimber 11.77 5.81 2.98 I °66 .96 .36

(95) (95) (75) (75) (65) (55)

1200 TREES PER ACRE BEFORE THINNING AT AGE 25

90 Cordwood 15.18 9.48 6.00 3.90 2 o59 i. 14

Sawtimber 5.42 2.07 .86 .38 .19 .05

(115) (1.05) (95) (85) (75) (75)

120 Cordwood 12.50 8.08 5.27 3.54 2.35 1.09

Sawtimber 7.25 2.98 i .32 .63 .32 . I0

(115) (105) (95) (75) (75) (65)

150 Cordwood 13.57 9.49 6.71 4.81 3.53 1.95

Sawtimber 9.09 4.05 1.94 .99 .54 .18

(105) (95) (85) (75) (65) (55)

1600 TREES PER ACRE BEFORE THINNING AT AGE 25

120 Cordwood 15.18 9.48 6.00 3.90 2.59 1.14

Sawtimber 5.42 2.07 .86 .38 .19 .05

(115) (I05) (95) (85) (75) (75)

150 Cordwood 12.59 8.12 5.29 3.57 2.37 I. i0

Sawtimber 7.06 2.89 1.28 .61 .31 .09

(115) (105) (95) (75) (75) (65)

180 Cordwood 12.37 8.00 5.23 3.47 2.39 1.08

Sawtimber 7.38 3.12 1.39 .67 .35 .I0

(105) (105) (95) (75) (65) (65)

I/ Rotation ages are shown in parentheses.
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Table 4 .--Expectation value index and rotation age for one rotation

of red pine g_own for cordwood and sawtimber jo±nt]_r_ _"

Site index 60; thinned to 90 square feet

of basal area per acre every I0 years

Basal area per : : Discount rate (percent)
acre before thin- :

Product .

ning at age 25 : " 2 : 3 : 4 : 5 6 : 8
(sq. ft. ) : : : : : : :

800 TREES PER ACRE BEFORE THINNING AT AGE 25

90 Cordwood 11.37 7.57 5.08 3.44 2.34 1.20

Sawtimber 10.71 4,67 2,21 I ,ll ,59 °20

(115) (105) (95) (85) (75) (55)

120 Cordwood 12.56 8.70 6.08 4.29 3.06 1.63

Sawtimber Ii.50 5,16 2,49 1,28 ,69 ,23

(105) (95) (85) (75) (65) (55)

150 Cordwood i0,74 7,89 5.82 4,33 3,24 I. 88

Sawtimber 13,89 6,88 3,55 1,94 i, 12 ,42

(95) (95) (85) (75) (65) (55)

1200 TREES PER ACRE BEFORE THINNING AT AGE 25

120 Cordwood 14,47 9,37 6,12 4,05 2,71 1,26

Sawtimber 8,75 3,58 1,59 ,75 ,38 ,ii

(115) (105) (95) (85) (75) (65)

150 Cordwood 15,22 10,72 7,62 5,48 4,03 2,23

Sawtimber II,I0 4,82 2,30 1,17 ,62 .21

(ii5) (95) (85) (85) (65) (55)

180 Cordwood 17.07 12.24 8.86 6.48 4.78 2.71

Sawtimber 11.54 5.17 2.49 1.27 .69 .23

(i05) (95) (85) (75) (65) (55)

1600 TREES PER ACRE BEFORE THINNING AT AGE 25

120 Cordwood 15.26 9.78 6.33 4.16 2.86 1.30

Sawtimber 8,02 3,16 1,38 ,65 ,31 ,09

(125) (105) (95) (85) (75) (65)

150 Cordwood 14,55 9,41 6,15 4,06 2,72 1,27

Sawtimber 8,61 3,50 1,55 ,73 ,36 . Ii

(115) (105) (95) (85) (75) (65)

180 Cordwood 11.37 7.57 5.08 3.44 2.34 1.20

Sawtimber 10,68 4.66 2,20 i.I0 ,58 ,19

(115) (105) (95) (85) (75) (55)

i/ Rotation ages are shown in parentheses,
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Table 5 .--Expectation value index and rotation age for one rotation

of red pine grown for cordwood and sawtimber jointly i-/-

Site index 45; thinned to 120 square feet

of basal area per acre every i0 years

Basal area per :
Discount rate (percent)

acre before thin- :
Product

ning at age 25 : : : : : : :
2 3 4 5 6 8

(sq° ft. ) : : : : : : :

800 TREES PER ACRE BEFORE THINNING AT AGE 25

60 Cordwood 8.79 5.49 3. i0 1.80 1.07 0.41

Sawtimber 3.14 1.21 .53 .24 .II °02

(105) (85) (85) (85) (85) (85)

90 Cordwood 10,43 5.92 3.76 2.30 1.42 0.58

Sawtimber 3.86 1.66 ,76 .37 .18 .05

(95) (85) (75) (75) (75) (75)

120 Cordwood 9 ° 16 6.12 4 ° 13 2.82 2.02 0,82

Sawtimber 5.22 2,29 1,09 .57 .29 ,09

(95) (85) (75) (65) (65) (65)

1200 TREES PER ACRE BEFORE THINNING AT AGE 25

90 Cordwood 12.58 7.21 4.14 2.47 1.48 0.60

Sawtimber 2.31 .87 .35 .14 .06 .01

(I05) (95) (95) (95) (95) (95)

120 Cordwood 13.37 8.18 4.96 3, i0 1.95 0.84

Sawtimber 2 °95 1.17 .51 .23 ,I0 .02

(95) (85) (85) (85) (85) (85)

150 Cordwood 12.98 8.50 5.68 3.76 2.62 1,21

Sawtimber 3.95 1.66 .76 .37 .17 .05

(95) (85) (75) (75) (75) (75)

1600 TREES PER ACRE BEFORE THINNING AT AGE 25

90 Cordwood 12.73 6.60 3.57 2.01 1.14 0.41

Sawtimber 1.44 .47 .16 .05 .02 .00

(115) (115) (115) (115) (115) (115)

120 Cordwood 12.15 6.43 3.52 1.99 1.14 0.41

Sawtimber 1.83 .66 .24 .09 .03 .01

(105) (105) (105) (105) (105) (105)

150 Cordwood 13.59 8 °30 5.02 3.12 1.97 0.84

Sawtimber 2.88 1.14 .50 .22 .I0 .02

(95) (85) (85) (85) (85) (85)

1/ Rotation ages are shown in parentheses.



Table 6 .--Expectation value index and rotation age for one rotation

of red pine grown for cordwood and sawtimber joint_y]_?_

Site index 50; thinned to 120 square feet

of basal area per acre every i0 years

Basal area per :
Discount rate (percent)

acre before thin- : Product :

_t,_ ning at age 25 : : 2 : 3 : 4 : 5 : 6 : 8
(sq. f t. ) : : : : ' : :

800 TREES PER ACRE BEFORE THINNING AT AGE 25

90 Cordwood i0.89 6.93 4.40 2.71 i ,70 0o70

Sawtimber 4.97 I .95 .89 .43 .21 °05

(105) (85) (75) (75) (75) (75)

120 Cordwood ii.90 7.02 4.75 3 °24 2.13 0.96

Sawtimber 6.32 2.72 1.29 .66 .36 . ii

(105) (85) (75) (65) (65) (65)

150 Cordwood 9.96 6.83 5.01 3.49 2.60 I .31

Sawtimber 8.21 3.78 1.86 1.02 .60 .22

(95) (85) (65) (65) (55) (55)

1200 TREES PER ACRE BEFORE THINNING AT AGE 25

90 Cordwood 13.60 8.01 4.86 2,92 1.79 0.73

Sawtimber 3.34 1.27 .54 .24 .ii .02

(105) (95) (85) (85) (85) (85)

120 Cordwood 13.46 8.57 5.70 3.59 2.31 1.01

Sawtimber 4.49 1.78 .78 .38 .19 .05

(115) (95) (75) (75) (75) (75)

150 Cordwood 14.74 9.75 6,53 4,32 2.93 1,39

Sawtimber 5.00 2.00 .91 .44 .22 .06

(105) (85) (75) (75) (75) (75)

1600 TREES PER ACRE BEFORE THINNING AT AGE 25

120 Cordwood 13.28 7.40 4.12 2,35 i _38 0o51

Sawtimber 2.67 .99 .39 .16 .06 .01

(105) (95) (95) (95) (95) (95)

150 Cordwood 15.17 9.54 5.82 3.64 2,32 1.01

Sawtimber 3.60 1.36 .60 .26 .12 .02

(105) (85) (85) (85) (85) (85)

180 Cordwood 13.60 8.56 5.57 3.52 2.28 1,00

Sawtimber 4.55 1.87 .85 .41 .20 .05

(95) (85) (75) (75) (75) (75)

1/ Rotation ages are shown in parentheses.
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Table 7 _-....Expectation value index and rotation age for one rotation

of red pine grown for cordwood and sawtimber jointly--rf-

Site index 55; thinned to 120 square feet

of basal area per acre every i0 years

Basal area per :
Discount rate (percent)

acre before thin- : Product :

ning at age 25 : : 2 : 3 : 4 : 5 : 6 : 8
(sq. ft. ) : " : : : : :

800 TREES PER ACRE BEFORE THINNING AT AGE 25

90 Cordwood 10.74 6.87 4.47 2.83 1.75 0.76

Sawtimber 7.03 2.89 1.35 .67 .38 _II

(105) (85) (75) (75) (65) (65)

120 Cordwood 12.45 8.05 5.37 3.70 2.45 i. i0

Sawtimber 7.65 3.17 1.49 .76 .41 .12

(105) (85) (75) (65) (65) (65)

150 Cordwood ii. 14 7.69 5 °36 3.92 2,92 i.48

Sawtimber 9.62 4.39 2.17 1.16 ,68 .24

(95) (85) (75) (65) (55) (55)

1200 TREES PER ACRE BEFORE THINNING AT AGE 25

90 Cordwood 15,19 9°24 5,62 3.41 2.12 0.85

Sawtimber 4 °20 1.53 .64 .28 .13 .03

(i15) (95) (85) (85) (85) (85)

120 Cordwood 15.59 9.79 6.25 4.12 2.66 I. 15

Sawtimber 5.47 2. i0 .92 .44 .21 .05

(115) (95) (85) (75) (75) (75)

150 Cordwood 15,02 9,89 6.85 4.82 3.28 1.60

Sawtimber 7.01 2.93 1.34 .67 .36 .II

(105) (95) (75) (65) (65) (65)

1600 TREES PER ACRE BEFORE THINNING AT AGE 25

120 Cordwood 13.46 7.98 4.70 2.73 1.62 0.58

Sawtimber 3.98 1.42 .58 .26 .II .02

(115) (95) (85) (85) (85) (85)

150 Cordwood 15.76 9.93 6.34 4.17 2.68 1,16

Sawtimber 5,27 2.02 .88 .41 .20 .05

(115) (95) (85) (75) (75) (75)

180 Cordwood 15.26 9.52 6.34 4.05 2.63 1.14
Sawtimber 5.65 2.22 .97 .47 .23 .06

(105) (95) (75) (75) (75) (75)

1/ Rotation ages are shown in parentheses,
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Table 8 .--Expectation value index and rotation age for one rotation

of red pine grown for cordwood and sawtimber jointly_ 7-

Site index 60; thinned to 120 square feet

of basal area per acre every !0 years

Basal area per : Discount rate (percent)

acre before thin- : Product :

ning at age 25 : : 2 : 3 : 4 : 5 : 6 : 8
(sq. ft.) : : : : : : :

800 TREES PER ACRE BEFORE THINNING AT AGE 25

90 Cordwood 12.40 7.80 5.13 3.27 2.24 0,96

Sawtimber 8.57 3.46 1.56 ,78 ,41 ,12

(115) (95) (75) (75) (65) (65)

120 Cordwood Ii.42 7.58 5.13 3.60 2,66 1,22

Sawtimber I0.79 4.65 2.23 1.16 ,64 ,23

(115) (95) (75) (65) (55) (55)

150 Cordwood 12.80 8.85 6.19 4.47 3_32 i_70

Sawtimber 11.57 5.18 2,49 1.33 ,75 .27

(105) (95) (75) (65) (55) (55)

1200 TREES PER ACRE BEFORE THINNING AT AGE 25

120 Cordwood 17.75 Ii,06 7.12 4.68 3.03 1,33

Sawtimber 6,56 2.50 1.05 .50 .24 .06

(115) (105) (85) (75) (75) (75)

150 Cordwood 17.19 11.36 7.81 5.48 3.75 1.84

Sawtimber 8,52 3.44 1,53 .77 .41 .12

(115) (95) (75) (65) (65) (65)

180 Cordwood 15.93 ii.i0 7.88 5.78 4.36 2.28

Sawtimber 10.53 4.65 2.22 1.17 .64 .23

(105) (95) (75) (65) (55) (55)

1600 TREES PER ACRE BEFORE THINNING AT AGE 25

120 Cordwood 15.50 8.79 5.33 3 o I0 1.83 0.67

Sawtimber 4.95 1,73 .68 .30 ,14 ,03

(125) (105) (85) (85) (85) (85)

150 Cordwood 18.06 1i.20 7.21 4.74 3.05 1.33

Sawtimber 6.32 2.38 1,01 .47 ,23 .06

(115) (95) (85) (75) (75) (75)

180 Cordwood 15.16 9.69 6.35 4.24 2.93 1.31

Sawtimber 8.13 3.27 1.47 .72 .38 . ii

(115) (95) (85) (75) (65) (65)

i/ Rotation ages are shown in parentheses.
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Table 9 °--Expectation value index and rotation age for one

ro%atiom of red pine grown for cordwood only_I-/---

Site index 45; thinned to 90 square feet

of basal area per acre every I0 years

Basal area per
Discount rate (percent)

acre before thin- "

ning at age 25 • : : : : :
2 3 4 5 6 8

(sq. ft.) : : • • • :

800 TREES PER ACRE BEFORE THINNING AT AGE 25

60 ].5,62 8,26 4,59 2,72 1°71 ,74

(95) (85) (85) (75) (65) (55)

90 ].7,50 9,75 5,74 3,48 2,26 1,02

(85) (85) (75) (75) (65) (55)

120 19o08 10o99 6,72 4,35 2,86 1,40

(85) (85) (75) (65) (65) (55)

1200 TREES PER ACRE BEFORE THINNING AT AGE 25

90 17,50 9,75 5,74 S .48 2,26 1,02

(85) (85) (75) (75) (65) (55)

]20 17,50 9,75 5,74 3.48 2,26 1,02

(85) (85) (75) (75) (65) (55)

]50 20,72 12,25 7,73 5,15 3.50 ].,79

(85) (75) (75) (65) (65) (55)

1600 TREES PER ACRE BEFORE THINNING AT AGE 25

90 14.30 7,48 4,12 2,32 1,43 ,59

(95) (85) (85) (75) (65) (55)

]20 17.50 9,75 5,74 3,48 2,26 1,02

(85) (85) (75) (75) (65) (55)

]50 17,50 9,75 5,74 3,48 2,26 1,02

(85) (85) (75) (75) (_5) (55)

i/ Rotation ages are shown in parentheses,
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Table 10.--Expectation value index and rotation age for one

rotation of red pine grown for cordwood oniy_ ........

Site index 50; thinned to 90 square feet

of basal area per acre every I0 years

Basal area per
Discount rate (percent)

acre before thin- :

ning at age 25 : 2 : 3 : 4 : 5 : 6 : 8
(sq. ft.) : : : : " :

800 TREES PER ACRE BEFORE THINNING AT AGE 25

90 20.58 11.48 6.73 4.09 2,64 1,18

(85) (85) (75) (75) (65) (55)

120 22.34 12.87 7.82 4.94 3 o31 1 _60

(85) (85) (75) (75) (65) (55)

150 24.11 14.14 8,90 5.88 3.98 2.02

(85) (75) (75) (65) (65) (55)

1200 TREES PER ACRE BEFORE THINNING AT AGE 25

90 20.58 11.48 6.73 4.09 2,64 1.18

(85) (85) (75) (75) (65) (55)

120 20.58 11o48 6.73 4.09 2.64 1.18

(85) (85) (75) (75) (65) (55)

150 24. ii 14.14 8.90 5,88 3.98 2.02

(85) (75) (75) (65) (65) (55)

1600 TREES PER ACRE BEFORE THINNING AT AGE 25

120 20.58 11o48 6.73 4.09 2.64 1.18

(85) (85) (75) (75) (65) (55)

150 20.58 11.48 6.73 4.09 2.64 1.18
f

..... (85) (85) (75) (75) (65) (55)

180 2o.58 11.48 6.73 4.09 2.64 1.18
(85) (85) (75) (75) (65) (55)

I

! i/ Rotation ages are shown in parentheses.
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Table II °--Expectation value index and rotation age for one

rotation of red pine grown for cordwood onlyT£---

Site index 55; thinned to 90 square feet

of basal area per acre every: i0 years

Basal area per
Discount rate (percent)

acre before thin- :

ning at age 25 " 2 : 3 : 4 : 5 6 : 8
(sq, ft.) : : : : : :

800 TREES PER ACRE BEFORE THINNING AT AGE 25

90 24.66 13.42 7.80 4.77 3.06 1.36
(95) (85) (85) (75) (65) (55)

120 26.60 14.94 9.04 5.72 3.81 1.84

! (95) (85) (75) (75) (65) (55)

150 27.88 16.48 i0.24 6.74 4.56 2.30

(85) (85) (75) (65) (65) (55)

1200 TREES PER ACRE BEFORE THINNING AT AGE 25

90 24.66 13,42 7.80 4.77 3.06 1o36

(95) (85) (85) (75) (65) (55)

120 24,66 13.42 7.80 4.77 3.06 1.36

(95) (85) (85) (75) (65) (55)
i

150 27.88 16.48 10.24 6,74 4.56 2.30

(85) (85) (75) (65) (65) (55)

1600 TREES PER ACRE BEFORE THINNING AT AGE 25

120 24.66 13.42 7.80 4.77 3.06 1.36

(95) (85) (85) (75) (65) (55)

150 24.66 13,42 7.80 4.77 3.06 1.36

(95) (85) (85) (75) (65) (55)

180 24,66 13.42 7.80 4.77 3 °06 1.36

(95) (85) (85) (75) (65) (55)

I/ Rotation ages are shown in parentheses.
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Table 120--Expectation value index and rotation age for one

rotation of red pine grown for cordwoc_J onlj-_ 7- ....

Site index 60; thinned to 90 square feet

of basal area per acre every i0 years

Basal area per
Discount rate (percent)

acre before thin- :

ning at age 25 : 2 : 3 : 4 : 5 : 6 : 8
__ (sq. ft.) : : : : : "

800 TREES PER ACRE BEFORE THINNING AT AGE 25

90 28,71 15,58 9,06 5,52 3 °53 i_56

(95) (85) (85) (75) (65) (55)

120 30,90 17,30 10o42 6,59 4 °37 2 _09

(95) (85) (75) (75) (65) (55)

150 32,20 19o02 ii,76 7,70 5 o21 2 °62

(85) (85) (75) (65) (65) (55)

1200 TREES PER ACRE BEFORE THINNING .AT AGE 25

120 28.71 15,58 9,06 5,52 3 _53 !,56

(95) (85) (85) (75) (65) (55)

150 32,20 19,02 ii,76 7,70 5,21 2,62

(85) (85) (75) (65) (65) (55)

180 34,35 20,79 " 13_15 8,74 6,07 3,15

(85) (85) (75) (65) (65) (55)

1600 TREES PER ACRE BEFORE THINNING AT AGE 25

120 28,71 15,58 9_06 5,52 3,53 1,56

(95) (85) (85) (75) (65) (55)

150 28 71 15 58 9 06 5 52 3,53 1 56

_::
:(S (95) (85) (85) (75) (65) (55)

180 28.71 15.58 9,06 5.52 3.53 1.56

(95) (85) (85) (75) (65) (55)

i/ Rotation ages are shown in parentheses,
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Tab!e 13 .--Expectation value index and rotation age for one

rotation of red pine grown for cordwood onlyTT---

Site index 45; thinned to 120 square feet
of basal area per acre every i0 years

Basal area per
Discount rate (percent)acre before thin- :

ning at age 25 : 2 : 3 : 4 : 5 : 6 : 8
(sqo ft°) : : : : : :

800 TREES PER ACRE BEFORE THINNING AT AGE 25

60 14.90 7.74 4.40 2.55 1,68 0.83
(85) (75) (65) (65) (55) (45)

90 17.11 9,17 5,34 3.17 2,09 1.01

(85) (75) (65) (65) (55) (45)

120 18.61 10.52 6.30 4.04 2.59 1.27

(75) (75) (65) (55) (55) (45)

1200 TREES PER ACRE BEFORE THINNING AT AGE 25

90 17.11 9,17 5.34 3017 2.09 1.01

(85) (75) (65) (65) (55) (45)

120 18.61 10o52 6,30 4,04 2.59 1.27
(75) (75) (65) (55) (55) (45)

150 20.25 Ii.78 7.31 4.83 3.22 1.66
(75) (65) (65) (55) (55) (45)

1600 TREES PER ACRE BEFORE THINNING AT AGE 25

90 15.81 8.25 4,68 2.70 1.75 0.83

(85) (75) (65) (65) (55) (45)

120 15,81 8.25 4.68 2.70 1,75 0,83
(85) (75) (65) (65) (55) (45)

150 18.61 10.52 6.30 4.04 2.59 1.27

(75) (75) (65) (55) (55) (45)

I/ Rotation ages are shown in parentheses,
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Table 14 .--Expectation value index and rotation age for one

rotation of red pine grown for cordwood only}-_-

Site index 50; thinned to 120 square feet

of basal area per acre every I0 years

Basal area per : Discount rate (percent)
acre before thin- :

ning at age 25 : 2 : 3 : 4 : 5 : 6 : 8
(sq. ft. ) : : : : : :

800 TREES PER ACRE BEFORE THINNING AT AGE 25

90 20,09 <I0,73 6,20 3,69 2,42 1,16

(85) (75) (65) (65) (55) (45)

]20 22,24 12,26 7,.29 4,65 2,98 1 _45

(85) (75) (65) (55) (55) (45)

150 23,39 13,65 8°38 5,50 3,66 I °87

(75) (75) (65) (55) (55) (45)

1200 TREES PER ACRE BEFORE THINNING AT AGE 25

90 20,09 10,73 6,20 3,69 2,42 1,16

(85) (75) (65) (65) (55) (45)

120 22,24 12,26 7.29 4,65 2,98 1,45

(85) (75) (65) (55) (55) (45)

150 23,39 13,65 8.38 5,50 3,66 1,87

(75) (75) (65) (55) (55) (45)

1600 TREES PER ACRE BEFORE THINNING AT AGE 25

120 18.49 9,59 5,39 3,29 2.00 0,94

(85) (75) (65) (65) (55) (45)

150 22.24 12,26 7,29 4,65 2,98 1.45

(85) (75) (65) (55) (55) (45)

180 22.24 12.26 7.29 4.65 2.98 1.45

(85) (75) (65) (55) (55) (45)

i/ Rotation ages are shown in parentheses,
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To, ble 1.5 °--°Expectation. value index and :.rotation a_e for one

rotation of red pine grown for cordwood only F./

Site J..ndex 55; thinned to 120 square feet

of basal area per' acre every 10 years

Basal area per
Discount rate (percent)

acre before thin- :

ninJz at a,ge 25 : : : : : :
2 3 4 5 6 8

(sq, fro) : : " : • •

800 TREES PER ACRE BEFORE THINNING AT AGE 25

90 2S °47 12,54 7,25 4,50 2.83 1.34

(85) (7.5) (65) (55) (55) (45)

120 25,72 14,14 8,39 5.32 3.42 1o64

(85) (75) (65) (55) (55) (45)

150 26,81 15 °43 9,59 6.26 4,16 2,11

(75) (65) (65) (55) (55) (45)

1200 TREES PER ACRE BEFORE THINNING AT AGE 25

90 23.47 12.54 7.25 4.50 2.83 1 °34

(85) (75) (65) (55) ({5) (45)

120 25.72 14.14 8.39 5.32 3.42 1.64

(85) (75) (65) (55) (55) (45)

150 26.81 15.43 9.59 6.26 4.16 2 ,Ii

(75) (65) (65) (55) (55) (45)

1600 TREES PER ACRE BEFORE THINNING AT AGE 25

1/20 21 °37 11.05 6,19 3.74 2.29 1.05

(85) (75) (65) (55) (55) (45)

150 25.72 14.14 8.39 5.32 3,42 !.64

(85) (75) (65) (55) (55) (45)

180 25,72 14,14 8,39 5.32 3,42 1.64

(85) (75) (65) (55) (55) (45)

i/ Rotation ages are shown in parentheses.
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Table 16 .--Expectation value index and rotation a_e for one

rotation of red pine grown for cordwood only__ -/---'

Site index 60; thinned to 120 square feet

of basal area per acre every I0 years

Basal area per
Discount rate (percent)

acre before thin- :

ning at age 25 : 2 : 3 : 4 : 5 : 6 : 8
(sq. ft. ) : : ' : : : : .....

800 TREES PER ACRE BEFORE THINNING AT AGE 25

90 27.85 14.47 8.33 5.00 3.24 i o51

(95) (75) (65) (65) (55) (45)

120 29.64 16.24 9.60 6.04 3.89 1.85

(85) (75) (65) (55) (55) (45)

150 31.83 17.96 10,95 7.10 4.73 2.38

(85) (75) (65) (55) (55) (45)

1200 TREES PER ACRE BEFORE THINNING AT AGE 25

i20 29.64 16.24 9.60 6.04 3.89 1.85

(85) (75) (65) (55) (55) (45)

150 31.83 17.96 10.95 7.10 4.73 2.38

(85) ' (75) (65) (55) (55) (45)

180 34.09 19.73 12.34 8.20 5.59 2.92

(85) (75) (65) (55) (55) (45)

1600 TREES PER ACRE BEFORE THINNING AT AGE 25

120 24.59 12.65 7.04 4.21 2.58 1.17

(95) (75) (65) (65) (55) (45)

150 29.64 16.24 9.60 6.04 3.89 1.85

(85) (75) (65) (55) (55) (45)

180 29.64 16.24 9.60 6.04 3.89 1.85

(85) (75) (65) (55) (55) (45)

i/ Rotation ages are shown in parentheses.
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i/
Table 17o--l_and cost discount multipliers

n : p = Interest rate (percent)
Rotation. :

eng th : 2 3 4 5 6 7 8
(years) : ° ° : : : :

25 {3.3905 0 _5224 0.6249 0.7047 0.7670 0.8157 0.8540

35 .5000 ,6446 .7466 .8187 .8699 .9063 .9324

45 . 5898 , 7356 . 8288 . 8887 . 92 74 . 9524 . 9687

55 o8635 . 8032 , 8843 ° 9317 . 9594 . 9758 , 9855

65 , 7239 , 8536 . 9219 . 9580 . 9773 . 9877 . 9933

75 .7735 .8910 .9472 . 9742 .9873 .9937 .9969

85 . 8142 . 9189 . 9643 . 9842 . 9929 . 9968 . 9986

95 o8476 . 9397 . 9759 . 9903 . 9961 . 9984 . 9993

105 , 8750 .9551 .9837 . 9940 .9978 .9992 .9997

115 .8974 , 9666 , 9890 . 9963 ,9988 .9996 .9999

125 . 9159 .9751 . 9926 .9977 ,9993 . 9998 .9999

135 .9310 ,9815 .9950 .9986 .9996 .9999 1.0000

145 .9434 °9862 .9966 ,9991 .9998 .9999 1.0000

155 .9535 .9898 .9977 .9995 .9999 1.0000 1.0000

165 o9619 .9924 .9984 ,9997 .9999 1,0000 1.0000

i/ (l+p) n - I. To determine the present value for one rotation of land and

(l+p) n

permanent improvement costs.
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Table 18.--Future income and cost discount multipliers

p = Interest rate (percent)
t

(years) • 2 3 4 : 5 : 6 : <7 : 8

0 1.0000 1,0000 1.0000 1.0000 1 °0000 1.0000 1.0000

1 .9804 . 9709 . 9615 . 9524 . 9434 .9346 . 9259

2 .9612 .9426 .9246 .9070 .8900 ° 8734 .8573

3 . 9423 .9151 , 8890 .8638 o8396 .8163 o7938

4 . 9238 .8885 . 8548 . 8227 . 792t .7629 . 7350

5 o9057 .8626 , 8219 . 7835 , 7473 .7130 .6806

6 .8880 .8375 .7903 .7462 .7050 .6663 .6302

7 .8706 .8131 .7599 , 7107 .6651 .6228 .5835

8 .8535 .7894 . 7307 . 6768 .6274 .5820 .5403

9 .8368 .7664 . 7026 .6446 .5919 .5439 .5002

i0 . 8204 . 7441 . 6756 . 6139 . 5584 . 5084 . 4 632

15 . 7430 . 6419 . 5553 .4 8 i0 .4173 . 3624 . 3152

20 . 6730 . 5537 .4564 . 3 769 . 3118 .2584 . 2146

25 .6095 .4776 .3751 .2953 .2330 . 1842 . 1460

35 . 5000 . 3554 . 2534 . 1813 . 1301 . 0937 . 0676

45 . 4102 . 2644 . 1712 . 1113 . 0726 . 04 76 . 0313

55 .3365 . 1968 . 1157 .0683 .0406 ,0242 o0145

65 . 2760 , 1464 . 0781 . 0420 . 0226 . 0123 , 0067

75 . 2265 . 1090 . 0528 . 0258 • 0126 . 0062 . 0031

85 . 1858 .0811 . 0357 . 0158 . 0071 . 0032 . 0014

95 • 1524 .0603 .0241 .0097 .0039 .0016 .0007

105 .1250 .044 9 .0163 .0060 .0022 .0008 .0003

115 .1026 .0334 .01 i0 .0037 .0012 ,0004 .0001

125 .0841 .0248 .0074 .0022 .0007 .0002 .0001

135 .0690 .0185 .0050 .0014 .0004 .0001 .0000

145 .0566 .0138 .0034 .0008 .0002 .0001 .0000

155 .04 64 .0102 .0023 .0005 .0001 .0000 .0000

165 .0381 .0076 .0016 .0003 .0001 .0000 .0000

I/ 1 • For discounting future incomes or costs to the present
- (l+p)t
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Table 190--fLunual income and cost discount multipliers

n : p = Interest rate (percent)
Rotation :

!ength : 2 : 3 : 4 : 5 : 6 : 7 : 8
(zears) : : : : : : :

25 19.52 17o41 15.62 14,09 12.78 11.65 10068

35 25 o00 21.49 18,66 16.37 14.50 12.95 11.66

45 29 °49 24 °52 20.72 17.77 15046 13.61 12 .ii

55 33.18 26,77 22.11 18.63 15.99 13,94 12.32

65 36.20 28.45 23.05 19.16 16.29 14.11 12.42

75 38,68 29.70 23.68 19.48 16046 14o20 i_,46

85 40,71 30°63 24 oli 19,68 16.55 14.24 12.48

95 42.38 31.32 24.40 19,81 16,60 14.26 12.49

105 43.75 31,84 24.59 19.88 16,63 14,27 12.50

115 44 °87 32,22 24,73 19.93 16_65 14.28 12.50

125 45 °80 32,50 24.82 19.95 16.66 14,28 12.50

135 46.55 32.72 24.88 19,97 16.66 14.28 12.50

145 47.17 32.87 24.92 19,98 16.66 14.28 12.50

155 47,68 32.99 24,94 19.99 16,67 14 _29 12.50

165 48 . i0 33.08 24.96 19,99 16.67 14.29 12.50

I/ (l+p) n - 1 To determine the present value for one rotation of annual

p(l+p) n

incomes or costs,
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Table 20 .--Land expectation value multipliers

n

Rotation : P = Interest rate (percent)

length : : : : : : :
2 3 4 5 6 7 8

(years) : : : : : : :

25 2.5610 1.9143 1.6003 1.4190 1.3038 1.2259 1.1710

35 2.0001 1.5513 1.3394 1.2214 1,1496 1.1033 1.0725

45 1.6955 1.3595 I .2966 1.1252 I. 07"83 1,0500 1.0323

55 1.5072 1.2450 i. 1308 I .0733 1.0423 I ,0248 1.0147

65 1.3813 1.1715 1.0848 1.0438 1.0232 1,0125 1.0068

75 1.2928 I. 1223 1.0557 1.0264 1,0128 i ,0063 1,0031

85 1.2282 1.0882 1.0370 1.0161 1.0071 1,0032 1.0014

95 I, 1798 1.0642 1.0247 1.0098 1,0040 I .0016 1.0007

105 i ; 1429 1,0470 1,0165 1.0060 i .0022 1,0008 1.0003

115 I. 1143 1.0346 1.0111 1,0037 1.0012 1.0004 1,0001

]25 1.0919 1.0255 1.0075 1.0022 1.0007 1.0002 1,0001

135 i .0741 1.0188 1.0050 1.0014 1.0004 I .0001 1.0000

145 1.0600 1.0140 1.0034 1.0008 1.0002 1.0001 1.0000

155 1.0487 1.0103 1.0023 1.0005 1.0001 "i .0000 1.0000

165 1.0396 1.0077 1.0016 1.0003 1.0001 1.0000 1.0000

i/ (l+p) n
_ . To change present net values for one rotation to land expec-

(l+p) n - i

tation values.



i_×__'i_,i, J>_'e_<<_nt'_,alt_e}:of incomesand costsfor one rotationof red pine
_<u'ov,no_isit<>__ndex-55!andoi

Discount rate (percent)
_tern

2 3 4 5

Rotation age .105 95 85 75

va,.o_e of' timber
sale Lncome $216,50 $102o80 $52.80 $29.30

Pres_,nt value of costs 90,60 84,80 80 °60 77.50

..... ne_ value 125,90 18.00 -27.80 -48°20

}

l,/ At age 25_ 800 trees and 120 square feet of basal area per
acre befo_'e thinning; thinned every i0 years to 90 square feet of

be_sal area per acre; stumpage prices $20 per thousand board feet_
$2 per cord_

the plotted points (exhibit 6). Notice that at a 3-
percent discount rate the present value of incomes
exceeds that of costs; at 4 percent, costs exceed
incomes; and at 3.3 percent the present value of'
costs equals the present value of incomes. Thus, 200
the rate of return on this investment is 3.3 percent.

This is not the only way to find th.e rate of 180
return graphically. ]?lotting either the present net

value of one rotation or the land expectation value

will _,__oivethe same answer. The discount rate that _ 160
makes either one equal to zero is the rate of re-

turn, in this case 3.3 percent. But using discounted _ 840
costs and returns separately has some advantages.

For example, a simple inspection of the curves
shows that the present value of costs is only _ 120
slightly __ lu_nc,_,._ by' the discount rate. This is -4
not unexpecte, o., because a. larger proportion of the _ _00
cost (land, establishment, and release ) occurs at

the beginning of __'e_,_.investment. On the other _ [ COSTS

hand, the present value of incomes is greatly af- _ 80fected by the discount rate because most incomes

occur late in the ir_vest.ment period and are dis- k @0 I

counted over long periods. _

These cost and income curves give other in-
formation about; this investment. A comparison _ 40
shows how much costs and incomes must be _

changed in order to earn a fixed rate of return on 20
the investment. If costs are lowered by 34 per-

cent, for example, from. $81 to $53 present value. L__.____L__L_ ...._-----_J
at a 4-Dercent rate, or incomes are raised by 53 0 2 $ 4 5
percen/, this investment would return 4 percent.
To get this income increase, sawtimber stumpage DISCOUNT RATE-RATE OF RETURN(PERCENT}
prices would have to be $31. per board foot rather
titan $20, and cordwood $3.10 per c.ord rather than
$2.00.

Cost: and income _4estnt value curves caIt also EXIIIBIT C. -..........Estimating' rate of return gn'aphically.• -_(P'_ .... The ra_,_of return is the discount rate where the
be useful ill co_npaTing .t?,_e_'tm_,r_f,,,..:.,_,_.,._ OpDOrtl.ITi[tieS._ present values_ of costs a_<t incomes for o:_:,'.erotatior_
as described in the next. scctiorl_ are equal..



I/ At age 25_ 800 trees and 90 square feet of basal area per

acre before thinning; thinned every i0 years to 90 square feet

of basal area per acre; stumpaze prices $20 per thousand board

feet_ $2 per cord.
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the end of a f_<!)],_{<_;:,_<ot<_tion the inve_:_to,- would previous example of a stand on site index 55 hay-
still owe !);i0'7 !)e<' :..<::'o (,..._.,_........J x (_.,J. .... ) on mg an expected 800 trees and 120 square feet of
the p(;,,.o< :._ite e've:y"__At.ez se]ih._}.d a]}. the timber on basal area per acre at age 25 (exhibit 5) with a
the b_nd, 0,-'_....... _,.._..._:_o::xl _;ite he would .-_,._",' than stan,_., on the same site but having an expected
break even; afte:c p<t, init_: oil the debt he would 1,600 trees and 1.50 square feet (exhibit 9). The
have $298 per aci<'e left ove.r only difference in costs is an additional $20 per

Obviously, whett_er :meas_Jred by rate of return acre for planting enough trees to get 800 more
or p:reser_t v:..d_!e, the mo:_e productive site shows trees per' acre at age 25. Plotting the present

-.:.._,..... _................. values of incomes and costs over the discounta h_;_?_: i:ccvestme.__t _'e_,,"_', than th,e poorer site
,._no_,_.mhere. Note rate (exhibit 10) shows that the 800-tree alterna-for the _"o,<t_-:_............and slJr_,_)__'_-',_<>,.prices _'' '

that, -t,.,,.,.;._.._ .............t..,,,<, t,i:_.e:_"otation ;ages ;a_re the same for tire not only gives higher incomes and lower costs
either' investment alten::mtive, it is not necessary to at every discount rate, but a higher rate of return
correct ...._....... _....._....... i_.,t.>ct._ vazues from one rotat).on with land as well, 3.3 percent as compared to 2.5 percent
expectation val_._e multipliers to put them on a for the 1,600-tree alternative. Correcting for in-
common time basis. Present values for one rotation finite rotations with the land expectation value
of these two alternatives can be compared directly, multipl.ier would result in an even greater advan-

tage for the 800-tree alternative, although it would
These cost and io,<..ome curves also show how not change the rate of return.

sensitive the rate nf :,<,turn is to changes in costs
and stumpage prices. F_'om them, we can estimate By comparing these cost and income curves, it
how much costs wou.ld have to change before the is possible to estimate how sensitive the choice of
poor site would _ive _ higher rate of return than initial stocking is to costs. In order for 1,600 trees
the good site. if the p_:'esent value of costs on site per acre to be as profitable as the 800 (returning
index 45 could be !o\:v_red from 862 to less than 3.3 percent on invested capital), costs in the more
$44 per acre at an alternative rate of 3.3 percent, heavily stocked stand would have to drop from a
then the poor site would have a higher rate of re- present value of $103 per acre to $58 while costs
turn than the good site. in the same way, the in the lightly stocked stand remain at $83. Be-
changes in incomes necessary to make the two cause such a large decrease in costs is unlikely
investment opportunities equal can be estimated under any foreseeable circumstances, we would
from these curves. Comparisons such as these in- conclude that our choice of 800 trees rather than
dicate the range of costs (or incomes) within 1,600 trees is insensitive to costs.

which we can work before having to reconsider The same technique can be used to compare
an investment decision, other types of investment opportunities, such as

Using this same technique, other investment the choice of density to be left after thinning, dif-
opportunities such as initial stand conditions (the ferentia! stumpage prices, or differences in land
estimated number of trees and basal area per acre costs or other costs of production. However, these
before thinning at age 25) can be compared to examples should be enough to show how such
determine which opportunity will give the highest comparions can be made, given the present values
investment return. To illustrate, let's compare the of costs and incomes.

Exitm_:r 9. ..........Frese,ut values of incomes and costs for one rotation of red p:ne g'rown
on site-index-55 land with high initial stocking.

Discount rate (percent)

I t ern
: 2 : 3 : 4 : 5

Rotation age 115 105 95 75

Present value of timber

sale incomes $166.40 $74.00 $36.20 $19.30

Present value of costs 111.20 105.00 100.80 97.50

Present net value 55.20 -31.00 -64.60 -78.20

l/ At age 25, I_600 trees and 150 square feet of basal area per acre

before thinning; thinned every I0 years to 90 square feet of basal area

per acre; stumpage prices $20 per thousand board feet, $2 per cord.
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iX. ANSWERmNGOTHERQUESTMONSABOUT  NVESTMENTS

Present values of costs and incomes can be the present value for one rotation of all known
used also to answer other questions that investors costs is subtracted from the present value of in-
ask about growing red pine: How much can I pay comes, the balance is the present value of how
for land, stand establishment, or annual costs and much can be spent during one rotation for all other
still earn 4 percent (or some other specified rate) costs.
on my investment? How much will it cost per

cord (or per thousand board feet) to grow red How Much Can Be Paid for Land?pine under my conditions?

Many potential timber growers buying land toLet's see how such questions can be answered
grow trees would like to know the highest price

for the red pine stand with the incomes and costs they could pay for land of different kinds and at
shown in exhibit 3. In this example the present different locations and still earn a specified rate
value of incomes for one rotation was $102.78, and of investment return. By specifying the minimum
the present value of costs was $84.76 per acre. Had rate of return they will accept, and estimating their
the present value of costs been higher by $18.02, expected incomes and costs (excluding the price
costs would have equaled incomes and the invest- of land), they can arrive at an estimated ceiling
ment would have just earned the discount rate, price for land.
in this case 3 percent. The $102.78 present value
of income is an estimate of how high costs can be In our example (exhibit 3), the present value
under these conditions and still earn at least 3 of all costs excluding land was $84.76 less $9.40, or
percent, the discount rate, on invested capital. If $75.36. With the same income value as before, the
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•, 1 ,_ . o _-7'_O ' _ " �_................... _....................z;_s;us $75.36, <_" _,.........n_ed to $34.76 present value per acre in our
$2?.42. <.)nd<_:'"i:i:.<,::;<:_,::::__,:.ii<io__.;7a:r_d,_,..,_:,"-_<'+-_..-,:!!or-one; example Subtracting this from the present value

' ' < ? '7 4 9
rotati<m <:o_;;<;b: :-_:,r__u,,.'i:_,_._ ..........-......pe:_:_;_.<,,,,.r_......ax_d of incomes gives a present net value of 868.02.

" ':"_ <.ran",;:_t:!.east "_>percent. Establishment costs could be as high as $68 perthe inve_,,t:<t_e:o.t-._t.<;<!_(; :._.,.,;.... , . .

But at .i-hc,e:_,:i of o;,_.e:!"otati<:mthe land and perma-, acre, and this in'vestment would still pay 3-percent
nent ;:r_;orove:_;_e_;it:.;:!-;!):iTt].hav.e a. va_l<:_ _" _ _..... ,.._-_o_vmuch compound interest. Any higher cost than this would

, ................. ;:...............................;_mvcove_ reduce the rate of return below 3 percent. If land
ments? and annual costs were the only costs considered,

Th_ ,.,,'_,,_-,_ va_.ue <.m;: r,,-_eos1:_<_for one rr,_a-, the present net value would have been 883.98, in-
...... *......;:<:_...... ' "...................... dicating that the present value of combined estab-

tion .......... tishment and stand improvement costs could not(1 " r'?" _
':" ........... exceed this amount without reducing the rate of

::;::L° i"1;p),, return below 3 percent.

Where L o is ';_.,.,.,._,.;.,_.,:_":+....' c,os' of _a'_,d_..,,,.._and _per- How Much Can 8a Spent for Annual Costs?

p i_:_tb:_ ;-_;"-+.... '+ "+_....... _ Leaving annual costs out of the example gives
..............r,., r_,_: ......... a present net value of 827.42. The present value of

•r.,..;_._.............ro.,_:_,_<n ,_,;c. annual costs for one rotation could be as high as

_._llse,k._-_:_.:.;,.;i(<_equai to _:_" _<-'and solv-Setting. :_° .-.,..,.................. _ o,-,.<*._ this amount and still, earn a 3-percent return. The
-_.,i-.'....... --,,, , present value of annual costs is given by the ex-i.ng for the i.,..,.,._,,,a_. :,._._;_,.._.cost. L o:

pression:

(]03_'_'_ !- Present value of annual costs --
L o ........$27,42 (l_!..p)n___l

(1 03')s_ = c

,9397 I, o -- 827.42 P(lq-P) n

L o -. $29.18 Setting this equal to $2?.42 and solving for the
annual costs c

Thus, ";or these costs an(!, incomes we could (]_.03)95-t

spend up to $29 per acre :for' land and permanent c = $27.42
improvements and still, earn 3 percent on all in- .03(1.03) _5
vested capital. If land costs are less than this, the 31.32c --- 827.42
investment will earn more than 3 percent; if they c -- $ 0.88
are more+ the investment will earn less than 3

Annual costs could be as high as $0.88 per acre
percent, with the other costs and incomes shown in the

Itad 4 percent been used to discount costs and example, and the investment would still pay a 3-
incomes over an 85-);ea_" rotation (exhibit 4), the percent return. These annual costs could be split
present net vah;e -, __ _i-,<_ up in an)- way among taxes, maintenance, or gen-_-_xcldc_m_land costs would have
been --818.13 per' acre and the maximum land cost erat administrative expenses. For example, with a
would have been .......$18.80 per acre. This negative 80.30 administrative and maintenance expense this
land cost indicates that production costs are too property could support at most an annual tax of
high to earn 4 percent on this investment, even 80.58 per acre and still maintain a 3-percent re-
with no land costs, if we pay anything at all for turn.
land under these conditions the expectation value
would be even lower, indicating that we cannot What ls the Cosf of Producing Stumpage?

hope to earn 4 percent with these costs and in- Many investors want to know how much it will
comes, cost per cord or per thousand board feet to grow

pulpwood or sawtimber in red pine stands. For
How Moth Can Be Spent for example, a pulp and paper company can use this

Stand Establishment? irfformation to compare the cost of growing its own
wood with what it may have to pay to get this wood

Using this same method, we can estimate how elsewhere. The cost of producing stumpage can be
much can be spent to establish a red pine stand estimated if the volume yields and all costs of
and still maintain a specified return on the invest- production are known and the cost of capital (the
ment. Since establishment costs are an investment discount rate) is fixed.
for only one rotation, the present net value for
one rotation excluding these costs will give an If incomes and costs are discounted, using the
estimate of the maximum allowable establishment fixed rate of return, then when the stand is just
cost. earning this rate of return the present value of
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incomes (PVI _ =: the r,_,_+- we
(PVC ]. When only one product such as cordwood
:is produced, PVt is found by multiplying the_ ' "", ' ......_ ..._ ' ............ '
per cord i Pc ) by ti_e cordwood expectation, value Because there 'r_, ', a ,,:, tWO ilIlk_S)Wf] P"_' '-"_'_ '[[e;{"e

index (EVIc) is no uniquie so!ution to this e<__:iatio;a To caicu!afe
these prices either we must set one o.f the orices

PVt :-- (Pc) (EVIe) and then ca_c.uate od:e,,, or we _.-:.(..1._..;..... _" " t h e +_ _" iY__;tSt d e ': <_#

° <J, _,,i.__.,]_,_t ,,Setting this equal to PVC gives the expression how large one price is to be in t.e_t"m:_:_of the ,,_>_-,'

(Pc) (EVIe) = PVC In the previous example the c,.-.,-i,=,,._.,d.... .. $2" per cord was one-tenth the s_:_wtin_,De:rprice of
e_PVC 820 per thousand board _:,.et

Or" Pc -- > - 0 _ PsEVI ,. * e ....... .
If this arbitrary price ratio of ! to f0 is ac-

Dividing the r_-_ +p esen_ value of costs by the ex- cepted and substituted into the previous _ '.... _,-....
pectation value index for cordwood gives the stumpage prices can be estimated-
average price per cord that will make PVI = PVC, 7.59 (0.1 Ps ) + 4.38 Ps - $84.76
the price that wiI1 just return the fixed rate of
return on the capital invested in growing this tin> 5.14 Ps = $84.76

ber. It is also the average cost per cord of growing Ps =--$i6.49 per M board feettimber if all :invested capital must earn the fixed

rate of return. We will refer to it as the cost- Pc =: 0.1 ($16.49)
price of producing timber.

Pc =: $1.65 per cord

In the example used before, a red pine stand if the timber from this-stand, grown at the
on site index 55 with 800 trees and 120 square feet costs given in exhibit 3, can be sold for $16.50 per
at age 25, thinned to 90 square feet with a fixed thousand board feet and $1.65 per cord, then this
3-percent rate of return (discount rate), the EVI investment will pay 3 percent on invested capital.if only cordwood is grown would be 14.94 (table

This is the cost-price of growing red pine stump-11 ). The present value of the costs listed in ex-
hibit 3 would be $84.34 with a rotation of 85 age under these conditions.

years. Under these conditions the cost-price of pro- Where two products such as these are produced
ducing cordwood (Pc) would be $84.34 divided jointly-, the allocation of costs to determine selling
by 14.94, or 85.85 per cord. prices is somewhat arbitrary. The 10 to 1 price

ratio in the above example was based on unpub-
Finding cost-prices when both cordwood and lished records of stumpage sales by National For-

sawtimber are produced jointly is more difficult, ests in northern Minnesota. Any other suitable
because we must find both simultaneously. Setting ratio could have been used; or the price of either
the PVI equal to the PVC we would have" cordwood or sawtimber could have been fixed.

(Pc) (EVIc) -_ (Ps) (EVIs) = PVC If so, then a different set of prices would have
been obtained, but the total present value of in-

Using our original example of a stand on site comes would still have to equal the present value
index 55 with a fixed 3-percent rate of return and of costs to earn 3 percent on the investment.

40



We ha,,,: ::_oe_:hcv_ p:'e,;,e_t vah_e_ of incomes when the price per thousand board feet is 10 times
and eos_,.:_;<:,;m L,o <_-:ii_::_at<'d;:rod used to answer the price per cord (exhibit 13), the present value
question:_ o.bc,u,t ,,_,':;_'.o"v_.... ,.*_'.:;.,,,:r°,,d_.,-_:_-_,.__,_,.-,.,an i.........-:I_,---_+ of a highincome level at a 4-percent interest rate

........_o _' wjjl _;_ant to work out is 892 per acre. The present value of medium costs
for' thenu.;eive_ th_:_ invest:meat returns they can is only $52 per acre, so the income exceeds costs
expect f:_:o_r:_;F.<._uir!4<red pine under their own by $40 per acre. At 5 percent, the present value of
conditions, some m<;,.' be satisf'Jed with approxima., incomes would be $51 per acre, only slightly more
tions for ....;_ :r'an_:_eof c,>;t ;_.r_d_................_,ri_,> eve_s (:_,_,_t,_,,,:_,,,,than the present value of costs. At 6 percent, the
of present 'valt{es of c()sh, _nd incomes and tables 830 present value of incomes is considerably less
of rates of ret_,_rn are pro.set, ted in this section for' than the 848 present value of costs.

Notice that for fhis combination of high in-
Other as:m,:;,.npt]on':;mad(" for the:se exan:_ptes are comes and medium costs the present value of in-

that: comes is higher than costs at any rate below 5

t. Stands on site incic,x 45 have 800 trees and percent, and the investment is financially attrac-
90 square ........fee! p,,:_r ,,_,_:,,.........before fh_,-_,,_,_o-_,,,,.,,._at age_25. rive. At any rate above 5 percent, costs exceed in-

2. Stands or._sit,:' index 60 have 800 trees and comes, and the investment is not attractive. The
120 squ:_u'e feet pc:; _,::r<_before thJ.nning at age 25. interest rate at which discounted costs equal dis-

3. Stands are to !",_'_,.,._,..,.r_,,._<,._-';_-",_ to 90 _,_are_,,-,_"feet eountect incomes, where the cost line crosses the.......... income line, is the rate of return on that parti.cu-
every 10 vears, lar investment, 5.0 percent in this example.4. Stands wi]i ,..,-,rI,,c_,p....................the cordwood and saw-
timber yields given in the volume tables under- Present values of costs and prices other than
lying this analysis, those specified can be read from the graph by

5. All merchantable cordwood and sawtimber interpolation if the)" are within the range covered.
cut can be sold at the prices indicated, which are

net of tim.bet sale costs. For convenience, rates of return for all com-
6. The (_stabt.ishment cost_; are the present binations of the four cost-price levels are given in

value for one rotation of all future costs of estab- exhibits 16 and 17. When the price per thousand
lishing and maintaining red pine stands, board feet is 10 times the price per cord, and the

Exhibits 12.-15 can be used to determine the site index is 45, the rate of return on invested
present values of costs and incomes for any speci., capital varies from less than 2.0 percent for very
fled interest rate. For example, on site index 60 high costs and low incomes to 5.4 percent for low

]<',x_l _:e;_T i].. ...........C,:_sts and prices assumed for several common investment situa-
tions in red pine stands.

Cost-price level

4... _1]

: Low : Medium High Very high

Costs per acre

Establishment 20 °00 40.00 60.00 80.00

Annual .25 .50 .75 1.00

Prices (I0 to I ratio)

Per thousand board feet i0.00 20.00 30.00 40.00

Per cord 1,00 2.00 3.00 4.00

Prfces (10 to 2 r'atio)

Per thousa,nd board feet I0.00 20.00 30.00 40.00

Per cord 2.00 4.00 6.00 8.00
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I0 iNCOMES

VERY NIGH
HIGH
MEDIUM

0 LOW
2 :3 4 5 6 7 8

PERCENT INTEREST RATE

EXHIBIT 12. -- Interest rate earned from growing red pine timber on site index 45 when

stumpage prices per thousand board feet are 10 times the price per cord. Stand has
800 trees and 90 square feet per acre before thinning at age 25 and is to be thinned
to 90 square feet every 10 years. Prices and costs are as described in exhibit 11.
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_0

COSTS
lO0

VERY HiGH

9O

_ 80

HiGH
7_j

.4 1 1

_ 60

50

MENUM

30

LOW
20 INCOMES

VERY HIGH

HiGH

iO MEDIUM

LOW

0
2 3 4 5 6 7 8

PERCENT iNTEREST RATE

EX_ZB_T 13. --- II_tei'est rate earned from _rowing red pine timber on site index 60 when
stumpage prices per thousand board feet are 10 times the price per cord. Stand has
800 trees and 120 square feet per acre before thinning at age 25 and is to be thinned
to 90 square feet every 10 years. Prices and costs are as described in exhibit 11.
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iNCOMES

tO VERY HgGH
HIGH

MEDIUM
LOW

O
2 3 4 5 6 7 8

PERCENT INTEREST RATE

EXHIBIT 14. -- Interest rate earned from growing red pine timber on site index 45 when
stumpage prices per thousand board feet are 5 times the price per cord. Stand has
800 trees a_ld 90 square feet per acre before thinning at age 25 and is to be thinned
to 90 square feet every 10 years. Prices and costs are as described in exhibit 11.
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COSTS

i ! VERY HiGH

k
90

I

HIGH

70
M

60

-4

50
MEDIUN

4o

k 3O
i LOW
I INCOMES

VERYHIGH

20 ...........t I HIGH

....+................J MEDtUM
I LOW
!

o L
2 3 _ 5 g 7 8

PERCENT iNTEREST RATE

EX_{[BtT lb. •.......I,,tterest rate ea-rned from _'rowing red pine timber on site index 60 when

stumpa_ze prices per thousand board feet are 5 times the price per cord. Stand has
800 tr{,es and ] 20 square feet per acre before thinning at age 25 and is to be thinned
to i)O square feet every t0 ?'ears. Prices and costs are as described in exhibit 11..

........45 ....



E.XH_B_T 16. .........t_ate of' invest.men: return I_'om<' o'_'owi u_:,"red _)ine fo:t' ._'*"_a _ __,,":. _

and income levels, where stumpa_e prices per thousand" boar,:! feet a_'<_ i <
times the price per <ord. t

(In percent)

: Income level S//

Cost level 2/
: Low : Medium : High :Very high

pv _ : ($10, $1):($20, $2) :($30, $S): ($40, $4)

Site Index 45

Low ($20, $.25) 2.9 4.1 4.8 5°4

Medium ($40, $050) (4/) 2.9 3.6 4.1

High ($60, $.75) (-4/) 2.3 3.0 3.4

Very high ($80, $i.00) (4/) (4/) 2.5 2.9

Site Index 60

Low 4.3 5,6 6.4 7 .I

Medium 3 .I 4.3 5.0 5.6

High 2.5 3.6 4.3 4.8

Very high 2.0 3.1 3.8 4.3

I/ See the assumptions made as to stand conditions and

thinning practices and listed in this section of the text,

2/ Establishment and annual costs given in parentheses.

_/_ Stumpage prices per thousand board feet and per cord
given in parentheses.

4/ Less than 2 percent.

costs and very high incomes (exhibit 16). On site price per cord. Because cordwood is worth more
index 60 the rate ranges from 2.0 to 7.1 percent, relative to sawtimber, rates of return for each
With a medium level of costs and incomes the rate cost-price level combination are higher than they
is 4.3 percent on site index 60 but only 2.9 percent were in exhibit 16.
on site index 45. For any given income level, costs
can be twice as high on site index 60 as on site Although these examples include only a lira-
index 45, and still the rate of return will be higher ited range of conditions, they may be useful to
on the better site. those investors who want to know only approxi-

mately what return they can expect from growing
Exhibit 17 gives rates of return where the red pine as an investment.

price per thousand board feet is five times the
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income level-- S/
9 /

" Low : Medium - High :Very hig-_

:($10, $2):($20, $4):($30, $6):($40, $8)

Site Index 45

_,,w ($20, $ 2:3) 3 3 4,5 5.4 6 1

@ ,1 { , , •Medi,.mt. (:_,), $ 50) 2 1 3 3 4.0 4.5

High ($60, $.75) (4/) 2.6 3.3 3.8

Vet2 ....._.,;.gh ($80, $,.00). (7_/) 2.1 2,8 3.3

Site Index 60

......... 4 7 62 7,2 79

lt,!ed i _n:<_ 3.4 4.7 5.5 6.2

H i_"_ 2 7 3 9 4 7 5 3

Very L,,iL_Q_ 2 2 3 4 4 1 4 7

1/ See -the assumptions made as to stand conditions and thin-

nlng practices emd listed in this section of the text.
•1 '2/ Est_b_zshment and _.mnuai costs given in parentheses,

3/ Stumpage prices per thousand board feet and per cord given

in parentheses.

4/ Less tha_. 2 percent.

Xm. SOME CONCLUDING REMARKS

In this Paper forest managers and owners will Predictions of income from future stands as- "
find tools for estimating investment returns (be- sume that the yield table volumes used in this an-
fore taxes) from growirlg red pine. They are shown alysis will be obtained from average stands of red
how to evaluate quickly and easily the income pine. Those who own large areas of forest land
from the sale of timber together with the costs may want to make adjustments for catastrophic
of growing it, and how to use this information to losses. If they can estimate the extent of such

compare investment alternatives and answer ques- losses, they can increase per-acre costs to reflect
tions about investments in growing red pine. these losses as was shown here for establishment

costs, or reduce the expectation value indexes to
In a limited space it was not possible to cover reflect lower average yields per acre. The forest

all the alternatives considered as background to manager who uses these data to estimate invest-
this study, such as a wider range in numbers of ment returns from small tracts should keep in
trees per acre, stand density left after thinning, mind that yields from any one stand may vary
and rotation ages; variations in density throughout considerably from the average yields on which
the rotation; and stumpage prices that varied with these evaluations have been based.
stand characteristics. It was, therefore, necessary

to pick out those alternatives that appeared most The rates of return shown for the few examples
useful to a wide variety of owners. In so doing, we
have limited the choices available to the user. But given in this paper are low, the highest being 7.9
even those forest managers whose opportunities percent on site index 60 for the favorable combi-
go beyond the range of choices shown will find use- nation of very high prices and low costs (exhibit
ful guides here. 17). With the present high costs and low sturnpage
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prices encountered by many ]and owners in the ,_;,s `_ I:o n_arkets so ti)::_i"ive _:_
Lake States, growing red pine on medium or poor prices for the p_'oducts he expects to _:_rev,; fs i_:_
sites usually is not financially attractive when the b_s _-_,-,,_,_-i_,_,to hi_;h _'_.:,._.u_:._-:,,. ..... _. _/ ............... eflrn _i_. yai[e ()Jl ,oil

compared with other investment alternatives. Bet- his _....._,_+_ _ Usine lh,.__ ...............
ter sites, with lower" costs and higher prices, will and following the method otltlined i:_<.:re,eac:h own._
show higher rates of return. For example_ on er can estimate for himself what _eturns he can
site-index-65 land, with medium costs and with ex.,p_ct_ from _rowin_; red _r_e_._...._ as ar__invesL;_'_e_,t Lr_.....
prices of $30 per thousand board feet, the :rate of the Lake States. Although an fnvestnt_ent analysis
return would be close to (3 percent, such as this supplies only part of the info__mation

The owner who grows red pine on the best a forest manager needs to help him decide a,_non?_
sites available, who uses every available technique investments, this information is of ;!f:_;eatirnpo._'_..
to reduce his costs (especially his initial costs of tance so long as our wants and produ_&ion alte_::_
establishment), and who establishes stands on land natives are :many, and our' resources are :few,
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