
_,,,,o o, H% te,_J ._.=o°,_°0o
_o_ _Hsidef Nisk iHtheService

Forest Experiment
Station

- _ Na_9_er_ leve_me_s_ene. al Technical
;Report NC-144

David C. Baumgartner and Carol A. Hyldahl

:, ",:: ::



North Centred Forest Experiment Station
Forest Service--U.So Department of Agriculture

1992 FolweU Avenue

St. Paul, Minnesota 55108

Manuscript approved for publication April 10, 199 !
1991

I



Using Price Data to Consider in the Evaluation
of Forest Management Investments

David Co Bauragartner and Carol Ao Hyldahl

Standard investment decision theory (Brealey methods. The most frequently cited of these
and Myers t984.) has long incorporated methods aspects are the immobility of standing timber,
for considering risk in the management of the length of the production period, and stand-
investment portfolios of stock_ bonds_ and other ing t_mbeffs dual nature and production flexibil-
securities. VaA.ous approaches to considering it)'. Fu_her, some important forest products
risk. have been used .....all based on the rate and are producer goods and the demand for them is
variability of retu_:_s to vaIious holdings in the derived. Also, forest production is associated
portf%}lio. The risk of a welt-diversified poStfolio with numerous externalities, both positive and
depends on the market risk of the securities in negative (Gregory 19S7). All these distinctive
the po_:t.fbtio. _l__emarket risk is a measure of aspects contribute to the most serious problem

how sensitive the security is to ma_ket move- associated with using time series data for
mentso This sensitivity is usually called the forestry investment decisions using conven-
security% beta_ .A security that rose or fell by 2 tional finance methodology for dealing with risk.
percent as a result of a 1 percent change in. the Time series data and records of return to timber
market would have a beta of 2. One that management investments are very poor relative
changed by 0.5 percent with a 1 percent change to those available for more conventional finan-
in the market would have a beta of 0.5. In ciat instruments. Even the most care_lly rood-
general, the h.igher the beta, the h:[gher the risk° eled studies {Thomson t987) that entail cost

accounting and gro_h and yield projections for
This financial analysis methodology uses time different timber species obtain most of their
series data on the rate and variation of returns variation in returns from annual variations in

to various stocks, bonds, and securities to prices because they treat yields deterTninisti-
quantify risk and develop po:_folios of invest- cally° Thus, many studies use price data as a
ments that best satisf_y the investor's needs in proxy for returns to forest_iy investments°
obtai:aing satisfactoI_y returns at acceptable
levels of risk. The few recent studies of risk in forest_ invest-

ments employ po_ff..fb!io analysis. Mills and

Risk in Forestry Ir_vestments Hoover (1983) and Mills (1988) used portfolio
analysis to show that forest land investments

Pdthough fbrest economists have tong been appear more desirable when included as diversi-
concerned with recogniz.{cag and quantifying risk f)"k:tg elements in mLxed portfolios of various
in :tlorest:_ invesm_ents (see_ for example, financial assets even though traditional invest--
Dowdle t962, Mai%_ t964, AP_anitus and rnent analyses often indicate these investments
O'R.egan 1967_ Silt;_ompson 1968,, and Hamilton offer low rates of return and are fairly risky if
i970), on_ly a recent few have employed the held singly° Redmond and Cubbage (1988)
financial management methodolo_o/described measure market risk, which they define as the

above. Forestry investments have several deviation in stumpage prices as contrasted with
distinctive aspects that complicate their evalu- an investment proxy for all investments (stock
ation wi.l.._,conventional financial analysis index) from a mean value over time. Their

[ findings show that: stumpage prices are some-
David Baumgartner is a Principal Forest what countercyclicat to the general economy
Economist and Carol Hyldahl is an Economist and that investments in stumpage could ira-
with the North Central Forest Experiment prove many portfolios of mixed financial assets.
Station in East Lansing, Michigan.



Thomson (1987) addressed the lk]_ancial risks of T_ie Data

growk_g commercial timber crops in the Mid-.
west arid the South_ Four midwestern and four The indiana price series (Itoover 1987) was

southern species were considered. Me cam- reported in real delivered log prices (1967= lr}{ss
puted a beta between the Standard and Poor% for 1957-1987. I:h_iees f\or nine species of saw
Composite Index (the market) and returns to logs and three species of veneer logs were
each species arid found the betas were not analyzed° "t%_esaw log species chosen were
statistically significant at the 95 percent level number 1 logs, £_cluding red oak, white oak,
He then presented a po_t_fblio of"minhn.um risk black oak, hickory, soft. ma.ple_ hard maple, ash_,
{for desired rate of returr_) fbr the South, the cottonwood_ and black walrrut_ The veneer log
Midwest, both combined_ and all combined with species chosen were select grade, 18-20 inch

the market. This work may contain the first d,b.,hoo including black walnut, White oak_ and
examples of portfolio analysis that considers red oak The index used was the unweighted
orfiy alternative timber investments_ rather than average annual price ch.ange of all selected saw
some combination of t:irnber and nontimber log species°

financial assets, although Thomson does have
some examples that include the market The Illinois price series (McCurdy and Olmstead

1987) was reported fn real stumpage prices

Thornson's find.ings, as well as those of Mills (1967= 1C_O)for 1967-1986_ except fbr red oak
and Hoover (1983), Mills (1988), Redmond and veneer, which was only r_eported for 1975_ t 986°

Cubbage (1988), and Zink3tlan (1988)_ indicate Average prices for nine species of saw logs,
that the market risk_ or sensitivity of forestry in- three species of veneer logs, and mixed hard-
vestments to changes in the general .financial wood pulpwood were analyzed° _%b_esaw lo91
market is minimal_ All found that betas devel- species chosen kicluded red oak white oak

aped by regressing timber or thnberland invest- black oak, hickory, so£ maple, hard maple_ ash_
ment returns or prices on returns to the Stan- cottonwood,, arid black walnut. The veneer log
dard and Poor% Cornposite Index were generally species ch.osen included black walnut° white
small, negative, and statistically insignificant, oak, and red oak. The Lndex used was the
This su_ests that some other ind{m might be unweighted average annual price change of the
more appropriate to develop betas Rndicating the saw log species°
relative risk of alternative forestry k_vestments
independent, of general flnancial markets. The Ohio price series (_ngs!ey arid DeBald

1987} was reported ,tn real stumpage prices

In a. previous study _omson and BaumgaS:ner (1967= t®O) for 1964-1985. Prices fbr nine
(1988) showed that regressing estimated return, species of saw togs were an.al}_ed, ineludflng
data fbr each of eight timber species on an index ash_ basswood, black walnut black cherry,
consisting of the unweigl_ted average of the hard maple_ red oak_ soR maple, white oak, and
annual price change for each species yielded yellow poplar, The armual price used was either
significant betas. These betas pro_;dded k:lsights the seventh month or annual average of the real
into the efficient portfolios of cornbinations of stumpage prices, The index used was the
the eight species. Further, they showed that average annual price change of all species in
returns estimated firom price variations alone this data set
closely corresponded to the beta values obtained
using actual retumso "Khis paper further ex- I%_e_th_}ds
ptores the potential and problems of this tech-
nique using three additional sets of price data to A series of reruns of the ibm_ Rt=tP/Pt.._)o.1
estimate risk, return, and efficient portfolios of [where R_ = return in year t] and [where Pt =
alternative timber species and products ,in price in year t] was calculated fbr each species
Illinois, Indiana, and Ohio, and product and for the average of sa_vtimber



prices using price title series data from each indicating that they were somewhat less Ssky
8t.ate_ Then individual prke returns (dependent than the average for all sawtimber° and they

variables) for each species or product were appear in many of the efficient portfblios for

regressed on average sawtimber price returns rates ranging f?om 3 to t3 percent returTL The
(independent variable) to compute the beta red oak veneer retu:ms and risk figures may be
usF:_g the market modeh suspect because they were o_fly reported fbr the

years 1975-1986 but all other products were

R_t = a + bt_n. ,t + e reported for" the years 1967-:1986. This more
recent period (1975-198@ included an increase

_£2_ere: in the popularity of red oak that is still continu-

R_,t = the price returw_ on species i in period t ingo White oak, black oak, hickory, sugar
a = alpha or intercept parameter maple, and cottonwood did not enter any
b :- beta or slope parameter efficient portfolios at rates of price return from 3

t:_.n,t = the return on average sawtimber prices to 13 percent Note that _th the exception of
in pe_-iod t btack oak, which had a return of 4.2 percent, all

e : random error tei_l these species had returns of less than 2 percent
per year and betas indicating higher than

A portfblio based on rates of return to price for average risk_
the various species and products "was con-
structed fbr each set of price returns° Portfolios in the lower risk and return range of 3

to 5 percent generally include black walnut, red

The portfolio problem is (Francis and Archer oak, maple, and ash sawtimber; white oak
1979): veneer; and mixed hardwood pulpwood. Re-

turns of 6 to 8 percent with increasing risk are

Minim:_e .XeKj obtained with a less diverse portfolio containhng
red oak and ash sawtimber and red and white

Subject to: X_E(R_) > = R° oak veneer. The highest return-risk portfolios
are don£nated by red and white oak veneer.

X_-i
The results of the Indiana price return regres-

Where: slons and portfolios are shown in tables 3 and

X_'s are the portfolio weights 4. Returns to price in Indiana ranged from 7.6
is the covariance between armual returns percent for black oak saw_imber to 3.9 percent_j
for investment i and j and :for cottonwood. All the veneer species experi-

E(I_) is the expected retui_ from investment i enced higher rates of price return than did any
sawtimber species. Black oak sawtimber had

The obiective is to rnir£irn_e the risk (defined as the highest return of the sa_imber species but
variance of returns), s__fbject to earning a given also the highest risk. It onty appears in a minor
level of return (R°), wlhile requiring that the way in the 9, 10, and 11 percent return portfo-
portfolio weights sum to 1. Calculations were lioso Although white oak and ash sawtimber
made using the QPROG software (Saigal 1986). showed reasonable price returns, they had

above average risk and did not appear in any of
Results the portfolios at rates from 5 to 13 percent,

Black walnut sawtimber had a moderate to good

The results of the Illinois price return regres- return and a very low risk. It appears promb
sions and portfolios are shown in tables 1 and nently in all except the highest return portfolios.
2. Mean price returns were highest for red and Black walnut veneer with a high return and the
white oak veneer logs and red oak and ash lowest risk (negative beta) formed an important
sawtimber. All four of these products had betas component of every portfolio.



Table 1 .--Mean returns, standard deviations, betas, t value& and R
squares for the index _and se/ected flfinois timber species and prod-
ucts price returns regressed against the index

Mean
price Standard t R

s_.S_pecies return deviation Beta __ua_ed
.... Percent/year ....

Sawtimber
Red oak 5.69 12.91 0.84.4 4.21 0..5586
Ash 4.90 16.52 .978 3.44 .4579
Black oak 4.21 18.00 1.175 4.20 .5570
BJack walnut 2.00 14.51 .711 2.53 .3141
Sugar maple 2.00 16.06 1.114 4.87 .6286
Hickory 1,82 14.07 t.1 ! 7 8.11 °8246
White oak 1.12 15.85 1.064 4.48 ,5890
Soft maple °62 16.25 .959 3.42 ,4549
Cottonwood .29 14.30 1.038 5.56 .6887

Veneer
Red oak 13.81 53.56 .846 .43 .0205
White oak 8.03 2t .43 .639 1.36 ol 162
Black walnut 2_34 22.52 .430 .84 0477

Pulpwood
Mixed

hardwoods 3,33 22.13 .532 1.07 .0750

index 1 2.52 11.07 1.000 --

index equals the unweightedaverage price return of the selected
sawtimber species.

Table 2.--fllinois portfolio weights in percent for various rates of price return and risk (standard deviation)

Sawt im bet _ Veneer Pu _pwood
(Percent

Return standard B_ack Red Soft Red White Black Mixed
percent deviation) walnut oak maple Ash oak oak walnut hardwoods

3.0 9.4 7.5 5.9 36.3 5.3 -- 16.3 7.6 21.3
4.0 9.6 14.2 25.4 25.4 0.7 -- 19.9 -- 14.4
5.0 10.5 12.6 44.5 11.4 0.5 _ 23.1 _ 7.8
6.0 12.0 7.8 62.3 _ _ _ 27.7 _. 2.1
7.0 14.2 _ 54.6 _ 1.5 5.1 38.7 _
8.0 17.2 ._ 25.0 _ 8.8 14.4 51.9 _
9.0 20.7 _ _ _ 11.9 23.2 64.9 _ --

10.0 24.9 ...... 34.1 65_9 ---
11.0 31.0 .... 51.4 48.6 _
12.0 38.5 .... 68.7 31.3 _
13.0 46.6 .... 86.0 14.0 -- ---

White oak, black oak, hickory, sugar maple, and cottonwood sawtimber did not enter into any portfolio,
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Table 3.---Mean returns, standard deviations, betas, t va/ues, and R
squares for the index _and indiana timber .species and product price
returns regressed against the index

Mean
price Standard t R

.°Species return deviation Beta statistic squared
-- - Percent/year ....

Sawtimber
Black oak 7.60 13.74 1.487 9.71 0.7709
Red oak 7.17 11.35 t.264 11.19 .8173
Black walnut 6.;56 14.65 .412 1_24 °0520
Ash 6_40 1t .96 1.181 7.09 .6420
Hickory 5.56 9.64 .925 6.57 .6067
White oak 5.49 11.93 1.328 11.t2 .8153
Soft maple 4.72 8.52 .866 7_73 .6809
Sugar maple 4.72 11.20 .733 3.22 .2821
Cottonwood 3.86 10.45 .800 4.25 .3916

Veneer
White oak 13.21 34.51 1.I 18 1.44 .0691
Red oak 11.20 30.90 1.368 2.04 .1290
Black walnut 9.55 28.95 -.108 -.16 _0009

Index 5.79 7.98 1.000 -- ---

1 Index equals the unweighted average price return of the sawtimber species.

Table 4.--lndiana portfolio weights in percent for various rates of return and risk (standard deviation)

Sawlimber _ Veneer
Return Risk Black Red Black Silver Sugar Cotton- Red White B_ack
percent percent walnut oak oak Hickory mapJe maple wood oak oak walnut

5.0 6.3 18.8 -- -- 28.4 19.1 t9.5 5.4 _ --- 8.8
6.0 6.4 21.3 _ _ 35.8 12.2 19.1 _ _ 0.7 11.0
7..0 7.1 26.2 18.7 _ 21.3 _ 14.3 _ 1.0 5.5 t3.0
8.0 8.6 29.5 38.5 _ _ _ 3.7 _ 2.7 10.6 15.0
9.0 11.0 24.1 20.0 9.1 ..... 6.9 19.3 20.9

t0.0 14.6 15.7 _ t6.9 .... 11.5 29.0 27.0
11.0 18.8 4.2 _ 6.7 ..... 17.1 39.0 33.1
12.0 24.0 ........ 11.9 6t .6 26.4
13.0 32.4 ......... 94.3 5.7

White oak and ash sawtimber did not enter into any portfolio.



The lowestrlsk-returnportfolioscontained much dffTerentpicture.Pricerefuels are much
black walnut, hickory, silver maple, sugar lower than those in Illhaois and Indiana and are,

maple, and cottonwood sawtimber; and black in fact, slightly negative for four of the eight
walnut veneer. A moderate (9 percent) return at sawtimber species considered. Po_ffblios based

moderate risk was obtained with a portfblio con- onty on those species showing positive returns
takaing black walnut, red oak, and btaek oak are limRed to ash, red oak, and black walnut°

saw.J-tuber; and red oak, white oak, and black Nthough white oak had a positive return to
walnut veneer. S_ne highest risk-return portfo- price (higher :in fact than ash), it had a substan-
lios were dominated by white oak and black tially higher risk relative to return and did not
walnut veneer, appear in any efficient portfolios. The Ohio

pot_Jolios would offer low rates of retuitn and
The results of the price analysis and portfblios risk and be composed of ash_ black walnut, and
based on Ohio data (tables 5 and 6) show a red oak.

Table 5._Mean retums, standard deviations, betas, t va/ues, and
R squares for the index _and Ohio timber species price returns
regressed against this index

Mean

[r_ce Standard t R
Species return deviation Beta statistic squared

--- Percent/year---

Sawtimber
Red oak 2.15 7.34 0.932 5,99 0.6539
Black walnut 2.14 15_59 .661 1,22 .0730
White oak 1,49 9.74 1.197 5.49 .6133
Ash I. 16 6.23 °803 6.29 ,6753
Cherry -.12 10,46 1,195 4.63 .5298
Soft maple -.40 7.54 °876 4.80 .5482
Basswood -.82 10.54 1.129 4.07 .4659

Yellow poplar -.,89 9.92 1.0t2 3,73 .4224

index .40 6,22 1,000 _ --

Indexequals the average price return of all the species listed.



Table 6._....Ohio pordofio we/ghts for various rates of e:_stk_g stand as well as price data. to detem:'_.J;ne
° "1ireturn and risk (standard dev/ation,l tot.a] risk returns, and efficient portfo.hos.. At-

though the gro'_h return data reflectin_,_ am-_ual
SawtimbeN variation could be developed for indJzvidual

Returo Risk Ash B_ack [:_ed stands, they are not generally available £or
pe_'ceHt pe_ceot wahut oak broader general areas,. Some i_ffoKnation on

biophysical risks not yet apparent from the
1.00 5.6 49.5 13.3 37.3 historical return series would also be included.
1.25 5.6 49.5 I3.3 37.3 Non-timber values such as wildlif% should also

I °50 5.6 49.5 13.3 37_3 be considered, because these can be very impor-t .75 5.6 40.3 14.9 44.9
tant to £orest man.agers but are very diflcult to2.00 5.9 15.0 19.3 65.8
price° pa.rl_icularly in te_ns that would reflect

White oak sawfimber had a positive rote of return but va_dability° Even the quality of available timber
did not enter into any portfolio. Cherry, soft mapIe, price data differs widely amonf._ States and
basswood, yellow poplar, and hard maple aHhad negative regions_
fates of return aod were not included [n the po<tfo]{o
analysis. We are t_d.ng to obtain better total returT_ data

by studying the relative £nportance of growth
and price to total return. Howeyer, we think

Dise'assion that at the present t_T_e_ price return., data
reflect an imporLant component of"risk and

The results show that substantial differences retuIT.._ and can provide a quick, easy initial
occur in the price retuncis and poz_dblios :for estirnate of the relative market risk and retun-_.

Illinois, Indiana, and Ohio. Why these differ-, of alternative forest<¢ investments and of efTLo
ences occur was not addressed in this paper, cient port.fblios of alternative species and prod-
Some diff:erences are probably due to differences ucts.
in the time frames considered and the fact that

the Indiana data were reported in delivered log Li£e,_aCu_e Cried
prices rather than stumpage. Z_ese factors will

receive further study-. However, the compiler of Arvanitus, Loukas G.; O'Regan, %rilliam Go
the Ohio data {Tff_ngsley1987)thinks the differ- 1967. Coml}_ate_slmulatlom and ecor_omie

ences .inpriceare real and renectdifferences_ efflelemeyfn f%_es[sampling, Hilgardia°
the qualityofthe t£rnbermarketed in the three 38(2):133-164.
States. At any rate it shows the importance of

using data from as close to home as possfble to Brealey, Richard; Myers, Stewarl:. 1984. P_rir_-
employ the subject techniques and the longest ciples of eo_o_a£e finance. 2d ed° New York:
time series available because portfolio theory McGraw-Hilt. 847 p°
has its roots }k-_the analysis of lon_-terrn peri-

odic variations in returns, Dowd.le, Ba.rto.ey° 1962. I_ves£r.ae_¢ 1:heo_7 a_d
fo_est_a,_geme_t p'bo_i_° Bull.67. New

A]_h u• _< o.gh analysisof pricevariationscan be York: Yale University,School of Forestry°63 p.
useful in analyzing the risk of a]te_Tmtive for-

estry investments in different species and Francis, J.Co;Archer, S°H. 1979., Pod±folio

products° we should acknowledge some of its a_alysis, 2d ed. New York: McGraw-Hill.,
obvious limitations. The technique is orfly one 41 t p.
aspect to consider in malting a forest manage-

ment investment decision. Ideally, a forest Gregory, O. Robinson. 1987. ]{eso_'e,e eeo-
manager would use data reflecting the annual heroics fo_ fo_resters_ New York: Wiley and
amount and variability of physical returns to Sons. 447 p.
£rowth for the individual tree species in an
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