
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


AUS~ A.GlU:~~ ~Co.NOHICS$OC~ :35$! ANNUati 
co~cs 

Al:1rlidal~Febx.11ary n ta,lA:1991 
"C 

It.w~l't .. J'ohn$onf 
I~inistryof A9'l:leult.~re 

'Wellington 

This paper reviews recent applicatiQns of corpo.rtd::e, . ,financ:e 
analysis to thefarmfirin.Tbese inclur;le U$~O,~ optimal 
caIit,al structure theorie$to . elucidate . :i.nve~tment$t:r:ateg'!esf 
including tax ,shel tel:s',and .capi tal asset prlcing models(,CAPl-J) 
to elucidateportfoliochoices}:)otb'onandoff fa:r.m •. Risk 
management issues concern the. ~ppropriate place 'of rlsk 
premiums .in investment decisions, the separation ()~bU$~heSS 
and financial ,l,;,isk" the influence .of tax rebateS on interest 
on capital value, the reductiohof riskthroug'h 
diversification, and opt111lalfarm plans that are' ,risk 
efficient. The common factor intbis approach i$th~ key role 
of business ,risk.+n settinqboth riskpremiwns for*nvestment 
and in the minimisation of dlversifiable risk tor risk 
efficiency. Further, project selection in thediversiflcatlon 
:;ituation can be made risk efficient. The CAPM can also be. 'fed 
into the estimate of the weiqhtedcost. of capital. The l;>aper . 
concludes with a discussion of option pricing andarb!trage 
pricing and how these might be utilised to analyse tbefarm 
firm decision process. 

THE OPTIMAL CAPITAL STRUCTURE Go 

The co~ol;ate finance view of optimUlncapital structures has 
been highly influenced by the work of Modigliani and 
Miller(1958) (MM henceforth). The cost Qf capital is viewed as 
the w1aighted average of debt cost and required equity 
return(WACC).Required equity return incorporates business and 
financial risk premiUllls as in Diagral1l I. Business risk is 
defined as operating risk arising out of the ordinary 
operations o.fthe firm and financia'1 risk as addl tional :t:'isk 
taken on byelCternal borrowinq(leveragel. The MM propo-ition 
is that the WACC is invariant to the level of 1 everageand 
'there is no optimal levalof the debt-equity ratio. 

They .pointed out that incorporate financial structures any 
increase in the use of "cheaper" debt funds is offset by the 
increase in the equity capitalisation rate. Investors ar.e 
hypothesised to penalise the price of stock by raising the 
equity capitalisation rate (lowering 'the price/earnings ratio) 
directly in keeping 'with the debt-to-equity ratio. MM 
hypothesised and advanced considerable behavioural evidence 
for arbitraging of stock in such away that the average cost 
of capital would :remain unchanqed as debt-equity ratios 
changed. 

In considering farm firms the conditions assumed by MM no 
l.ongera,pply II The structure of egui ty held by proprietors 
means that there is not an efficient market for equity where 

i 'I acknowledge considerable help from discussions with A 
Meister"SMartin,D Newman,PSead"P Mccrea and P Narayan. 
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t'he~quit.ycapi'ta11sat1dn~at(:) .,Qan .tre'ely ,cPlDpen~~te . to): 
incr~a$~d .(labt.(collins,.19~5,p.6a 7) •. In. thiseasei.ti$ 
hypC)th~si,'$eathatthepr,~p;r:i~i;Q~"sv;i~w$ ;oJ)tincPlQialX'1~k 
wi~laeter,ll1ineth~sbape . of 'tbeKe cut'\1e , . and -tllt).t tlle 
;ave:r~geco$t. :of . capital wil1va~ a,cc::o;r4in,g totb.e '))ebav1oUr' 
and weiqhtl.ngQfth~ . required .. returnon. ,eqqityot 'the 
proprietor and the cost ,of bo:tl::'owit(g. 

1'hissi tuation - called. the t:raditional ;apprQa~h .l:n,. 'the 
.literature.(Van Horne,. 19,83, '1'. 249l(Hawk1ns~a'Pearc~, ;19'7;]., 
'p 58) - suggests 'thattbe ·average .costof~pitalwi:rl,at 
first . fall ,wi.th. increased .lev.erage '~nd. later . ,rise .agClin asth~ 
financialrisl'; ciominat.es thesituCltion . (D!~9:t'~,2J. ~ 'It 1$ 
generallyag:reed that. that 'tb~cost ofbottoWl:1l9 to the ,fan 
firm is likely to increClsewithincX'eas~a l«ave:rage .C\tte:r: ... ~ 
point. Also financial risk i$.seenasan increasing-fnnctiQn 
of leverage. Inthisc::ase ,therefo:re,ther~ii$.·Cl:gain, 't.oth~' 
prQprietor in :1noving towards some lIli.:idle posttlonofdeJ:>tanc:l 
equity mix. This is the standard positiontlesc;:riPeCl in the 
agricultural finance texts (egPensonanq .LinsJ 1980, p18.a). 

TI.eminilllum point on the Ko curve represents the least cost 
combination of the sources of capital ,finance. Ita.l$o 
represents a stablecapitalstrncture Which may be ,disrupted 
from time to time when financing neW investment'projE;!ctS. 

The increasing function of required equity:r:eturnwith 
increasing leveragt.\ is associated in the literature wi t11 an 
increasing probability of bankruptcy (Van'Horne, p262) and 
witn distress costs (Bishop, Cr.a.ppa:ndTwite, 1988,.pl38). 
Distress cost occur when a firm's cash flow falls»elow . 
expectations. Costs are incurred in modifyinginve$tltlentand 
finance stJ:ategies. Foregone investments may'incurr 
significant opportunity costs. Bankruptcy is a form of extreme 
4istress and involves many costs afirinwoul<l wish to avoid 
(Pringle and Harris, 1987, p498).A reason for increasing 
debt cost with increased leverage at the lilJ1it is increased 
agency or monitoring costs (Van Horne, p 27.2)., 

As the debt-equity position of the firm increases, debt
holders would wish to cover the increased cost of monitoring 
the firm's performance and behaviour. All these risk factors 
tend to lift the perceived cost of increasing debt in a firm 
and reduce the optimum debt-equity ratio at which it is 
prudent to operate. 

It is therefore possible to argue that in a risk-averse world 
there are justifiable limits to the process of seeking higher 
and higher debt-equity ratios in order to reduce the average 
cost of capital. Iu a risk-free environment, increased debt 
reduces the average cost continuously. In a risk-averse 
environment, prudent limits need to be determined, dependant 
upon the threat or probability that changes in both business 
risk and financial risk could affect the continuation of the 
business. Changes in debt costs are likely to be market 
determined and closely measurable; changes in equity returns 
are more psychological and can only be interpreted from the 
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behaviourofpropr.i~tors of):;)usiness ·thelllsel ves,pl; the 
stockholders, as the case might Joe. 

'l'heCAPMofferssoxne insight into themeasJU'eljent :Qfth¢ 
requi;r:ed return on equi ty .andisdiscusseCibelQw:.Fu);i:ber 
thought .needsto be given toa:qti.ll1;y .tunctionappx:-qach 
incorpo;r:ati'ngsome idea of the de9~eeofJ:isk aversi.on. 
'J.'he:re could be soma connectionbetweenth(;!;proprietor'$lttean
variance trade-off c:lnd his required rate of equity return. 

Tax Shields 

Modigliani and Miller subsequently modifiedtnel.;t' position ,em· 
invariate average cost of capital.. Th:efactthat . cQrporate1:aX: 
leqislationallows firms to ded.uct interest. on debt alters the 
eff.ects of leveraqeon thefil:l1l. This ·qainto· ·thef.l;)jn,or 
loss to the government revenue, is thet-ax .shleld. ,An 'increase, 
in leverage deoreases the share of of;pre-taX'ope;r:atl.l'igp);,otit 
going to the government and increases the share, going' t<>ciebt 
and equity (Pringle and Harris, p494). Th~firm'sda,sb 'flbw 
to owners increases with leveraqebecause of the tax exemption 
provided by debt. 

MM developed this p.roposition in terms of tbeeffec:t ,on a 
firm's value. without leverage, a firm's 'value ie; defined as 
the present value of the future cash flow stream. to l.nvestors. 
with borrowing, the cash flow is increased ·bythe value of 'the 
annual tax shield of interest. Therefore tlte'value of 'the 
levered firm is equal to the sum of tIle two streams .in ,p~esent 
value terms. 

The question then arises as to what constraints therea,re on 
unlimited exploitation of tax shields. "Van JlOrt'lfa{1.983, .P 272) 
suggests a modified value relationship 'where 'taxeosts, 
bankruptcy, anCi distress costs and agency costs al"1 coJIlbine to 
reduce the size of the tax reduction benefit asleve;rage 
increases. As Myers (198 6) says , a firm's optilllaldebtratio 
can be viewed as being determil1ed ,by a trade-off of tl'lecQsts 
and benefits of borrowing , holding the firm"sassets anQ 
in''1estmentplans constant. The firm cart be portri\yed ;as 
balancing the value of interest tax :shieldsagainstvarious 
costs of bankruptcy or financial embarrassment. 

In this case, depending on the nature and size of these cost$, 
an optimal value struc.turemay occur at quite low debt ... eqliity 
ratios. As Pringle and Harris stress (1987, P 499), as 
leverage increases, thefim .reacbesa point ltlhere the 
expected costso! financial stress and re(iuced .. flexibil.ity 
:beginto outweigh the benef! tsof the tax subsidY .~heypoint 
out that in the actual event of bankruptcy, tax credits frClll 
interest cannot be recovered from the government unless the 
fil:'lllmergeswith another firm or manages to CCll:;ry its tax 
credits forward in some way_ Also tax creciitscanonlybe 
generated if the fi·rm is making profits - otherwise there is 
nothing to claim against. 

The effect of the tax shield is the same for the Weighted 
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~v~~age ,Q,Ppt, ,<>f :qaplt~'l. '$ipee al?rQP~rtlon~f.th~ :i~1:e)::est. 
,c(j~t.Qf .~~bt ,"s ta~,¢iedu.¢~ib:t$"", ~nea'pt~al ,(:ost.'i:o 't9,~. ;fim :1$ 
le$$ a,,$ ,1pn<Jas tbe t;irP11~maJ(ing Pt'9flts" '~;i~bQP' ,eral'P ~na: 
TWi~e ;,(1988"p ~l~) , polnt'()\ltthat1:be WAG(!,;lIll.lstfall 
:sUbstailtially' . if·the tax .deQ'Q.cted ;¢pst 'ot4'lfibt j.s~nQ1J.1afad., ' 
,(Diagt'a1ll 3) .. , This' lnqorporC\te$the1~p3 ;MMpQ$~t19n tbat~n 
invariant ~ACC .1llJlstpe '1:ralls~o~e(i, '. to, "a(loW1')\t1~rd ·$l.9P,ing 
ave:r~9'e cost :(unct.i()n~s,l~verage incr~a~es,'Kp,) '. ' , 

Bisno;pet.al . ,then):aisathe .questiQn'wh¢tb.e;rrSUCb.:a (ioWnwa):Q. 
slCJP'~ 1scQnt'inuou~?UWego 'n(yt'Ql;>se.:rveall-ae~-e, ,fin~nc,tng;i 
hence we , n~~q.to ,int,:rodude f1.1rther c:aplta~mf11:~~t .. " , ,"", ", '" 
;bnperfeQt~onsintooul;.'an~lysis.t() e)q)l,ain,ob~e;tVedcapital 
structure,$'''. "Tbey thus. re-introQucedi$tx"ef;js '~opt$;to1:h$ 
argumen.t incluc1incJ, it in boththa ,4ebt,sid~~nd ,':tl\~'e~j;ty 
si<ie (Diag1;'am ,4). There is an increased .prob~~,~lity ,thataebt 
holders will npt;l:eceive interest/pl;inoipal :pay,xnentiS ,as, 
,lev,eraqa increases as shown b.y Kd.. This tr~nstel;sthe ~urcten. 
of elistress coststotbeeqtli~y:n()lde:rs, andthavaluation:o;f 
equity falls ;(theauthors assume the 'MMcQn<iitionsstill 
pr.evail). The required return .ofequi:tyho~der$als()' 
increases • These conditi'ons determine that the firm';$ ,opt.imul'll 
rate of return will be u"shapedandnot ;)Ite>noeon;'c.At tbe 
optimum 'the tax advantage frOlli leverage ;is equal tot.he 
expected loss from distress costs. 

The authors maintain that thecompensato;y meclla.niEJIIl :}:)atween 
debt return and equity return operates inth~c:::orporatewo't3.d, 
even thou911 average cost is no longer invariant. For the ,tf1rxn 
finn proprietor shown in Diagra:m2 the effeQtsoftbetax 
shield are simi11ar. This is shown in DiagramS. ileX"ethe 
equi tyowner becomes bighly risk averse as 'his Q.ebt-~quit.y 
ratio rises. He benefits from low post,~tax inter~stc()$tsas 
long as he makesprot'i ts ~ After a point ,debt ... holdersonl'y l~nd 
to himatgr,eatly inoreased premiums ,hence the average .Qost 
of capital at first falls moder,ately ashetakes,~Clv~ntag~.of 
the lO\'l-cost borrowed capital, but then the PQstrisesaga.in 
as his .required risk-averse e'lUity return is increa$'-ng 
rapidly. 

At the end of the day, the "traditional" appr.oachand tneMM 
approach appear toproQ.\lce very similiar r~sult$ for ,the tax 
shield, risk-averse situation. However it is ·illlPortant not to 
over-exnphasise the role of 'the tax shield. Hyers (1987 ,p94) 
points out that there are other ways to sbield;i.nco:me.Firms 
migllt have accelerated write-offs for plant and equtpment, 
investmerlttax credits, researcba.ndother int'angible asset$, 
and even contributions to a pension fund. "l'hest;!t.:;;hields sel:'Ve 
todil1,1te the effect of of the interest shield aloneClnd they 
reduce its certainty. As Van Horne points out (p256) the 
greater the tax ,sheltered income of a cOlllpanythe less 
important the ta:.t shield on debt in an uncertain world. 

An Evaluation 

Mccrea, Grundy and Hay (1990) report an evaluation of tax 
shields in agriculture using a representative farm.. They use 
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the@2J:Sl(spftw~:re .to '9~net;,at,~;~itb .~nc;Jwitll()\1t .:4.ev~1opm:e,nt 
b\ld9'~t$,anQ. . (;~e;b ,t19W#3 .. t:Q .• 'ev~lllat~the"v~l\JQ" . ~:I;l:E>act :Qt .tll~. 
t~x··<ledq¢tib.tl;J,.ty ·,p~9visiQn~ ~nNew ;Z~~l~na ,($~Q p~~g;l:~m~.~) " 

'lJhe fqrIn 'f~m i$ .~.HiS~gOnaCant$tpql:¥ .·$b~eJ?:Rt~~q.~n9,p;r;QPel:ty 
of 360 na antl30PO $h~ep ~tQCk ~nj.t$.In 1?fl9 'the ,~~~e'1;VJ;llUe 
qf such ·a.pr,ope~tYW~s$634QOomc;\c;leup .of$1~)'7Q,~O .d;ebt .~ng 
$437\QOOeCNj;tY,,,~be wj.tQ.outbYPQtbe~d,~ t$: :$·~~~a1~he,F. 
breeding and the with :h.YPQthe~"i$i~ tbell1t;:r:Qdt1Qti()n.o~,C1eei': 
and J:Jeefente;rprj.$e$" r:t'h.esearethelleyal\t~te~. w;lth;,~~~ent 
taxp;rpv iJ$ion$allQ 198 4 t~xprovi$1Qll~ !WhioA. we:r:e§oJn~wlnrl;· 
lnore gene:r:ou$.BQth with .and. witboqt are$\ll)jeCt.. i:otb~,$~me 
set Qftaxprovi:sions.HajQrj.nt~;re£?t w~$I'li1Q~d: !Q~ ··tb~ 
inte~est ded\lction ):>~t. otber $b.i~ld$ we:r:~ 1nv~st1..gat.ed~$ 
Well. t, 

@RISK is aSill'1ulationpackage whicb .enable$p;rob~l::):11~ty 
distributions to .be (:)pec:ified andrandolnvalqe.$,g~~un. ~$ 
requi:r:ed. Also variances 'J;>etween dit':lt:r:·ibq:t.ipll~ ·pi;\n b~ 
incorporated in the finalotltcome.@RlSl«()u1:put.j;nclua~$' daE!h 
flows and net present values. 1<ey ):',e$u11:$ incl~de .t:hel1lean, 
standa:rd deviation, and probability <Qft;)rHPV :~oreacn 
scenario. 

Diagralll6 s;hows the main casb flow effect of ai:;altt;;p.1eld ina 
developlllent/d1versification s;'tuation ,an4 'l'apl~l$h9.we;;tbe 
corresponding ca$h flot'lS ancl max.'qinalp:r:esentvalUes. 'l'l1e 
figure shows tbetotal ann\lal values of th~intEu'~.st, tg.x 
shield in an investment 51 tuat;ion inv,pl v1ng.Q..1vet'~!flQation tQ 
deer. Full deductibility is Qo~pared witbl)ild~C1\l¢ttbil.1ty 
for the .property as a whole. Tbe;rnat:9inal,NW;l..$tb~~)(tta .. tAx 
shie)'4 effect du.e to the new fin~ncj.nqs1tQC1t.i.Qn !associa,t~d 
with the deer q1versification~In 13.dclitj.Qnth$t;a):>le.~xp·lot'e$ 
the eft:ect .of ~ettin9 the interestdeduoti9nintealt~~$ 
rather than in nominal terms. 

The present value$ of the tax~hie14 inPiag~am 6.al:"e$44009 
for current tax rates ancl $69117 tor theoldtax~ates. Attbe 
marginthe~e ~educe to $22141witblOQ% .Qe,dtlction of i'ntere$t 
and $1.8891 wi'eh nil intere$t decluction" ~bustbe m.at'g-ina,lc,:rain 
in "value" is $3250 froIn tak.ing on inc;t:'eased(1.e})t. . 

The authors only provide some of the ~esul.ts affectin9 .obanges 
in the financial concept of value" Tneseare; 

(i) fast deal:' devalopment-ourren~ taxes +$32SQ 
(ii) fastcleer development'!!"real interest,curr~n1: + $1$0 
{iii)fa$t cleer developlItent .... old taxes +$9509 
(iv) fast deer development-real tnterest,Qlg +$4462 
(v) slow deal;' development-Qurrenttqxes +$15152 
(vi) slow qtiaer devel.opll1tant"".Qld taxes +$4.5~6 

':rhe "value" equationi5 setol.Jt as foJ.low~ following :Diagram 
Gb; 
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DIAGRAM 6 . VALUE OF 100%IHTEREST DEDuetlBnlITt'1'AX Sa:t2LD 
(afte:r 'ltcCreaetal, .1990). 
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TABLE .1: 

PRESENT vALUE OF INTERES!,t' TAXSHt~LDDEDUcnON'S 
(f,ltter HcCre~ $t.al, 1.99Q)~ 

(,ashflows and Probabiliti'e.s o.fLos$ 'fot "F~st 'De(!!rDevelol'lnellt 
(Pr~sentTaxRates) 

tInterest 
Deductible: 

YEAR 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Marginal 
NPV 

100% REAL 

P(NCF<O) P.(NCF<O): 
NCF t NC,F * (9) ($) 

-91949 100 -92117 100 
10987 29 11363 29 
20573 12 19465 7 
19985 11 17905 18 
19344 15 16388 16 
29230 4 2~1112 4 
29212 3 28726 4 
30927 4 29667 2 
32416 2 31364 2 
33607 3 32588 5 

130936 0 128269 0 

22141 27 19071 31 

0% 

'1' (NCF<O) 
Ncr % 
(S) 

-91949 100 
10867 27 
1276S 14 
10623 27 
11527 25 
21957 1.0 
23.313 7 
26263 '5 
~8l43 4 
30162 • 127799 0 

'18891 31 

Note: Fast Deer Development t . $130, 000 Hortgage , 50%nevelopntent 
Borrowing t Present Tjx Schedule 

Nl'V shown is not NPV of cashflows in table , bu,t of 
marginal increment from with aevel<>pruentovet without 
development 
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." ·~above,resultsthUs .,el(pl.or$ thel;illea,r"a.lues .:Qf· .tb~· ·tax 
.Hl.Lelduandtheuncertainty factoX'~'~ust ;);)~ interpl:$tecl 
througH the variance . measure., In ,Table 1 the p:z:~"ab!lit.rot 'il 
negative NPVd$c:reaseswith full :intel:'e$t.aedudt~~;-.'-'h1s 
suggests. that . the downside ri$ks .'ofdevelol?ntE;!nt. .a~~c;);$11qbtlY 
reduced by full deductibility. 'l'his :ifS alsoz;'efl~cted .in .. tll€t 
coeffic:ien:t:.of variation about tbeJll6an NPV '0£187' fOt: 1:1.l11 
interest deduction and 209%fpr 'nilinter.$t ,C1edUction" ThU$ 
variability in the cash.flowsis.reduceQ.in this' c::a.seatirl 
little f'urther can be ded'Llced abo.ut the,ultitnatethrea.t from 
over-borrowing. . 

The.magnitude of the marginal value of thetaxshie14oani:\lfSQ 
be judged against theunlevere<lvalue of the fa:t:'m.firm.· 'l'h,e$e 
pl;'esentvaluesare like stumpage values ·and ,can :bed.irect~y 
added to capital value. Thus $9509un(lex- theol.dtax' . 
provisions is some 1.5% of·the farm value of .$634000(as $Uln,ing 
that this is roughly equivalent to the.pret;entvalUe ot.thEi 
future stream of net return to all capital), andtbe 'oth$r 
results scale under this. Aga.in :this :establ.ishes, tha.tthe 
gains. from tax shields arepositi veunder thea$Gumpti.on~l1lad~ 
but adds very little to uncertainty andtothet:heoryof 
optimumcapi tal structures which itwasoriginal'lYxneant to 
elucidate (see Myers, p 10.1). 

This approach is fruitful. It should beel(plor.ed further. In 
particular, the diversification hypot.besis shoulClbe. 'linked to 
the reduction of over-all risk in the firm. With CAJ?M 
diversifiable risk could be isolated and tested,. The dis
utility of greater borrowing could be explored. The limits to 
borrowing .may well be found infut'Qreprofitab!lity of new 
investments and lender's restrictions rather than .in tax 
breaks and the optimal capital structure. This research is a 
splendid start in the right direction. 

other Results 

other scenarios examined by McCrea et al do notirvolve the 
debt-equity ratio. These include two different sYLot::ems of 
valuing livestock, farm development allowances, spreading 
provisions, the old ana new tax regimes(already referred to), 
and different loan rates. with constant prices there is little 
difference between the "herd scheme" and the "trading schemell 

valuation methods, but if price levels are rising there is a 
g.reater shelter derived from the herd scheme. Both the former 
development allowance and the spreading provisions have 
sizable net benefits in the with and without situation and the 
spreading provisions were decididly more generous under the 
old tax provisions. A straight comparision of tk:e old and rlew 
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x-egimesshow .a net benefit to the.newsystelll •. ln:th~$(;:a$e 
hi9herdeducti()nswe~e more than canQell~doutD,ybigller 
ll1a:r:ginal 'taxX'ates,. . The .resul tsfordiffel;'ent .. ~or,r(Jwin1J rates' 
Qf interest show considerablesensitiv,ityt?,dl$c()~t 'rates 
and a 1arqe taxshiEl,ldltvqiuett can be created ',b,Yllse '()£ :PQ$t~, 
tax mortgageborrpwinq rates. 

DISCOUNT RATESVCAPlTALISATION MTES 

To deterltlinethe Cippr()priat$ "valuEl" ota . fa" ,fi~ 
information is needed ontb.e correct dist;:ounti ;rate in,¢Cilsn 
flow):nodels and on the .c.apltalisation rate .. ina .on .... l"e~r: 
situation. 'If Eis equity and D is debt and V ,is farm 'v~l~'e" 
then 

V=D+E 

a,ndWACC (Ko ) = o2K4 .... .E. Ka 
V V 

NowWACC is normally t.he apprQpriate rate .of);'etu,t;ntp 
capital:ise . net income to determine fat'll1valu.e,.V •. It is' 
clearly made up of two .separateratesof ~retllrn, .. the:a(;tUCii). 
pre-tax cost of.borrowedc~pital(wbiQh:m19htincQrpo):."~te·(;\ 
'smal.l risl' premium set bydebt ... holderslandtbe required pre
tax risk-averse rate of return onequitY.ltwo1l1d:not~a)(e 
sense to capitalise the net return toequityat1:b,ee.qt11ty 
capitalisation 'rate as this avoids pl~cing £\ valUeODQ@t. 

In the case of the proprietor ;who. wishes t.o invest in. new 
directions (likediversif;i.cation .ordevel~pmentl 'he'W11lt\eed 
to evaluate the present value oteachj;nvestmeJlt()pt:~Qn •. ln 
this case the appropriate discount rate i.tiill~ ibe the :reqUired 
equity capitalisation rate and not the'WACC.lf.tbeproprietol: 
accepted a discount rate belowKe :hewoulclbe ;Clccepting, :an 
investment prospect which clid not maintain ar improv<!bis 
exlstingl(avelof desired equity income, ie he woUlClbe,worse 
off. Furthermore bismargin for businessris'k would.-notbe 
covered. :Ittollowsthat neither the outsidehorr()winq rate 
nor the WACCare appropriate ,for investment evaluation. :Bi$hop 
et al express this as earning a rate or usinganopportuhii:Y 
cost equivalent to the best alternative of equivalontrisk. 

Such an adjustment for risk in the discount J;a.te runs ,counter 
topUblicsecto.r investment criter.j.a wbere risk factors are 
normally incoX'porated in the cash flows and discount:$.ng j.,s ,at 
some risk-free rate. A higher risk"'adjusted.discountrate 
would put more emphasis on short and lnedium te.rmprojects and 
preclude longer-term projects. This approach does seem more 
appropria'ee in economic times when government interventipnhC;ts 
diminished and the farm sector faces floating exchange l:"ates. 
Low capitalisationratesencQuraqedby goverrunent policies 
lead to biqh prices for the land asset andfinanciCil over
exposure of farmfirmproprj.etor~ • Risk has ):)een under
estimated in 'the-past and caution stilled in the heat of 
commQdityboomsand/ormisconceived government proqrammes. 
This c:tpplies to both wishful farm asset investors and to 
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final1dial. inte~e4iatie$'whQ . ,sho~t1lg)Qw~$tt$;r •..... An '., .' ." 
alt~rnativf;ltl:eat1t\I1:;lJit;Qfinve$t~entana;~t$Cl()\ilit;t.n9" is QpttPl1 
price ~th.e.ory,(O:PT)Cl.i;$QU$$edb(!~p~ • 

. An .e$tUtcttept .ReQanbEa .Q):)tainedbY' \it~listn9 ·tb~CA~~ ls~ir4 
and ,$.1;e'gel,,1986,p249) ~ 'l'he,l"j.:pk---adjUs~p.~o~tQt 'e~ir:t:yl$ 
defined :a$: 

l(e=Rf + 'll'(Rm ,.~ Rt) 

where 

(RIll ..... Rf) r:; average equity risk ,prend.u.m Qt.$QJQap,ott:t9liQ OV;!r 
arisk-freeX"ateSllch :a$ ~Rt, 

B = beta or relatlveriskof tlle tnv.e$tllt~nt :in 
question. 

CAPM thus treats business risk and finanQ!alrj.s~.tQg'etheranc:t 
estimates one margin for . alll:'elevant inv$stm~n1:sQ()1Itp.ttred 
with a ,risk-,free;rate and another :margl.:l'lto:rtbe :paniC\llar 
systemat.io risk associated with asin9'le inv~$t1(lent.'l'bj.$ 
for:mulation .accepts systematic risk as ap.ro¥yfor tptal .):,isk,
IfB ranks projeots .inthe $axne way as $ome criteria Q;ftotal 
risk then either method c()uldbe accepted" .AsdiscuGseq b~low 
for the di versificationproble)Jl these rankingsmaynot~~lways 
be the same" 

Should farm .firms use a pre or a post.-tax rate of r.eturn for 
discounting? It was previously argued that theapproprillte 
farm model was in pre-tax terms on the grounds that the ,;far,m 
was a trading entity and tax was the responsibility ,of th~ 
proprietor. coxporatepracticeappears t9 -betheoppoe;ite·"t 
this. Such information tells them what returns ,onadividena, 
basis can be expected from an invest.ment.'l'bis C1o~s ,nots$$m 
appropriate for the f.arm proprietox:-even though he could and 
should use all the tax shelters available. 

Anderson (1990) reports an evaluation of farm ,land values in 
New Zealand which uses an after-tax model of capita lois at ion 
rates. lie argues that the effects of both tax (leductibl1ity of 
interest payments and debt erosion reduce the investor's 
ef,fective required rate of return andt.hat the capitalised 
value of farmland for a purchaser who uses debtf.inance is 
subsequently greater than that calculated for an all equity 
investment. His bast results derive from data for debt/asset 
ratios based on the maximum level of debt that the New .Zealand 
Rural Banking and Finance corporationwl1l allow a mortgagee 
to borrow measured as a percentage of total farm asset value • 
. He therefore concludes that the marginal landpurohaser does 
use a relatively high level of debt finance to take advantage 
of its potential benefits (Anderson,p 107). 

Given this evidence of tax shields influenctng the farm 
purchasing decision, the market for land is not independant of 
tax structures. It therefore seems likely that marginal 
investment decisions on farm should also be judged from this 
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poin-tof v.iew and .po.st-tax ver.sions ofWA.CcemplQye4.Mor~ 
analysis is needed on thi$point. 

ENTERPR1SE SELECTION ANDTHECAPM 

The application .ofthecapi talassetprioingJT\oQEal. ;(CAl'M)to 
sh.a)':e portfolio selectiotlaroseoutotthesE:laJ:ph fO]::"f3impl.er 
:procedures than tht:! .Harkowit~ :guadra'tic prQg;t'a~lnc.;J apprQach 
(Sba.rpe, 1963: Lintner ,19 6~J.A$a1Tin9' in:4at~JllanlpUlat~onwas 
achieved }:)utsolutions$till had to 'be approaclte<l:thx'ol.1911 
quad:r:at~c pro.qramminq ·(Elt.onanclG~r Il987l~·CU~ .q~p~n~$ 
on :i.dentifyingan (almost) risk free po):'tfolioto .act .. a$ :~ 
reference point. Risk Qfan investment lsrel'ated ,to thEl 
variability of thatinvestment:~eturnin r~latiQn.to:tb~ 
reference set. 'Thi.s; was measured . by . the 13 coeffic1~ntof the 
regress.ionof the share return .on the ~portfol19set. 'Th.ll~Wa$tl 
}3 born. 

where 

Ri = ai+ B (b) + Ei 

Ri = rate of return on ·a singl(';lshare 

Rln = average return on a 'well-diversified pOrtfolio 
of shares 

and Ei = error tel;'ltl. 

More recently, the same reasoning has been appl.,ied ·tDthetar:zn 
diversi£icationproblem. (Collins and)3ar~, 1.9S6;TUrV0Y ~:n:~ 
Driver, 1987 ; Turvey, Drivel." .and8.akEQ:, .1.988). tlThe.oJ;>ject1ves 
i;lre to develop .:risk measures, based on single .inClexpa):'Qst¢t'$ 
and cOlllputationally simple methods for larlllrisk plalln1ng, 
that are sui table for micro"',computersendmodem l1a.nd .. b$la. 
calculators. The intent is to prod'Ucea normative ·mQdel. w . .l:tb 
possible extension applications" (Collins; and Barty., 'Sllmmaty) • 

In this caSe Ri becQmes the net rate of return on enterprise 
i; Rm is the average rate ofretl.lrn on .(1 "portfolio" .of 
enterprises a.nd B measures the amplitude ofQQtnmon 
fluctuations in the returns to tbesingleenterprise j.n 
relation totheaveraqe. The coefficient ai can be interp~eted 
as the expected retu.rn on the '.af3set when the market return is 
zero. Estimates of these values can. beobtainedtl:'Olll tiIne 
series data. 

Tlle take .... off point for this analysis can betrac:;:ed ;J:lack to tne 
definition of hlsiness risk used earlier. Business risk-was 
ciefined as ope);'ating risk arising Qutot uncertainty abouttbe 
future profitability of the firm independent ·of leV~:ra9'ell 
I.n t.he financesetti'n,g ,emphasis falls on l!.larket ~isk wnich is 
defined~s economy wide perils which are likelytothreate.n 
all businesses, such as changes in the money s1.lpply, interest 
rates, the exchange rate, prices of commodities,' gQvernm(i!nt 
spending and the performance ofoverseaseconol1;1ies (Nar(lyan, 
1990, p49). ThatprQPortion of the fluctuations. in :asinqle 
enterprise o.r aotivity that is common to market risk is called 
systematic risk and the residual variationnon-systematj.c risk. 
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,)\lternat~velJI' the .r~$.~dU~~ va~iatiQn(!~'bet,bou9ht9f.$i,.",,' " 
qi'ver~.tfia):)J.~ r.j.~~.'~c:m!pulatiQn of' '~b~,4tv~r$~:~i.~,pl~ ;1;~~~§ ,~t 
tll~ po,;tfolip(rl·,~nt~rj,E$~s,w!ll"p~QQ.ilCtl,'~, ,l..a'f:;1t,:t;;t$JtJ,n:i.~:t)f 
$,nteX'};>1:i$flS,. ,8ydef,in.ttlQn$y$t~m~t~c ::r;l$~c;:~nncre ,j;lltIl;l~:JlQe 
the ~nt.$;t'n~ld;iver$i.fic?i\t1()fl (1eQt$i9n(t$4Q(D1agra~ 'l~JJqw,' , ' 
:gUaCl:tatic. .l?1:0qrC1~~n9re~Qlv,e$ th~.,~nte.rpr;!~~'(JbQl~el1~J:>l!llti' 
';int~,t'1ll$bf, tQtail.X",£skta~ing .a.QqQunt~Q~::t;bt;t¢QVa);~l#nQ~$, ,', 
between the retUrtlsfromtbe ~,nterp~j.s~$; ''fbfi' ~qCJJ;>ti(»).'),·9t' 'th~l 
CAm,all.ows ,foQus'on tll~Yal\'1-~n(t~s~n~(;Qv:a~~Al1Q~$lQf''t:b.Q 
t3Ysternfilticand non''''~ystexu:~t:tc~ls~of ;,Wlt$rprt$'~ :cAQic;e$. 

Tll~ qy.,~$tionthen;J.s :do .,thEu?e c:11,~t111¢t!QJl~','allow 'C:?lltn$, ',n4 
Bar~yl's Qbjectiveof ,$ilnplefarm ~lskplannl:nSJ :td, ;b~~~b.~l}V~4.1 

Collin$andB.al:~Y( 1986) ,tal~~'a '#3pre~dofX~p~l;~~lVA1,~~YQ):Q~"$ 
anc1 cOlUpare a QPapp1:Qi;1chtoaC~m ,~pp):C)ac;h.,,,~~¢AUSe }3"i$ 
us~q, ~a.$ Po $ub$titutsforthta vari~1l¢e~cov~1'~n¢e, ',xn,at):l.x .~~~ 
OAPM ,app~Qach is .calledtbe :s~n,91e 1n<i~;2Cllt~t:.hQQ~, ''J.'J+$Y', " 
demonst:t;'.ate that. the cpntribut.:\;Qn,tQ tbf!! inCOlX{.$ v~rial;)tJ.j.tyof 
a well~aive~sifieQfi:pnpyap~¥tic\llar~(.l,tiv1.ty.is 
proportj.onal to ;i.ts ll,coettipi~nt.. '-'hey $"gge,stthi.\t$lngl~ 
index measures computed 'fromh1stQX'iQ ,<1ata~Pllld :'hav,eJ'1~9b~t' 
fO;J:eeastinqc;t.ccQ.racy than\l$eof' 'the ifllll vari~nc~""c.ov~~~anQ~ 
mat;rixtorepre$ent future ;ctskmea$ul:e~ .Xtc~uld91so 
OVel;'coma the high.degree .pf collineaz:ityoftenfoun(J .~on9 
risk-programming activities with ~fqllcpvarianc~ 'JnP~el'jI 

'l'haythen compar.e the full method with ;tll~a1:>~~viat,~g. ,)lt~tt,u:"Q 
in a QPtramework.J)iagralllS,s,hows th~1;r,gJ:apblSC)tth~ 
Markowitz .E-V frontier and :th~'Sha;r:peE~V.f~ont:teX'. tt'h~y 
c;:onunent that the:;;ingle lnd~x fro,nt~e:t."QY9bt 'tol!~ :l:nf:.J~Cla,t,he 
M frontler.and that the level Qf ac:,curacy in the $!n.gl~ ~nd~" 
1l\ethod appears comparable totbQse,acb1evedtnQthel:'·st.~ci;t~$ 
of stoc~ portfolips .Conside:rable ,$avi.ng$ in CO$P\tto;t' titne are 
achi~ved. . 

Turvey~ndDriver (1987) presentetnpiric;::al eat1lJlat~so.f 
enterpriseS coeffic;:ients' and ;r:elatetb~togross r,evenues of 
ontarlo crop and livestoc;::k entet'prises. ''.t'heydonot'J?re$entQP 
results .but.concentrate on the ar:ray ofS's ~nd thedivlaj.on 
of total varianoe between tsystematic and .. nQn-'$Y$temat,ic risk. 
The rmeasure of systematic rie;k is ,baseBon the ,~ati.o~Qf ): to 
l .... r which is hard tofql1pW as itd.oesnotrefl.ect ·the ,r~tio 
of the variance explainedandunexpl~ined,.'.1Jhey use oU;t;':t;."ent 
pricesrq;ther than deflatedrevenu~$ :~s j.nC,oll;ln$andBa~;y. 
Tlleirresultsadd.to those of Collil'l$ 'and Barry in ,iden1:1~yin9' 
the $ensitivity of the above l1leasU:res to cU.tfeX'ent defini:tions 
of revenue i;1nd portfolios .F~rther re$ear.c;:h into holdinq$of 
nQn-,farm assets and $JetensionapPlica.tions of tbesingle index 
model are strongly urged. 

Turvey, Driver and Baker .(19,88) return to tbeQl? prQblemQna 
casE:!.farmot a oombined cash .. cnop ,beeffeed .... lot Qpera.tion in 
southernOnta'rio. SystematiQ rj.sk is now .defined ,~$ X'sqllared 
'andnon-systelnatic risk as l""'r squared. The results for the 
'$ing'leindex lUo,del are similiarto the full vaX'iance
covar;i.ance 'lnodel. They ihcludean LP whicb tnipintises B. They 
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¢onQlu4~ tb~ttlle.<U~~f'.f;t .. t~nr;et?~nente~p;t:1:s,~t~$~$,~t~,. '. " 
:~~e9»Atr.:llY' c::~pt~;t"~ql?y ,~nt{aJ;pri$~»'::;;::an4, '~n ,~i'i~.~1:t.lQ4~;J..i$ 
:an:~cC:ll~~t~~J;>pr.QxiJIl~tion'tQ' tJl·~ .. f~ll.gJ7:, . 'l'btlY~J,.EiPJl()t~ 't~At 
tJ:lf4!:f.Yll .. ~P inO+LQ.d,$$nQn-.s,ystf:l.m.~t1c; ,~~~~ :Pll'~ ... tllia .,$~P91~ 1'nd~g 
:lllod~l~xcl\:l¢ie:s ttJ:>:llt e;itnil.!'~l¢te.~t'lt$aX'~ .ii\pb.i;$ve4'.· 

'rh$~eQverseas resUl.ts $;q99.e$tthat$~lQl."At.i9nQ;~ "tbe$~ 
conc~pt$wQl,llQ pe wort.bwnil~ in, N~w'~~alA1)~ •. $;lntp.ll.1!1ElCl 
prQ9,:~~~in9' X'equirl;)~entfi;lt;:o'!-tQ. ,~ak~the .Jn~tllg~~'V~ilable ,·~o. :, 
e"ten$;LOne~e:.t:t$. 'l'be;part~tj.Qn of ~Q1:~.}.,~1~~ ~nt'.p~y~t~}lu;l1;ic:: 
and non~$yst~m(d:ic QQltJPon~nt.::;e;bQUlt;lp~ ·~nplQr~g" .Sincf.) tQt~l 
risk is likely t9 ~an~ tn tbe$Ame Q):"~~r~$, ~U.v~~~.j.~!~plQ·~j;e;l.( 
(see Diagr~ 7 )elllpbasis .shQuld lte.Qn,tb~ .rela·t~Qn -Qf' 
8stimat$d )3.';;; 'to tp1;al ri$:k. as in th.~a.PQY~ at)~lys(;!~. 
:rnflat;lon presents a ,p):Qb;1.~nl in e$timattng: :8 ',E3a~.,~l,QtQt , th~ 
common trenci is explained ;by tbis -t~ct()r ,alpne ,'t~u;tACi:l~Ot'§ 
currente~tens:l.ona(ivice .shQUldb.e.cQuc;hp·g;Ln teX1li;1 :Qt pt~aent 
.or expected pr.i..c$s .and not .in teX1l1sotll~stQrtQ p;riQesf$QjlJ$ 
p;r()ced~'re is il1so ~ec.NireCl torne9'at~ve »'~espeQ;j.ally ,whe;r:e 
signiti-::antlYdifferent f~om z~r.o~ 

An Ex.amp.\e 

Narayan (199.0) reJport,s an in.vestigat,;i,on. ot at~1)l.e t~ 
enterprises, in tbe Canterbtlry ~Ji!cjion .()fNew '~~aland ".', . ?'b.i~wp~~ 
exploredtheCAPM co;mponentot th~p+QP1~:matu:3,nQt tb~ 
p;rogranuning component, 'rbe .ini:enti91fbf!i'¢ is to dev.~lop ··a·llser 
friendly programming l;\pp:rpach,l;lrj.etllltheN~r.~Y~ll +~sult$ 
were as~follows: 

,Activity returns wel,;a calc\1lA.tt;c.\ fo~ ~l.cr·QP,and 'liV~$tQc:~ 
activities on the Lincoln UniV'e:,:s.i:t:Yllli~edcropplnil ;fa~f(n: 
thepeX'ioci197,O~71tQ 1986""'87 • Gross l;'t;;lvenu.~pe):, ~Ptivi1:y an~ 
gross margin per activj.tywerec:iet~iveci·and cletliat~d Y?J.l'Ues tor 
both were 'derived ~$inq separE:\te input an4,Qutpu.tpriQe 
indices, . 

;Fou.r lllC)rket portfol.ios We1:'$ j.nv~$tlgat~dcompr.;i.~ing; 

(i) 
(ii) 
(iii) 

(iv) 

an unweighted index Qt the cQl'QPon~llt~ct1vitie~" 
averageS\lrv~y returns for tb.a~eqiqn, 
a weighted av.e;-age o.f allente;r;prise ~rOl,lp$ in the 
country as a whole, . . 
average prodl,lction f:r;om tbenational inco:me 
accounts 
all expressecl in pel:' hectilret,erns,. 

Table .2 sl.r;'!Uncu:is~s t.he ;t:fi!gression calcl,llationE; for the 11 
activities fo1=' the ~, coefficient. Tbe table sbows the 
descending orde~ of riskiness for theactivitie$ uslnq the 
unwia1ght ed lJlarket inde~and non~deflateclg:tossmar9in'2'.s the 
norm, An asterisk signifies 1:11e estimated CQeftj,c;ient it' 
si9'nificant attbe ~per gent level, 

In nominal prices, grO$$ l;evenue: 'lives a. sirnilia;- l;An~inq 
~)Ccept for one cr.op, process potatQe$. Ninegro$smargi.n 
,activit1esare$tatistical1y $ignifi.cant and 11 'c;r;l:'OSS . :t'ev:enu~ 

i , ' ... 
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~NG()r i'~. ·~~RPlUS13$ ~'!l: ~: .. ~ 

A.; lt7nw~i91tt;$dMar~~tln4~" 

F~ aean$ 
Fr Peas 
Gra$$orop 
Whea.t 
Grass catqbc;-op 
SbE.!ep bqy .in 
'ieldP~a$ 
She.ep breeding 
Barley 
Clover catQhQro~ 
PrQceS$ potatoes 

G;t'QE;;$:-tClrq ,G~c)LSsR$V •. <;;rQ$p.:H~;-g' ,G;Q$~ Re.V t 
"" ""',( 

.1* l* a ,g* 
~* 4* 111.l 
3i*r 3* 3,* . 3* 
4* 5* 10 S 
5* .6* P 5* 
~* 1* a* 10 
7* 7* .6~* 
s* 11* 9 a 
9* 9ir 7 7 

10 10* 4* 4~ 
11 2* 1* 1* 

B: GrQE,;$ Margins: Nominal l?rices 

Unwei9'hted surveYPX'Pd,llctiQnqp1? 

Fr l3eans 
Fr Peas 
Grass crop 
Wheat 
GraS$ catQhcr.Qj;J 
Sbe~p buy in 
Field ~ea$ 
sheep breeding 
13.arl.ey 
Clover catchcrop 
Process potatoes 

1* 
2* 
3* 
4* 
5* 
6* 
7,* 
a* 
9* 

10 
11 

1* 
2* 
4* 
3 .• 
a* 
5* 
6* 
7· 
9* 

10 
11 

* significant at the 5% level 

SourQe: Narayan (1990). 
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acti v~ti~$ AJ;'e ,~rt~t.i'$tlc;:~:t.;LY$~gn!f;lpq:nt .. 

J:n ';r~al . ,priQ~$ the ra.n)t1ng . is. lllQch .:mQ;~ :.bl:Qlten . ill? .:~nd. t.h~ 
l.l~v,t;!l of pta.tis.tiQq.l s1gn!fj,panQ6. ;t$le$~~ ~r.Qq~Qf? PQtatQ~~ 1s 
~ga.in .'~ It\a.:t"k~d .e~Qept ion. onlY4~Qt~v.it\$~$a~~st~tj.$t~CJ91.lY 
signij!j.ga.nt withgros~' lllcu:qin, ~h.j.$ p~~aUel$ tbf'#CQllrin.t:S, ,c:Jnq 
l3a.tZOY ;results ~ , 

T,he tour definitions of the lllat'~et port;fQlio 9'iv~ ve:q unit"Qmn. 
:cesultlS" ~hepe(lre<;onptres.ine¢lQ.f Q9U:r~e Py th~ ,PQJlllIlQJ1 
as.sUJnptiQn of npn~def:J.ated9rQ$$Ji,m;r~1.;n$. 

T,h,eser,esul ts ind.lc,atlfl ,ve~ u;nifom J:'lsk ;:',(luJd.n9 Qt . tile 
ava.ilabletam entel;prise in nomina.l p;r:ices ·Qut:avf).~ 
diffe;tZent picturetp;r real ;returns, ''l'urvey anc1D;riVer 
argue that inflation is part of the ~isk~nvih:Qnme;nt ang tha.t: 
B shQuld,):>e estimated to' include tbi~ fac;:tpr.Collj.ns ancl 
aarry could be concerned about the serial coX'.X'el~t:iQn effeot 
in the regressions with the intlation factor e~aqe~ating the 
COlIllUon fluctuations in ecu::h enterprise. TUl:'VeyandD~~ve:r (p 
393) say that their lUe~,Jure of systelDatic ri~k c&ptul:'es 
inflationary effects common to all farm activitie~, On the 
other hand, the lack of signifioant results in tbe case ot the 
deflated data suggests that there is limited cornmon variation 
in the enterprises with the base set and this in turn reduces 
the scope for reduction of risk through diversification. In 
the jargon there is .a low level of sY$tematic risk in these 
activities. 

As discussed further below, some farm management logic ne.ads 
to be applied to these analyses to derive what is actually 
useful as compared with results which are more sound in 
theory. Portfolio analyses have shown that B j.s quite a stable 
statistic in many comparisions but individual details are 
often difficult to interpret (MacQueen,1986,p 52). 

The Extension Implications 
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lIO'v1shoU;ld ·this l1laterialbe presented In·~fi.~xtEini:fl()n 
proqranunE!? Themeasuresof9't'pss' ,1:eVenueanagrO$sm~~gin 
ptesent no ,problems.; However lli$to~lop~j.ce$ xnay p:ro\,,!(l~ no. 
info:rmatj.on ,as to the future nor 'may "p~~tvariab111ty ,l"<#l~t~ 
closely to thetu;ture. ,Xt.seems, .1nescap~lfl .that 't;he 'a~v,1$or 
will remain locked into whateve:r,m$a$urehe:has 'Qfth~risk 
'variabilit.y, while ourrentinfor;matio.n, on. ,pl':lce==iwill,be 
readily aVailable • Clear.ly theran~l.ngQfentexprls.es 
from the profit point of V'iewis not f~ed in:tilJ1eanq,$p~Qe. 
For presentation pUrpoSes the ,e.ve,t'ageofthe last two, 'yeax-sot 
the Narayan data is used here. 

Table 3 shows the, ranking of the 11 }f(irayanenterprise$ using 
the historldnon-deflatedmeans anCithe ltleansofthe last two 
years of the available seri~s and'the,ranltinglnrislngorc1er 
of thediversifie~le risk .component. As 'Diagram 9 ,shows tb'e 
low risk opportuni"(;ies are grouped to the left ana involve 
quite aranqe of mean histor.ic returns. 

The mean return-mean variance trade-off is l11o:t"e d1f'fieultto 
present. Does one explain B1! Diagram'~ shows a, 'suggested 
graphical presentation of the mean %eturns and their 
respective coefficients O.f'V'ariation (CV). Here total risk and 
di versifiable risk are identified w.ithtbe aim, of explaining 
that by seledting orops of low diversifiabl:e risk t:hefarmer 
can reduce the total variance of his ]:,ortfolioofenterprises. 
This assumes that systematic risk is o~t of his direct 
control. 

Furthermore a simple linear progranuning ,(LP) fralUework could 
be utilised to set appropriate constraints on crop oontracts l 
arable/pasture ratios and equipment restrictions, and sets of 
maximum .net income enterprise mixes derived. In the absence of 
a full QP model, these enterprise combinations could be 
analysed in a software programme like the Minnesota "ARMSt, 
package and lllean income and variance estimates derived. These 
results ~~rould give a fairly close approximation to the risk 
efficient boundary for these erlterprises and could be 
explained in terms of the greater risk attached to producing 
high-value high-risk crops. 

Alternatively the traditional approach could be used and the 
LP exercise based on the measure of total risk. This would 
allow for the mean variance estimate to include all the 
expected variation in each crop and hence minimise total 
portfol,io risk. The ranking of the enterprises from 't.he risk 
point of view would be different in thiscasabut not q~eatly 
different. Table 4 shows a comparision of the 'enterprise 
rankings using diversifiable risk, total risk and systematio 
risk as the sorting criteria. 

Remember that the Collins and Barry and TUrvey and Driver 
approaoh wa.s to substitute B (or systematic risk) 
in the QP solution as the measure of inherent enterprise 
variability. Table 4 shows that quite a significant re
ordering of the enterprises takes place. The two enterpr.ises 
with non-signifi.cant B t S appear as the least risky 1 The high 



TAllLE3 

:llANIaNG OF GROSS .MARGINS ANDD:IVERsXFtAIJtEJU:Sl( 

llighestHistor.ic HI ghest Ha.rgins!.QWe$t 'I>tve,t"~d .. fl.'~bl~ 
M$anMal~in Lai$t two YearS Ri$k 

1 
2 
3 
4: 
5 
6 
7 
8 
9 
10 
1.1 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Fr Beans 
Grassorop 
Fr Peas 
Pr Potato 
Wheat 
Field Peas 
Clover catch crop 
Grass catchcrop 
Sheep buy 
Sheep breed 
Barley 

Fl:'8eansSneep :br(1t;!ainq 
Gl:aSs c:t'.opWlte~t 
Fr Peas1!t: l3ei1n$ 
Wheat SheeP bUy 
Qrasseatchcrop GrasS Qr.qp 
Field :Peas FrPeas 
Sne$p buy Batley 
Pr Potato Field.l?eas 
She~pbre:ed Gras.$catcbc:rop 
Clovercatchcrop Clovercatchcr~p 
Barley Pr potato 

Source: Narayan, 1990. 

TABLE 4 

RANIaNG O.F ENTERPRJ:SES BY DIFFEREHTMEAS1]RES OF lUSR; 

Least ~ Least b Least c 
Diversif.iable Risk Total Risk Systema1:icRis}c 

Sheep breed 
Wheat 
Fr Beans 
Sbeepbuy 
Grassorop 
Fr Peas 
Field Barley 
Field Peas 
Grass catchcrop 
Clove:t'catchcrop 
Pr Potato 

Barley PrPotato 
Sheep breed Clover .catchct'op 
Grass c;rop Bar;).ey 
Clovercatchcrop She.epbuy 
WheatField Peas 
Field Peas Sheep bx:eed 
Fr Peas Grass catchcrop 
Sheep buy Wheat 
Fr Beans Grass crop 
Grass catch crop Fr Peas 
Pr Potato Fr Beans 

abased on CV of root of unexplained variance,unweighted 
portfolio and non ..... deflated grossmargil'l 

b .baseCl onCV of .root ofenterpris~ variance 

c: based on estimated.B coefficient for each enterp~ise using 
unweighted portfolio and non-deflated gross margi:n. 

'Source: Derived from Narayan, "19.90~ 



DIAGRAM 9: 
:MJ3AN 'RETORNS ANDDlVERSlFIAB~RJSK 

(aftetN'araY-.n 1m) 

i4 Jo 
DivezsWab1c ·RiJk 
(eo<:ff' of vaiation) 

• .. 
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value crops have the highest .B's. In techniC::~l.t~X1lls .it i$ 
p~J:h~psnot stU;Pris,inqthat,tbere i~notabigbc;1~9+e~'Qf 
cor~e.lat.ionbetween thehi~tQrir;variance,ot~achenterpri$~ 
and its:B coefticient.' hiskin.a.ofev!d~ncfa$\1ggef3t$ttt~1:the; 
claims of the ,abQveau~ lors n~ed ~o bef\lt'th~r \ev~lu.at,d "in 
l110rediverse prodttctior. .,;:onditions. 

l\sfaras the extens;i,on :p;roblem ist;oncetn~a, Vlfi'U"lQispl~ys 
.o.fenterpriselianking by. )ris)t.andby .1l1san \~xp~o~edrett.trns 
could)Je explored. The ,relfilvancy .. of ~one . lot, :O:f~t~. tC.,other 
district:; would have tocletermined. ~FUrtb.er' WQ!:'k; sb,o\lld 
indicate which measure of risk i~llost~ppropt:iate. ~p-top, 
computorscouldbeprogrammedto ana,lysC3; si)nple .. ~ 
propositions and risk; packa.gesutilisedtotlerlV$ltt~an-j.nco.$ 
lnean-variance portfolios of av~11ablf.!~nterp~i$e. :Qho~,C:~s. 
(Could suCh information ha.vepx:e'''ent$d tbe ;wh()1~sale:a:n4 
largely unprofitable entryintOQeerandgoatfaxming:in:New 
Zealand in recent years? Have Appletields .aae'the:rigllt 
·depision todi versify into dairy prodUction? ) • 

Narayan (1990) concludes his analysisbyobserv~ng'tbatthe 
high degree of systet4aticrisk in. his nndeflated :moctelr
implies that off-farIl' diversificationmaybee.moxoe 
appropriate strategy than on-farm diversification. Also ;that 
deflated models showed that]:)oth ~ystematic:al1an()n-sy$.tema.tic: 
risk were present which imply that bothon-fa~e.nd off .... fa1:'lQ 
diver:sification may be ClPpropriate. 

:Kaplan (1985) reports a study of11li~eclPQrtfoli() 1nvestlUent 
which included farm real estate. He '~ssumestbatponfollQ 
holder is an. i·nvestor and not a ,farmer.. lnorte. cOlnpari$ionhe 
compares farm re.alestate values intbe US :wi th ·large 
capitalisation stocks I smallcapitalisationstockf3,. ·l()ng~term. 
cOI."porate bonds, lonq"!"termgovermnentbonclsan4l)'S Tl:'OCl$Ury 
Bills. He obe;erves that farm real estate gave. three ,ti~esthe 
:return on Treastlry Bills but was considerably more "olatile! 
Using anteasure of risk-efficiencyofadditionalnomina.l 
returns per un! t of standard dev,iation (SD) he rates .far:rn 'real 
estate as havinqthe hiqhestrisk efficiency of the stocks 
examined. Kaplan also constructs a model of netretUl:'ns trolU 
81 crop regions in the US, including ca~ita19ains, using 25 
years of data. Groups of regionsareasses$edfrom a returns
varianco point of view and the authpr finds that 'w}lereasthe 
mean retu,'!'n on the set was 13.:5% the opti_um ret:urnwas 17.1' 
for the same SD. He concludes that 5 regional farm units, 
suitably chosen, would make asatisfactorilyctive;r$ified 
portfolio of land investment. This taken witbhis earlier 
conclusion that farm rea! .estatewas aneffioient rlsk 
investl1lent cOmpared with stocks suggested to him that 
institutional invest,r:lrs should be interested in farm real 
estate. 

In a survey of New Zealand iarmers Newman at al .( 1990) 
found that they were not entirely rational in their choice of 
alternative investll'lentsl' "If surplus money arises from 8 good 
faXl1linq year most WQ\11d }:)eused for re-investlllent in the . 
businesS, either through debt reduction or .asset replacement. 
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~b.~ ,prQPot't1Qn·\1seg. 'fpr :s\l;Qh .):e~1nvet3tmcant tWoula~ib()~eV~l:be.t 
$~9ni.f.teantlyd~c~aas~d .. j..ttl1e$~e. .:$ulR.:wer~.t9·.· 'b~ 'lfOll .~n .. a .. 
lQt:t~J:YQ~ .1OO¢:rited.. :tn:, .~th$~g .. 1nstan(!~$,.;ablgb.~r: ,p(;lJ:cf!nta~~ 
,Qf .tb~a;\lt:plu~tunaf3wQul~ .b$l1J?plj..ed . to'p~$onal ,e¥pend1~\n:~ 
and .o,tf"',farm it~v~stl1lentn .(Nf!W1llan,etal, .. )PS4~~. ?-,hQiab9V~ 
~esult$sug9'e$1;.tnatfuttl1f.\ll.': inv$sti9at.i9n 1$t'egu1'~e<1 .intd 
.off-tan d:Lv~u::,sificat1Qn ~ssuesasw~ll astlr$ .~l!:it$ :ot 
pp;ret'oliQ lnvestlllent in :ru~a~land .. 
AUlTM<:;~ :PRlctNGTH20RY 

Arb1tragePrj.cing . ~heory .(~1?T)p;roy,i¢les·~·'alternat1ve 
approacb tQthedet;lnition iQf·arlsk-f:r;e$fPo~t()li.~C()JllP~):ed 
with thecapltal .ASf3.et il'X-l.c:1.ng .Mod$~. (~PH).~' a~$um~.s ·,that 
a smalln'qm]:)er Of.¢olUlllQn; £a~to.rsQ.~l1sec()~m()v~ents' ?lU!:\();n9 
asset return$.Thes~fa(;tol';,$al:~ tbe.sQUl:c~$Qt'fJYf:1tematiQ 
risk. In QPlllpetitive financial~arkets. ~~pl.t~agc;t~ns\lr~~.tlla.t 
riskless a$$et$prov.id~ .tb~sallleexp.ected retUl';n; .s.eCUrit.y 
prices adj ust as investQrs 'fol:l\lportfolios· in :s~c:lrQb. ,Qf 
arbitrage profits (Va.n .Horne 1989) .ractQranal~$i$;i$ 
therefore used to isolate c:onU,notlmov$JUentsin ;seQuritypricgs 
al'ld to estimate .an in4ividual .. secur!t::('s. syst~atic .:returi'l'. 
The;t'esidualreturn, from actualisr:egarded a,;.;acb~:nce 
element as in the CAPM. 

Roll and Ross (1980)prOPQsedthat xOl.lrdifferentta¢tQrs· can 
.beconsidered systematic .(a$. revieweabYNeW1l1CUltat al 1990)" 
The set includes ul'lanticlpated . changes in.inflClt;l.pn~ 
unantioipated changes in .indUstrialprQduct1on,ull~ntic..tpated 
changes in the bond default premium, . ana nnantic]'.patedQhangE!s 
in the yield structure ,of interest rates. 

Arthur, Carter and Abi'zadeh (1988 ) report ~ US .tstudycomparinq 
the APT and the CAPM. 'l'he.yobserve thatagricultu)!"lll assets 
are not very ri.skywhenincludeq ina well-divers!'fied 
portfolio. J:nsignificantsystematj;Q l:'iskassC'ciateq with 
agricultural assets i)nplies thattheirEl~ecteJl :returnsnoul(i 
be relatively low • The authors set ,out to test this hypothesis 
through the two models using data for fourteen,l1Sfal,:'lllaSsets 
and five non-farm assets. The point of view i$, that. pf the 
investor Clnd not of the .farmer. Both moc:ielsconfirm low 
systematic risk in far;mland and. spot conunoditles with the 
exception of qold,cotton, fruit, tobacco, dairy/eggs, hay and 
corn. The authors say however that theirconclnsions 'are 
s.tronqer for APT because the tnodelexplains 'therelatioship 
between risk and returns better thantheCAPH.lt is noted 
that the factor analysis involved in APT is much more complex 
andrequil:esseveral stages pf analysis compared 1Ili ththe 
appal:ent simplicity of the CAPMestimation 'proceQure. 

It should also be noted that Arthur at al are comparing prices 
of commodities and land where land return is defined as tbe 
dividend from farm real estate. This probablye)(plains the 
different conclusion of the Kaplan study where farm land was 
cQIllparedwith stocks and bonds. Arthur et al are also looking 
for systematic risk while l{aplan is loolting at total risk as 
expressed as the SO of each stock and land. Further research 
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is needeci 'to Qlarifythe respectival1\eritsQft.he'tw.Q" 
apprQachestak!ng into acc()untth,eaddedcompl~g:lf:.yo,fth~ ,An 
xn~thodOlo9Y. 

OP'rIONPRICING'THEORY 

At fir~tsi9ht QPtion pri~in9' tbep;,y.(OPT) ~PP~C).):$to'i).aV(a 
very little to do w1thinve$tment" ,c.;-1teria" J!oW$veran,pptipni 

onbllying,a~harethat.has~o:me :unce"ainfutUl:E,\valu~,m~$t 
takeaccQuntofe:xpected variabilltyo;rvo~~tl1itY:Q.t tbe, 
sha1:e. In, option pricing the volatil~tyOf:t:he Un4¢!X'f:iing 
asset is measllre(l by past per,fol:'lllance Ii 'libQ'CJ:r~ate~ .tl.\~ 
volatility the greater the "llPs;tde .poten~illl'~ .(.BJ:e~:t"lyand, 
MYer$,:3,;9~4,p 44'3:). This is becausetb~te i,s$; ,g:l:'flf;lter ¢ll~J'lce 
of a b.;l.gg$t' pay~.C)tf. on,amor~vQl~tilestoc.R!' '~eXld¢;retb~ 
value of an option aep.encis ontbet~E:)t():matur.i.ty,:t.he 
interest;rate,theexercise 'priQ(!, '. ~elUark,~tpX'j.c~ ;$,Q' w¢ll 'as 
its volat':Ll:i. ty ~ 'Th$$e factQl:t:J ,are .all $~~411p~nthQBlack"" 
Schol~~ formula wb:ieh isbasea QrttiJ.E;! 1f.alue ,of '~noptiQn 
eIDliv~lent CBrearly angl1yers,p447). 

Option p:ricingi$an apPX'opriatf! !.(1l?proaQbtQinv~.Ertln:~nt; . 
sit'llations whereriskchangoswllen .. otherfQ.ctors,Qh~n9~ .anrl 
tbe opportunity cost of capit.alcannotbede~i"ea. •. Anex.a)lJPle 
lllay bean irrigation investment wbic:bxai$eSllot X'~turns 'byt 
also changes tbe variiUlilityof theresU1i:ing'QAsb 'fl0W •. O~ ·as 
discus$ed below in the case Qfamajorpollcycbange'whicb 
confers a set :ofr.:lghts ontbepplicYl1eneficiCil~ies ;whlc:l1. :l'iave 
.a range of possi):)lefuture, values.TheS~chan.ge$ in X"!$ltar~ 
not picked up by conventional c;::o$t-ben~fitallaly$is henc~, 'the 
value ofap .alternativeapproach. 

Anpption is not exercised if thetran$flct:ion'.~k~~ ,the ho14Qr 
worse off. This introduces anelemen~()f JDanClg~ment:. 'tQt.be 
investment deQislon. The holq,el;" want$ to tak~ ~ceountof 
fu.ture variability of returnS andaE;setv~l~es.Xn finGltl.oia,l 
lUarkets wbenthe values of underlytng assets ;hav~ bj.C:Jh~;r 
vaJ:iabil1ty the options have highervalu.e pecause thE:r~ 4,s 
more chance of the .optiQn being wortll.$ornetbtng. ,.on :p.rovJ.(le$ 
the methodolo9Y to val'lle thlsvaria})illty .1n assetp;r.iQesfx'()~ 
the point of view of the benetiolax-y .. 'l'her«:ifore the :flscal 
cost of the r.isk reductionpol:icy is likely tpdifferfrom 
and probably understate. the value of the 'policy to t.he 
beneficiary~ 

Seed (Pars.corom.) reports tllat a (iebt di$countinq policy ,such . 
as that introduced in New Zealand in 1986 could .beeval'l,1ated 
from this point.of view. "The Rural Bank.debtdiscollntlng 
policy ••• l:educed the financial risk (defined as ·the :deg;ree of 
financi,al . leveraqe) of tbe policy benefj,ciaries , The pl:Qg:ral11ln~ 
was intended to compensate agricultural pro.CluOers for "dve:rse 
events that had detrimental impacts Qnincome, asset valu~s, 
equity positiQPsand solvency. At the same ,time the policy 
also9av~ 'fin@.nQiers the chance to improve the :security 
margins on loans to farmers who were technicc;\lly 
inSolv~nt."."Fromthe point of view of thedonor,ie the 
gov,el;hntent,the "'costflofthe pol;icy was the fi$calcQstvoted 
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