
.. l:.::::::, I

THE UN ¡ VERS I TY OF MAN ¡ TOBA

AN EXPLORATORY USE OF GROUP

EVALUAT I NG FARM PLANN I NG

DECISION THEORIES

PROGRAMM I NG MODELS

IN

by

GARY S NELS0Ì,1

A THES IS

TH E FACULTY OF G RADUATE STU D I ES

LLMENT OF THE REQU I REMENTS FOR THE DEGREE

OF DOCTOR OF PH I LOSOPHY

lt,

{

IN

SUBM I TTED TO

PART I AL FULF I

DEPARTMENT OF AGR

AN D FARM

I CULTURAL ECONOM I CS

MANAGEMENT

\.llNNlPEG, MANIToBA

FebruarY 1976

.È€_
OF MA¡{ITÕEA
---



.'AN EXPLORATORY USE OF GROUP DECISION THEORIES IN

EVALUATING FARM PLANNING PROGRAMMING MODELS''

by

GARY S. NELSON

A clissert¿rtio¡r sub¡nitted to thc Faculty of Graduatc Sttrtlies ol'

thc Univcrsity ol'Manitoba in plrtial l'ull'illnrcnt ol' thc rcqttirulnctrts

ol'thc dcgrcc ol'

DOCTOR OF PHILOSOPTIY

@ tg76

l,ennissit¡n ltas bcctr gratttcrl to tltc LllllìAlìY OI; Tlll: l.lNlVljll-

Sll'Y Ot; t\,1^Nl't'OIJA to lcnd or sell copies of this disscrt¿ttirt¡r, ttr

thc NATIONAL LIBR¡\lìY OÈ'(:ANAI)Â to nlicrol'ilnt tltis

dissertution a¡rcl to lend or sell copics tll'the l'ihtt, and UNIVDIìSl'tY

MICROFILMS to publish atl abstr¿tct ol' this dissertation.

The at¡tltor reserves other ¡rublicatitltr rights, and ¡reithcr the

{issertatioll ¡ror extensivc cxtracts from it nruy be printetl or otlter-

wise reproduced without thc utttht¡r's writte¡t pertttissitttr.



i:,1j':--:rl:1_J::l:s-.âÌd.ì*::r:;¿:::4,

ABSTRACT

AN EXPLORATORY USE OF GROUP DECISION THEORIES IN EVALUATING

FARM PLANN ING PROGRAMM ING MODEI.S

by GARY S. NELS0N

14ajor Advisor - Dr. I,/.J. Craddock,
University of Manitoba ,'..,,,

Farm management research has produced programming

nroci eis capabie of accurateiy sinruìatins the interaction of 
,,,,,,,

physical, bioiogical, and irrstitutional factors and models 
,..,:,:,

of economic rationality. This Precision has not resulted in

significant farm usage. Normative assumptions inrpìicÏt and :i:'":

explicitinthesemodelsmaybema-iorprob]ems.lfSo,

criteria reflect¡ng the accePtabi I ity of normative assump
i

tionsshouldprovideaneffectivemeansoFmode]seìectic¡n.
I

ì

l

It is hypothesized that (") it is possible to lt.

i

establish general criteria rryhich distirrguish normative 
l

I

propositions ol' programming models which wll I be trsable 
i

in farm decision making f rom those that will not, and

that (b) such criteria are implied by existing decision ,,,'-.,,

'. .,.
theory and research. ,,'.

\rlorking hypotheses vrere established regarding the

nature of model normative assumptions. These seFVt"d to

guide a review of research in farm decision making which

in turn implied general críteria of not-mative vaìidity.

Analysis of proposed planning rnodels reveaìed a fundament-

al assutTtption of goal-directed maximÎzing beliaviour by the

; : :': r:ì

trt
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farm ciecision unit. Goals for the plannïng period are

regarded as a stat¡c evaluat¡ve reference. They are as-

sumed exhaust¡ve in discriminating between alternatives

and all significant goals are assumed to be quant¡fÎable

functions of measurable levels of economic goal achieve-

ment. Additional more specific assumptìons operating

wi th i n the scope of these fundamenta I assumpt ions are

required by traditional analytical Procedures or math-

ematical requi rements.

A conceptual framework for grouP decision making

establ ished by rural sociology' group sociology, be-

haviouraÌ the<,ry of the f i rm and d ¡f f us ion theory suggests

serious confl icts wi th model led normative assumptions'

Farm family goal formation and decÎsion making are

revealed as dynamÎc and simultaneous Processes in which

interpersonal goal-value confl icts play a major role.

As a result hazy, i I l-defined, and oPerational group goals

are the norma I case.

Althoughmuchresearchhasbeenconductedonthe

importance, dynamic qual ity, and Pervasiveness of grouP

decision processes, ro definitive theory exists which

quantitatively clescribes the evolution of group goals and

deci sion proceSses. Current farm management practÎce places

the job of interpret¡ng exPressed goals and translating

these intuitively into a mix of integrative and analytical

tasks (and thus into resource al locations between integrative

or harmonizing, and productive functions) in the hands of

IV



the decision unit and its advisors.

Research and theory reviewed indicate that the funda-

mental goal-di rected maximizing assumPt¡on is representative

of only a few short-run, technical deci s ions wi th globa I I y

accepted effects on income. More typical ly, êXPressed

goals, values, and bel iefs point not to ends for action but

to needs for al Iocat!ng resources between integrative and

productive activities. Model led goal structures must be

expl ¡cîtly recognized as conditional bases for intuitive

al locat¡ons of resources between integrative and productive

tasks.

Two str.ongly supported corollarîes are possible.

Firstly, the recognition that goal-directive maximizing

behaviour is not possible indicates thet model builders

should focus on integrat¡ve requirements rather than norma-

tive exhaustiveness. No normative assumpt¡on is val id

simply because it represents an expressed goal or value'

secondly, the large variety and dynamic nature of operational

go"is suggest that models should be capabìe of analysis

condi tioned on a wide range of fi rm goal s. Weakly supPorted

corol laries are Possible in two additional areas' Fi rstly,

uti I ity functions are rejected for use in farm planning

since they are part of an oPerational-goal or¡ented maximizing

model and in addition focus on individual decision making'

Secondly, eXtension agency object¡ves and techniques and

d¡ffusion theories imply that the conditioning base on

which models shouìd be buiìt should be defined within



'..:. .lthe context of individual extension practices and :,ì 
,,.1 ,,

obj ect i ves.

0n the basis of the major criterion and its four

corollaries it is concluded that the original hypothesis

is acceptable. l^rh¡le no empirical test of the hypothesis ,,,,,
l.::.-:t -;,,

was attemped it is notable that the criteria establ ished are

cons ! stent wi th the degree of success encountered by

existing farm planning'orogramming models. ,'.'....-
i.:.i., _.t...

v¡



FORE\,'ORD

The research on whi ch th i s study ¡ s based has

developed out of a concern that farm management research

in the computer model ing era has grown out of touch with

the human conditions surrounding farm decision making.

llhile much effort in the farm management profession has

been dcvoted to the builCing cf ncrmative modcls, fai-niei-s

and extens ion workers have sel dom found use for them i n

decision makíng. ls there something fundamental ly wrong

with the models? Do farmers and extension special ists

not understand thei r potent Ìal ? Are farm management

researchers not suf f iciently appl ication-oriented?

As usual a considerable amount of time was spent

cieveioping and refining a concePt of the problem. At

first,itSeemedthattheproblemu,aSinlargepart
l

mathematical, or at least had to do wi th cataloguing and :,

weighing the characteristics of quantitativc techniques 
I

potentially useful in farm planning. Could ¡t be that farm 
,

i', t',,.-, t. .,.

management reSearcherS had not yet developed model s of l':'.::''":',','

i;1.:; : :,1,.¡.:'

farm planning within realistic decision environments? lt 
,,,:,,t,,i.'.''

.apPearedfromareviewofconceptualresearchintomethods

of modeling the farm decision environment (in all its

stochastic, non-linear, lunrpy and institutional complexi- ,',,,.','r,
l tttti'tt:tt'i"-:

ties) that, in point of fact, ffiodels were available whic

could cope with the major tasks of environmental description. 
:

The further research along these I ines continued, the

more ¡ t became aPparent that the probl em was the absence
i;r,.,, r,i:,...i

of criteria capable of assessing the worth of farm manage- ':: i:"':.:'

vr I
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ment ilrociels, and this had more to do with the normative

aspects of farm management than mathematîcal models per

se. The p rob I ems of fa rm managemen t d ¡ d not aPPea r

suf f iciently wel I understood that trthe model", which

adequately accounted for the normative asPects, could be

recognized if in fact it did exist'

A fi rst reaction in pursui ng th i s I i ne was that

since planning model s are normative and aimed at the

sat isf act ion of dec i s ion makers, ut i I i ty theor¡' of f ered

a sound framework for assess i ng the worth of farm management

models. After some inquiry it became aPparent that utility

theory offerec no sound basis for viewing the probìem

since the decisions in question were "smal I groupil decisions,

not the decisions of Îsolated decision makers. At this

point, it appeared that a sl ightly d¡ fferent tack might

prove useful. The theory of social wel fare functions

developed by Arrow t6] and enhanced by Fishburn and others

t43] appeared to provide a framework for normative analysis

of decision making in a group context. Further review

revealed that this body of theory could not yet provide a

foundation for assessing small group decision models.

However the wel fare funct ion concept d i d poi nt out a major

problem in assessing normative decision models for use in

group decision making.

Any theoretic base for purposive behaviour at the

group level has to provide for the problems imposed by

conflicts between individuaì objectives. At this point,

it appeared necessary to abandon the familiar axiomatic i::.ì'.: lr

vt I r



bases Èi-uvided by economic theory and to fall back on a

more general base for developing a means of model assess-

ment by basing a set of criter¡a on accePted theories of

farm family group decision making. This was the point of

departure for the thes i s presented below'

IX
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I

AN EXPLORATORY USE OF GROUP DECISION THEORIES 1N EVALUATING

FARM PLANN I NG PROGRAMM I NG MODELS

CHAPTER I

THE PROBLEM

Farm management research has produced a I arge

number of models each proposed for use in farm decision

making. Farm- management advi sory personnel and farmers

have the task of sel ect i ng from these model s for use

in farm planning. Development of selection criteria

which can discriminate between models wi th a high Potential

for acceptance in farm decision making and those with a low

potential is the central problem addressed by this study.

The appearance of compl ex farm management model s

has been associated with increasing sensitivity of economic

rewards to management performance and i ncreas i ng ava i l -

abi I ity of complex operations research techniques. 0n

the farm side, dependence on unstable international marlcets,

increasing use of capital-intensive production techniques,

decreasing equity positions, production special ization,

dependence on off-farm suPpl iers, increasingly commercial

oriented farm goal-value systems and increased comPeti tion

for labour have contributed to the critical dependence of

farm firms on decision making rather than tradition. 0n

the other hand, model s developed dur i ng the I ast two

decades have proved adept i n s imul at i ng the effects of

increasingly complex product¡on processes' business

systems, and resource and institutional constraints on
'r:.t:ì



econom¡c decision making. Linear programming (U-p)

and increasing availability of electronic comPuters have

permitted the evaluation of large numbers of farming

a I te rna t i ves ISO ,So ,5 ,86] . I nteger programmi ng has

provided an answer to non I ineari ty problems such as

lumpiness in assest acquistition, selectÌon between either-

or al ternatives and select ion of al I -or-nothï ng al terne-

tiver[lo1 . Separable programming has allowed the repre-

sentation on non-linear functions as linearly segmented

functîons [ttt, 112J. Stochastic programming formul-

tions (t--p and quadrat¡c programming) have been developed

and they provide for selection between al ternatives wi th

stochastic: levels of achievement, resource levels, and

--^J..^!:^ îc2^2--'-- l-n^ âí ôl ¡f1pfoüijcf ¡O¡-r COelr¡C¡elr-CS ¡Jtt )tz Jt¡ )oJ

ln spite of extensive developments in farm manage-

ment modeling, only a small number of specialized models

has been used in f¡rm decision making. The 1972'rlnventory

of EDP Programs" IZg] used in U.S.A. Agricultural

extension Programs indicates extension oriented services

hav i ng "h i gh ì y usab I e reportsrr and over 50 reuorded uses

were in the following categories: ratîon formulation or

nutritional analysis, technical simulations ("g. breeding

programs), crop operations schedul ing, debt analysis (ug.

loan repayment) , long-run and short-run budgetï ng,

discounting, and tax calculation.

Al I services avai lable to farmers treat the fi rm

as a seri es of i ndependent subsystems. No attemPt i s made

to achieve an overal I optimum. Most models are stat¡c

i:
i.:_ :.: ::
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and aimed at improving technical efficiency in a v'ray

that can only have favourable effects on farm i ncome.

Long-run planning is restricted ei ther to a relatîvely minor

use of long-run budgets which incorporate no selectïon

process or to discounting models.

Al I models reporting extensive usage incorporated

only weak consideration of farm goals and objectives

br¡thin various farm f i rm subsystems. lnformation

providecl is directed at trwhat-¡f " qr.stions or at

universal ly acceptable goals rather than at general ized

Itwhat-should-l-do" quest¡ons. Feed formulation models

(which make up about half of the above uses of planning

models) are aimed at reducing feed costs, budgeting,

and simulation models are aimed at testinq the impìica-

tions of farmer formulated plans. Reported long term

planning models uti I ize traditional discount¡ng concepts.

No models incorporating the selection of optimal long run

planninp strategies in compìex whole farm decision

envi ronments have reported, s i gn i f i cant numbers of uses.

As a resul t of adherence to static programming

procedures wh ich closely paral lel the approach of tradi -

tionaì farm management extension, normative considerations

are usual ly relegated to the pre-optimization (¿ef¡ning

alternatives) and post-optimizing (interpreting model

solution) stages in programming approaches to farm

planning. For example, Tennesseers use of static I inear

programming in the 'rRapid Farm Adjustment Programrt It tS]

has aimed at suggesti ng adjustments necessary to maximize
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net returns to the operator, given avai lable resources

wíthout regard to the size of the product¡on unit.

Adjustments are made to resulting plans on the basis of

the planner's judgment and farmerrs preferences. Major

emphasis appears to have been on using L-P to arrive at

a basis from which acceptable farm plans could be developed

rather than expl ici tly ¡ntroducing normative elements

to arrive at the farm plan.

ln Chapter tV of his thesis, which led to the
v

0klahoma L-P Farm Program, Bitney [13] notes that the

programming approaches to farm planning can only be

successful as an integral part of an education program.

Apparently, current educational (extens ion) programs are

structured in such a uray that normative elements enter

the programming process in roughly the same hray that they

have tradi tional ly entered budgeting-oriented farm

planning, since in developing his area information system

in a programming context, a normatíve content is not

elaborated.

ln contrast with the type of models in current

use, research in the programming area has concentrated on

the model îng of long run planning under complex decision

environments and consequently on producing models with

strong normative assumptions. Programming offers rapîd

calculation of a best possible solution from a wide range

y L-P Farm is a static farm enterprise selection L-P' model used in 0klahomars farm managemen-t extension
P rog ram.
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of a¡ternatives. As a necessary part of the Processes' ,,.,,, ,'.

decision criter¡a are expl icitly incorporated into the

planning model. Decision makers are reguired to define

best sol ut ions before they can be cal cul ated, rather than

s imply recogn iz i ng best sol ut ions when they see them' Thus 
,:;. :.. ; :
; : -..". _.j .,1. 

:.

normative propositions are a required component of all ::"':"::ì.:':r':

programming models. ln contrast wîth budgeting procedures'

programming sacrifices active involvement in planning 
:.':r:::r.:...-..-

decisions in some measure in order to implement the ''','-,""'t,i.,'

optimizing concePt.

The more complex the modelled decision environ-

ment, the more compl ex the set of normet ive Propos i tions

that are required to support choice between alternatives.

For example, ¡f the problem si tuation is the formulation

of dairy rations given fixed nutrient requirements'

feedstuff analysis and costs, a simple normative state-

ment that cost should be minimized is sufficient to

justify the use of a least-cost feed formulation model.

Normative propositions in existing farm management use

a re of th i s type.

lf, on the other hand, the problem situation is

the determination of a mix of capital purchases required

in a stochastic production process subject to stochastic

resource constraints, more complex decision criteria are

cal led for. At the very least, oormative proposi tions

a re requ i red to suPport cho i ce between I evel s of ach i eve-

ment over time. Since level s of achievement are a function
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function of production processes, choice between levels

hr¡th varying probabil ity distributions is required.

Since the modelled production system has implications for

a wide range of conceivable goals ("g., debt avoidance)

choice between them must be suPported by a prior

normative proPosi tion. Even the use of sìmple choice

criteria in a complex decision envïronment does not

reduce the complexi ty of underlying normative assumP-

tions since they must in this case imply the insignificance

of other more compl ex cr i ter i a.

Model acceptabi I ity in a farm planning setting

can be pictured as having a rìormative and a technical

component. A high level of technical acceptability has

been achieved in many programming models. The I imits

of tractabïl ity are aPParently sufficiently wide to

permi t accurate portraya I of the bounds imposed by the

decision environment. I I lustratíons are in recent

conceptual research in stochastic programming (es. see

Cocks [30] or Rae Il tZ, I I I ] "nd in recent attempts ât

designing linear programming based decision systems (.g.

Harter tSO3, Goldschmidt [50], Acton IS] "nd Marceau [86].

Normat i ve acceptab i ì i ty i s, however, an unknown quant ¡ ty.

ln general, model normative content has been

defined à priori as a matter of expedience to al low

i I I ustrat ion or use of other concepts. Those who have

attempted to develop operational programming systems

for f arm management decis iorr making have concentrated on

the modeling of generally recognized elements in the

decision envi ronment or some aspect of such model ing.
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Cocks [¡Ol investigated the ability of lînear

programming and quadratic Programming to accommodate

stochastic elements in long-run decision making. Here

again I ittle attempt was made to reconci le normative

propositions with firm decision processes.

ln contrast with the â pliori rat¡onality assump-

tions !n most programming mode!s, ¡t is înteresting to note

complex decision making patterns Presented in sociology.

Keefe and Burke l-llf have noted that,

rrThe family farm is a complex entity. lt is
composed of a great var¡ety of expensive physical
faci I i;.ies and carries on a variety of production
activities. But human beings are involved, tied
to'gether in a unique family relationship. ln
adã¡t¡on to the fami ly and its individual members
counted demographically, roìes (father, son'
lnother, ma¡ager, paierri:, etc. ), p6wei' i'cl.¡LiorrSliipS
(head, subordinate), and interaction patterns' eg'
autonomic, autocratic, syncratic' are aìso
important components. Aì I of these i nteract i n
varyi ng degrees duri ng deci s ion maki ng and pl anni ng
situations, with the amount and quality of inter-
act¡on influenced by personaì i ty ani fami ly
characteristics.¡'

Four points suggest that criteria of normative

acceptability are required. F¡rstly, pFogramming models

which are potential ly useful in farm planning are capable

of incorporating wide range of normative concepts'

Secondly, where normative elements in decision making are

clear, their inclusion in a planning model can only render

its search for solutions more eff icient. Thirdly, ¡t is

to be expected tha t as new and more comp rehens i ve mode I s

and data sources are brought to bear on increasingly complex

,,a,:
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farm decision situations, the volume of information

available to decisîon makers will be increased to the

point where a need for choice cr¡ teria wî I I arise to

limit the f low of information to a manageable level.

Lastly, it appears that the farm decision Processes with

whìch programming models must interface, resuìt in complex

and dynamic normative standards as a result cf ccntinual-

ly adapting goals anC nhands on" controì of production and

investment processes.

t n summary, farm management research has produced

many programming models capable of simulating in detai I

the effects of decision environments on variously defined

models of economic rational ity. lncreasing precision in

the simuiation of pi'ìysicai, bioìogicaì, institutionaì

effects in the decision envi ronment has not increased farm

management use of these models. The normative assumptions

impl icit and expl icit in these models may be a major

factor in their apParent unacceptability for farm planning

use. lf this is the case, criteria reflecting the

acceptability of model normative assumptions should

provide a means of selecting models of potential use in

farm pìanning
f..1 -. :,: - : :

t; -1...j, r,, .::.:'

i..r:.:,1

Ì'iì::j
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CHAPTER I 1

METHODOLOGY

il
The not¡on of t'optimization"/is fundamental to

farm management advisory services since it provides a

means of determining the val idity of normative proposi-

tions on which management recommendations are made. I t

is the intersection of a Phi losophical proposition and a

convention or rule of prescriptive analysis' The

convention of prescriptive analysis is that the prescrip-

tor must continual Iy seek an optïmum. Even rrbetterrr plans

are tO be baSec¡ on SOme cOnCept iOn Of trbestrr or optimumr'.

The philosophic position is that the something to be

optinrized must, to the greatest extent possible, come

from within the individual decision unit. S¡mply

stated, the principle of opimizatÎon is that individual

farming units should try to achieve somethÎng inherent in

their own social and Psychological makeup. That wished-

for something may be iìl-defined, seldom achieved in

practice, possibly inconsistent with physical real ity and

fleeting in its existence, but it must be the only

standard by which alternative decision paths may be

j ud9ed.

Decision making in a prescriptïve sense may follow

many norr-optimizing patterns but ¡t does not suit the

t,0ptimization't as used here expl i cityly i ncl udes the
usual notion of ìess than universal optimal ity since
a contextual framework i s always impl ied.

1)
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normative approach of farm management to cons ider these'

A convention of oPti mization gives di rection to the search

for better farm plans and is therefore a necessary start-

It is often implied in farm management literature,-(for
example, see Sirickland [130 ch.- 3), or Eisgruber [41
p. lZ7)) thar simulation yields intrinsical ly more
real isi¡. solutions than programming because of i ts
greater flexibil ity in describïng behavioural
processes es compared to the cbvious optimizing
context of programming (¡.". because other. processes'
not opt imizat iån, are obse¡'ved in pract ice) ' Th is
howeVer, amountS to a confusion between "optimizationrl
in the sense used above and optimization in the narrow-
er sense imposed by individual programming model s.

Behavioural theory supports the not¡on that fi rms do

not always fol low a single and logical ly consistent
goal structure, that multiple and changing goal
structures occur, and that i ncons i stency may pers i s t
over rlong periods. However, the empirical fact that
firms apparently do not optimize in their decision
processes does not imply that it is a wrong strategy
ior prescriptive anaiysts to try to opt¡m¡ze something
in t'heir decision Processes. A principle of "optimization"
states only that the prescriber shouìd act as though
there i s someth i ng ¡ n the nature of human affa i rs to be

optimized. lt does not fail when that something ¡s
d ¡ ffi cul t to descr Î be or does not permi t ana I yt i ca I

solutions. The, principle is proposed as a grand strategy
after the manner of a principle of causation in the logic
of scientific discovery. I t is acceptable not because
of its own empirical.validity, but because, only by
pursuing ¡t can it be assured of not moving away from
better solut¡ons (¡n terms of current ethical standards)
¡ f they exi st. s i nce some sol ut ions are preferred to
others, we cannot go wrong by continual ly purs'inS a

"best,'among these even though it may not be unique and
¡t may be ¿ifficult or even impossibìe to identify.
0ptimization vieled in this manner impl ies that simula-
tion modeìs mêy in fact be better "optimizers" than math-
emat¡cal optimìzing modeìs. This is however, not an in-
trinsic superiority. lf opt¡mization models do not
optimize, it is because they are not, or cannot be,
correctly specif ied, not because they are "oPtirnizing"
models.

ll

9
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ing point. This is not to imply that approaches emPloy-

ing non-optimizing (¡n a mathematical sense) models have

no part to play in farm management. They too, may be a

9part of attempting to "optimizetrin the sense given above.

The adoption of optimization as a strategy for

farm management is not eth i cal ly neutral . I t rejects the

notion that there exists what Arrow [e, p. 221 has cal led

a t'social good" which can be def ined independently of

individual desires. Rather, it adopts from the beginning

the phi losophic proposi tion that decis ion makers should

act as though there exi sts someth i ng i n the nature of human

desires to be maximized.

ln general, this proposition makes no empirical

assumpt i on beyond the exi stence of human des i res and an

ability of prescriptive analysts to derive some direct¡on

of purpose from these. I t is not necessary, in the adoption

of such a strategy, to postulate that some measurable

funtion, subject to mathematical optimîzation Procedures,

actually exists since, as Arrow [e, p. 22J states, all that

is reguired for an unambiguous choice to be made is that

there exists weak ordering of preference on the set

of alternatives being considered. However, in the context

of the present study of programming feasibility this nec-

essity ¡s imposed. Some minimum mapping of decision sPace

into preference leveìs is required by mathematical pro-

g ramm i ng p rocedu res .

A clear distinction between alternate approaches

and optimization is requi red because of the strong tendency
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for farm planning models to evolve out of economic models

of rational entrepreneurial behaviour (eg [¡01).
Several alternate philosophic positions are possible in

lieu of a principle of optimization in prescriptive

analysis. 0ne could hold that an objective good qui te

apart from human preference exists and should be the goal

of all human action. The d¡fficulty of establ ishing such

a universal rule is apparent given the unl ikel ihood of
pol itical concensus on one hand as a pragmatic vindication,

and the certainty of infinite regress involved in

argumentation basing such a rule on a higher order

objective good on the other hand. Appeal to authori ty
provides another inadequate basis for prescriptive analysis

for ¡t leads to the possibìe dogmatic acceDtance of rules
which may be neither strategîcal ly efficient nor based on

currently acceptable ethical standards. A varìant of

such a position is to appeal to the authority of tradition
which has the same basic fault as other appeals to

authori ty.

0ptimization has been presented as the objective

of farm management and thus the normat ive content i n

programming models. I t has been presented as a phi losophic

and strategic proposition and is quite distinct from

opt¡mization in the narrobrer mêthematical sense.

Acceptance of opt¡mization impl ies that the val idi ty of

normative elements can only be determined in an examin-

at ¡ on of the soc i a I and psychol og i ca I makeup of fa rm

I :..::
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decis ion groups. 0ther approaches have been rejected as

bei ng eî ther strategi cal ly i neffi cient and/or founded

on unacceptable phi losophic propositions. To the extent

that optimization has been practised, it can be regarded

as having resulted în a number of proposed decision

criteria for use by farm managers. lt is equally likely

that ncrmative elements have not been generated by a

concept of optimization but rather from more specific

models of economic rat¡onality.

During the last two decades, research i" small

group and farm decision making has developed a theoretical

framework for decision making within the farm decision

unit. Research in the sociology of small groups has

<ieveìopeci an inciivici uaì ar¡ci group vaTue baseci ti¡eory i'or

action in situations where choice prevails lzgl. Rural

sociologîsts have studied farm goal holding and decision

patterns which support and specialize gener.¡lized grouP

decision theories [fe,Se]. Extension education and farm

management research have studied the disemination of

concepts among farm decision groups [tZO,11B]. Behavioural

theories of the fi rm have developed concurrently wi th

group decision theories and expl icitly integrate the role

of individual value confl icts in fi rm decision Processes

[r r ,zsl .

It is hypothesized in this study that (a) ¡t is

possible to establish criteria which distinguish between
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the normative propositions of Programming models which

will be used in farm decision making and those which will

not, and that (b) such criteria are implied by existing

decisïon making theory and research. Part (b) of the

hypothes is can be accepted only i f part (a) is accepted

and the criteria establîshed are also implied by existing

¡-csea¡-ch ¡'esul ts and theory. !n the finel anali-sis pert

(a) can only be accepted ¡f empirical evidence indicates

that models indicated as usable are in fact used. To the

extent that criteria are implied by empirically val idated

theory and research both (a) and (O) are acceptab le '

A hypothesized set of criteria could be verified

directly by field testing available programming models

and us i ng the correspondence between the performance of

these models and the degree of feas ibi I i ty suggested

by the hypothesized set of criteria as a test of val idity.

However by its very nature, an empiricaìly based

study must become sol ut i on-or i ented and thus can onl y dea I

tangentialìy with the problem of generating generalized

criteria. An empirical study would have to focus

on the normative validity of specific aspects of specific

programming models for a smal I sampìe of potential users.

For example an empirical study by Rades IttO] has

produced some criteria for the development of decision

aids based on acceptabi ì i ty by a smal I sample of lndiana

farmers who had used th ree vers i ons of a corn product ¡ on

schedul i ng model. Although such studies are requi red

i::.'-l:ì::';:::)
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to deal with details of implementing sPecific management

services, they are less I ikely to produce the strategic

model development generalizations required at this time.

An emp¡rical test is not feasible for three

additional reasons: (") the number of potential models

is large, (U) rhe field testing of individual models is

time consuming and expensive and (c) the technical

expert i se necessary to carry out such a test¡ ng program

is not I ikely to be avai ìabìe unti I after the need for

such a test has passed. A val id set of criteria must

then be a logical extension of existing farm decision

making theory.

By requiring only a theoretical verÌfication of

pt'oposecl ct'i ter!a the anaìvsis can a'¡oid becoming soìution

oriented and thus focus on the more general nature of the

problem. To this extent, the approach taken is simi lar to

that of Renborg [ttS] who has analyzed growth theories of

the agricultural firm, "in terms of their possibil¡ties

for directing and controlling the growth process of an

agricul tural f irm over timer¡, though, 'as wi ll become

apparent, it is much more special ized in scope' The con-

trast here is provided by studies which attempt to cata-

logue and contrast elements of mode I s i n order to deter-

mine wh ich among them contains the more favourable set of

realistic elements. The emphasis here is basically problem

not sol ut i on or i ented.

To guide a review of research and theory related
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to farm decision making, working hypotheses regarding what

comprises an operational or potential ly operational

programming farm decision model have been established and

in turn indicate areas in which críteria are most critical-

ly required. This extensive development of working

hypotheses is supported by the proposition that ¡t ís

often useful at some point in hypothesis (cri teria)

formulation to decide that fruitful hypotheses wilì occur

in a certain do*"¡nÐ. tJhether or not developed criteria

are valid does not depend on the val idity of the working

hypotheses made to assist in their creation. Developed

criteria are to be considered suf f icier.t for thei r

purpose until they either conflict with more readily sup-

portaUl.g hypotheses or are the object of di rect or indi rect

empi r i cal fa I s i fi cat ion.

ln reviewing models, considerable emphasis has

been placed on operationa I i ty. Most programmi ng model s

developed in agricultural economícs have had a research

orientation" Few farm management model s have a imed at

anything beyond conceptualizing a given problem situation

ín a particular programming framework, with the resul t

that a vast number of very special ized planning models

exist. llodels considered below, however, are only the

select few which have some claim to efficient algorithms,

See Kaplan [68, Chapter lll] regarding the use of
working hypotheses.
See l4argenau [87] on "regulat ive pr inci pl es" f or
choosÎng between empi rical ly val idated hypotheses.

::Y:l ì
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technically feasible data requirements and specif ications,

and sufficient conceptual clari ty to permit extension use.

I n the usua I case, they have been sugges ted e i ther as

generaT, systematic approaches to actual Prescriptive

analysis or as tools for the study of farm firm growth in

va r i ous norma t i ve contexts .

A review of operationa'l Programming models allows

the classification of underlying normative propositions.

Certain normative propositions are expl icit' in al I

programming models. By analyzing the varioçrs dimensions

of this normative content, impl ici t model assumptions are

determined. These, in turn, imply basic normative

assumptions relating to farm fi rm decision processes.

After urorking hypotheses have been establ ished, a review

of research and theories of farm decision making is

conducted to 'establish criteria f or model evaluation.

Although ¡ t is not possible to develop general ized

cr¡teria and at the same time carry out a fully empirical

test, ¡t is possible to conduct a limited empirical test

of validity. Since a limited number of programming models

are currently being used in farm planning, developed

cri teria should be cons istent wi th the degree of success

which these have achieved. This provides a I imi ted test

of the ability of criteria to select useful models. lt is

not possible to test, even in a I ìmited way, the abi I ity

of criteria to reject models unl ikely to be acceptable

since there is no way of knowing whether models are

currentìy unused because they are unacceptable or simply

-ri':.-.!?:'l
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untr¡ed.

Chapter 1 of this thesis has developed a problem

situation which impl ies the need for general ly accepted

criteria for the evaluation of the normative content

of mathematical programming models proposed for use in

farm planning. This chapter has defined a methodology

for the development of model evaluation cri teria. The

basis for this approach to developíng evaluation criteria

I ies in a concept of optimization as a phi losophic and

strategic proposition which impl ies that the val idity of

normative elements can only be determined in an examin-

at ion of the soci a I and psychol og i ca I makeup of fa rm

decision groups. Since empi rical studies are viewed as

forcing solution oriented and thus nêrrow approaches, this

examination takes place at a theoretical level. ln order

to provide direction to the examination of established

the.ory, it is proposed to use currently operational plan-

ning models as indicators of significant areas for cri-

teria development.

General 0rganization

At this point we have: a defined problem, a broad,

general framework in which to analyze it, and some basic

guidance as to which direction the search for solutions
(evaluation crï teria) should take. Chapter 1 I 1 narrows the

search for evaluation cri teria sti I I further. An

ttop.rationaìrr programming context is developed to il lustrate

the types of normat i ve propos i t i ons requ i red to support

1):¡_:¡¡:')
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the normative content of Programming models which have

been proposed for use i n farm p I ann i ng.

The primary task of the f irst three chapters is

to provide sufficient focus to the search for evaluation

cri teria to permi t effi cient exami nat ion of subject

matters related to farm decision making. Chapter 1V begins

the cons ideration of these relevant subject matters by

developing a conceptual framework for group decision 
.,,,,.

making. Since this is primarily a review of reUeived :,,i'.,:r,

theory which may not be general ly f ami I iar to agricultural 
i,:,..-,

. t'' '' :

economists, extensive use is made of expert opinion.

Attention is p.rid to developing group decision concepts

as well as theories which are necessary for Chapter V and

following chaptersr analysìs of decision making in the farm i

firm.

Following Chapter 1V, available literature

relating to normative elements in farm decision making

is examined. Studies ãre reviewed which support, supple-

ment and special ize concepts and theories from Chapter 1V.

Where evidence warrants them' summary statements or

general izations are proposed as a base for estabì îshing

criteria for the evaluat¡on of programmîng models. The

concluding chapter Vt11 draws on reviewed decision 
1..,,

theories in implying general criteria for the evaluation i;,;:

of programming models. A final chapter 1X suggests

several areas in which further research is requi red.

ì.,.'.,,
i:.r i.i
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CHAPTER III.

NORMAT I VE ELEMENTS OF THE FARM PLANN I NG PROCESS I N A PROGRAMM I NG

CONT EXT

This chapter presents an "oP.rationalt' programming

context into which normative factors in farm fi rm decision

making are forced by the use of programming models in farm

planning. Since the intent of this chapter is to illus-

trate areas în wh ich normative assumPtions are being

made no overal I analysis of each model is attempted.

Analysis is retricted to normative factors excePt to explain

interactions between normative and envi ronmental fact ort!

ln essence the chapter ci tes ánd in many cases

i I I ustrêtes the pervas ive use of three fundamental precepts

relating to the use of normative elements in operatïonal

programming models. Firstly, a set of normative

standards which is known and specifiable in terms of the

fi rms goals and objectives for the planning period exists

at the p I ann i ng date. Second ly, the exhaus t i ve treatment

of firm normative standardswithin planning modeìs represents

ên ideal for model bui lders. Thi rdly the normative

decision base which exists as of the planning date is

U No detai ìed explanation of either problem specification
or solution techniques is given. However' an attempt
is made to relate aì I di scuss ion to fami I iar concepts
from accessible farm management I iterature- I t is
anticipated that either the reader has a fairly ex-
tensive knowledge of operationaì programming models
in the area of farm management or wishes to pursue the
extensive references cited in appropriate instances.
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complete in the sense that no gaPS exist in goal areas

within the scope of the decision environment ("g. both

long run and short run goals are complete) and contains

a number of particular characteristics which coincïde with

traditional economic ratÎonal ity (eS. time preference'

risk aversion, diminishing marginal Propensity to consume'

diminishing marginal utility). The reader who is willing

to accept that these precepts are i n fact pervas i ve may

proceed to summary at the end of this chapter and read

that brief discussion without loss of continuity. However'

i t i s important to recogn i ze that these are strong and

pervasive normative assumptions in vi rtual ly al I recent

research attempts to deveìop programmi ng model s for

farm planning !n the face of complex. comprehensïve
u

deci s ion envi ronments.

An i ntroductory section reviews the general

nature. of programmi ng model s , estab I i shes a worki ng

hypothesis regarding the admissabi I ity of various planning

models in establ ishing a Programming context and considers ' ' ''
::':r,,:

more specif ically the mathematical nature of admissable :,:'''.'

moders which have been most commonry used or proposed. 
t:1;';""

Foìlowing this introductory section, se'¡eral sections are

2l Recent research into improving the efficiency of
' search techniques utilized in non-anaìytical decision

models shows that Strong normative ass_umptions are
not restricted to programming models LlBl.
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presented to illustrate the general nature of normative

assumptions in a number of potential ly oPerational

programmi ng model s.

trîth¡n models discussed major emphasis is on what

might be cal led thei r most I imiting resources' where

questions of feasibility are most acute. As noted by

Hutton ISg, pp 195), these would aPpear to rrcentre on

the nature of the objective function, treatment of risk of

error in coeffìcients and treatment of time associated

variablesrr. Unl Ìke Hutton's treatment however' this study

is specifical ly di rected at normative elements of Pro-

gramming models.

Dimensions examined are clearly interdependent and

in order of presentation are: The Tine Dirnension, The

Financïal Dimension, The Consumption Dimension' The

Risk Dimension, and the Choice Dimension. By definition

of normativîty, one would expect elements of choice to

be inherent in each of the dimensions above. lt is use-

f ul, however, to consider a separate choice dÎmension to '.'1; 1. ¡
:.1,,',:f'.:',

relate methods used in weighiÈrg the importance of other :,,.,.-::

dimensions and reconci l ing them into a single choice 
' ' '

criterion and a set of normative constra¡nts. This pro-

cedure of necessity causes some dupì ication of discussion
,,tt,',:1..,...,

but results in a cìearer presentation than a discussion of ''1i':r":i.'

choice cri teria wi thin each of the other dimensions.

I nt roduct i on

The general mathemat¡ cal programmi ng problem can
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be stated as opt¡mize Z - f (X), X - xl,...,xh (t)

subject to g¡ (X)S,1, = b¡, i=1,...rfr. (2)

As stated, the problem does not necessari ly have an ob-

tainable global optimum. However, the addi tion of restric-

tions on f and g has allowed mathematical programmers to

develop algorithms for the solution of particular cases of

the generaì programming problem. (See for example,

Mansasarian [.4,*], McMilìan lgSl, Hadley [s¡]. ln one of

the most restri ctive cases (l ¡ near programmi ng), both f and

g are required to be linear, continuous, and Xå 0. Recent

developments have indicated the conditíons under which

obtainable global optima exist for more general ized re-
3t

strictions on f and f, and aìgorithms for obtaining these

solutions have been deveioped in manv cases. Relatively

few algorithms (notably I inear programming and its

variants integer programming, mixed integer programming,

separab.le programming and quadrat¡c programming) have l

reached a stage where they can be cons idered potential ly

usable in solving real world farm management problems for ,',',','''

:::

a number of reasons related to computational eff iciency 
.,',.i::

and problem specif ication.

Regardless of condi tions of optimization and

existence of solution algorithms, the general programming 
i,..:,.:,

approach requires that criteria of choice between rj:'r:::

3) For example, Bector ItZl h9t investigated the pro-
perties of Quasi-Convex objective functions defined
over a non-empty closed coñuu* set in Rn' 

r¡¡,,,.,,¡:
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admissabie alternatives be single measurable magnitudes

(¡.e. a single function). ln the case where multiple

goals exist, a set of relations must be defined such that

this single dimensÍon objective exists. ln the words of

Charnes and Stedry (Johnsen 164, p. 136]) 
,,,.,,,,,rrlt may be tautological, but nevertheless in-

teresting that ¡ t is imposs ible to s imul tan-
eously opt¡mize turo functîons: one can, at best,
optimize one, placing a constraint on the othcr;
or one can construct a superfunctional which is
some f unct ion (perhaps a we i ghted sum) of the ,j::::
initial functionsrr. ,'-',,',

The above outl înes, in a general way, show the pro-

gramm i ng context i nto wh i ch model ed normat i ve factors i n fa rm

planning are bcing forced. To proceed farther in develop-

ing the programming context ¡t is necessary to review
I

recentfarm'managementresearchtoobtaininformationon

thenatureofpotentialIyoperationaìplanningmodels.

lndoingsoitisnotneceSSarytodwellatlengthonthe

status of related research in mathemat¡cal programming
I

since the development of criteria relates more di rectly
.,... a,to what must be portrayed rather than how, in a math- 

,,,,:,,,,,

ematical sense, it must be specif ied. Specif ication will i. .'
:.: .::::::"

be dictated by optimality requirements. t/hether these

are reasonable or not is part of what is to be judged by

establ ished criteria. To determine the normative assump- 
i.i:.,,

tions of progranming models it is necessary to include in r:':::r:':l

the programming context only those models which have been

seriously proposed either as normatirre tools in actual

farm planning r)r as tooìs for investígat¡ng problems
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inherent in farm planning. SystemrÐ.pproaches to farm

planning such as those reported by Acton [5], Goldschmidt

IS01, Harter tSe1, Marceau [86], cocks [30], Stonehouse

Itza], Bítney [¡3] and Ray and Hudson Ill5], are clearly
incruded. As a general rule, these systems approaches have 

1,.,,,,.,,
had a cursory normatÌve content possibly because of theî r ' :

concentrat Îon on env i ronmenta I matters and stat ¡ c model s

which I imit the incorporat¡on of dynamic normative concepts ;,j.: j

such as time hori zon, time preference, and goal sequences. i,lì...',',i,'

Many of the sytems approaches, pêrticularly those currently 
;,,,,,,,.,

being used (u.g. Roy tl5], Bitney tl3]) rely on pre-optimizing "'

\.t(e.s.selectionofalternatives)andpoStoPt¡mizing(".s.

aìtering solutions to render them more acceptable) consider-

at¡onofnormatÎveelementsandthusseIdornexplicitly]

documentnormativeconSiderations.Howeveraconsiderable

variety of expl ici tly incorporated normative elements usual ly l

based on â priori reasoning does appear in farm growth

literat'ure în models whlch are a direct generalization of

the system approaches. These general izations of currentlV 
i-'.''.:-:,,,

,,,...,,.','operating models can be considered a preview of future opera- ',,,

- -^l-l- ^-l :L..!^ :- t^-^ 

'::'-;:;

tional planning models and contribute, in large part, to

the programming context establ ished below

The literature on growth models is pertinent only
¡i ,1.,;.,ion a selective basis since there is a grey area between ;"'::':

y By systems approaches i s meant any of the proposed or
operational farm planning models which place decision
making for the whole farm in one analyticaì framework.
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normative growth models which are aimed at studying prob-

lems inherent in how a farm should grou, in various

normatîve contexts and posïtîve models which are aimed

at analysis of how, in fact, farms do grow. As I rwin and

E í sg rube r [6 I , p. 4] have noted

"A review of the rather extêns ive I i terature
I eaves one w i th the uneasy fee I i ng tha t mos t
of the 'work I ies i n I imbo between opt imi zat ion
and prediction, betl'¡een nnanagement of thc f i r-m

and agg rega te ana I ys i s, or between spec î f i c
problem solving and general izatìonrr.

Growth models aimed at understanding the problems of

growth, in particular normative contexts, SUch as those

of Martin and Plexïco tBB], Baker ll and 8], Duvick [¡g],

Smith 1126), and Johnson 167l have been ïncluded in

establ i sh i ng a programmi ng context. Growth model s more

clearly aimed at pos¡tíve description, however, are not

included.

The majority of models which fall wîthin the

establ ished operational designation can be :lassified as

variants of I inear programming, quadratic programming,

integer programming, or separable programming. Separable

programming allows strict linearity restrictions of f and

the g, to be relaxed in favoui- of a more general restric-"1

tion of concavity and separabilíty on f and convexity

(concavï ty for constra ints) and separabi I i ty on the g 
¡

[Haatey 53, Chapt. 4 or McMi I ìan 95, Chapt. 6].

Stochastic I inear programmirtg and quadrat¡c Programming

have al lowed sonre considerations of non-l inearities caused

by stochastic elements in the constra¡nts or object¡ve

function. lnteger programming has perm¡ tted the accom-

:ì: a:'
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modation of discontinuities in f and the g, where the

domain consists of intergral values onìy

It should be noted that a number of mathematical

and computational efficiency problems have prevented the

development of a single all-inclusive generalization of

the I inear programming approach to farm management.

Stochastic I inear programmîng is hampered by cornputa-

tional efficiency problems (Cocks f¡t] ). Computarionaly

efficient integer quadrat¡c programming algorithms are

not avai lable, and separable programming poses computa-

tional efficiency problems particularly where a large

number of non-l ineari ties are approximated. Because of

the above p rob I ems , p rog rammi ng app roaches wi th any

claini io opel'aLic.¡rraiity in iarm pìanning have been restrict-

ed to minor deviations from the I inear programming

approach. Examination of a recent U.S.D.A. review [1 33]

of U.S, Farm Management E.D.P. programs reveals that al I

of the reported 12 routtn:,tt available programming approach-

es to whole farm plannîng/*"r" based on Iinear programming

wi th the except íon of one wh i ch i ncorporated quadrat i c

programmíng as wel l. Add¡tional noteworthy systems not

reported in the survey, L-P Farm (Ot<tahoma State

University) and Mascot (lmperial Chemical lndustries) also

used linear programming. The folìowing sections enlarge

5) Programming services were reported by University of Mass.,
Univers i ty of Missouri , Universi ty of New Hamphi re,
University of North Carolina, Pennsylvania State
University, University of Tennessee, Texas A s M. Uni-
versity, University of Vermont, Virginia poìytechnic
lnstitute, Washington State University, l,/est Virginia
University and 0regon State University.
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on the normative content of the most commonly used or

p ropos ed p rog ramm i ng mode I s .

The Time Dimension

Al though normat i ve assumpt i ons made i n opera-

tional model specification of the time dimension are

norrna.!.!y implicit, trrro espects of the time dimens!on have

received attention in farm management I î terature.

ì 1.:.:_?: :: _

4..'.-.:-'. '.

Lengthofplanninghorizonanddynamicrelatïonsbetwee
i.......... .:

formulated goals have usual ly been based on a' priori .'.'1."'','¡'

specification of rational behaviour. lntertemporal

equivalence, the most often specified dynamic relation 
;

between goals, postulates standards of equivalence between

i
1 r Length oí Linre Ìtorizorr isgoals SpecrIlec¡ over tltfìe. Lerlgfn ol Llflle florlzofl ls :

'rationalized by a conception of goal formualtion and rela- 
,

tions between formulated goals.

The Time Horizon

0perational programming models considering a time

horizon greater than one year usual ly come to grips with

the time horizon problem by incorporatÎng multigoal

decision functions. Essentially this is a result of the

need to give some weight to the achievement of goals in

both the current planning period and beyond. Planning per-

i ods beyond the cu r ren t one cannot be cons i de red

extensively without in effect extendinS the pìanning horizon thus
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horizon- length is determined by specification of a

point sufficiently distant that a given cursory treat-

ment of future planning periods is acceptable to the

decision unît. Most operational farm management models

have adopted an impl ici t 'rgoing concern" pr¡nciple in

thîs respect. For example, in a situation in which

profit maximization is deemed all important, it is usual

to place some weight on variables such as terminal net

brorth to insure that the business wi ll be maintained as

a go¡ng concern past the current planning period.

Approaches to time horizon. determination in farm

management I i tr,rature can be pl aced i nto one of tl^ro

categories wh i ch, for want of better termi nology, we can

cal I the "pragmati ct¡ approach ' usua I ly used i n farm

planning models, and the'rturnpike" approach which appears

in some conceptual farm growth models. 0nly the former

has received any extensive use in oPerational farm plan-

ning hodels; however, its use has often implicitly presumed

some elements of the latter approach. Both approaches

are cons i dered here i n an attempt to determi ne funda-

mental normative assumptions.

Both approaches begin r^ri th the clearly appeal ing

plannîng imperative that sooner or later a halt must be

cal led to the expansion of the pìanning horizon.

As pointed out by Boussard lzZl , the planning horizon
may be cons iderably shorter than the period ci ted
since the object of planning is specification of im-
mediate action !n the I ight of al I avai lable infor-
mation, and under certain conditions optimal immediate
actions are insensitive to the lengthening of the plan-
n i ng per i od beyond a certa i n poi nt.

6)
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Boussaro IZi has developed, in a farm growth context,

Modigl iannirs notion that long run plans are not developed

for their own sake but rather are to p.rovide a means of

incorporating al I avai lable înformatÎon in the optimal

determination of ¡nitial period actions. This being the

case, i t makes sense on ly to extend the t i me hor i zon

as long as the information so incorporated has some effect

on optimal înitial period actions. As Boussard lZ'l , p. 4681

points out, in general, this does not necessarï.ly imply

the existence of a fînite planning horizon. He gives as

an i llustratîon the maximization of classical time dis-

counted consumption functions in Iinear programmïng

'models. Boussard L231 accepts as a definition of time

' horizon,'rthe time with¡n which it is necessary to plan

in order to make a decìsion for the f i rst periodr'. Since,

as he notes, this does not place any restrÎction on the

I ength of the hor i zon , the ext ra cond i t ì ons tha t the

planning horizon exist and betrnot too long" are added.

ln his development of the turnpike theorem in a

farm plann i ng I i near programmi ng context, Boussard has

examined very general conditions which guarantee that a fin-

ite planning horizon exists. This formal istic approach to

time hori zon determi nation does however, make some strong

normative assumptions. ln effect, it redirects the

specification of normatïve content from the point of view

of the decision maker to the point of view of the modeì

builder. 0bjectives of the decision unit must be con-

i1..11:.
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stra¡ned to permit an anaiytic auarantee of finite

hori zon legth. I t i s necessary to beg ï n wi th the

tion that a goal structure, suffieciently clearly

lated for a time period long enough to permit the

tion of a tÎme horizon, exists as an exPression of

sion unitrs intentions.

32

assump-

fo rmu -

ímplica-

dec i-

Given the existence of such a goal structure, fur-

ther normative assumptions are made regardinS ¡ts content.

Boussardrs model requires that: a linear consurnption

function exist for each time period, the decision unit
7t

desires to maximize terminal net worthl .nd neither the

deci s îon un i t lror the envi ronment pl ace any absol ute

constraints on alternative courses of actÎon considered.

ln making these assumption, the model bui lder indirectly

insures the existence of a finite planning horizon, whose

length cannot be specif ied "' priori.

I n cont ras t w i th the tu rnp i ke aPp roach, the p rag-

matic approach does not seek to guarantee in an analytic

sense that the model developed will have a finite plan-

níng horizon, but achieves the same end in a more direct

manner. lt also begins with the assumption that a

sufficientìy complete goal structure exists, but the

object of sufficiency is qui te di rrerent. The goal

structure is presumed to directly imply that decision

7) Boussard IZ¡] has shown that these first
ments are equivalent to the maximization
ed sum of yearly consumption.

two requ ire-
of a weight-
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periods beyond a given date are sufficiently inconsequen-

tial to the decisîon unit that they may be given a defined

cursory treatment in establ ishing model normative content?

Defined cursory treatment wí I I vary from decision unit to

decision unît. For example in a given model, a going

concern principle may be fol lowed by either placing any

one of a infini te number of weightings on various stocks

of terminal wealth or placing constraints on terminal

wea I th.

I nte rtempora I Equ i va I ence

The majority of multiperiod planning models

incorporates some notion of intertemporal eguivalence in

their objectíve functions or constraint systems. ln the

usual case, the objectives are specif ied, following the
9r

Hicksian model/as the present value of a stream of values

dep i ct i ng annua I goa I ach i evement. (see for examp I e, Johnson,

8) The implicit rational for suppos ng time periods beyond
a point can be regarded as relatively inconsequential
appears to be based on the empi rical notions that (a)
individuals have positive tîme preferences (that is tbey
discount successive future goal achievements at higher
rates) and thus distant periods add little to goa
achievement; and that (b) individuals do often display
definite planning horizons wTthin their cognitive
processes wh ich reflect di rectly on thei r wi I I i ng-
ness to cons i der sol ut ions as mean i ngfu I ; and the ana-
lytical hope that (c) current period act ions wi I I be
largely ïndependent of distant time period spec¡fi-
cations.

9) For an illustration of commonly used Hicksian nrodels
' s ee cocks [zSJ .

:r..:,
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[e7, Ch. ll ). Rationaie for Liri" approach is provid-

ed by an a" priori model of rational behaviour in an

environment characterized by: (l) p"rfect foresight

(single valued expectations of al I Possible eventuations)

and (Z) perfect capital markets (¡n the sense of the clas-

sical perfectly competi tive market). Rational behaviour

is defined as preferring the stream, of say income, which

has all elementsà. to those of other streams. Given the

above perf ect capi tal market and perf e.ct f ores ight,

individuals are free to convert streams of income to

current sums of money and vice versa. 0n this basis, it

appears reasonalbe to make the further rationality

assumption that the individual should be indifferent be-

tvJeen ê given future stream of income and the given current

,uT which is known to be capable of generatîng that stream'

Since al I streams have an equivalent current sum, these

can be used to rank va r i ous i nves tment p roj ects '

lf these notions of rationality are accepted and

in additîon, lh. decision environment proüÎdès an object''iìV'e

measure of margi nal returns to i nvestment, an objecti ve

equivalence between future streams of income and a current

sum of money can be establ ished by determining the sum

required to generate the given stream at the Prevailing

marginal return to investment. Such a marginal rate

prevails for the investor facing a certain future in the

classicaì perfect capital market. This investor will

conti nue to i nvest to the poi nt where the costs of

increased investnìent equal returns from increased invest-

ment.
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As a result the prevai I ing cost of investment funds

can be used as a proxy for

ment in discountins future

ma rg i na I retu rn to i nves t-
10)

income streams.

10J lt will be noted that this entire Presentation of the
' classical discounting concept is couched (as is most

related literature) in terms of a stream of income
flowing from a given investment which has positive
elements only. ln the more general ized case, where
any element may be pos i tive or negative, the Present
value concept (even giverr thai the discouni raie can
be somehow justifïed) presents logical inconsistencies
related to the I nternal Rate of Return ( t nn¡
versus Present Value (pV) controversy. Simply stated,
the problem is that in cases where mul tiple solutions
to the I RR exi st, ( ¡ . f. PV=O for more than one I RR) ,
P V as a function of the interest rate is not
monotonic (teichroew, Robichek, Montalbano [131] To
illustrat'):, ïf the discount rate is interpreted as
a marginal investment return, the PV model may yield
the intuitively inconsistent implication that an
i ncrease i n the ma rket rate renders acceptab I e ( i ...
PVå o) a project not acceptable at a lower rate.

ln such cases, Teichroew, Robichek and Montalbano
It:t], have established conditions which allow the
åeciiion maker to make consistent decisions (market
rate < project acceptance level always produce a

larger PV) using either tRR or D.P.V. in such a way
that the fi rm wî I I be assu red of i ncreas i ng i ts PV as
classical ly described, i.e. PV=F (income stream'and
perfect competi tion market rate. n doing so, they
have solved the inconsistency problem; however' they
have not addressed the more fundamental problem of
how to justify an objective dÎscounting procedure,
which is, of course, our primary concern' since it
v¿ould presumably negate the need for specifying
normative content regarding intertemporal equialence.
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Real farm managers face a more complex envi r-

onment where capi tal markets are not perfect (unl imi ted

funds are not avai lable at the market rate) and the

future is not certain. As a result, the marginal return

from investment is not I ikely to equal the market rate of

ïnterest and this objective external means of assessing

marginal returns to investment ceases to exist fMao B5

Chapter 7J).

Discrepancies inherent in external ly justil=Îed

object¡ve di scount rates lead to the search for an objec-

tive internal ly specified discount rate. The fundamental

probìem here ìs that such an opportunit, cost cannot be

known ahead of optimization, thus leading to a paradox

since optimization cannot proceed unless a discount rate

is known a priori faaumol and Quant 9 I. Recourse to the

use of utîl ity theory provides a way around the paradox

fGunn and Hardaker 527, but amounts to abandonment of

the search for an object¡ve choice criterion.

The realization that the assumptions of classical

Hicksian discounting procedures are seldom realistic in

a farm p'lanning setting has led a large number of model

bui lders to consider another means of theoret¡c support

for discounting. ln general, their apProach is to consider

the discount rate to be a subjective measure of time

preference, thereby el iminating the need to assume perfect

foresight and a perfect capital market. Virtually all

models use some form of subjective discount¡ng as an al-

36
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ternative to more complex uti I ity functions, which

are general ly viewed as nonoperational in farm planning

(see for example [52]).
ln practice however, farm management personnel

usual ly settle for some estimate of market rate or rate

of return on investment. tndications are that the sub-

jective concept is not taken seriously. ln any case,

standards of intertemporal equivalence are requi red to

exist on the planning date, they must be quantifiable in

the form of discount rates and they must be i ndependent

of eventuat¡ons in the decision environment.

0ther Dynamic Relátions Between Formulated Goals

ln the usual case, farm management mocl els cl o not

make special provision for other dynamic relations between

formulated goals such as those presented by a fami ly I ife

cycle. Dynamic models tend to be formulated as a series

of similiar single period models wÌth the additîon of

appropriate inter-period I inkages and specification of a

single objective function. Baker [B] however, has indica-

ted that an allowance for the family ìife cycle can bê

made by specìal izing the constraint system and objectîve

function to reflect known dynamic processes in the family
goal structure. He suggests, in particular, that d¡fferent

activities be conside¡.ed at various stages in the life cycle.

It may be useful "to include more growth relevant alternatives

37
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tives, expecial

later yearst'.
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farm firm, and more financial alterna-

th respect to es ta te management i n

To summarize, two approaches to the determination

of time horizons, a turnpike approach and a pragmatic

approach, were briefly discussed. The overal I impl ica-

tion of discussion regarding time horizon is that it is

useful to investigate avai ìabìe evidence and establ ish

cri.teria relating to both the formulation of normative

standards and the content of formulated normative stand-

ards. Further, it wilì be useful to investigate and

establish criteria relating to more specif ic questions

of empi rical support for various elements of normative

inter¡t suclr as the nature of decision unit consumotion

functions and the nature of decis ion uni t conceptions of

tradeoffs between planning periods.

ln the usual cas€, normative standards are model-

led as the achievement of goals în one or more series

of goaìs (each series consisting of corresponding goals

defined over time). With¡n each series, it is necessary

to determine some Éorm of intertemporal equivalence. cur-

rent concensus i n farm management I i terature favours the

use of subjective discount rates, but since no readily

ãppurent means of empi rical determination i s avai ìabìe,

operational planning systems usuaìly resort to market rate

discounting. clearly important impìicit assumptions re-

garding the existence and magnitude of subjective discount

of a

ly wi
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rates are being made in using this expedient.

ln addition, some concePtual studies have suggested

the incorporation of other dynamic relations between goals

in an L-P contex on the basis of fami ly cycle relation-

ships. lt should be useful in this respect to examine re-

search related to the nature of fami ly goals over time.

!n general the time dimension in Programming models

implies the existence of a set of normative standards with- ,,..,.,.
. -t-,'- ,,t.in the farm decision group. These standards operate over

a planning period in such a way as to either directly or ,"',-,,''
i: -: :--:ll

indi rectly imply its length. ln the majority of models

a going concern assumption is used to di rectly imply that

goal achievement beyond a point is not significant. ln

¡ddition, standardE of intertemporal eqrrivalence which '

have a number special proPerties are assumed to exi st.

Firstly they are quantif iable as discount rates. Secondly l

these discounting rates are established independently of

the decision environrnent and thus related normative stand- 
i:._.:

ards remain static over the time horîzon. This assumption ,.-,:.'',,.,'

. ,. .-:.-.

of a static normative base holds even where dynamic goal :,';':,'.::;,:,

-t.ttt.t'i','

structures are modeled si nce thei r functional form must

be fixed on the planning date. Thirdly although discount

rates may vary from period to period they must exist in 
,,,,..:,,,,,,
:1:::: '.:

aì I periods. An assumption is therefore made about compre-

hensiveness of the underlying set of normative standards.

Basic assumptions in the time dimension relate to the

existence, dynamîcs¡comprehensiveness, length of run' and 
:,,..,,,:.::
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functional form of group normative standards.

The Financial Dimension

Production and marketing aspects of farming have

long been recognized as important dimensions of farm

planning models. ln recent years, a number of medels have

been developed to accommodate the financial dimension.

Previous comments regarding.the absence of documented

normative intent in operational farm planning at e also

applicable here. However, growth-oriented studîes have

revealed normative considerations in the financial dimension

often as a by-product of the extensive development of other

considerations in the financial dimension. A variety of

means have been proposed for incorporating normative

concepts such as debt avoidance, I iquidity preference and

equity requirements. Since, in general terms, normative

aspects of the financial dimension revolve around the
Iliquidity concept, this sectìon focuses on liquidity'

and specifical ly on the work of Baker [2, B] who has been

a major proponent of the need to expand consideration of the

financial dimension in farm planning models.

Liquidity Preference

The rat ¡ ona I e for i ncorporat i ng the concept of

liquidity reserves into farm planning models is that

l) t'Liquidityil as used here refers to the convertabil ity
into liquîd assets of f ixed assets and debts under the
fi rm¡s controì. Liquidi ty preference is defined as a
desi re for certain ìevels of access to I iquid assets.
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plannerSareeXPectedtorequireacontingencyreServe

against unforseen expense or opportunity. Liquidity is
seen as an. informal Ìnsurance pol icy. opportunity costs

of maintaining high levels of liquidity (that is, arranging
contingency measures to accommodate virtually all possible ,..:...,:.:;:,

'_ :.._.Ì::.'::
:: tt.:"

eventual i ties) can be thought of as the cost of beíng

able to plan under a s i tuation approaching certainty. The

decision makerrs liquidity preference may then be looked

at as an expression of preference for planning under cer-
ta i nty as opposed to unce rta i nty.

Liquidïty is available in many forms and has the
potentiali ty of' being used to insure agaînst a variety
of unforeseen expenditures. Feed grains may be held in

excess of yearly f eed requirements to ei ther mairrtaîn
production or to sel I for cash in case of a crop fai lure.
cash may be withheld from operating capital to take ad-

vantage of a poss ib le drop in feeder pri ces or to provi de

for a sudden outbreak of disease in a poultry flock. Life
insurance may be purchased to prevent forced dissolution on

the death of ê partner or to use as col lateral for unfore-
seen mach i ne repa i rs . The re a re, of cou rse, an a l mos t
I imitless number of possible I iquidity reserves that could
be cited. However, the majority of those that have been

developed fall within the more traditionaì f inancial areas
(eS. savings, investment and credit acquisition).

The process of credit acquisition has been considered
of fundamentaì importance in the growth of farm fi rms.

i.-.-::.:-tÌ:.t.
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As a result of critical rel iance of fírm growth on credit

availability and acquisition terms, growth models (eS.

139, 126, 134] ), both normative and positive, have been

developed which limit credit availability. However, as

noted by 
ltrnruber 

and lrwin [6], pp. I I I "the usual model

constrain borrowing capacity at specified interest rates

and leverage ratios merely by the cash flow required to

service long term debt.rr Recent research by Baker 177

and others has aimed at a more expl icity consideration

of the I imitations on the fi rm¡s credit reserves and the

relation of these reserves to the firmrs liquidity pre-

ference.

lnstead of simply restricting the amount bf credit

by type avai lable in any one time period, Baker has gone

further to cons ider the processes whereby credi t reserves

are generated and absorbed. He has developed the concepts

of a credit reserve at each credit source and a lenderts

preference for various loan uses and sources. These are

incorporated into a system of I inear constrai nts as

lenderrs "interaction coef f icients" and I'credit absorption

ratesrr to achieve a more accurâte portrayal of the credi t

market. Credi t absorption rates relate the net rate at

which each reserve is depleted by various credit uses while

interaction coefficients relate the reaction of specific

lenders to credi t obtained from anotherf 7J.

Given this more precisely defined credit reserve,

the f irm must then determine an appropriate trade-off
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between the benef its of borrowing (leverage) and reduced

liquidity due to reduced credit reserves. The firmrs valu-

ing of I iquidity provided by credit reserves can be incor-

porated in a linear programming framework by assigning either

pos itive weights to credi t reserves or negative weights (not

to be interpreted as credit charges which are also included

as costs) to debts in the objective function. tn the case

where reserves are valued by the farmer at a constant mar-

ginal rate, only a single weight needs to be specified for

each reserve. l,lhere value is a non-l inear f unction of reserve

level, several weights must be speci fied for each reserve

so that the function can be approximated by I inear segments.

Baker suggests that an opportunity cost principle be used in

determining weightings (¡e. what is a dollarts v,,orth of

liquidity f rom a part¡cular credit reserve worth, relative

to I ìquidity from other sources?) between various reserves.

ln this sense, a dollarrs worth of credit based liquidity

should be worth no more than a dollarrs worth of cash with-

held from productive actiities since, in fact, this forms

a very general alternate source of liquidity.

ln any case, returns to a liquidity reserve are

d¡fficult to determïne and no operational procedure has

been gíven. Various levels of I iquidity from a given

source of I iquidi ty may rrrationallyrr bear some relation to

each other (l iquidi ty preference functions are usual ly

held to value increased reserves at decreasing marginal

rates) but I iquidity value weightings relating values ob-
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tained from other sources wi ì I be d¡fficul t to general i¿=

oñ, even in a broad sense. lt is possible to suppose

however, as Baker [8] n"s suggested that certain flexible

credit reserve sources such as banks, might rrrational ly"

receive higher weightings than less flexible ones such

as trade cred¡t.

Smith [126] în using Baker's approach to credit

reserve generation has defined a firmts debt aversion as

a negative weighting iess than 1.0 in the objective func-

tíon (d¡scussed ín the section on the choice dimension).

The relative weightings of other goals such as expected

prof its relative to liquidity reserves are another d¡ff icult

and unresolved issue. Baker has reported some prel iminary,

but far from operational, attempts at determining weights

involved in I inear programming objective functions incorpor-

atinS I iquidity preference schedules by analyzing past

fi rm performance.

Liquidity and Risk

Boussard lZt+l has also developed a technique, ttfocus

of loss", for deal ing with reserves maintained in:thelf-a,c.e-': *:-.
:' ':iitl:''

of uncertainty. He has used the notion of I iquidity as aii

ant¡dote to uncerta¡nty in an admittedìy poritiu" model

of farmerrs behaviour under uncerta¡nty. His decision

maker is al lowed the luxury of planning under vi rtual certain-

ty (negl igibìe possibiì ity of ruin) Uy including I iquidity

constraints in the form of a focus loss concept, on his

current cash flow. The decision maker is viev¡ed as focusing

his decision makíng on a given disaster level of total dis-
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posable income sufficient to cover certain necessary ex-

penditures.

Each activ¡ty is constrained to contributing no more

than a given proportion l/R to the.disaster level. Maximum

per uni t activity contributions (a measure of individual

riskiness) are considered individual foci of loss. ln

Boussardrs study, disaster foci for various crops urere

consensus va I ues g i ven by var ious extens i on experts. Pre-

sumably a focus loss concept could be appl ied ir; a farm

management application by simply obtaining the farmerrs

subjective estimates of total focus of loss, individual

foci of loss ar,d k.

I n a normat i ve context, the above approach presents

the ancmaly that a decision maker chooses to make plans as

if certainty exists, provîded focus loss constraints (a

provision for uncertainty) on choice in the certain environ-
19

ment are obeyed. -Presumabìy, experience has taught him that

he can do so. The basic question of how he would ìike to

choose i n the face of a stochasti c envi ronment i s avoi ded

by assuming tlrat the decîsion unit is suff iciently conserva-

tive to constrain its alternatives to those which closely

approximate a certain pìanning envi ronment.

l2t ln this sense the focus of loss concept is similar to¿ the conservatism often displayed in farm pìanning L-Pts
which limit the acreage ìeveìs at which "risky'r acti-

' vities can enter L-P solutions so that planning can
proceed under assumed certa i nty.
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0ther Financial Restrictions

The alternative to using a weighting system to

express the desire for I iquidîty preference is to impose

di rect, borrower-imposed, I imi tations on sources and uses

of credit reserves. Such restrictions may be the outgrowt 
:,,:1,,1,,,,,,,1,,,

of striving in the I iquidity preference area, but may also

reflect other normative functions not related di rectly to

I iquidi ty preference. Johnson L67J, f or exampre, has taken 
,,,,.,,,,j ,.,,. 1

this approach by including borrower restraints on various .1'r¡',"'.''.'-'

types of credit use. 1,',;,,;.,'.;,',",',',
i -.., ..

ln summary, the financial dimens ion reveals a s ingre

concept, I iquioity preference, of overriding importance in

portraying the impact of normative intent on financial pro-

cesses. Further, emphasis appears to be on the application

of this concept to the more traditional financial aspects.

However, a number of less elegant direct restrictions on

credit use and sources have been included in pìanning modeìs

from time to time.

Normative elements presented are conceptualizations ..:',:,,:':.,t.,:,,

'...'.'.'..'.'
of financial preferences or objectives which are presumed t,,..,,,tt:,t,,','

known and measurable as of the planning date. Although 
:r:r'r:i:":::

measurement problems are recognized, ¡t is assumed possible

to quantify the relationship betuleen these objectives and 
,1;,,; .,_,_..,r:.,,,

some overalI objective such as profit maximizatìon. The t.::':"::::':'

decision units liquidity preferences are considered static

even though lendorrs liquidity preferences are regarded as

dynam i c.
|. , >.;: -t.-t : '::

l"r i. ':,;' r:;l:: -'

:,'
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Known I iquidity preferences or objectives generaì ly re-

late to the holding of reserves, and primarily to insure

aga i nst uncerta ¡ nty. Non- r i sk or i ented reasons for ma i n-

taining reserves are of course possible. However, from a

risk point of view an underlying assumption appears to be

that the decision unit desires to plan as though certainty

exîsts (choice is not made on the basis of distributions

confronted) provided certain reserves are maintained. An

additional assumption which wi I I reappear in many of the

model s reviewed concerns the assumed exhaustiveness of

normative elements. Clearly the detai led treatment of

I iquidity suggested here implies an inadequate treatrnent

of these elements by other prescríptive procedures.

. The Consumption Dimens íon

The fundamentaì importance of the product ion-con-

sumption interface in farm planning has been stressed in

farm management I i terature s i nce Headyts presentat ion of

the Household-f irm competitive interact¡on model 157, Ch.

14]. Acceptance of this model has Ied even those specifying

model normative content in terms of non consumption goals

(for example, growth goals such as net worth accumulation)

to recogn i ze'the consumpt ¡on d imens ion as an important nor-

mative modifying infìuence in choices betþreen alternatives.

Farm fami ly consumption functions act as constraints

and drain off disposable income which could otherwise be

made available for investment. Since their influence is
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through investment such constraints are often not fou¡rd

in static models which usually donrt emphasize the invest-
ment process. since virtually al I farm planning modeìs

developed to date have been static, I i ttle attention has

been directed to the consumption dimension. (see Marceau

[86] , Harter [56], Sronehouse [28 J ). The whole farm modeì

developed by Acton [5J however, is dynarnic and incorporates
ccnstraints ancj activi.tíes wl-rich force family ccnsumption

to a $5,000 minimum plus 4o per cent of disposable income

in excess of $12,500. No empi ricar evidence is given to
support the form of the funct i on and no means i s spec i f i ed

for quantificatîon in actuaì appl ication. presumably, the

farmer would simply be asked to state his consumption pre-
ferences in terms of a minimum acceptable consumption and a

ma rg i na I p ropens i ty to cons ume.

The general approach in r¡ultiperiod farm planning 
l

models is to impose a consumption function, often exhib¡t-
ing diminishing marginal propensity to consume, in each time I

iperiod considered. Since a diminishing marginal propensity 
i,;,.:,r:r,ìr,,

to consume implies the approximation of a concave function i'i:.r".i.'
i,.-:. i' .,,,,
'' .: '.:::t::in the constraint system, a variety of means have been de- :.::-::::

vised to meet the convexi ty requi rements of programming

models. A number of models reviewed have chosen to use a I in
ear (rceynesian) consumption function which is both concave and iI,,,,,t:r -.,- .l: ::.,

convex. Hany other models have used a constant consumption

function for similar reasons. 0n a more complex level, L-p

models have been cleveloped which make consumpt¡on a linearly
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approximated concave function of i ncome. concavi ty prob-

lems are overcome by simply maxÌmizing consumption in the

objective function. St¡ I I further complexity has been

added within an L-P f ramework by making-consumption a func-

tion of additional variables such as past income levels and

cap i ta I ga ins.

Farm growth (usually def ined in terms of net worth)

models are usual ìy aimed at an understanding of the role

of various aspects of i nvestment. S i nce consumpt ion

places an obvious limit on investment in all periods, ¡t

is extensively treated in many growth models. A consumption

function simiìar to that used by Acton was'used by Boehlje

and \^/hit" [ì9J in a dynamic L-P modeì of f i rm growrh (g3,000
I

rninirnum plus 50 per cent of disposable inccme above $3,000)

As befoFê, nei ther the form of equations nor thei r means

of quantification were specified. Baker U,8l has investi-
gated the use of consumpt¡on functions exhibi ting diminish-

ing marginal propensity to consume relative to current incom

and exhibiting I inear relations to past income and cepital

ga in.

i n some

rehens ive

i nto fa rm

\9

deta il be-

attempts

planning

Bakerrs model is presented below

rep resent s one of the mos t comp

ma rg i na I p ropens i ty to cons ume

His formal model gives:

¡r

ld

cause

to bu i

mode I s

Th i s type of func
literature. (for

tion is particularly
another exampìe see

cofiìmo n i n
Kay [ 70J).

growtht3)
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consumpt ¡ on out I ayS = f I (cur¡-ciìt ordinary income +

l/4 current capital gain)

f z (pas t ord i na ry i ncome)

f 3 (past capital gains)

the bracketed quantÍties :

ft ís a discontinuous decreasing' marg i na I propens i ty to consume
schedu I e;

where, wi th respect

f? is a constant marginal propensity- to consume schedu I e; and

f? is a constant marginal propensity- to cons ume s chedu I e .

The actua I transl at ion of these concepts i nto an L-p model

has been specif ied by Baker ll,B,r35]. Thís translation is

not particularly important for our purposes except în i I lus-
trat¡ng that it requires that',consumption outlays,, be a

posi tive component of the objective funct¡on to be maximized.

Bakerrs model maximizes a ì inear combination of yearly
consumption outlays and terminal net worth wi th inter-
temporal weightings determined by conventional discountíng
procedu res.

The model developed clearly iilustrates that complex

processes of choice between savings and consumption can be

bui lt into a L-P model. However, no means is given for the

determination of f l, f z, or f 3, for a particular decision
unit. lt seems reasonable to assume non-increasing marginal

propensities to consume and that both normative and positive

elements wi I I exíst in the determinat¡on of necessary coef-
f icients; but these are at best broad general izations which

are far removed from coel=ficient determination.

+

+

to
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The consumption dimens ion revears that ¡ t is pos-
sible to incorporate relatively complex consumption rela-
tionships in programming models. rt is implîcîtly assumed

that the necessary consumption relat ionsh ips exi st, are
speci fiable, and are necessary to the generation of useful
solutîons as of a given planning date. t/hí le it is true
that some sort of normative consumption relationshíps
exist as of the planning date, it is not necessari ly true
that they represent useful normative proposîtions for eval-
uatí ng future periods. Even given that they are measurable,
there remains the problem of val idity over the pranning
period. As in other dimensions, there appears to be a ten- 

idency to think of the normêtive eìement (¡n this case consump- ,

tion) as an input into the pìanning process rather than an

output. lt follows then that most model builders are in-
cl ined to include as many normative propositions as oorr,-
ble within the limitations of their ability to measure,

specify, and pay the costs of analysis. Assuming that
normati ve consumpt ion standards are establ i shed over the
period, it is of course, logically possibre to include
this process within the model, however the relative merit
of th i s procedure versus other methods of accomodat i ng nor-
mative propositions would come into play. Regarding the
particular functions reviewed, two specific areas for criter-
ia development are suggested. The first and most obvious
relates to the relatîve importance attached to various
consumption goals relative to other goals and to each other
since weighting factors are crearly requi red to establ ish
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MPCrs. secondly, convexity reguirements place specifîc
constraints on the specification of consumption functions.

The Risk Dimension

Up to this point, we have discussed a variety of
dimensions of farm planning programming models. Explicit
consideration of one essential dimension, however, hes been

omitted. This section considers the expl icit incorporation
of risk elements into farm planning models '9rn contrêst
to the more impl icit risk accommodating elements which have

been discussed in the time dimensîon and the financial
dimension. ln carrying out an examination of the risk d¡-
mention, it is useful to examine, first the role of uti I ity
concept$ and secondly their incorporation into risk planning
mode I s.

llt lncorporation of risk elements is taken here to be the
development of: a constraint set which is feasible under
all possible states of nature, and a choice criterionwhich reflects the preferences of the decision unît given
the risky situation at hand. That is, environmental
description must account for stochasticity white norma-tive elements do not necessari ry have to. clearly qua-dratic programming and chance constraint progr"rrnlng êrenot ¡ncluded unìess they incorporate a stochastic con-,;, straint system: focus loss programming is excìuded be-cause its constraint system contains infeasibilities for
some states of rìature. \^lhere such modeìs have been used
without making provision for the risky nature of thedecision environment, ñormative content appears to refìect
the model builderrs need to constrain the'output f rom an
inadequately specified modeì as much as ¡ t refìects thedecision unitrs intentions.

l:.1
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. The risk dimension has only recently been incor-
porated into programming models in a manner approaching

our definition of operational ity (see Cocks [31], or Rae

Ittt and 112f . cocks, in a major move toward systematic

stochastic farm planning in a programming context, has

developed what he calls the "linear programming theory

of farmi ng systems'r. Th i s approach accounts for major

elements of uncertainty in both the object¡ve function and

the constraínt system. His approach is sufficÍently general

that ¡ t has been used extens i vel y as a framework for th i s

section on the risk dimensio n.'Ð

ln general, the aim of Cockst discrete stochastic

multi-stage approach is to provide a more accurate protrayal

of the decision environment by includíng the concept of dïs-
cretely stochastic elements in a I ìnear constra¡nt system.

Models developed ro dare (Uy Cocks [3.l], and Rae lllZ,
111]) 

,have focused normatíve content in the object¡ve function
which has been variously specified as a linear, rinear-by-

approximation, and quadratic functíon. Theoretic support

for the specificatîon of normative content in these, as in

vîrtually al I stochastic farm planning moders is provided

15) A brief discussion of a more simpl istic ,rFAT' approach
which achieves the same purpose is also included.
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by the maximi zat îon of expected ut i I i ty max im. t Thu,

before considering actual programming formulations, it

is useful to briefly touch on the nature of uti I ity

concepts used in farm planning modeìs.

At theoppos i te end of the model complexi ty scale a

non utility oriented approach to risk in the decision

envi ronment has been reviewed in [31J, and demonstrated in

[gfJ. lt is only brîefly reviewed here. The ilFAT" approach

is essentially a f ormal ization and more extreme 'vers ion of

the conservat i sm often pract i sed by fa rm management spec i a I -

ists in evaluating farm alternatives. According to this

model , the decis ion uni t attempts to maxi mize the expected

value of a given goal function subject to the additional

normative constraint that the usual linear constraint system

must be feasible ín any foreseeabìe state of nature. This

The aim of this chapter is to provide a programming
framework for the creation of useful evaluation
criteria. Utility theory as such has played a minor
role in models that can be termed operational in a
farm planning sense. However, the effect of utility as
a supportive concept and its more explicit use in
some risk oriented objective functions makes it useful
to include Appendix A to reìate some broad generaliza-
tions inherent in utiìity theory which support the more
narrowly based context establ ished in this chapter.
Many systems of axiomized rat¡onal ity have been devised
to al low operational development of ut¡ I ¡ty functions
and to support the use of utility based strategies. An
excellent review of the ut¡l¡ty concept may be found
in Becker and McClintock tlfJ. More rp."¡ål¡zed present-
ations are in Fishburn f 4i, ,*OJ. Farm management orient-
ed treatments are given by Haìter and Dean [SqJ and
Dil lon [36J.

t6)



approach represents and ultimate degree of conservatisrn

where the decision maker is wÎlling to go to any length

to ensure that he can effectively paln under certainty.

Risk is rejected, rather than being considered a variable

in making choîces.

rrUtility" in Farm Planning

ln the following discussion of ut¡lity in stochastic

farm planning models four points are iìlustrated:

l. UtiIity theory as used in farm planning models provides 
,.,,;,;

a prescription for individual action in a risky situation. 
j::'':

2. Uti I ity models are based on axiom ized rational ity which .

may or may not be acceptabìe to the decision unît. How-

ever, acceptability is requÌred îf a util¡ty function is

to be derived and maximization of expected uti I ity is

to provide a reasonable strategy for group action.

3. The need for an acceptable rat¡onal ity in utÌ I i ty models

does not abate when the need for actua I ut i I i ty funct i on

derivation is removed via efficient set approêches.

4. Diminishing marginal utility is normally assumed.

Farm planning models incorporating uti I i ty concepts

under non certai nty have, in general , been non-commi tal

about the nature of their intended decision group and thus
:t : :. '.:: :

the acceptability of axiomized rat¡onality. ln the usual .'':'''1:.

case, they are as well non-commital regarding precisely

which axiomatic system they propose to use in support of

their use of util¡ty. However, the notion of an individual

decision makerrs utility function, as an ideal choice criter- ].,,,,-,,,.

ion defined up to a Iinear transformation and on one or more 
:: I

55

'l:ii...
. ': .]]
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goal achievement continuums appears to be impl ici t in re-
viewed model s and farm management I i terature ("g. scott and

Baker [lz4J, Gunn and Hardaker f52]).
' The acceptance of any one of several systems of

axiomized rational ity permits the derivation of a uti l ity
funct i on and supports the use of max i m i zat i on of expected

ut¡ I ¡ty strategy in planníng under non-certainty. The

expected uti I ity proposition has obvious appeêl to farm

planners who note on a strictly pragmatic basis, that
other things being equal, i"rru., prefer alternatives with
high expectecJ returns, and that other thins being equal,
they prefer more certainty to less. As i I lustrated in
Figure 3.1 below, for a single goal utility function, the
maximization of expected uti I ity crite-ria is capah!e of
cop i ng wi th both of the above pragmat i c not i ons .

ln Figure 3. I M is a measure of goal achievement

and u is a measure of urility. The probability of m[p(N)]

and rhe probability of its utility [p(U(l.,t))] are equaì

probab i I ity measures s ince there is a one to one co¡-respond-

ence between levels of u and M. The expected utility of
goal achievement distriburion #¡ is denoted E(u(M¡ )). Among

al ternat i ves wi th equal expected payoffs, Max. E (u) wi I t

favour narrobrer dispersion over wider. Among alternatives
with similar distributions, Max E(U) will favour the one with
the highest expected payoff.
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P [U (M)]

u (¡,t)

r (u (ur) )

e (u (r"r, ) )

U (M)

Figure 3.1 Maximization
Expectation

of Expected Ut i I ¡ ty and
- Variance Tradeoffs.
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However despite its pragmatic appeal the ut¡l¡ty

concept is fundamental ly a model of individual rat¡onal i ty.

The additional assumption that it is equally val id for the

farm f irm decision units is required to support its use

in farm planning. The tendency to assume that a single

maximizing preference function exists on the decision date

has al ready been ci ted in the financial and consumption

dimensions. Since the uti I ity concept provídes the only

tested procedure for developing such functions í t is

important to note that it places the same normative I imits

on farm deci'sion units as ¡t does on individuals. To

permit the use of a utility function the function itself

must be static over the planning horizon. That is ¡t must

not con ta i n exogenous va r i ab l es . Even, more funclamenta l

are requirements that a preference function exists, that

¡t is exhaustive in îts abi I ity to evaluate alternatives
t7t'and that ¡t be quantif iable. r'

For a large subset of stochastic farm planning

models (Quadratic Programming Models), no explicit de- , ,,,,

rivation of a utility function is required(fg.[124J) . ,,,.,..
.,'-",'.':.:,

Rather, parametric variation of a risk aversion coeff icient :

is used to solve several dífferent problems each with a

different objective function. For exampìe, we can consider

the single goal quadratic objective function;

lU A more exhaustive examination util ity axioms is in
Append i x A.
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l= ãx-ÀxAx (¡)
where ¿ is a vector of expected payoffs associated

with a vector of control led variables (x), ã' x is total
expected payoff and xAx i s the tota I payoff va r i ance. A

Taylorrs series expansion of the util¡ty function U(V)

abount the mean U(l) where

Y = cx (4)

shows that the above objective function closely
approximates a large number of concave expected uti I i ty
funct i ons.

Taylorrs Series gives:

u (y) = u (l) + u' (Y) (v-V ) /t+ u" (l) (y-V)2 /z+.. . (¡)
;

Applying the Expectation 0perator yields: 
l

E [u (y)] = u (V) + u' (í) E (y-í) + tr" (V) e tv-il2 /z (6) 
i

i

=u(EtYl)+Àv[v]+... ) (z) 
I

Since À

the third may be assumed negl igible, and since u is assumed 
i

l8t
an order preserving transformatïon ¡t foìlow that: / 

,'.,,.,',.,,,,

Hax E [Y] +,r V [vJ = MAX u (r fvj ) +X v [v]:¡ MAX EIU (y)J (B) ,''"""'

Parametric variatîon of À generates an I'eff icient sett of
programming solution's in the sense that for given values

of À, no higher value of E(Y) and/or lower value of V(y)

exists, which g"nerates a higher expected uti I ity for the

approximate uti I i ty function. ln choos ing from the resul ting

r. .;'-;._ ::

lBlr= impl ïes equivalence,x implies approximate equal ity.
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Itefficient setrt, the decision unit is assumed to be

choosing the correct risk aversion coefficient and thus the

correct uti I i ty function. Even in efficient set approaches

howevefr the planning strategy is maximization of expected
t9t

uti I ity and ís not normal ly tjurtified other than by

reference to one or several systems of axiomized individual
rat¡onal ity.

The use of ut¡l¡ty in planning models ("s in the

above example) also general ìy requi res the assumption of
a concave (risk averse) uti I i ty funct ion for ei ther the

efficient set or given uti I ity function approach. This

mathematical requirement, although serious reservations
have been voiced [69J is normal ly not assumed to I imit
prob lern speci f i cat i on.

Risk and Uti lity

Raers elaboration of cocksr multiperiod farm plan-
ning model incorporates the most general descriptîon of the

20t
decision envÌronment of any model reviewed. t|lthough its
primary contribution is to accurate portrayal of envi ron-

mental information constraints a brief revíew is presented

to show that the model is capable of coping with decision
environments in which normative consîderat¡on of uncertainty
ïs mandatory.

l9) lt is possible rhar the use of effic
may be justified by other than uti I i
normaì approach however has been to
f i ca t ion .

20) A concise review of various possil¡le
ast¡c programming in farm planning i

ient set approaches
ty grounds. The
use such a justi-

approaches to stoch-
s siven in [¡t].
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The basic approach is to bui ld on the base es-

tabl ished by non stochast¡c multiperiod I inear constraint

systems. By allowing discrete stochastîcity of up to

all coefficients in the constraints, the decision unit

plans at ¿ec¡s ion date rrtrr only on the basis of a knowìedge

of coef f icient eventuations in t-i, t-¡-1, t-i-2 (i=s,1,2r..).

Future coefficients at each decis ion date wi thi n the time

horizon are know probabi I istical ly. The recognition and

specification in a I inear constraint system of this funda-

ment.al characteristic of information flow is the major

contibution of the model. The addition of information con-

straints in stochastic framework ensures that the fi rmts

rractions must be such that ¡f two d¡f f erent envi ronments

are the same up to a given date, then his actions must be

the same up to that date" [3.l, p. 937. A more detai led

explanation of constraint specification for i-O can be found

in [31] and for ¡-l in [ttz, lllJ.
The above model shares wi th other less general

stochastic models the need to consider a risk dimensîon in

the objective function. The clearly established stochastic

nature of the envi ronment yields outcomes (levels of goal

achievement) wh îch are probabi I ity distributions rather

than fixed points. Choice is between strategies or altern- 
,,¡:.::

atives with associated outcome dîstributions rather than i¡..',',',','1i,

point outcomes. The vìrtualìy universal means for operation-

aì and theoretic support of farm management choi ce cri teria

in such si tuat¡ons has been provided by the maximization of
r:_::l:;:r:
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exPecred ut¡l¡ty.

ln Cocks' illustrative model [3t, Ch. lV, V], tv,,o

expected util ìty-maximizing objective functions defíned on

a single goal are used. ln the first case, uti I ity is

cons idered to be I inear in V.. Theref ore,

MAX E(u) = MAX (z). (g)

I n the second case,

[J = r (z).

Since f is concave; this implies that E(U) is closely

approximated by a quadratic objective functíon,

(lo)

E (z) -øv(z). (r r)

Since in this particular model,

7=(c,T) (l,o)' we have in the f irst case (lz)

MaxE (U) =EIZ]=EIC+T] "nd i n the second case ( f;)
MaxE(u)=E (z) - øv(z) = EIc + r] - ØuIc+ct], (14)

where 7 is a relevant measure of goal achievement defined

on the various outcomes speci fied for the deci sion i

environmeflt, 
) '

C is consumption in period number 1, ;,;.1..;,,,,
. 

t.t, 
.'T is terminal net worth, ;:..,...:..,..

ø is a constant coeff icient of risk aversion 
:::'":::r

derived from f,

E íS the expe.tât¡On OpefAt.f and 
rr,.:jr::,tr,:.,:

V is the variance operator. ,r:iì,.',:'.1':

Over the two year horizon, terminaì net worth is weighted

in the "goal functiontrby a subjective discount of t0 per cent
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re¡ative to year one consumption. That is,

1t = cr+ T: T. (rs)

ln the second case where risk aversion is a significant factor
in normative content,

E(u)=s(cr */7r) - Øv (r.l *frr). (16)

The level of risk inherent in any solution ís assumed to be

given by the variance in the level of achievement îndicated
by the decision unitrs "goal function,'. Although the sub-
jective weightíng withín the "goar function' is fixed (no

operational means of specification is given), ¡t is sug-
gested that the relative E-v weighting, ø, be determined

by parametric programming on ø, and the decision unit's
choice between al ternate sol ut ions, each of wh!ch has a

uníque øk (k=1,2,....).

Rae lllz] r,"s used a rinearry approximated (separ-

able programming) non I inear uti I ity function in con-
junction with a discrete stochastic I inear constraint system

incorporêting known constraint coefficients in t-1, t-2,...
and probabilist¡c knowledge only in t, t+l,..... Since

the problem si tuation ínvorved three stages wíthin a one-

year time horizon, goals incorporated were short-run and

time discounting was considered unnecessary. The farmer

exprêssed a des î re to ach i eve an annua I i ncome of $6,000,
a desire to avoid income variability from year to year and

a desire to produce quality products. The f irst and

second goals are introduced into the model by way of an
r:i,:,:
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estimate of the farmerrs uti I ity function. ' Estimation

revealed a uti lity function that uras steeply sloped up to

about $6,000 annual income where ¡t level led off and was

also concave (risk averse) over the entire range of positive

net i ncomes. Thus both goal s were i ncorporated by maximi z-

i ng expected ut i I i ty.

Rae [llt] has also suggested that this use of the

ut¡l¡ty concept can be extended to multigoal cases, where

the farmerls preferences are expressed i n terms of several

goals, for example, net income and terminal net worth.

such a case, he suggests that one uti I ity function be

derived for each goal and that a I inear combination of the

two utility functions be maximized using subjective weight-

î--. 4^¡+nrc ,.,h!ch ¡nrr_1 ,.l h+ r¡=riai 
^.r5ñâf 

ric.l lv rathar th:nlrry rq9Lva) rr¡ir9¡. evtas ¿- ïa¡ ¡-u Pq¡q;;;=L¡ :!q¡:, ¡cL¡i-i -,¡ui:

estimated "t priori.

A different approach to the normatïve consideration

of risk in farm planning via I inear programning has been

suggested by Boi svert f2l 551 Rather than i ncorporati ng

a risk oriented utility functÌo'n as a choice criterion he

suggests that normative content should focus on the abi I ity

to ward off disaster income levels. The programming model

2l) To see this more clearly with respect to the risk avoid-
ance goaì, consider any concave ut¡ I ity function and two
alternatives, (") a 50-50 chance of .5x and l.5x and (b)
a certain 1.0x. Since the uti ì ¡ ty gain of an increased
.5x (relatîve to the certain l.0x) ¡s less than the
ut¡l ity loss f rom a loss of .5x, the certain l.0X wi ll
always have the highest uti I i ty as long as the function
¡sstrictly concave. lf the function is ìinear, risk
avers ion is not exh ib ited s i nc" uIE (x)] = E [u (x)] .

ln
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developeci incorporates the notion of chance constraints

and uses a prof¡t-maximizing objectíve functíon. ln effect

the decision maker is viewed as having a lexicographic

utility function of the form,

(tt)u - 9(t, t-P)

where I = income and 1-P is the probability with

r¡rhich less than g iven resource use level s are

assured.

ln addî tion i t is assumed that

(") g/ t>o

(u) g/ (1-P) > o and

(c) I substitutes for 1-P at a diminishing rate.

The programming problem formulated is
n

Max. X C. X,
lJJ

n

subject er[X ê,, x. <b,] < P

to 1 lJ J l-

(ta)

(te)

(zo)

(zt)

"j 
>:0, i=1r...rm, j=lr...rft

or n
subiect X a.. x. < b.
to I lJ J I

22

X. 0, i=lr.,.rm, j=Ir...rf,, (ZZ)
J

where b1 ¡, a constant such that b: is exceeded wi thr¡
probability < P.

Based on the assunrptions made regarding the_decision makerts

utility function an efiicient set approach is elaborated

'::!: . .-.'

':::ì
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since the above uti l i ty assumptions suggest an l-versus- :

P trade-off. Profit maximizing solutions are calculated for
different levels of P (the probabi I ity of exceeding resource

requirements). ln Boisvertrs model [2lj the only resource

level concerned is "a.vailable f ield operating timeil. The 
,.,,,,

decision unitts choice of a solution from the efficient

set generated irnpl ies a level P (" measure of securi ty
desire) given the val idity of underlying util ity assump

t._:..: j.i

tions. lt should be noted here, as in the focus-loss model '.,t'.,

Previously mentioned, that the decisîon maker does not ,,',,,.'
I t 

":''"choose to evaluate risky alternatives, but rather to out-

I ine a set of conditions under which he is wi I I ing to

pretend risk does not exist. :

As have prevÍous dimensions the risk dimension

suggests the existence and measurability of a comprehensive,

exhaustive normative base for decis ion making on the planning

date. However, in the risk dimension the assumed need for
exhaust i ve treatment of normat i ve content wi th i n the pro-

gramming model is shown more clearly through the use of

uti I ity theory. The demands of uti I ity on the make up and

goaì structure of the decision unit (see also Appendîx lll A)

22) An alternate formulation [96] where stochastic elements
are concentrated in the tèchnTcal coeffi cients has

E[q¡,rj *-d¡ (x B¡*)l/'go, where "¡,* is rhe ¡/th row of

technicaì coefficients, B is a variance-covariance matrix
for "¡r, and d¡ is the normal deviate associated with p.
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suggest that decsi ion unîts possess very unified, idenri-
f iable and consistent goal structures. Even the eff icient
set approaches suggest that a goal structure suff icient to

imply appropriate trade-offs and the selection of.a correct
solutîon f rom the set is in .existence. uti lity theory îs

quite specif ic in assuming that the deci5ion unit is an

individual and al I normative assumptions are vested in a

measurable uti I ity function. At a st¡ ì I more specific
level individual uti I i ty models reviewed make assumptions

about relevant measures on which ut¡ I ¡ty should be based,

continuous versus lexicographic functions, and the degree of
approximation achïeved by ef.ficient-set approaches.

The highly specific nature of normative concepts

in risk models has been illustrated. rn additÌon these

models tend to build risk concepts on top of concepts from

other dimensions resulting in even more complex normative

models. The rrFATrrmodel, the chance contrained model and

the ut i I ity model are examples of radical ly d¡fferent and

very specific approaches to normative content. chance

constra¡nts define probablistic conditions under whîch

the decision unit is wiìling to plan with certainty, utility

approaches assume that risk îtself is valued while the
rrFATrr approach assumes risk must be avoided at all costs.
This specificity of normative concepts combined with the

size of matricies involved ("g.[:tJ)suggesrs the additional
assumpt¡on that group normative standards related to risk

evaluation are few and quite specific.
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Sugges ted a reas of i nqu i ry appea r to i nc I ude the

makeup of typical farm decision units, the consistency and

exhaustiveness of existing goal structures, the measure-

abi I ity of normative decision standards, the development

of goal structures, risk sens i tive areas of goal holdi ng

and exi st i ng procedures for accommodat i ng ri sk-or i ented

normat'ive standards.

The Choice Dimension 
i..::¡1.':'
:' ,,..: ]

ii, l....',;.Al I of the model dîmensions discussed above cut

across the choice dimension as a result of their normative

focus. For this reason, discussîon of certain broa

issues in the coice dimensÌon has been reserved to avoid i

Ì

unnecessary dupl i cation and to permi t a drawi ng together of l

l

simi lari ties in normative elements from a variety of I

dimensions. l

'TwopolaraPProachestothedevelopmentofchoice

criteria, each associated with a school of thought in :.;::,:': .:i:. j

, . ," ,.,::'"
utiìity theory appear in the literature. 0n one hand, it is ,-, ..., ,

arguecJ that a super function, încorporating levels of goal "::'.',",,:'

:'
achievement and appropriate trade offs for al I significant

goals, can be def ined and maximized. This approach is 
;.:..::.suggestive of the use of a multÌdimension utility model i,,,,,.,,.,,,,.

(See Appendix A). 0n the other hand, ¡t is often argued that

a hierarchy of firm goals of varying importance exists.

0nly an acceptable level of achievement .vr¡th respect to the

most important goal wilI permit the second most important ;:::.,:.:.,:,
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goa¡ to i¡e considered, and so on. There is no possibi I ity
of trade off between goa I s. r n programmi ng terms, th i s
amounts to a planning process of starting by doing as well
as possible wi th respect to achievement levels of the least
important goal under consideration, given specified levels
of achievement for more important goals. lf no feasibìe
solution exists, the second least important replaces the

least important as an object of maximization and the least
important goal is dropped. The process continues until
an acceptable solution is reached. ln a utility setting,
this approach is known as a lexicographic uti I ity model

[¡4, ch . 3] .

ln the following discussion of choice criteria,
discussion is restricted to the function to be maximized

wi thout rega rd for i ts status wi th respect to the two above

fundamental.approaches. rn doing so the possibility of goal

constraints which decisively limît the range of the criter-
ion function is acknowledged, but these lrave previously
been discussed in connection with various model dimensions.

The purpose here is to take a closer look at methods of
specîfying such trade-offs as are deemed necessary in the

objective function. The objective functions reviewed may

have one or several goal variables and one or several sub-

goal variables and appropriate methods of al lowing for
appropriate trade-offs between and within goal areas. ln

the usual case, some trade-offs are establ ished within the

objective functions and quaì ifying goal constraints exist
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as weì'¡ . Most cases reviewed fall somewhere between the

two polar cases cited above.

The genera I app roach to deve I op i ng t rade-offs

appears to have been to defin" (l ) goul function (s) for

each time period, then (2) to aggregate simi lar goal

achievements over time using time discounting, and lastly
(¡) to weight dïscounted values related to each goal

achievement series. The general scheme fol lowed is out-

lined in Figure 3.2.

Number of Goal
Variables /Period

Natu re of Goa I Func-
tions in each Period

Numbe r of
Time Periods
Static

-/Linear 
Approximati 

static (l)

( ¡) compound t/ 

r ',.pProxrmarI 

Dynamic ( l)

Figure 3.2

::.: i':

l.-- :.- ::::i;
i':.:'::.'::jt1ì

Linear Approximation\

'Dynamic ( l)
(l) simple

Static (ì)
Quadrat¡c

Dynamic ( l)

Choice Functions of Current 0perational
Sïgnificance

Choice functions of current operational signif icance

appear to fal I into six broad categories which are not

intendecl to be exhaus t ive.
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(a) A simple static I inear approximatîon is a concave

function, of a single level of achievement, which has

been approx¡mated by I i near segments (ray be only one

segment).

(b) A simple dynamic I inear approximation is a I inear com-

bination (with weights given by time preference dis-

counting) of concave functions of a single level of

achievement over time, each of which has been approximated

by linear segments.

(c) A compound static linear approximation is simply a

I inear combînation of simple static I inear appoximations,

brith weights determined by the decision maker's prefer-

ence between goa I s.

(d) A compound dynamic I inear approximation is simply

7l

a I inear combination of simpìe dynamic I inear approxima-

tions, with weights determined by the decision makerrs

p refe rence between goa I s .

(") A simple static quadratíc function is a quadratic

functïon of a single level of achievement.

(f) A simple dynamîc quadrat¡c function is a I inear combi na-

tion (r"rith weights given by time preference) of quadra-

tìc functions of a single level of achievement over time.

The whole farm approaches of Marceau [86], Gold-

schmidt ÞoJ,Harter [SgJ, Stonehouse [lzA], and numerous

others working rvith static f arm planning models have used

single planning period profit maximization, variously but

simi larly defined, as a choice function. Dynamic elements

i -.4 . :.: :
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such as capital investment enter only via their effect
on the single period profits. other erements of personal
preference have not usual ly been considered in the choice
functions of these studies. The choice of some form of
profi t maximization in these cases is normal ly justified
in one of th ree vJays .

l. The model has a sufficientìy specific area of appr ication
or a suff icÎently short horizon that prof it maximization
reasonably represents the f irnrrs preference within the
g i ven context

2. The firm being moderred is rarge enough to have a

rather fornralîstic set of objectives among which
profi t maximizatìon is the dominant goal.

3. The choice of objective functio' is not cri tical. and

faci I itates the examination of environmental problems.
Marceau' Stonehouse and Harter have deveroped short run

static models for which profit maximization has a reported
relevance in the farmerrs view. (see Stonehouse llze, pp

l6l-1641, or Harrer 156,ch. gJ). Gordschmidt has anaryzed
decision making on comparitively large rsraeri farms with
relatively formal istic goal structures favouring the use

of profit maximization preference functions. ln other
cases' the use of profit maximization has been justified
by the fact that other pìausibre functions produced simi lar
solutions.

The process of farm plannîng is conceived of as a

more wholistic approach than that envisioned in the static

j'i - 1.:
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whole farm approaches above and normal ly does not operate

in the context of formal organization goals. Therefore

¡t is neGessary to examine other more complex choice

functions in dynamîc farm growth and planning moders. ln

general the normative aspects of such models are of a

non-empi rical nature, but do i I lustrate the types of ap-

proaches which are technically feasible. Acton [5J rollow-
ing Candler and Boehlje [Zg] has used a mixed integer

linear programming planning model to maximize a compound

dynamic linear approximation. This weighted sum of terminal
free cash balances, terminal assets and termi nal debts is

maximi zed subject to annuaì fami ìy consumpt ion constra i nts.
He suggests that weights be establ ished on the basis of the

firmrs preference. Revision of weights is suggested if the

initial solution is not sat¡sfactory. No technique for
deriving weights is specified, but reference is made to an

iterative estimating technÌque suggested by candler and

Boehlje [Zg] which is discussed later in this chaprer.

Marrin and pìexico [SB] and Martin [ggj have defined

several simple dynamic ìinear approximation objective func-

tions in the process of studying the phenomena related to

farm f irm growth. They considered maximÌzat¡on of : (r)

und i scounted gross sales, (2) the present worth of net

returns, (¡) the present value of land ownership, (4) acres

farmed over the planning period, (5) discounted gross sales,
(6) âcres operated in the last production period, (7) un-

d i scounted net returns, (B) owned cap i ta r at the end of

::: . '..:.'ì

:.:1,¡ì
:;:l i:

t'
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the planning period, and (9) the present value of consump-

tion. Al I are I inear functions of specific yearly out-

comes, most of whîch are di rectly related to net income,

the remainder are income dependent. ln discussing the re-

sults of their analysis, they point out that apparently

dissimi lar objectives often yield optimal solutions that

are strikingly simi lar. Fo¡. example, maximizing the present

value of consumption over the planning period and maximi zing

the present val ue of prof i ts (or any of 5,7 ,8,6,), f rom the

nine objective functions above) result in simî lar capital

accumulation profi les for their test situation. Martin

Lg9, p. 461 concludes that since most of the objective func-

tions give similar capital accumulation results, "the

objective function subject to the restrictuions of the model

used in this analysis is not a sensitive variabler'. lt

should, however, be noted that sensîtivity in this context

refers,to farm growth.

Duvick I39J has used an unweîghted sum of the present

value of yearly consumption and terminal net worth (unother

compound dynamic I inear approximation) ¡n a multiperiod

study of the financiaì aspects of farm growth. He compared

the resulting solutions with those obtained by maximization

of ei ther of two simply dynamic I inear approximations,

specif icat ly maximization of terminal net worth and maximi-

zat ion of the present val ue of yearìy consumpt ion. Duvi ck

139, p. 927 concl uded that, " i ncreases i n consumpt ion and

net v'rorth a re dependen t on a lr igh I eve I ol= income and i t



appears that maximizing both goals wi I I give a result near

to that obtained when maximizing net worth alone and at
I ittle expense to consumption". Maximization of consump-

tion alone, on the other hand, led to a signif icant de-

crease in terminal net worth. considerable contrast was

apparent between solutions obtained by maximizing terminal
net worth and the present value of yearly consumption

seþarately.

smitrr Irz6] has used another compound dynamic linear
approximation objective function to study the financial
aspects of growth in a ll inear programming model of an

lllinois grain farm. The objective function used is present
value of terminal assets plus present varue of yearly
consumption abo.¡e a minimum minus 1.25 times the terminal
real estate debts minus terminal non real estate debts. He

also used two simi lar function: one wi th the real estate
weight changed to 1.0 and the other with a debt aversion
weighting in each model period. No empirical justifica-
tions are given for the form of the objective function.

cocks and carter [¡zJ have developed (using elements

of theory of the firm and uti I ity theory) seven, wealth_
consumption oriented sîmple and compound dynamic I inear
approximation goal functions to represent possible choice
functions in a multiperiod linear programming context
rvhich includes a variety of possible enterprise choices.
Among choice criteria considered are:

:'. ':'
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l) Haximization of the present varu "'Iof future
yearly consumptîon where yearly consumption is
discounted according to timing to reflect time
preference and quantity of reflect diminishing
marginal utility.

23t
2) Maximization of the present varu" =of y.arry

profits subject to profits being reinvested.
2?t

Ð Maxi mization of the present value"lof yearly
profits subject to profits being withdrawn.

4) Maximization of the present va.lue of cash flow
(¡.e. cash generated yearry for consumption use

and terminal net worth).

5) Maximization of terminal net worth.

6) Maximization of the present varue of a r inear
combínation of (r) and terminal net worth for
each of several weighting factors. (rr¡e f irm is

allowed to choose the weight which it feels most

appropriate.

7) Maximîzation of the internar rate of return
where return cons i sts of the consumpt ion frow

plus terminal net worth.

They suggest a parametric treatment of weal th-con
sumptìon weights to give solutions from which the fi rm can

apply its own preference functions. ln general, they draw

the conclusion'rthat plans are sensitive to goals and that,
in setting up wealth consumption goals, choice of weightings

i :r r-:i:'i,.23) The discount rate used was l0 per.cent.
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is I ikely ro be cri ticalt, I3z,
were obtained by Boehlje and t^Jh

the maximization of the present

i ncome and the max i m i zat i on of

period linear programming model

and financial processes.

772l+I
p. 40Bl. -'s¡milar resuìrs

ite Ilgl who invesrigated

value of annual disposable

terminal net worth in a mul

, êffiphas i zi ng p roduct i on

ri-

The above resul ts are not enti rely i ncons i stent
with those of others who have not found similar objective
functions sens itive, si nce they normal ly have only referred
to the effect on growth in citing insensitivity. The

cocks-carter and Boehl je-t^/hite moders have a greater abil ity
to display differences between objective functions because

they incorporate enterprise selectÌon which the Martin model

(previously discussed) in particular does not.
Baker IBJ f,"s i llustrated a I inear programming

formulation which al lows diminsihing marginal propensity to
consume and I iquÌdity preference to be bui lt into the objective
function. ln general, the liquidity preference procedure is
to place subjectively determined reservation prices which

increase as reserves are depleted, on variously classif ied
(e.g. by source or use) I iquidity reserves. D¡minishing

2!J ln addi tion they note that the maximum-Ìnternal-rate-of-
return cri terion forces time preference to discount at
the maximum internal rate and that in view of the unique
nature of the terminal state in any planning model (i.e.
¡t is the beginning state in the next planning period),
¡t is concluded that some weight wi I ì i it "ty u" given tothis state in choosing alternatives.

i.. t .-1.
t;.:.:':':'

:..'
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marg¡nal propens¡ty to consume is accommodated by placing

decreasing weights (mpC's) on disposable income used in

consumption, as the level of consumpt¡on increases.
rrConsumpt i on response to current i ncometr i s determined by

applying MPCrs to income from productive sources and

capital gain. ln addition, Bakerrs model makes a provision

for t'consumption response to the past yearrs incometrand

t'ccneunptlon response to the previous yearts capital gaint'

to be I inearly determined by the income and capital gain of

the previous year. I'Consumption outlay" in any one year is

the sum of the c i ted funct i ons of cu r rent i ncome and cap i ta I

ga i n, the pas t yea rrs í ncome and the pas t yea rts cap i ta I

gains. A weighted sum of yearly consumption outlêy and term-

inal net worth is included in the objective function. lnter-

temporai equivaìence is estabìishecj by appìyin9 convc¡iLional

discounting procedures to consumptionrroutlays" in each year.

No operationa:l procedure is given for the determination of

weights reiating decreasing margina'i propensi ty to consume,

increasing I iquidity preference, the relative importance

attached to I iquidity, consumptîon and other goals, inter-

temporal preference or the I inear influence of past income

or capital gain on consumption. lt is established that such

weightings are w¡ thîn the capêbi I ities of a I inear pro-

gramming formuìatîon. However, no evidence is submitted

to the effect that normative standards in these êreas may

be expressed in this way.

The capaci ty of programming formulations to

permit subjective weightings of various farm goals has been
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noted. However these madels normally use "reasonable',
weightings for i I lustrative purposes and no operational
procedure for estimation of weights îs indicated. candler

and Boehlje [28j have detai led an adaptive process of
weight determination for both money and non-money goals in

linear programming capital accumulation models. The proce-

dure partially avoids a'priori mapping of goars into a

single preference dimension.

Their approach begins by defining a goal function
for each conceivable goal. lndivÌdual goal functions are

def ined such that arbitrary relative values, associated

with the given goals from various alternatives, are additive.
That is, they give a total amount of achievement from al I

so'Jrces with respect to the given goal by direct summatîon.

It is implicitly assumed here that the decision unit can

ag ree on the exten t to wh i ch each sou rce of goa ì ach i eve-

ment contributes to a scale relating totaì achievement of
that goaì. This assumption is naturally more perilous when

goals for which no standard of measure exists (for example,

togetherness or pollution) 
"nd scaling is more arbitrary.

lf agreement cannot be reached on the specìfication of
certain goal functions, it ìs suggested that the problem may

be shifted from the goal function specif ication stage to the

weight determination stage. This is possible by either
breaking dor^rn goals into sub goals to yield a larger number

of goal functions for which scal ing procedures may be agreed

upon, or by i ncl ud i ng more than one sca I i ng procedure for
given goal (i.e. by effecrively defining additional goal

functions) with the hope that agreement may more easi ìy be
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reached in foilowing stages in which weights associated
with each goal function are determined. 0nce al I contri-
butions to each goal have been reduced to a singìe addi-
tíve dimension and appropriate scal ing procedures are
determined, the problem of reconci I ing confl icting goals
can begin. First, arbirrary weights (À.¡ I ro be appl ied ro

each goa I achievement level are determi ned by or for the
decîs ion unit. The resurting choice function is then used

in optimizing a I inear programming problem.

Given these weights, the linear programming solution
obtained gives the highest possible level of achievement

of each goaì that can be obtained without reducing the level
of achievement with respect to other goals. ln all I ikel i-
hood, the resui ting "efficient setr of goal achievement

level s wi I I prove unsat i sfactory to some group members who

are now in a better pos i tion to resume negotiations on the
relative importance that can be attached to various gdals.
After negotiation the weights may be revised (taking note

of 'the direction in which weight change is warranted) and

the process is repeated. lt is suggested that this renego-

tiation of weights stage may be aided by using parêmetric
programming methods on trre À;. h/hen an acceptable ef f icient
set of goal achievement levels is obtained, the process

terminates and an "optimar'r set of weights wi l l have been

obta ined.

The primary focus of the choice dimension is the
determi nat¡on of relative weights for various farm fi rm

goals. Plans developed appear to be critícally dependent on j . : , - 
:. : .: - : : ;. : .
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the relative weights assigned to goars. Arthough many

weighting procedures have been proposed, they appear to
be based on three major normative propos i tions.

Fi rstly, al I moders reviewed based thei r goar

selection and weighting procedure for the planning period
on whatever normative standards existed at the planning date.
No model incorporated an adaptive mechanism in which norma-

tive standards themserves interacted with the decision
environment over time

Secondly, normative standards existîng as of the
planning date are assumed to be exhaustive in the sense

that they are capable of evaluating ail alterntives in each

time period. some studies have shown that for a particular
purpose (maximizirrg some specif ic conGept of growth) a

largg number of simple normative propositions is equaily
effective. ln generar, however, this is not true and as a

result th" assumption that existing normative standards can

usefully discriminate over the entire planning horizon can

not be taken lightly.

Thirdly, the deveropment of comprex and often un-

measu¡'eable weighting schemes suggests and underlying assump-

tion that aìl normative standards shouìd be internalized in
the modeI. t/¡th the exception of one moder Ize] no modeI was

seriously concerned with the problem of determining intra
goal, iner temporal and inter goar weights. The normal
procedure appears to be establishing inter-tenìporal equiv-
alences between I ike types of goal achievement over time and



then sub.iectively weighting these functions. The "rf i-82
ci ent set approach proposed by cand rer and Boeh rje [ 2BJ

suggests that a choice exists between confronting decision
groups wi th a large number of ,,ef f icient" solutions and in
effect internal izing normative standards within the model.
Although this ¡nteractive model is aimed primari ly at over-
comi ng measurement prob I ems, i t does suggest that a trade
off exists between ¡niernal and exter.nal treatment of
normative standards.

The choice dimension has reinforced the case for a

fundamental assumption of maximizing behaviour and in ad-
dition to assurnptions regarding the existence and compre-

hens iveness of normative standards makes an addi tionaì but
related assumption. Acceptance of a maximizing framework
involvÌng economic aoal suggests that major problems fal ì

in the area of relative weight determination. The existence
of relativeìy static normative standards which imply clear,
consistent and comprehensive goals and relations between

goals would support this concentration on the measurement

problem. The absence of these conditions wourd suggest
that more fundamentar problems regarding the nature of
goals must be solved fi rst. For example, ¡t may be that only
by uti ì izing goals of the economic type, subjective elements
can be forced into the choice'of weighting factors. ln this
case the assumption that signif icant goals are relate<i to
economic outcomes places very defini te a priori restrictions
on the selection procedure. Nonetheless a major concern
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w¡th most models is not the basic nature of goals but which

of the consumpt i on, net worth, asset hol di ng, debt, oF

other economic aoals is the most important.

Three responses to the measurement problem are

apparent. Firstly, ¡t has been suggested that within rela-

tively wide I imits the choice of an object¡ve function is

not crîtical. This suggests that the normative standards

on which they are based are not critical. However, insensì-

tivity of model results has been seriously questioned even

given goal di rected maximizing behaviour. A second suggestion

is that the measurement of weÌghts in the object¡ve function

can be reduced to an i terat i ve i nteract i ve process between

the decision group and the.decision model. A third

approach, cìosely related;to the fi rst, is to assume that

the wei ghts themsel ves have some sort of i ntu i t i ve mean i ng

and are clear to model users. Regardless of the specific

assumptions made a major normative assumptïon in the choice

dimension is that the seìection of weights is the major

problem in the specification of normative standards.

l,lhether this assumption is valid or not depends on the

dynamics o1= group normative standards, the relations between

various goals and the comprehensiveness of goal holding.

The entire area of goal selection and weightìng

suggests that ¡ t wi I I be useful to exami ne actua I fami ly

goal-value structures, to establ ish any uniformities which

may exist in farm fami ìy goal holding and also to establ ish

]'::::'. '':.'
l'r"--t..::j".:
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whether any sound basis for relative weight determination
exists. ln addition, it would be useful to examine the

practices ínvolved in various potential farm management

del ivery systems, since these will be responsíble for putting
problems in an effective quanti tative form.

0ther Dimensions in the programming Context

A treatment of the vi rtual ly I imi tless number of
ways in which normative elernents have entered farm planning,
programming models must be selective. ln emphasizing five
major dimensions, ¡t is recognized that cursory attention
has been paid to many others which have not often been

treated in the I iterature. For instance some space could

have been devoted to a technical dimension within which goal-
value structures interact with the specification of modeled

technical processes or to a ìeisure dimension wÌthin which

leisure time goals are reflected. However, s ince these

areas are not extens ively developed in farm management
- ::t:::.::.literature and since exhaustive treatment of model dimensions .,: ,,,

1,..t,,-.,,t

is not the objective these are not considered. ::-"

Summa ry of the P rog ramm i ng Con text

ln chapter lll, we have iìlustrated several norma-

tive dimensions of farm planning programming models. As

shown in Figure 3.3, the programming context has pointed to

some logical connections betÌ^reen model portrayal of normative
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stanoarcisiald a normative black box. The remaining chapters ':,'

of this thesis are concerned with the nature and signifi-

cance of the b I ack box.

To the extent that relevant research and theory

in the area of farm group decîsion making are available ¡t 
,r,.,,,,,r,r,,r,

should be possible to establish general criteria for the

evaluation of the normative content of programming models.

The farm planning process in a programming context .' '' ,:'
,: :t,,',,:is func.l arrrentally a goal-directed maximîzing procedure. r,,..-r,'.r

Although reference is made to abstrect, ang noneconomic 1i.1,,11,,,,,-t,,

Li.:'.:,: 
i.',:,

goal virtual l_y al I model goals are measureable and economic.

Planning solutÌorrs, ïn Figure 3,3 are generated by developing

a series of equations which represent the f irmts preference

function solely in terms of firm goals and objectives. The

pervasive pursuit of models which incorporate every

"qonceivable" goai suggests that maximal fi rm goal achïeve-

ment is, in some sense, an ideal for both model bui lders and

firms. For the firm, the goal maximizing assumption impìies

that farm fi rms are motivêted to maximize some function of

their expressed goals. For the model bui lder, the assump-

tion has one addîtional facet. ln addition to assuming

goal maximizing behaviour, ¡t is suggested that such behavi-

our must be internal ized into the model (exhaust¡veness).

This latter aspect is borne out by the fact that justif i-

cations for including given goal structures are based solely

on the significance of the goals in relation to the fi rm and

the sensitivity of soìutions. Support is not generally in
| ;:. :'-ri.:r:,
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terms of the deficiencies of orirer techniques for incorpor-

ating goals into the plannìng process.

The maximizing assumption underlying the operational
programming models does not however, imply that model

solutions are always expected to achieve this objective.

The presentation of solutions is in the main, accompanied

by cautîons arising out of inabÌìities to identify and

quantify the relationships between model led goals. Since

weightÎng factors in particular are notoríously tentative,

efficient set approaches and i terative goal-establ ishment

procedures have been suggested. This does not, however,

represent any weakening of the maxÌmizi¡g assumptÌons. Even

the iterative weight-determination procedure suggest by

candler, although cìearly cast in a goal determination as

wel I as a weight evaluation mode, assumes the desi reabi ì-

ity of maximizing some function of achievements relative to

current f irm goals.

The assumption that some sort of maximi zi ng behaviour

is at play has an interesting paral lel in ut¡ I ity theory.

The minimum requi rement for a uti ì ity theory approach to

decision making is that each decision maker must be capable

of reducing aìl aspects of gÌven alternêtïves to a single
dimension, utility, which has rhe characteristics (") that

¡t establ ishes a weak ordering of all alternatives, and

(b) that ¡t permits no ¡nrransîtivities ill9J, tn borh rhe

u.tility and programming cases, the assumption is that all

diversity can be reduced to a singìe dimension reflecting
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urorth to the decision unit.

The overriding assumption of maximizing behaviour

is reflected in a number of subsidiary, and in most cases

impl ici t, assumptions. Maximization of some function of

f irm goals is only possible ¡f they are regarded as a static
evaluative reference. Goals must exist on the decís ion

date and they must be val id over the decision period. For

example, if a given consumption goal of spending 50 per cent

of d isposab le income o¡1 consumer goods in yea r f our is

included in the planning model, solutions generated wi I I be

conditioned on the assumed static character of thîs goal.

The point here is that the goal formation procedure is

assumed to be complete on the decis ion date. psychic and

social processes which generate goals are assumed to have

either terminated or reached a stable equîlibrium.

A second subsidiary assumption is that f irm goals

existing on the decision date are comprehensive in the

sense that they permit the evaluat¡on of all possible alterna-

tives over the palnning period. This impl ies that there

are no impediments to the generat¡ng of goals in any area

whîch is of sÌgnificance ín selecting between alternatives

confronted. ln generaì goals included in planning models

are of the operational type; this implies that the f irm

is able to establ i sh a comprehens ive set of operational
goa I s wi thout p rec i se knowledge of the env i ronnrents in wh ich

they wi I i funct ion.

ln general models go farther than requiring

meêsureability of firm goals. Hodel convexity requirements
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force a more rigorous set of constraints on model

specification. ln the consumption area, it was noted that

consumption functions are maximized in modeìs rather than

used in constraints, whi le another functïon is maximized

because of conves i ty regui rements.

Another assumption requi red to support the maximiz-

ing objective is that the degree of overal I goal achieve-

ment must be measureable. Models reviewed have restr¡ct-

ed goals to quantitative economic goals in response to

relative weîghtíng schemes which have been preposed to

reconci le risk, consumption, time, I iquidity and other

goals.

ln terms of figure 3.3, maximizing behaviour is

assurned to oroceed on the basis of known. exlraustive, and

meêsureable goals and interreiationships. Given the ad-

di tional assumpt¡on that the requi red mathematical repre-

sentat ions are tractable i n programmi ng terms, the set

of normative constraints and the choice criterion can be

defÌned and solutions can be generated and made avai lable

to the decision unit. No feedback mechanism which would

relate the decision taking process to the generation of

firm normative standards is specified as indicated by

the dashed line in the illustrat¡on.

Figure 3.4 further clarif ies the presentation of

normatirre assumptions impl icit in the programming context.

Three levels of abstractìon are reviewed. As indicated

by the arror4/s at the top of the page, specif ic normative

-::.;l-l
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propositions which have been discussed under five
separate model dimens ions col lectively imply more general

and impl icit model assumpt¡ons which in turn imply a

number of implicit assumptions regarding group normative

standards. The assumptions in the main body of the figure
show that assumptions made at each of levels ll and lll
are, in turn, supported by or complemented by more

abstract assumptions.

The following groups of questions relating to mdeìled

normative propositions are îndicatîve of the areas in

which existing theory and research in farm decision makins

can contribute to the development of evaluation criteria.
No indication that theory or research suff iciena aå

'provide answers for al I is intended. As wi 1 I become

apparent, many requi re detai led explanations in areas for
which little or no data are avaiiable.

(a) fne Nature of Group Normative Standards

l. Do group normative standards relevant to selection ,',.'.',,,,,,.

between farm planning alternatives normally exist ,.,''t,,':.'.','
'.:. i.

on a planning date?

2. Can exi st i ng group normat i ve stánda rds be i dent i -

fied and measured 
::.:..:.1

ir,:,',,,,, ,,, ,3.lt¡tpossiblethatexistinggrouPnormative

standards relate more to the selection of decision

making alternatives than to the selection of farm

plans? 
:ìr.ì;ì.':':...
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-lmply that all signif icant
dimens ions of al ternatives
can be reduced to a Value
lndex to be maximîzed.

-Exist or can be made to
exist ín the form of
firm goals

-formation processes
are static or in
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Figure 3.4
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i:;tl
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in the Programr'îng Context

\o
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5.

6.

Do existing group normat¡ve standards comprisc

a comprehensive base for decision making for
the farm f irm or any of its sub sets?

Are there common areas of group goal hol di ng?

!f so, what are they?

Whose normat¡ve standards are relevant in farm

planning situations? l/hat are the relationships
between incjivicjual anci group standards?

Are there significant areas of non goal holding?

ls maximizing behaviour possible?

7.

B.
!-: ,.:. ..t . , :

Nature of Model Normat i ve propos i t ions (Genera

t. How mcny major goal holding standards can be

quantified? How credible îs the quantification

process?

Are the results of research on goal holding inter
relationships consistent with the tractabil ity
requi rements of programmïng models?

3. ls ¡t necessary to include normative propositions

in a formal analyticaì procedure? lf so, to what

degree?

How are normative propositions handled in existing
farm management analys i s procedures?

Do standards of equivaìence between goals exist

within the decision group.

4.

5.

The Nature of Model Normatïve Propos i tions (Speci fi c)

l. What time horizons are involved

hol d i ng? Are group goa I s long

in group goal

run, short run , both?
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4.

5.

2. Are there cycl ical changes in goal holding?

3. What are the determinants of i ndividual and

group time preferences? Can they be quantified?

How is risk accomodated in existing decision
processes? Can ri sk preferences by expressed i n

terms of rrrisk coefficients"?

ln what decis ion areas are risk oriented goals

important?

6. How widespread are liquiciity goals?

Can these be exp ressed as I i qu i d i ty p refe rence

functions? Are liquidity goals independent of
risk-oriented goals?

7. I,Ihat are the major determinants of consumption

relationships? Can meaningful marginal propensi-

t i es to cons ume be de te rm i ned?

B. Can standards of equivalence between goal.s be

quantified in terms of weighting factors?

,,, i.-:r t:.



CHAPTER 1 V 94

A CONCEPTUAL FRAMEì./ORK FOR FARM F IRM DEC IS ION MAKING

lntroduction

The acceptance of a principle of optimization in

chapter 1 1 impl ies that the planning process shourd, to

the fuì lest extent possible, optimize something ¡nherent

in the socÌopsychological makeup of the decision unit.

ln chapter v, vl, vl1, the concept of noi-mative standards

for farm firm decision making is developed to provide a

base for evaluating normative elements in programming

models.

Particular interest is in the nature of normative

standards at a point in time and their generation over

time. ln addition, interest is in implications regarding

the degree and manner in which normative standards should

be internal ized into formal planning models. si nce the

socio-psychological functioning of individuals in a group

decision situation is the basis for acceptabilïty of

normative standards for group decision making and remain-

ing chapters examines research related to individual and

group operates in the context of an extens ion service, an

examination of the impact of extension involvement on group

goals, values and thei r formation is also conducted.

A conceptua I framework for fa rm f i rm dec i s i on

maki ng based on concepts and theories from a d i verse group

of disciplines is presented in chapter lv. The framework

is presented in four parts. ln the first, Goals and values



95basic goal-value concepts are presented at both the group

and individual level. The second section, Confl ict

Resolution, pFesents the process of joint decision making

or integration. A third section, The Family As A Decision

Making Group, special izes the framework developed in the

two previous sections by presenting certain idiosyncratic

information on the family group. The fourth section, Farm

Planning Decision Making, specializes thê framework stiìl
further by integrating the role of extension personnel.

Goals and Values

Early in life each individual develops an abstract

set or normative standards for action cal led vaìues, which

are continualiy changing in the ìong run, but stable in

the short run. Goals, on the other hand, are desired

ends resulting from individuaì values and beìiefs. That

is they are the ends set for action in the light of a

perception of what is true in the decision environment.

Goals may also result from the compulsion of

external pressures or motivational forces, both inate and

learned. Katona t69l has pointed out that non problem.

oriented action di rectives are in fact the normal case in

everyday behaviour. l'labitual behaviour for example is the

most usual occurence. However, since they reflect action

di rectives involving I ittle or no possibi ì i ty of choice,

¡t is not necessary to consider such goal sources in a

framework for normat i ve s tanda rds except to the extent

that they interact witlr values in goal formulation. For

instance, impulse motivations are translated into normative

l.-:-,:.ì.:i:-:;. 
.'
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standards through the process of socialization.
It is important to distínguish between the con-

cept of a goal as simpry an end impr ied by a varue in a

given existentiar contex and what may be car led an

operational goal (this is simi rar to March and simon,s
terminology; see Cartwright anc) Zander tZ9, pp.4O9J )

which is a goal of sufficiently low level abstraction to
be used in determining degree of success in actuar
decision maki ns.) Action is rikeìy to be directed at oper-
ational goals. rn the sense used in this thesis, ail
values imply goals or ends in some existentiar context, ar-
though they mêy not be of operationar significance. A

given high level varue may impry any number, incruding
zero-.of lov¡er order goals s!nce as Il cilsc¡¡ .l c.l states,

"an individuarrs varues might indicate that
someth i ng was des i reab I e but he wou I d not set
i: u? as a goal tg wort! for if his perceprionof c i rcums táiffi the conc r us î onthat the object was unattainable'r.
(Un¿erl ine m¡ne) ?
For our purpose, a value system can be def ined as

an individual, abstract set of rong stênding standards re-
lating to the preferebiìity of possible actions. J.D.
schìater [rz3J defines varues and I ists additionaì defini-
tions as follows:

1)

u

ln
al
to
of
Thi
bas
as
OIì

general usage, ,'goalrt is equivalent to an operation_goal leading often to the concrusion that goaìs arebe distinguished f rom values via their lower lerrelabstraction.
s distinction between operationar goals and moreic standards of vaìue is particuraiìy signif icanta result of the heavy rer Ìance of moder bui rdersoperational goaìs in deveroping choice- criteria.



97trVa I ues a re concept ions of the des i reab I e
which affect an individual's choice among
possible courses of action. Accordingly.,
values are a.bstractions, organizing
principles or normative standards which
have a regulatory effect on behaviour.

This definition of values is in close
a I i gnment wi th those deve I oped by Jacob
and Flink, Kluckholm and Smith. Jacob
and Flink identify values as rnormative
s tanda rds by wh i ch human be i ngs a re i n-
fluenced in thei r choice among the al-
te rna t i ve cou rses of act i on wh i ch they
perceive.r

Accord i ng to Kl uckho I m, a va I ue i s arconception, explicit or impticit, dis-
tinctive of an individual or character-
istic of a group of the desireabìe which
influences the seìection from avai lable
modes , means and ends of act i on. ¡ For
Smi th, values are rconceptions of the
desireable that are relevant to selective
behav iou r. I ¡'

The above defini tions clearly establ ish a cathetic2o,*"n-

sion as a primary distinguishing characteristic of values.

As is often the case in defining complex social

concepts, additional precision can be obtained by specify-

ing what values are not. They are distinct from a number

of physiologicalìy founded and/or learned motivations of

an impulsive type, which influence action without regard ,,,,:.:¡,,.
; .,,..,

to the individuaI's conception of reaìity (exampìes are ,,,,,,,.',"

biological drives and certain psychological needs), as wel ì "".. 
'

as att¡tudes and opinions.

3) Cathexis is defined by Parsons and Shils [t06, pp.5J
as "the attachment to objects which are gratifying
and rejection of those which are noxious'r. The differ-
ence between cathexi s and val ui ng can be clarî fied by
distinguishing between the desired and the desireabìe.
Many things may be desi red by a conception of sociaì
and physicaì real i ty (e.g. a socÌal sanction) may pre-
vent outward 6xpression of this desire. Cathexis is a' re lat ion between mot ivation-dr ive, need, ,wish, impul se-
and an object [.l06, pp.69J. |:1
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which

Choice

Jacob

Values do not include mc¡uivat¡ons of any type

allows I ittle or no room for individual choice.

is the bas i s of va I ue theory. ln the v¡ords of

and Flinu 16z)
rrHomo sap i ens is phys î olog ica I ly capab I e un ì ike
other species of a wide variety of mutual ly
exc I us i ve res ponses-E--lì vãñ-iîimu I i . Th ¡ ;
capaci ty for choice is the essential phys îo-
psychological basis for the deveìopment of
what we ident!fy as "valuês", namely, standarcl s
of the desireable which men apply in making
choices". (underline mìne)

Values are to be distinguished from the attitudes

through which they are often studied. sargent and v/i I I iams

(mceuiness [85! have stated that, ,'Attitudes êre treated
(bV psychologists) as fairly consistent and lasting tenden-

cies to behave in certain ways - primari ly positiveìy or

rìegatively - L<¡warci perso¡rs, acLivities, eveirts aii,j objectst'.

ln this sense, attitudes êre tendencîes emanating from

value orientations (see Parson and Shils [06, pp.35B,

423, 453J )
4

Values are not necessarily part of the individualrs

conscious personal ity, but may be held subconsciously.

Those which are explicit in the sense that they incorporate

some elements of bel ief, and provide a general systematic

approach to the individualts envi ronment may be termed value

It should be noted at this point that there îs no
s ing le, sc ient i f ica I ly accepted concept of ,,va I ue".
Rather, several concepts which are scientîf ically
val id in their own rights are recurrent in behavioural
literature. For a quick review, see P.E. Jacob and
J. J. Flink [62]. Value concepts used in this thesis
are those proposed for use in decision situations
simi lar to those presented in farm manaqement.

4)



99or¡entatíons. Kluckholm ItOe ¡ tl. 4l l] srates, ,,a

value orientation may be defined as a general and organ-
ized conception, influencing behaviour, of nature, of
manrs place in it, of manrs reaction to man and of the
des i reable and non des i reabre as they may relate to man-

envi ronment and interhuman relations". This bel ief-value
structure or val ue orientation, is shaped in large part
by a sociaiization process during whîch the inciividuaì
comes to hold certain role expectations for himself and

others.

The distîction between varues and varue orienta..
tions has often been made, the latter h:lving a distinct
existential dimensîon. lt should be noted, however, that
this distinction relies heavily on a static conception of
t'value" given currency by rong-run stabiì ity of certain
elements of bel ief structures. ln a larger sense, however,
even values have an existential content. As Kluckholm

[106, pp.3927 has stated, "values themselves are constrain-
ed wi th i n the framework of what i s taken as g i ven by

nature." values themselves exist in both the cathet¡c
and cognitive domains. ln this sense then, the distinc-
t i on between va I ues and va I ue or i entat i ons becomes one of
temporal stabi I ity of the existential propositîons învolved,
values having relativeìy stable existential elements, and

value orientations having less stable existential elements.
l{hiìe this study is primariìy concerned with the

cathectic domain, ¡t must be focused clearly in the light
li:..r'' :l
t:ar:.:i :::



of informat¡on srates of rhe cosnitive domain. lndivl::"1
values cannot be abstracted from the cognitive domain no

matter what length of run is cons i dered. llhat emerges

then, is a cognitive hierarchical structure of values

having various existential contents. l,/e can speak of 
.,,.,,,..:

abstract values with little existential content and, at
the other extreme, of operat ional var ues wi th a heavy

existential content. The hierarchical structure is, how-

ever' not of a straight-forward type; ultimate values do

not each imply a series of_operational values. A complex

psychological process of Ìnterat¡ons involving bel iefs and

values results in an operational individual value structure.
ln the sense of this cognitive hîerarchy, there

exists an inf înite number of values. considei-able evidence

is avai lable, however, to support the notion that a reìa,
t i ve I y few va I ues ref I ect i ng modes of conduct and end

states of existence (ttrat is highìy cathectic values) and

applying êcross objects and situations, exist as a base

on which less stable vaiue orientations are bui lt I tt9,
Chapter 7 , 122, Chapter V]. lf this is true, w€ can

expect to find operationaì goal-value structures in farm

families v;hich are relatively poor indicators of relevant
normative standards when environmental factors are relative-
ly unstabìe, as in major planning situations. Fundamental

values should provide a more relevant base because of their
relative stability.

I n terms of the programmi ng context presented i n
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the last chapter, the operat ional natuÉe of the goal

structures developed in programming models impl ies the

existence of a Þpecial class of situation dependent

values, described here as operational, on the planning date.

The existential content of operational values existing on

farm fi rms ïs therefore an important question in deter-

min!ng the validity of normatîve standards used ín plan-

n ing.

Atthegroupleveì,individualvaluesareatthe
i'.¡ì .:'basis of social interaction. As noted by c. K. Kluckholm '..':..,

Itoe] a stable and to some extent common value system is
required by individuals in any social system to provide a

basis for group existence in addition to providing a base

f or irrcj iv iciua ì ac t ic¡rr. i r¡ an abs t i'aL L scilse, we ca¡l ¡-ef e,- '

to this commonality as a group value system. The degree l

of commonaìity is thus a dimension of group values. As

Kluckholm ItOe1 sêys:

"...it is possible and useful to describe
the actuai tendencies (or value À;i;i";i .,.,:.,,.

abstractly and to impute them to the group .':,'.'
rather than the individuals¡r. '.:.',:',,-

(brackets mine) (See also Cyert and March 1,.:¡,:',.

f34, ch. 31.)

The above shoul d not be taken to imply that a

'group ¡s simply a collection of individuals and that 
i.:.r:::j.

group values are simply a coliection of individual,values, ''''r;',.,,

although thìs is parrìy rrue. Golemt¡iewsk¡ [51, pp. 237

stâtes: "A personts very conception of himseIf and the

preservat i on of that se ì f-conc"pt i on, i ndeed a re very

often group products.'r !r/hile group vaìues reflect a l',,..,t, .- .'
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commonal ¡ty of indiviciual vaîues, those values involved

wi I I be affected by the individual's membership in the

sroup f5t,ch. 27.

Valu"r2n"u" several important dimensions in

addition to the cognitive, cathectic, and group distri-

bution dimension discussed above. These dimensions aìso

result in structures reminiscent of hierarchies wi th

stratification by levels of the several dimensions.

values which reflect individuaì intent by relating to the

ach ievement of means for further ends are ca I I ed i ns tru-

mental values, while goals or ultimate values are related
'directly to ultimate ends. lt is possi¡le for an ultimate

value in one time perîod to be an instrumental one in a

larger perspective. Paralleling the above userts-inten-

tion classif ication is one of situational classif ication

or generality. Some values relate to very specific

situations, whiìe others are quite general, applying to

a wider class of situations. values are held with varying

degrees of intensÌty. some wi I I be adhered to wi th great

fervour whi le others receive ì ittle more than I ip servîce.

As previously mentioned, values may not be con-

sciousìy heìd. A continuum of expl icitness ranging from

easily verbalized to Ìndirectly inferred values is pos-

sible. Values can also be classif ied with respect to

5) The fol lowing discussion
discussion of dimensions
[t06, pp. 44, ch. zJ.

d raws heav i ì y
of values in

on Kluckholm¡s
Parsons and Shils

li;:'



the i r cons i s tency. For examp I e, they may be ent i ," l;'
independent of others, part of an inter-rocking and en-

ti rely cons istent system, oF they may be enti rely or

partly inconsistent with others.

Conflict Resolutiorì .,''

Groups do not have values in the sense that
individuals do, however groups do from time to time for-
mulate goals toward which action is di rected. ln group

conflict resolution we are faced with two basic problems.

First, how does the group resolve individual goals into
group goals? Second, fai ì ing resolution, how does the

group accommodate apparent inconsistencies between indi-
vidual goals? conf lict resolution is the group of pro-

cesses involved in group goal formation and goal accomo-

dation. Group goal formation involves a complete process

of resolution. The other group of closely related
processes, resulting in a quasi resolution of confl ict,
consists of accommodation procedures which stop shor

group goal formation. confl ict resolution is discussed

below ïn three broad areas, roughly, the nature of inter-

action between group members, quas i resol ution of goal

confl icts and resolution of goal confl icts

As Jacob and Flink 1621 srare, an individualrs
orientation toward action is infìuenced by his values,

beliefs and impulses. lt is unlikety in any given situa-
tion that these determinants will be entirely consistent

l 
-: :',.:.. 1 

_ .
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in their implîed magnitude and directîon of influence.

ln such a situation, internal resolution of confl ict is

requ i red before effect i ve act i on can be taken. I n fa rm

management, we are partícularly interested in the inter-

face of this internal confl ict of interest and more ob-

vi ous i nterpersona I confl i cts of i nterest and the way i n

which this process translates itself into actual farm

firm decisions.

Conf lict among ¡ndividual goals in a group sit-

uation will be the normêl course of events. Kelley and
q

Thibaut [lzJ'suggest a classification of three distribu-

tional confl icts regarding information, outcomes, and

response which are înherent in îndìvidual problem solving

in a group context.

The.y conclude after an exhaustive review of liter

ature that even in si tuations where other group members

are entirely passive in the decision process, that:
rrResearch by social psychologists has shown
that the aquisition and exercise of those
various skills, (¿istinguishing of anddis-
criminating between aìternatives, a perceptual
skill; responding in a discriminable manner,
a behavioural skill ; understanding aìternative-
outcome relationships, a cogni tive process) , is
affected by the sheer presence of other persons".
(Brackets, mine) Kelley and Thibaut,lJ2, pp 2-31

l n fa rm p l ann i ng howeve r, we can conf i ne ou rse l ves to the

more pronounced case where there exîsts some degree of ac-

t i ve i nvo I vement by more than one g roup membe r and whe re

social interaction is clearìy important.

¡: -i: t:l:..'

6S This entire
i ly on the

sect ion on
compend i um

group problem solvîng
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At the individual level, Kel ley and Thil¡aut "

1,72, pp 8-lÍ suggest that individuals focus on a certain

ínformation state regarding particular states of thei r

environment and on a certain level of particular outcomes.

0utcome levels below a focal point initiate information 
::.::i

gatheringactiVitieswhichinturninitiatereSponse

when a focal information state is reached. Group decision

making requi res certai n outcome di stributions.
,' . a,,,

tn group prob.lem solving, the outcomes achieved ij',l:,.,l: ::

byon,eindividualwillbePartlydeterminedbyothers.
i : :;

":. :'

l,Jhen maximum outcome levels for. each one are consistent, 
:

we rnay speak of perfect outcome correspondence; other-

wise, we may speak of non-correspondence or confl ict of 
i

interest and resulting outcome distribution problems and i

tt

negotiations. ln simi I iar manner, confl icts may arise

in the distribution of information. lndividual informa- ),

tion states (at the minimum, information or. otherst i

preferences is required) will be partly determined by

other members of the group. Except in the case where in 
,,,1.t,,,
j: :,lr -;

fornlation is completely ubiquitous, individuals.will be ..,,,,,,,,.

;,:,:-: : ::

able to exercise power over ot,hers by negotiating the trans-

fer of vital information. Response distribution may also

result in confrict as a resurt of the need to coordinate 
¡:.,:,.,.,activities to produce a ne\^r solution. lndividuals may i¡.'iii,

exert power by way of the importance attached to their

responses. ln short, the extent to which any one indivi-

dualts goals wi I I translate themselves into group goaìs
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t"r¡ I I be determined by the resolut ion of group outcome,

information,and response distribution problems.

This group confl ict resolution situation bears a

remarkable resemblance to that described by cyert and
7t

March- t34l in their organization theor',r approach. \l¡th-
in the organization presented by modern corporations,

they theorîze a coal ition of members (groups and indivi-
lj;

duals) r,"ving d¡fferent goalsi rn this context, they por-

tray a I'quasi resolution of conf I ict" !n which they argue

that "most organizations most of the time exist and thrive
with considerable latent confI ict of goals". This approach

is contrasted with the class!c resolution which ',is to

posit an exchange of money from some members oï" the coal-
ition to other members äs â wêy of inducing conformity

7) Two major schools of thought regarding the psychological
and social foundations of economic decision making are
considered în this thesis. utility theory has been re-jec'ted l=or the purposes of this study due to, its fail-
ure to incorporate gorup decision processes. Behaviour-
ist approaches on the other hand, p/ovide an alternate
psychological and soc iàì base whìch doe not necessi tate
the êssumption that something is being maximized. By
describinS the actions of individuals and groups as
they move from one decis ion to another (for example .l00
chapter 1 )" decis ion process wh ich has confì ict reso-
lution at îts core is developed
Despite the obvious differences of collectivity size,
and homogeneity of individual purpose imposed by
their organization theory approach, the simi larity of
the goal confl ict s i tuation i n an entrepreneurîal
framework nlakes their analysis of signif icance.

B)

l:'..,, ; ;a.i.:: I



to a single, cons¡stent set of goaìs - the organizaal:Í"1 , 
,

objective" [34, pp. 1177.

tr¡th¡n the context of the farm f irm, we can

think of the decisîon unit (in the usual case, a family

farm) as a family coalition. Family goals become condi_ 
:,,.,:,:,,,,,,,..':.:::

tions of coal i tion emanating from a dynamic process of

bargaining carried out largely in the context of everyday

social interaction. The collectîve aim is to achieve : :

.': :.r': 
:': ; ::

satisfactorylevelsofsocial,p5ychologicalanUeconomic

achievement for each of the individuals concerned. Each ,l'.,,',',',,1
¡,;i..:,:.:,;1:¡:,:

individual to some degree is successful in maximizing his

individual satisfaction. That is, he must curb his

individual desires if the coalition is to survive and

prospe!'. ln such an environment of conf lict resolution,

it is not logically necessary for bargaining to produce

goals composing logically consistent set capable of

reduct i on to a common d i mens i on .

Cyert and March [34] describe a process of confìict
; : ..

accommodation which allows the organization to proceed in ...:,.,..-:,:.,:

the face of less-than-consistent set of organizational .; ,,,,,,;,,,1,1,
.:;:::,,-: ,., 1..;,.,

goals by way of "locaì rational ity", "acceptable-leveì"

decision rules and rtsequential attentiontr to goals [¡4,
pp. t 17J. This confl ìct accommodation serves the purpose

,,. ,, ., ,. ., '- 
'ofproVidingindividualmemberswithsufficientinduce-

ment to maîntain their membership in the coal ition.
:

"Locaì rational i ty" al lows some members to di rectly impose

their own goals in decisions of particular importance to
:
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them. Tire acceptance of 'racceptab le level deci s i on

rules" requires only a weak consistency (¡.e. decision

need only be based on goals which are global ly accept-

able levels) between local decis ions.t' S.quential atten-

tion to goals'¡ allows apparently conflicting goals to

be pursued by agreeing on the expedÌent of pursuing

only one at a time.

To the extent that processes of accommodation are

a deep seated fact of group exîstence, they are not sub-

ject to prescriptive analysis. lt is pointless to argue

that col lectivÌties should resolve confl icts in a certain

manner ¡ f in f ¿ct they exist by t4ray of accommodati ng

them otherwise. The important point to be noted here is

that the introductîon of the concept of quasi resolution

brings with it limitations on the groupts ability to plan,

since the group may be effectively barred from establÌsh-

ing goals in some areas and manners.

Throughout this section on conf lict resolution,

the emphas i s has been on the interact ion of .,.î nd,i v Ì dua ìs

in the generation of group goals and decisions. lt can

hardly be expected that individual goal-value structures

wi I I remain stable through the process. At the same time

the decision unit is working toward a decision, individual

goal-value structures are continually shifting as a result

of changing beliefs in a manner which facilitates the

continued existence of the group.

Little is understood about the dynamics of indivi-

dual goal-value structures lZ9, pp. 406, 139J. Some

i..,:.'.:,: -'. :.
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