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PROSPECTS 2ND LIMITATIONS OF OPERATIONS RESEARCH APPLICATIONS

1. Introduction

Over the years, the inherent dynamic and potential variability of indi-
vidual ocomntry and world agricultural food systems has become increasingly
obvious. From resource utilization at the agricultural production level all
the way to final consumption of food, & variety of economie, political, and
technological forees has continued to evolve with pronounced structural im-
plications. The qualitative implications of these forces are generally kiiown
and widely accepted, while the guantitative implications are far less certain.

C@ggatima& wisdom characterizes the qualitatwe nature @ffcbd and agri-
cultural systems by (1) highly )ineléstic aggregate demand, (ii) low-income
elasticity of aggregate demand, (iii) rapid technological change, (iv) asset
fi—xi‘ty, (v) atamistic structure of the ﬁroé‘uctim sector, (vi) the physical
limitations imposed by life cycles of plant and animal growth, (vii) the grow-
ing nature of mven{:@mes, {vnl) the cizmatlc and weathaer uﬂcertaintles,

(ix) labor ma@bilrty, and; (%) i:he demand f@r anid the proyenmty of govem-—.
.ments o actwely mtervene in the pmvate se«ctor. These qualitatwe features
ﬁ Trezesvﬂlé.: in dynamic paths whlc:h are un@ertam and’ contain the potentzal for much *
instability.

In addition to the instability properties of agriculture and food systems,
the dynamic characteristics are closely related to the “"growing” inventory
nature of many agricultural commodities., This feature is intimately tied to
the life cycle of those camodities, with associated reproductive traits that
influence production and supply and thus indirectly influence observed prioes

and valuations. For example, in the case of beef cattle, the growth cycle
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requires approximately three years after breeding before a new heifer can be
raised to produce an offspring ultimately intended for slaughter. With almost
all agricultural crops, the stage at which maturity occurs is largely biologi-
cally determined and can be influenced onlv mildly by economics and managerial
decisions. The dynamic lags between a particular market change arnd the re-
sponse to that change are thus influenced by biclogical and physical oon-
straints as well as by the usual economic lags associated with inertia,
imcertainty, and adjustment costs. The combination and interaction of these
influences often result in both quantity and priee cycles for many agricul-
tural commodities.

The inherent dynamics, instabilities, and uncertainties in agriculture and
. food systems are often offered as justifications for .govermmental intervention -
(Blandfbrd and Currie; Rausser and Stonehouse). fhe §QVernmental péiiqy fre;‘
quently advanced for dealing with the inherent dynamics, instability, and un-
certainty is inventory or buffer stocks., Other instruments GE’QQVEznmental
intervention are trade oriented; they include export subsidies; export con-
trols, foreign aid, import tag}ffs and quotas, concessional saleg,:aﬁéiefﬁp;ts
teliberahze trade relations. Still ofher policies oftenappzmd to. food and
ag;‘:icultliral' system are chiefly or mﬂted tomard _praqucétim anéi include xeguw
iaticnﬁdf'@étpﬁt'pricés, qﬁahtity control, input controls, and input £axésfahé
subsidies. In many countries a mixture of these policies is used by national
governments in the hope of achieving self-sufficiency; in other countries,
marketing boards and marketing orders attempt to influence private sector be-
havior; and in still other countries, especially planned economies, govern-—
ments exercise direct control in both the domestic systems and international

¥

trade.
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In assessing and evaluating such policies, a number of critical uncer-
tainties arige for which little empirical evidence has been acrumilated. For
example, in the context of trade policy, is the paradigm offered by neo-
classical sconomic theory sufficiently robust, or must governmental behavior
and resulting trade distortions be introduced explicitly? In the case of buf-
fer stock policies, the distribution of gains and losses from price stabiliza-
tion can be drastically altered by various specifications of demand and supply
relationships (Just). Moreover, the risk levels within various commodity sys-
téms, as well as the distribution of risk and its effects on behavior, have
eertainly not been precisely quantified. Much remains to be learned.about the
equity effects of such policies along both qualitative and quantitative
dimensions., In gene:al, tb'pfovide'useful.?élicy,assessments, much femaing to-
be learned aﬁout (a) the nature of structural change, (b) parameter variation,
and (c) expectation formation patterns of various participants in food and
agricultural systems, ,

In the above setting, the lack of dynamic instability and uncertainty
measurements have resulted in the selection of policies based on intuition.
But dynamic interactions and feedback effects are difficult, if not impOSéiw
ble, to capture on the basis of in;:u:itim al‘oné. These effects make £he
" evaluation and ranking of alternativa policies a challenging task. We often
find that what, in the short run, may seem to be an ungualified desirable
policy or strategy fram an intuitive standpoint may lead in the long run to
undesirable, even deleterious, results.

Conventional wisdom has long held the view that instabilities can and
should be confronted by conscious economic policies of naticnal goverrments.
However, due partly to the lack of empirical evidence on dynamic interactions

and feedback effects in the evaluation process of alternative policies,



instability and imperfections arise in the political-administrative system.

As Linbeck arguss, the most reasonable approach to policy evaluztion is to
treat explicitly instabilities and imperfections in both the private sector
and the political-administrative sector. This view ig substantiated by the
historical performance of goverrmental intervention in agriculture and food
commoadity systems. At a minimum, differences between various économic fore-
casts often depend less on the internal functioning of the private sector than
on different assumptions of future policies.

Little empirical evidence, unfortunately, has been accumulated on the
behavior and instability daaracter;stacs of the mlltlml-Mnlstratwe
gystem. The posture of many investigators analyzing this subject is that the
specification of these relationships should be "positive" rather than "nor-
mative.®™ As Linbeck notes, an eclectic apﬁmach is néeé‘ed which combines
proxies for "electability" with more idealistic variables such as producer and
consumer welfare in the criterion function of govermmental decision-makers.
Such a positive approach is entirely consistent with the recent advancements
in the theory of economic regulation (Stigler; Peltzman). Mgch of this 1it~
srature is concerned with wealth redistributions through the reguiatgry‘
process. AsPeltman notes,. ?gdvérﬁneﬁ'&algiiwmakéﬁs have not aéepteé ‘the
¥;~reccxfmendati{m‘zs of economists which ;ar'e 1argelybased on r:or‘niatiﬁe mcepts of
efficiency. Instead, his framework views the selection of policies on the
basis of governmental policymakers arbitrating among interest groups i'n seek-
ing to maximize their majority, i.e., their probability of election, reelec-
tion, or reappointment.

In the above setting, what is the role of modeling and operations re-
search? To deal with the complexity of agricultural systems, their ‘commodity

components, and associated participant interactions, models have long been
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viewed as a potentially valuable aid to evaluating and forming policy strate-
gies. Obviously, they provide the basis for generating guantitative forecasts
ard the means of evaluating the effects of alternative decisions or strategies
under the direct control of policymakers. In essence, models of the system
can offer a framework for conducting laboratory experiments without Qirectly
influencing the system. 8ince these experiments can be conducted with the
model rather than the real syqtem, pote‘ntxal mistakes thaé: may result in

mt?iy consequences can often be avméed. Perhaps, me of the principal

potential advantages of modeling is that it forces analysts or others inter-
ésited in a particular system to be precise about their p’ercep’tihfié and to
examine possible 1monsmtenczes in t’hose perceptmns ‘

“For agriculture and - fmd systems ﬂr ﬁnts thereof, many o e&s have
been constructed—some for descriptive purposes, some for explanatory or
causal purposes, some for forecasting purposes, and others for the express
purpose of decision analysis. The latter group of models is of direct in-

terest to operations researchers. An examination of the anatomy of these

-models pmxudes a ba&s for. reachmg the assessment that the patani:zal f@r

tttttt

As usually e&ncalved, declsﬁ;m moﬁels 1nvolve tmﬂable car decmlcm ané
envirommental {uncmtwllable, exogemus) vanables, perfomame measur.es,
objective functions, and structures that relate the controllable and environ-
mental variables to the performance measures entering the objective function.
Model constructs of these problems are usually advanced in an optimizing mode,
and the results obtained fram such frameworks provide the basis for system
policy prescriptions. As a conseguence, efforts in the construction of
deciston-making models are concerned both with the implications of the opti-

mizing solutions and the accuracy with which the model portrays the fs}yst’em,l




In considering the design of decision-making models in agricultural
policy, the unfulfilled promise of modeling as an aid and support to policy
analysis begins to assume shape. To be sure, the design should begin with the
specification of the relevant Jdecision-mskers and the contrel or instrument
variables that these decision-makers can manipulate. The relevant decision
points and procedures for revisipg policy actions in the light of new informa-
tion should also be determined at this early stage of the analysis. Unfortu~
nately, these aspects of pollcy modeling are often negiecte&. However, the

more d’xall@ngmg aspects of decmlcm——model construction are:

{a) the specifidation, identification, estimation, and verification
c:sf cmi:@rmn f:.:nctlons

{b} the apemflcatzm, 1dentlflcat1m, estlmatim,‘ and verification
of constraint structures

{¢c) the application of solution algorithms and the design of opera-

tional implementation.

":12: is a basic premlse of this pa,per that. the suceessful mpianentatlon of
foperatlons research and agnc—:altaral p@hcy can be achleved if, and only if,
Agh:‘;each of the challenges offezed by {a), (b) . and {c) ’.LS gqua;:ely aédrasseé
K fi*he folicmmg sections ‘of thls papér deal with the pr&s?ects and 1imitations -

of a flexible operations research approach to (a), (b), and ().

2, Criterion Functions

Much progress has been made on a conceptual front in specifying, identify-
ing, and estimating criterion functiens for general economi¢ policy. It has

been recognized on both normative and positive grounds that criterion functions




7.

based only on efficiency are inappropriate in operational applications. On a
positive front, the work of Stigler and Peltzman has highlighted the growing
disenchantment with the economic efficiency objective. 'They note that the
political process is inconsistent with the dichotomous treatment of resource
allocation and wealth distribution so beloved by welfare econiomists. Instead,
they view governmental interventi&; as a political market for redistribution
of wealth., On more normative grounds, recent advancements have operation—
alized the specification, ideritification, and assessment of multidimensional
objective functions. Much of this work is summarized by:i{éeneyﬁané Raiffa.

In 'aga:';if;ultura], policy a:aa};ysig', issues of equit_y gre crucial and cannot
be neglected. Unfortunately, th@ré is no single widely accepted measure that
can be included in an optimization nmdei for the purpose of ‘resolving equity
issuss. Due to this problem, many public sector plémie'-fé ﬁvave argﬁé‘é:? that
thig problem must be solved bv a political process rather than by applying an
optimization model Mrill). Brill argues that most public sector problems are
characterized by a multitude of local optimum and noncomparable objectives—

the common rubric problem. He goes on to arque that:

‘"P raﬁ@trlc aﬁalyms mum @ften be raq},nmd to guafanteg o!::"ammg

e?mts of p]annmg pmb‘ems n otimi 2

trialy optimal solutions are llkely to lie in- the mfer:mr regmn of a
multiple objective mathematical analysis instead c:»f along the ron-
inferior frontier.,"

In light of the above criticism, once again we must return to the basic
question: Can economists and operations researchers provide useful insights
and assistance in resolving conflicts among multiple cobjectives? Can they
provide intuition, insight, and understanding which supplement ihat of the

decision-makers? In the case of many agricultural public agencies, the
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multiple obiectives include guch loosely defined measures as increased income
of farmers, increased consumer's welfare, improved distribution of income,
self-sufficiency, price stability, improvement in balance of payments, de—
creased public expenditures, stable flow of supply, and the like, In the face
of such multiple concerns, the continued use of single attribute obhjective
criterion functions will result in analvses which fail to deal with actual
policy problems. Such an approach will assume an air of unreality that public
decision-makers will rightly reject. Hence, if we are concerned with opera-
tional implementation, we have no recourse but to deal explicitly with mul-
tiple objective criterion functions. There is little doubt that there will be
conflicts among the multiple objectives. The definition of a multidimensional
objective function neither creates nor resolves such conflicts; instead, it
identifies them. The identification of the conflicts is, of course, an im-
portant first step in their resolution.

As Steiner argues, however {(p. 31):

"If objectives were genuinely multidiminsional and not immediately

comparable some solution to the weighting problem is 1mp1101t or

explicit in any choice and that solution reflects somecne's value

Judgment. Put fcrmally, we now accept in pringiple that the choice

of  the weidhts is itself an important dimension of the public inter-

est. This choice is sometimes treated as a prior decision which

controls public expenditure decisions (or at least should) and sometimes

as & congurrent or 301nt ‘decision—as an inseparable part of the
process of choice.®

As is well known, the noncomparability or common rubric problem of multi-
ple objective functions can be dealt with by lexicographic ordering of certain
obiectives, treating some objectives as constraints, or as a vector maximiza-
tion criterion. Keeney and Raiffa, however, argue persuasively that, if an
analyst in a prescriptive mode ig umable to resolve the common rubric problem,

2

sufficient serious thought has not been exercised. 1In their prescriptive
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paradigm, the central aspects of choosing policies when faced with multiple
objectives are how to define an appropriate measure of each objective and how
to resolve conflicts among objectives. They enforce camparability among al-
ternative objectives in terms of their coptribution to utility. The resulting
scalar measure has been defined as a multiattribute vtility function. Con-
struction of such functions involves (1) structuring the objectives; (2) de-
fining performance measures or attributes for each objective; (3) assessing
univariate utility functions over each attribute; (4) determining the inde-
pendence relationships among various attributes, i.e., preferential, utility,
or additive independence; (5) speéifiﬁng the functional form of the multi-
attribute utility function; and (6) measuring the scaling constants or weights
associated with various attributes. Additive 1rﬁepend&n@e results in an addi-
tive multiattribute utility function, while preferential independence and
utility independence result in a multiplicative multiattribute utility func-
tion. The critical problems in the application of this prescriptive approach
revolve around consistent assessment of the univariate utility functions and
the determination of the independence relatiomships among attributes. Consid-
erable progress has been made on both these fmnt:é% and, as the work of Keeney
and Raiffa clearly demonstrates, the-approach is operational.

In a more positive vein, revealed preference has been widely erfgaloyérd to
determine the weights associated with various objectives., In the context of
water resource policy, the work of Maass and Eckstein treats weights as being
generated by the decision process. Both express the view that administrators
and project analysts should not abrogate the weighting process and bury the
choices within in a single measure of benefit. More recently, in the context
of a U. 8, agricultural policy problem, Rausser and Freebaim argué that it is

both unnecessary and unrealistic to attempt to specify a unique or single-value
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criterion function, In the envirorment of public policymaking, the importance
of the bargaining process and the resulting o:f;zprcx;zises between different
political groups, the range of preferences of these groups, and the lack of an
explicitly stated wnambiguous value consensus provide the basis for the con~
struction of several criterion functions. They argue that these functions
should reflect the extrems viewpoints and preferences of various decision—
makers actively involved in the policymaking process as well as the preference
sets lying between these extremes. A parametric treatment of the resulting
sét.of preferences would, of course, provide dmisionﬂﬁakers with rational
policy outcomes condifional on the representation of poliéy prefere’nées, The
results obtained fram such an approach should contribute to the efficiency of
itliiéf,1r2ﬁ513:fgai—nﬁi‘zlmgj process. in ré-aching'a consensts; should .serfx‘-re 'eé,i#:l'; poligzﬁm;iékeig
{i.e., each legislative member) individually; and should serve to make quanti-
tative analysis based on historical data effective for many policymakers even
though the camposition of a legislative bady might change.

The revealed preference approach, of eourse, imposes sowe rather restric-
tive assm@tzons. The mathematlcal form of the critermn fun{'ztmn mimt be

z sp@elfmé, the mnstramt stxmture sk be anpz.rmlz@d and ratlrgmallty is

the welghts or trade—offs among alternative obaectwes.' ThlS a;preach has
‘been employed by Zusman in the examination of sugar policy and the Is;:aeli
dairy program. The cooperative game framework utilized by Zusman is both
theoretically and empirically an elegant formulation of the political proc-
ess,?* To obtain an equilibrium solution, Zusman applies the assumption of
additive utility to the Harsanyi-Nash cooperative solution to obtain a set of
necessary conditions to which the revealed preference methodology can be ap~

plied. One of the more interesting aspects of the Zusman framework is that
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it enables quantification of powsr exertion of interest groups on public
bureaucrats and the responsiveness of those hureaucrats to the exertion of
such power. This approach presunes that interect group power issues are
settled by the various groups, first dividing vp whatever gains may accrue
according to their relative strengths: power determines relative shares which
neutralizes all antagonisms; and then, and only then, all interest groups
strive jointly to maximize total gains. 1In operational applications of this
approach, it is likely that the "cost of power" and "strength functions™ are
not well defined and that both measure "relative clout" of different groups
rather than actual exertion of power.

Still another approach, based on the motion of revealed preference, is the
excellent work of McFadden (1975, 1976). In his fraznemrk,’diséz.gé%'mlicy
choices are examined; and the weightings in the criterion function are inm—
ferred from empirically determined "choice selection probabilities.” The
qualitative choice model is indeed a useful framework for ex post analysis of
public bureauvcrats' behavior.

“ How can the various approaches outlined above be synthesized to obtain a
méfe operational and effective means of specifying, estimating, and verifying
_@ub}ié*b@licy criterion functions? The nature of the synthesis ﬁegends, of
course, on the role or function of the economic or operations research ana-
lyst. For a staff analyst working in support of a particular agency or
bureaucrat, the approach should involve an operational prescriptive frame-
work. Either the multiattribute utility analysis of Keeney and Raiffa can be
enployed where policy preferences are determined from direct interviews of
public decision-makers or a parametric analysis of alternative attributes can

be used where feasible with preferences exercised directly by decision-makers.
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For a social analyst working from a positive economic perspective, how-
ever, the most appropriate gpproach seems to be an integrative one which
blends the Keeney and Raiffa, Rausser and Freebairn, and Zusman frameworks,
recognizing the conceptual contributions of Downs, Stigler, and Peltzman. The
key features of the latter conceptﬁal frameworks are that the goverrment is
concerned with maximizing political support-—the probability of reelection or,
in the case of appointed officials, the probability of reappointment. Govern-
mental bureaucrats are viewed as being interested primarily in citizens' votes
and only secondarily in their welfare: What counts is not simply aggregate
benefits and costs but, also, the distribution of benefits and costs among
those who benefit fram policy and those who lose. As in the Rausser and
Freehairn and Zusman frameworks, interest groups play a méﬁorxmle in the
determination of trade—offs and weights assigned to various objectives,

A principal limitation of the Reeney and Raiffa prescriptive approach is
that it totally neglects the influence of interest groups and cammittee
decision making. Its strengths, of course, are the assessment process and the
explicit treatment of uncertainty. The limitations of the Zuzs;nan framework
are the imposed additivity across individual '-;att.z‘iibuii;es or pefformamcg: mea-
sures and the d-ifficuﬁy of infeorpr::é;ati.ﬁg u;icer;:a:inty.: Its si:renqths are the
explicit incorporation of interest groups, the costs of their acquiring power,
and the associated strength functions. The limitations of the Rausser and
Freebairn framework are its vague relationship with the Downs, Stigler, and
Peltzman view and the structure on the influence of various interest groups.
Its primcipal relate to the treatment of the common rubric problem via a set
of criterion functions, ease of parametric examination of alternatiye weight-

ings, and its possible influence in an actual bargaining process,3
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As in the Rausser and Freebairn framework, we shall presume that there is
a set of relevant criteria fimctions, Elements of this set differ in terms of
alternative weighting structures. The structuring of performance measures or
objectives follows the Reeney and Raiffa approach, with specific performance
measures defined for each separately identified interest group. 1In addition,
another performance measure may relate specifically to the governmental
policymaker or policymaking body, i.e., reelectability, wealth, or income.

For each performance measure or interest group, a univariate utility function
is considered. These univariate utility functions are gauged by the percep-
tion of the govermmental committee or decision-maker. Furthermore, utilitsf’ or
preferential independence can be admitted; and, thus, the multiplicative or
interactive multiattribute utility fumction would result rather than the addi-
tive structure irposed by the Zusman framework. The Zusman framework and the
conceptual work of Downs, Stigler, and Peltzman become crucial, however, in
the determination of the "weights"4 entering the multidimensional criterion
function governing the trade-off among alternative individual attribute utili-
ties. The weights may be viewed as functions of the "cost of power™ a la
Zusman; - hence, consistent mth the Zusman f‘ramemrk, the relationship between
weights and the cost of power can be regarded as the "strength fumctions.™ 1In
tfiis sense the effects of exertion of power on trade-offs made by policymakers
reflect the process of political interactions,

The above outline remains incomplete without explicit incorporation of the
Downs, Stigler, and Peltzman concepts. These concepts can be introduced by
specifying relationships between the costs of power for each interest group
with the distribution of benefits derived from alternative policy settings and
the distribution of costs across members of the interest group assoc‘:iateé with

effectively organizing the group to exert power. Hence, the complete framework
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reqguires a specification of the multiattribute utility function; the con-

straint structure which must decompose the system (under the influence of
govermental policy) across interest groups as well as within interest groups;
relstionships between the “cost of power® and the “weights" for each perfor-
marice measure related to specific interest groups; and functional relation-

ships specif?ing as arguments for the cost of power the distribution of

bemefits derived from alternative policies and the costs of interest group

organization., As demonstrated in Rausser and Lattimore, if governmental

ﬂegigion-mak&m -are rati-cgﬁeal, the above framework can be &mployed to generate
necessary conditions which, from past policy actions, can be used to compute
the "weights,” Intmdugzmg certam refstrlc:tzons on the mst of pcawer along

mth xestrtct;ms on the xela?"mnshlp czf mssts oF pcwe.* and the . dl,«trlbatmn

of benefits and costs among members of a particular interest group allows the
"weights" to be determined which, in turn, allows identification and estima-
tion of the functional relationship betwsen the cost of power, the distribu-
tion of benefits within interest groups, and the cost of eff&ctwely organizing
S&tﬁ? grcuzas This a;:@mae}z prowdés & plete revea}ed preiefenoe method for
estlmatmg the efﬁects of pc:wer exertlm on policy and ff;zr 1éent1fymg ?:he
actua1 exertion of 9@":9’7- Theazei 1;5111;;1;1@ dmubt that a high pay@f;fﬁe{x;-s}tsr’far
a,éé%ciéahes of this sort whzch ihtegraté ﬁrescr.ipéivé”with s-uﬁsstantit}e positive

analysis.>

3. Constraint Structure

To properly analyze agricultural policy, the theoretical framework for the

constraint structure must be developed. This Framework should capture the

2

essential elements characterizing the behavior of agricultural firms and the

principal properties of agricultural markets, Since the actual affecting of
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decigions is what operations research is all about, these frameworks must
address (i) dynamic interactions, feedback, and linked effects and (ii) egquity
and efficiency effects. This reguires an examination of the returns on both
assets and activities and thus the need to treat explicitly both cutput and
input markets. Failure to deal squarely with (i) and (ii) will clearly result
in operations research analysis having little impact on the actuzl selection
of policy.

In the context of agricultural production, one theoretical framework that
offers the possihili.@;g -of addressing (i) and {ii} is-the so-called putty-clay
model. This model, formulated by Salter and Johansen, admits the asset fixity
and rapid techmlaglcal czhange characteristms noted in the introductory sech
4-1@@1 @apzi:a}. is avallable for - adop

tmn,ﬁ It rizes ?;hat techmea}ly
tion by farmers, Moreover, at least part of the "new" capital is indivisible

>-which, in turn, leads to wmequal degrees of returns to scale in

using the new techmology for large-scale versus small-scale producers. Par-
ticularly in the case of farm machinery, these capital goods are often spe-

azalmeé to the extent that i:hea.r mput-»eutput x‘atms cannf}i:: be altered. Of

teahmlogl«&a (whmh m»ght be éescsmbed by mnveﬁtmnal neaclassmal product ien
flmc-tmns) 7 Bat mc:e the mvesment takes place, f}.exs.blllty in outp;t Capa-
city and input-output relations for a particular operation is reduced.

The Qutty—-ciay approach suggests that the decision-making process of
farmers consists of two stages: (1) the long-run choice of technigue and
(2) the short-run determination of output mix and output use, given the
selected technigue. A realistic and tractable approach is -to assume that the
farmer considers only a finite set of distinct production techniqué.s. There-

fore, the decision-making process of the farmer includes a mixture of discrete
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and continuous choices. For example, a farmer has to choose whether or not to
purchase & new tractor; given this decision, he has to determine how many
acres of wheat and how many acres of soybeans to plant. The putty-clay ap-
proach is designed to deal with capital goods that can be bought or sold but
for which there is no effective market for services. On the other hand, there
might be some capital goods whose serviees are bought and sold in markets.

The services of these capital goods are treated by the farm like any other
variable input.

Farmers' decisions are dependent on the nature of the markets in which
they operate, Hence, to properly account for (i) and {ii), the charaéteris~
ticg of agricultural markets must be specified correctly in modeling farmers'
behavior. Generally, the markets for agricultural fpméﬁcts at the farm level
are competitive, and farmers can be treated as price takers., But at the time
of decisions, output prices are generally uncertain.

Input markets are often more complicated. Agricultural inputs can be
categorized into two groups: durable and nondurable inputs. The durables
inclide, inter alia, land, capital goods, financial capital,.and human capi-
tal. Agricﬁiﬁgzal ppdce&%es ﬁé@ service’flbws derived. fram the stock of these
durable inputs. There are different types of market arrangements for the
stocks and flows of services of these durables which must be recng&ize&ﬁin
modeling farmers' behavior. For example, the amount of land a farmer can
utilize depends on the nature of the land markets in the economy. In same
cases {especially in developing nations), the amount of land available for
utilization to a farmer is fixed since there are no markets for the purchase
or rental of land. 1In other cases there are no rental markets for land, and

farmers can extend the amount of land only by purchasing additional land. 1In

many countries, however, farmers can extend the land they utilize either by
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renting or by purchase of additional land, Different types of land rental
arrangements may be used. In some situations, land is rented for a flat fee
while in others sharecropping arrangements prevail. Ancther aspect which
should be incorporated in modeling farm behavior is that land is not homogene-
ous; instead, it is composed of different qualities. Thus, the multitude of
land qualities will result in a host of land and land rental markets.

Same of the essential elements of agricultural production, as well as the
specific prd?erties of agricultural inputs markets menticned above, have not
been introduced in models used for policy analysis in agriculture., A popular
approach is to consider the effects of policy on a representative firm which
is assumed to have a neoclassical production function. While representative-
firm analysis is simple and easy to apply, it -¢an yield misie;&,di;}z}‘ zesuits
since it ignores technology and farm size along with specific rigiditieé of
the industry.

A far superior approach is to develop a formal model of an agricultural
industry which considers individual responses as depending on the distribution
of resources in policy analysis. Such a m@d&l can imliﬁe all the essem:lal

ingredients i&zen:tionéﬁi above. 8 f :f{~.1.£1.e:a1ly, assume that an agmculturel, sector

consists of I farms éienoted hy uﬁexes, i=1, seer I. To reflect the. d;stri-
bution of farm size and land @zal;ity, let }Zz ;= {Lﬂ; viiy L"i J}' r-epzesént
acreage endowments of qualities 4 =1, ..., J owned by farm i at the beginning
of a production period. Before implementing production decisions, the farmer
may choose either to buy additional land or to sell existing land. Thus, let
AL, = (ALy iy weny AL 5)' be a vector representing the change in ownership of
various land qualities (AL; j > 0 represents net purchases and ﬁL_ij < 0 repre-
sents net sales). In addition, the farmer may choose to augment his landhold-
ings for the duration of the production period by renting additional land from
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external sources represented by Zi = (2, where z < 0 corresponds

- iJ )
to leasing some of his own land to another farmer.
In this context the vector Ai of acreages of various qualities utilized

by farm i in crop production must satisfy

{1} 0 <A, <L, 4+ &L, + 2_;
-~ i1 i i

and, of course, the farmer can neither sell nor lease to another farmer more
land than is actually owned:
(2) ‘ e

(3) zy, 2 -l - AL,

To consider the distribution of capital stock and technology in £he indus-
try, suppose there are §, types of existing technologies in the industry and
every farm's existing technology, 5?, may be classified into one of these
types dencted by s = 1, ..., 5q- The techrivlogy type thus specifies the
complete machinary {:ﬁemgs}.exaent, structures, etc. In addition, with the new

logies become available. %oﬁcﬁ:&ﬁg the

productlcn @erwﬁ, Sl O. nais? techn
g;ttywlay a,g@rﬁas::h a farm may mntmmr operatlng w:cth its exzstmg i:ech——
jrmlagy cv: mcur oosts of mvesi:ment :k ‘in adoptmg a new tﬁchnology sy g =

Sgt 1y «..s 8 (for simplicity, assume ks =0 for g = 1, veny SO).6 ’ihe

cost of new technological investments attributable to the present production
period (annualized cost) is thus Yk, where Y reflects the annualized percent-
age of the investment cost, associated depreciation, deteriorating, etc.

Also, following the putty-clay assumption, each technology is associated
with fixed input-output ecefficients which may be arrayed in an E x J matrix
H, where elements Hies dernote the amount of variable input e r:equi;:ed per acre
of type j land using techmlegy s. In addition, each technology is associated
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with & 1 x J vector of productivities, Yor where elements Ysj give the yield
per acre on land of type j under technology s. Yields per acre are assumed to
be random variasbles which depend on weather conditions, variable inputs, and
other factors. Finally, each technology is associated with a linear capacity

constraint, E:S A, = bs, which may be rewritten without loss of generality as

(4) c Ai <1

where ¢ = (Cgqy ..y Cgy) is @ 1l x J vector of constraint coefficients. For ex-
ample, .1?‘?:5 3 réﬁres&nt*s-the maximum amount of type j land that can be farmed
with technology s (e.g., with machine sizes specified by technology s). In
adéition,'the constraint imp}ies‘ that capacity utilization may be substituted
proportionally. among land types, Of course,. realistically, capacity may be
doubled by purchasing twice as much machinery, buildings, etc. (incurring
investment costs 2k_); but this may be simply represented as an alternative
technology s' # s. ‘)

Assuming a competitive industry, each farm regards its output price P and
the: mtor oﬁ input prwes V= (Vl, cerr Vi) @S gzven.? ’mus, with tech-
miﬁgy 8, t{::‘tai xevenue from the sale of proéuctmn is Py A i and vamable
costs of pméuctim (exizludmg ‘rental expense) az:e Hy A where y _Vﬁé is a
vector of averag@ costs per acre. Suppose, also, that the land and rental
markets are competitive with respect to 1 x J price vectors, W = ﬂé?l, veer WJ)
and R = (Rl, ceer RJ) , corresponding to the various land types. Thus, the net
investment in new land is %Li, and net rental expense is Rzi.

Now further suppose each farmer expects land to appreciate and has a sub-
j}ective distpimtim of land prices W;‘ at the end of the productim period.
Capital gains on landholdings are thus given by [W5 - (1 + &)W] (L‘i +AL)

where © is the effective interest rate on the farmer's land investment
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{including opportunity cost on land held free of debt). Thus, capital gains
are random variables the distributions of which can be derived from the dis-
tribution of W;‘* Farmer 1 has a joint distribution for vields per acre under
each technology and land prices at the end of the period. The cumulative sub-
jective distribution function ig denoted by Fos (YS, W"l‘} .

In the above ocontext, suppose the farmer has a myopic objective for the
present production period of maximizing his expected utility fram total eco-
romic gains. The farmer's total gair%' are denoted by ’Hls and consist of the
sum of short-run profits less the cost of new capital irzggeéﬁnents’ attributable

to the current period plus capital gains from land appreciation:

{3) = (E’Ys s, Ai - RZ, - vk, "'*“’?Wi = (14 6y W] (L, +£45L,).

The utility function of the farmer is denoted by U(7) {concave and twice dif-
ferentiable} and the objective of the farmer is to maximize BJ(7) where E is
the expectation operator.

E‘mally, given the nature of agrlculturaz credit markets, aasme that t.he
industry does: not “have acoess to a perfec% aapltal markat S’{‘_ ‘e that fams
have different cred:tt hms avallabz,e to them pcass;bly depenémg on. thelr d
;equity, management, etc, ~Let m, represemt the total . funds ava11able to farm i
at the begimming of the production period inmcluding both internal liquidity
and external credit. Then the new investment in land and alternative tech-

nologies must satisfy

{6) k + WAL, < m,.
s N i
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"The farmer's myopic decision problem thus becomes maximization of
E [U(7,)] in (5) subject to the constraints in (1), (2), (3), (4), and (6).
The farmer's decision involves cholice of a production technology, the guanti-
ties of output and inputs including land rental, and land portfolio adjust~
ment. For conceptual purposes, the decision problem may be broken into two
stages. First, optimal production plans and land transactions can be deter-

mined by nonlinear programuing for a given technology, i.e.,

)| max BU{m.)
A,yZ. AL, +
3 i s

subiject to constraints (1), {2), (3), (4}, and {6). Suppose the resulting
decisions, which are functions of P, R, V, and W, are denoted by A,, Z4. and
L%, and let the resulting maximum under technélogy s be denoted by 7, (s).

The optimal technology is then found by maximizing over s,

{8) max ﬂi{s}
5

wh&redi = (0, ..., 8;) is the set of pégentiai techriology choices for
farm i. Let the optimal technology choice from the problem in (7), which is
also a funckion of prices P, R, V, and W, be dencted by n’l"

Given the abc::»ve framework for each individual farm, the farm responses can
be simply aggregated into market relationships. Although specific equilibrium
conditions can also be developed for output and input markets, they are not
given here explicitly for brevity (they may be found in Rausser, Zilberman,
and Just).

While input and output prices are determined by the interaction of the

agricultural sector with external forces from the rest of the economy, the
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prices and rental rates of land are determined internally. For example, for
given input and output prices and given rental rates, an individual farm's
demand for lands of various types (supply if negative) is ALY W) which is a
function of land prices according to the above optimization problem. Supply
is equal te demand for each type of land and eguilibrium prevails in the
industry only if

I
193 I ALY @) =

i=1

Similarly, the demand for remtal land of varicus types (supply if nega-

tive) is given by 2% (R} for given prices of land, other inputs, and out-

. put. The rental markets aré thus in eguilibrium only if
1
(10} z z§ (R) = 0.

To treat the dynamics of the farming industry and the associated land mar-

kets, farm credzt must be enéogemze& in the mz Farm cmdit generally

;dapenés on the farm’ éebt:—eamty position gince: ‘loans must be acm :f? ied by

&uffmmnt payments ané/or coliatexal In thzs ca&e !;he avallabllity of

7f1mds fcar: mvest:ment m . a8t trme ‘t é@‘l‘f}_,:’hs on cash on hand, e ‘I::he value of

nonliquid assets, N5 and outstanding debt, Bit:

K., , B, 3.
it it

it i Vie’
Letting € denote the rate of down-payment reguirement on new investment,
cash on hand can be used to finance an investment of 1/ Y., thus requiring an

ircrease in debt of (1 ~ g)/c {Yit}, But also, existing equity, N, - B, , can
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be used as collateral in obtaining new loans. If 1 - £ is the rate at which
funds can be borrowed against existing equity, then funds borrowsd against
equity can be used as a down payment to finance additional investment of

{1 -¢g)/eM, -~ Bit} with debt increasing by (1 - ) (B, - Bit) on exigting
assets and by {1 - s)z/afﬁit - Bit) on new assets., Thus, total funds avail-

able for investment are

1 Sl P _
(12 mit = H, +"~-°E (N, B, ).

“The value of monliquid assets may include the value of gapit;gi goods,
stocks of gfains, etc., in addition to land; but consideration Qf all such
gossmiiities can be added as an obvicus extension of the model and would only
serve to complicate the present dis-cu"ssion. Thus, suppose the value of assets
is smply tbe valu@ of lan@holdmgs, N, = W' e |

Cash on han:i which can be used as a down payment for current mvestment
includes cash left over from the previous production period after investment

plus profits from production, less debt payments due and necessary living ex-

penses, i.e.,

H,. .= (&, _ -1 g k BN AN SR G L+ 8)
1t 'E,Al"t'_y ﬁ‘i,t.v:lﬁi,t—-z niat_‘; -1 TTi, - p N 1)
{133 ’ o

L] . -
. P 1 Sy
( -1 nii. -1 Bi,t-.l ) il At . Sl ’

where 8 is the discount rate, Iij =1 if i = 3 and I_, = { otherwise;

G denotes new loans taken out in period t, and U, is the farmer's

i,t i,t-1

living expense for period t - 1 {given exogenously). The term

In. ", kn ig the investment associated with the new
i,t~14,t-2 i, b1

technology if a new technology were introduced in period t - 1; otherwise, it
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is zero., Of course, in optimization, one must impose the constraint, B, > 0;

it
i.e., cash on hand is nonnegative. Finally, the cutstanding debt at time t

follows the eguation,

(14) Big =8 w1 V65 g G- 8 B t-1e
sime ¥ - © represents the rate of amortization.

Combining these relationships (12)-(14) with the basic model in (1)-(10)
provides a model of the farming industry with associated land and-product
markets where farmers operate myopically and technological cihange ig imposed
exogenously, In the context of this model, land price expectations can be
specified either according to an adap**lve expectations mechanism, an extra-
polative e@ectatmns ﬂk‘aci“ams;m, or & ratlmai Exgectatlm.s ‘mechanism. En-
dogenizing land price expectations in this manner, the model becomes capable
of explaining land appreciation and the associated role of product prices,
production costs, technological developments, ete.

A more complete dynamic repressntation of the system requires formulation
of the inﬁividuai fafr’z%ér' choice alternatives as a dynamic aﬁtémi-zétior%‘ f@r@b—
lem, The use of the myopie fmrmu! at:e.f:zs} is apoaalmq, howexrer, szme 1t
smxgﬂlfles the analysm amensely and in most instances should capture the"
essentlal elements of the dynamic csptlmlzatlm criteria. Fzrm _footmg for the
degree of a;ppwxima-tim involved in the use of myopic formulations has been
provided by Tesfatsion who has investigated the use of myopic economic deci-
sion rules in approximating the outcome of dynamic optimization problems, The
degree of approximation is improved the smaller the uncertainty in the system
and the higher the correlation among the gains of different periods. Note
that in agriculture the latter correlation under each technique ca;'l be high

indeed. Moreover, Tesfatsion finds that bounds for the approximation error
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can be ewpressed in terms of absolute risk aversion, variance of the stochas-
tic element, and the marginal gain. The principal value of these important
results is that they allow us to determine the nature of approximation for
intermediate or myopic return functions to their global counterparts. In an
operational setting, freguent use of such results can be very advantageous.
This conceptual framework suggested above for analyzing the behavior of an
agricultural industry seems cumbersome, but it is tractable and has been ap-
Plied both theoretically and empirically in emphasizing the importance of
distributional effects of policy in agriculture. In a recent paper, Rausser,
Zilberman, and Just héve used this approach in its greatest applied generality
thus far to theoretically analyze the diversion pOLlClGS of the U. 8. Food and
:Agrlculture Act of 1977. These p@lzcxes are designed t@ 11m3t tha aggregate :
production of crops in the United States by controlling the acreage devoted to
the different crops. Participation in the diversion programs is voluntary,
and the programs are defined by two instruments. One instrument is the diver-
sion requirement, namely, the percentage of land controlled by a participant
farmer that should be set aside énﬁ'nq§ uﬁiliﬁedf The"Sésgmavinsg?gment is
the diversion paymeht-—the incentive mfferéd to particigag}tég frhese two
instruments- are determired for each eé&?"évﬁfY'yéai by t%é,Sééretary-mf ﬁgﬁiw
culture. The diversion payments vary among different fégimns.of the country
reflecting the variation in average land productivity in these regions. The
first policy issue is the determination of the participation rate in the
program as a function of the policy instruments and investigation of the
characteristics of the participants in terms of technology, farm size, land-
ownership, etc. The second policy issue relates to the distributional effects
of the diversion programs. To attain these answers, the the@reticél analysis

investigates the effect of diversion programs on output prices, land rental
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fees and prices by land type or quality, and the quasi rent attributed to
capital goods.

Por the case of fixed technology, results show that the key determinant of
compliance is the diversion payment per diversion acre and the minimum rental
rate R {the rental rate of diverted land in case of same compliance). More-
over, it was found that an increase in the diversion payment P tends to in-
crease diversion {measured in acres diverted), while the impact of an increase
in the diversion requirement, 1 - w, on acreage diverted is more camplex. In
case of full compliance, an increase in the diversion requirement will in-
crease diversion. Hcmééer, in casé of partial compliance, an increase in the
diversion requirement tends to decrease total diversion. The latter result
maght be consuiered couﬁtprmtuztwe, hmevex, note that, while an mcrease in
the dlvers:ton requlrem&nt will increase the land diverted by each participat~
ing farm, it will also reduce the number of participants. Thus, the effect of
the reduction in the number of participants on totél diversion is greater than
the effect of the increase in the diversion for each participant. Since the

nmbez: of ga:‘:f:zmpants éepends {.’:J_’ltl&‘:%lly on the gdistribution of resources

aﬁmng faxmmrs, the. analysxs éemonstrates that dlsi:mbutxonal issues may be of -

cmtmal mportance in, gietermmmg the overall effectmeness of agrm&ltm:ai
;aosllcy.

The above framework is especially useful for modeling constraint struc-
tures which admit the adoption of new technologies by agricultural firms.
Under risk neutrality, this possibility leads to the following optimal

solution:

(15) To(eY =gy - (Y F ) ko + o, WLy + AL
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where ¢,. denctes the shadow price of the capacity constraint, éZi the shadow
price of the credit constraint, and v is as defined above. For this case,
Rausser, Zilberman, and Just show that an increase in the diversion payment
tends toc discourage the adoption of new fechnologies which were previously
feasible with existing credit sources but may encourage the adeption of new
technology which was not previously feasible because of insufficient credit,
When a reduction in diversion reguirement increases rental rates, then
adoption of feasible technology with larger capacity is discouraged; but
aéoption of technology for which credit was previously insufficient or for
which capacity is smaller may be encouraged. Hence, diversion policies have

three major effects on the adoption of new technology:

1. 'Reductic);ls in utiiizeﬂ_ Tand tend to imgrcvé the marginal tech—
mology so that the opportunity gains from operation are re-
duced (at least when new technology increases capacity).

2. The ircreased returns through diversion payments tend to
increase rental rates and land prices (although a tightening
of diversion requirements may work in the quosi.te éfi.nx:'ecti?ﬂ‘lz)’
in which case wealth increases, perhaps maung same géw’ tech-
mology affordable. '

3. For the typical case of partial participation, the short-run
effects of holding diversion requirement constant and increas-
ing the diversion payments can be significantly different fram

the long-run effects.

The effects are particularly important in selecting actual policies. For
exar_@ie, a desire to reduce output and enhance farmers' income could lead to

increased diversion payments for given diversion regquirements which, in turn,
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would cause RW to rise, thus reducing the shadow price of credit and making
new investments more attractive.

The above results presume risk meutrality. Understanding the process of
technological a&c;ptiﬁn, however, requires the explicit recognition of uncer-
tainty and risk aversion. This is a major policy issue in both developed and
developing countries.

Numerous approaches are available for appropriately characterizing the
constraint structure under risk i,nclﬁ_ding the ms;;iif‘;iplicat:iéé risk framework
{8andmo) ; mean-variance foimﬁlaticn (Tobin, Markowitz, Freund) ;. sﬁt@;ﬁh&ﬁﬁi{:
dominance (Hadar and Russel; Anderson, 1954&); safEty—fﬁrst frameworks (ﬁoy,
Telser, Kataoka, Romzasset}, prospect theary (Kahnemn and ’I:’versky}, and

' skeweé élstrzbﬁtzms anél m@n%:wgeneratlng fzmcx,xm fraaewarks fizausser anéi
Lattimore). Space precludes an assessment of each of these approaches;
clearly, their relevance depends upon the problem under examination.

An gpplication of the general framework (1)-(8), in the context of risk
aversion and technological adoption, is presented in another paper of this
volume by Just, Z:Llrman, and Rausser, Cﬁ:mentratmgem agmculturaldevel-
agznent tﬁey i:z:eat two magax issues: bazriéfs‘ tb ado@twnané disttibﬁ%ibnal
e.ffects. Lanc’i markets are n@t oans&éered because ::af thelr gen@ral mactuutyf u_
m éexfelopmg ceuntrles. Moreover, anly two tec:hnalogzes are consaﬁered S0 &8s
to provide sharp focus to some specific economic de‘.re_lc:&gznent igsues.

In the Just et al. analysis, a number of implications of n@w technology
are apparent which have been observed casually but which are not evident in
representative firm models. Results show how adoption depends on the distri-
bution of resources and thus how distributional considerations can explain
different rates of adoption in different regions or countries. Thé framework

also shows how income distribution is impacted by new technology and thus
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provides important necessary information for policy selection. Finally, by
endogenizing product and input prices (including wage rates), the results show
that the spread of incomes among individuals may either improve or worsen de—
pending on the particular characteristics of the new technology. These types
of considerations, which are of crucial policy importance, can generally not
be made on the basis of either representative firm models or ordinary aggre-

gate industry models.

4. ‘Empirical Applications and Solution Algorithms

‘fb be ‘sizré :f@: agriatiﬂ;iau;ai policy analysis to be useful, accurate knowl-
edge (Bf how the agricultural economy worksm-fcrtifieé‘ by reliable quan?:ific&—
tion of key xelatwnshu;aﬁwiﬁ the syﬁtemmis a n&cessmya Awamness of values
basic to what people want from the agricultural sector and from the political
processes by which policy is made is also essential for meritorious work in
political economy. The former relates to the specification and estimation of
a constraint structure while the latter pertains to the criterion function.

In each o"f ti'iese' two arems, much of the reseamh rezg’uiraé 3’.§ not’ progeﬂy
vigwed as @olmy anai’z,ysm n@r sh@uﬁ.ﬁ it b@ but :zmt: certam},y pahcy anﬁiysls
(and pres«erzptmn can mai:;e lzttle gf any ;;rogress mthoat i:hese tm ments.
Changes in the agrmultural proéuctmn structur&—smze of famz units,
ownership, forward contracting, vertical relationships with ronagricultural
firms, and the like—will continue to cause discontent among entrepreneurs
participating in this sector and to raise issves about efficiency and the die-
tribution of power in the econcmy. This, of course, raises guestions bearing
on personal intome distribution, which we have argued throughout this paper
are indeed important but are notably difficult to resolve. There are many

approaches here as there are value judgments. One approach advocated by
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George Brandow is for economist to forthrightly adopt A. C. Pigou's proposi-
tion that a narrowing of the personal distribution of income increases welfare
if the national product is not reduced. These and other equity considerations
regarding the distribution of wealth are indeed demanding in terms of data
requireménts. Time series data which reflect the dynamic interactions, feed-
back, and linked effects regarded as crucial in section 3 are generally not
available across wealth categories of various participant groups (e.g., con-
sumers, producers, intermediaries, and input suppliersj. This is perhaps the
major reason why issues of distribution and equity resulting from various
policies are often examined by economists and operations researchers as an
afterthéugﬁt. Nevertheless, as we argued in section 2, the neglect of such
distr ;b\Jtimal effects on various groups within the major components. of agri~
cultural systems will doam to- failure any g@lﬁéy analysis that is conducted—
failure, that is, with regard to the actual selection and implementation of
policies. Hence, an approach to empirical confrontation and model solutions

is required which recognizes such data limitations but is not constrained by

such restrictions. In £act, one of the principal pf.)hcy issues facmg many

public sector - éemsmtr—makmg bodies is the dunensa.ms of the @ata srt
8

system that ‘
We tm then neglec%: the m@ortanae of fully 1ntegratmg the ﬁrray of
var ious guantitative approaches to policy analysis and testing of theoretical
constructs. Econcmetric methods, optimizatiéﬂ systems analysis, and simula-
tion as well as more pragmatic data oollection efforts should not be viewed as
separable tasks. Instead, problem-oriented research requires that these ap~
parently separate tasks and associated methods be effectively integrated. Tt
is our view that, without an effective integration, the goten-tial gor opera-
tions research efforts in public policy related to agricultural systems will

remain largely unrealized.
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2 modeling approach for effectively integrating the array of guantitative
approaches could be based on one of the three classes of models identified by
Bellman or independently by Feldbaum. They distinguish three types of
models: deterministic, stochastic, and adaptive. It is well known that
deterministic models are those with all components and relationships assumed
known: with probability one, Stocﬁastic models are those with some random com—
ponents arnd relationships but with the distributions of the associated random
variables assumed to be known. Adaptive models are thoge with oomponents and
relationships about which there is initially some uncertainty (for example,
the parameters of the relevant probability distributions may be unknown)}.

Most importantly, however, the uncertainty on the structure and components
changes by learning as the process evolves.?

Adaptive models can incorporate learning processes which are either pas-
sive or active (Rausser). Passive learning processes are those in which in-
formation has accumulated about the system or model strictly as a byproduct.
Active learning processes are those in which the learning and the operation of
the system are treated as Jjoint products. This feature is referred to as dual
01: adaptive control. Unkoown guantities about which no data are available can
be characterized by probability distributions whic;h are altered by learning as
the process evslves. The active accumulation of d;:ltii and information does not
take place independently of the policy process. Formally stated, optimal
adaptive control procedures require a simultaneocus solution to the control
problem and the segquential design of experiments problem.

In the context of data collection and the net value of information, adap-
tive control is nothing more than a multiperiod generalization of preposterior
analysis {Rausser and Hochman). Preposterior analysis, the two-period form of

adaptive control, has been widely used in agricultural economics to examine
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guestions of the information value of additional research and data collection
efforts (for an illustrative application, see Anderson and Dillon). The prob-
lem is to properly characterize the unknown parameter probability distribu-
tions after the research or additional data are available but before such
efforts are undertaken. To be sure, this approach recognizes that attempts to
obtain more reliable estimates of various interactions, delayed effects, and
causal mechanism itself presents a resource allocation problem. One way of
formally dealing with this problem 1s preposterior analysis for the two-period
plamning horizon or adaptive control for the multiperiod horizon with the
result of providing guiﬁ‘el,ines for the design of experiments to capture the
information content of additional sample data.

In pursuing the above mode}..ing approach, a judicious use ‘of sensitivitity
analysis and an examination of Aquestions félated to robustness must be con-
stantly addressed. If a particular policy or set of policies is insensitive
to a clausal or linked effect, presumably the value of data or information
related to this effect need mot be examined, In other words, the value of
such in-fozjmatim is outweighed by its associated cost to investigate such
guestions, To be sire, Wt&timal rationality dictates that mdels be
tractable and i.ﬁterpzetablge. Moreover, noéels mu-ist admit the poséibi;itf of
formally d@xiw}ing reliability stati"stics related to the tncertainty of u@acts
associated with particular policies. In using models for policy analysis, a

number of difficulties arise due to model dimensions and problems of mumerical

accuracy.

The issue of accuracy is particularly important when the structural model

representation is nonlinear in the variable space. In agricultural systems
which address dynamic, linked and feedback relationships, we often find model

representations which involve simultanecus interactions of large systems. For
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nonlinear representations in these model forms, it is not possible to obtain a
wmigque reduced form. In computing the necessary derivatives to obtain this
form in such models, issues of approximation and round-off problems naturally
arise. ﬁalyﬂs‘as operating with such models often sweep under the rug the
problem «measuzrmg the vamabihty or risk associated with policy actions under
examination. It is noted in Rausser, Mundlak, and Johnson that theése problems
can be largely avoided by specifying models which are linear in the variable
spacewbaft in‘ess‘éﬁce mnliraéér" "‘m\ the mametéf space. Thls re;;uxres the spe-
mfmatmn of models in whlch the parameter z«:«ff&cts are not censtant I:yat in-
stead are tr@atec} as t:zm@-—vaxymg and random. 'I‘helr ag@roaah allm*s forecas*
probability distributions, conditianal on altermative policy actiens, to be
g&nerat&d foz: partlcula!: pomts in the pa:ameter syace. Thls a;@roach g,lso
simplifies the valléatzon arsd verlficatlon procedures, especlally the deriva~
tion of dynamic properties of the constraint structures. When such model
representations are combined with adaptive control approach to modeling, we
still arrive at a nonlinear policy model due to the need for simultaneously
exammmg the cmventmnal p@lwy pr@bl&m and the segggnt;al ﬁeszgn of ﬁxperzw
ments as. éat"a ooliectlm prsblm*_ Here agam, 31@1{:10113 Lise of Sengltwlty

analysxs and agproprzate soiutzm algﬁritims ar’a xequzmd

i Solﬁti@m A;go‘rit’hms

There are a number of possible methods for solving dynamic, stochastic
models of the sort envisaged here; they can be categorized in terms of analy-
tical, analytical simulation, and ad hoc simulation methods., Although identi-
fied as alternatives, it is important to recognized that these three general
options are simply points on a continuum—ranging from completely a?alytical

{(in the sense of close form solutions) to ad hoc or exploratory simulations.
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Analytical methods generate information from isomorphic representations of the
model structure as optimal solutions, The optimizing algorithm must be con-
sistent with the structural characteristics of the model (constraint struc-
ture) and the criterion function. In terms of the adaptive modeling approach
suggested above, such sclution algorithms are not available. Only by approxi-
mating the original model structure or the decision rules can policy results
be obtained. In either of these two instances, we have, in effect, turned to
some form of analytical simulation.

Analytical simulation methods are generally applied to models sufficiently
complex that exact solutions for isomorphic representations for capturing op-
timal decisions are not feasible. Viewed from the opposite end of the afore-
mentmnec‘i mntmumn, analytzcal simulation alge}rzthms are apera%:mnal when the
structure and objectives of th@ modeling process are sufficiently identified
to suggest systematized experimental processes. Information developed through
exper iments with combinations of policy and noncontrollable variables selected
according to grid coordinance are often used to approximate optimal solutions
or straftegies. thmz’m seeking or. policy m@mvement proceéures used in con-
ne¢tion mth model experments may. also ba- vzewed as types of anaiytw smula—-
tich mlutlms :

Anotheér form of - analyizlcal mmulatzm, suggested as ear:ly as 1965 by
porfman, involves the joint use of optimization and simulation methods;
namely, by simplifying model representations to enable the derivation of an
optimal solution, a simulation model for the more complex structure is then
used to examine that solution as well as minor modifications in more de-
tail.}0 other approaches use simulation methods to discard dominated alter-
natives and subsequently employ policy improvement solution algorit?m to

select strategies from the reduced set (Johnson and Rausser). Moreover, a

&
R
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number of recent applications have shown how optimization and simulation can
be employed recursively. Numerous exanples have implemented optimal program—
ming algorithms for allowable ranges of decision variables values in conjunc-
tion with simalation models to generate {performance} cutoome probability
distributions. On the basis of insighte from the simulation model, allowable
ranges for the decision variables values are modified, and the optimization
model is again applied. S8uch recursive approaches make sense if properties of
oonvergence can be established {Jobnson and Rausser).

Infﬁﬁe case of exploratory or ad hoc si&uiaﬁion methods, the performance
of various aitafnative53axe“usﬂally'ihfetred‘an thg éaéis of expéziﬁénts
chogen in an intuitive rather than a structured fashion. In applicatiens of
- this approach we generally find that tbera 1s no explicit cr1terzon fune-
tlon. Thug, pohc::,es are somehow selected on the basis of the comparative
per formance of experiments or simulations conducted, To be sure, the analy-
tical content of the results that have been generated by such methods is
minimal. However, for complex representations in which very little prior
inﬁmrmatign is available, such methods often provide thg basis for useful
insights. AT

As roted above, an a&antxve moﬁelxng approaab to pollcy analyszs requires
the 1ntxe§;atlcﬁ of ec@nqaetrlc, gperatlens research systems analyszs, and
the value of informaticn assessment methods. An effective integration of
these methods will often dictate the use of a "toolbox™ of solution algo-
rithms, In other words, it will often prove desirable to use multiple models
to develop, evaluate, and elaborate alternative solutions. The toolbox per-
spective, although certaintly inelegant, increases the likelibood of tailoring
available algorithms to provide significant information and insights’ rather

than just "answers.” Such algorithms should be designed to store and calculate
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as well as to display additional intermediate information to facilitate the
learning and planning process. Such intermediate information often serves to
stimulate creativity if generated via an interactive process, For example, an
analvtical simulation algorithm can first be employved to generate an initial
design that mests specified criteria. The planners and analysts then provide
human reaction by introducing desirable refinements resulting in locally opti-
mal designs. In this fashion creative sparks may be ignited. Operationally,
it will often prove difficult for planners to implement such designs and with-
out examining alternative designs.

In the above. setting planners and analysts are not wedded to the first
design, and there are implicit incentives to pursue other distinct alterna-
tives. In this enviromment, artificial intelligence and heuristic methods
will prove'péftiéﬁlarly'watﬁéhiie; Tﬁésé m@thods élace émphasis on problem
solving, optimum-seeking solution and search procedures rather than optimum
solutions. Thug, the "answer" seeking mentality is avoided, and learning and
inductive inference is highlighted. These features will one day become com-
pletely operational in the context of qca@uter-orieateé heuristics designad to
gccgm@iiéh sucb‘fanctioﬁs ag search, paﬁfern;rgaﬁgﬁitioﬂ; aﬁﬁ.Organi%éticnal
_ pia§ning. - | | u -

To facilitate on ié@xniqg and inéuaiiv&‘inferenpg}‘@geratieﬁé“zes§ar¢hers
investigating various policy issues in agricultural systems will have to de-
velop an expertise in ewxperimental design and response surface ﬁmoc@duzes.
Relevant experimental designs must be sequential (Anderson, 1974b) and
squarely address "policy improvement”™ algorithms. Such algorithms involving
sequential designs typically begin with an extensive search via simple ex-
ploratory experiments which converge toward some peak for valley) of the sur-

face and then switch to an intensive search as the optimum is appxoached.ll
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To implement such seguential experiments and policy improvement methods, the
appropriate response surfaces must be constructed. Fortunately, an excellent
survey is available for operations researchers to familiarize themselves with
response swface investigations from the standpoint of seguential analysis and
optimal designs (Chernoff). <

In designing operational solution algorithms, the special problems con-
fronted in the use of multiple objective functions and the need to to reflect
equity; and distributional effects (sécti@m 2) must be expiigitly‘§écdgnized.
For policy improvement algoritﬁms and associated analytical similation
methods, wé'aré‘cﬁten faced with a plethora of local aptimum. Analvsts fre-
guently deal with these problems by employing incomplete or partial multiple
objective eriteria ﬁg@ctiﬁﬁs, i.e., they perform a-partial ahalysis. The
1imitation of such partial analyses is that superior solutions often lie in
"inferior" regions. Given the limitations of operating with complete, as well
as incomplete multiple objective criteria functions, there should be serious
attempts on the part of operaticns researchers to generate alternative weight-
ings or txadefgif,relationship55:ka be sure, it will often prove difficult to
ﬂiﬂﬁﬂniéétEsimgottéét‘tﬂ@éé;qffffélééicnshiés;fﬁuf} nevefth&ieéé, from-3 re-
searcher's strategy standpoint, beﬁefiﬁstaypeér to out@ﬁight~&he_é$56¢iaﬁed
’ébsts. ‘\ |

Theory and intuitive reasoning can be heavily utilized in isclating those
trade~offs which allow a set of scalar criterion functions to be examined by a
parametric analysis. When such criterion functions cannot be captured, again,
parametric analysis can be utilized with some objectives expressed as con-
strainte motivated perhaps by a lexicographic ordering and/or as satisficing
arguments. Recent advances in effectively combined measures such ag consumer,

intermediary, and producer surpluses along with risk effects and general
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equilibrium effects such as exchange rates, balance-of-payment considerations,
and other factors are indeed encouraging (Hueth, Just, and Schmitz). Thesze
advancements are suggestive of appropriate ways of dealing with the multipli-
city of cbjective functions problem and allow effective parametric analysis to
be performed.

In the final analysis, major benefits from modeling public policy problems
depends critically upon the sound judgment and experience of the public
deéisicnﬁmakexs and the analysts involved. Only through such juﬁément and
experience will it be possible to balance the value of simplicity with the
cost of caﬁplegiﬁy. Given the appropriate balance, the principal beriefits of
quantitative modeling will be achieved. These beneftis include: (1) forcing
u;hg,ﬁsggs(dr gu&iic'ééeiSiCn—magers;ané the analysts to be precise about per~
ceptioﬁs Sf the system they are attempting to influence f&estiﬁg thése percép—
tions with available evidence); (2) providing structure to the analysis;

{(3) extending the ﬁecisian—éakers' information processing ability; (4) facili-
tating concept formation, (5) providing cues and insights to decision-makers;
{6) stimulating the c@ilectiaﬁ, organization, and utilization of daﬁa-{which
-are aften negl&&ted), {7 freezlng the decision-maker and analy&t from a rzgld
Emental posture; and (8) becamxng an effective tool for negotxation, bargalnr
ing, and as a-basis for persuasz.m Q ‘ * V

These and other benefits can accrue to such efforts provided the obstacles

to achieving such potential benefits are avoided. These obstacles include:

(a) timeliness, solving the wrong problem or solving the right problem too
late; (b} allowing improper expectations to form by not clearly delineating
what the model can and cannot accomplish (the role of modeling efforts should
always be supplemental rather than supplant the normal decision process);

{c) failure to differentiate the characteristics of the public decision-maker
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or user and the analyst (these are often very different types of people with

different roles, responsibilities, expertise, cognitive style, etc.); and

(d) failure to treat the development and use of models as a process not as the
recreation of a prodmt,{:;%hese observations are constantly kept in mindg de-
sign of effective policy xr;ociels and associated decision support systems will
be immeasurably enhanced. Such model support systems must be diligently main-

tained and nurtured if successful implementations are to be achieved.
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Footnotes

lOf course, in a dynamic setting there is an explicit trade-off between
the design of policies that result in optimal levels of the performance in the
current period and those policies that provide the basis for measuring the

system accurately; more on this later,

mhis work follows the earlier suggestions of Rothenberg who views the
legislative process as an n person, @mm sum, repeated aaoper.at'ive game of
strategy for which no general solution exists. In general, game theory is
appropriate for providing a vocabulary for tréé-ting a multiplicity of outoomes

mt:her than j@rf}mdmg a- t@m}, for ;aredlctlng partumlar outcomes.

If a social analyst 15 also examining alternatlve mstltutlons or "i:%
strument sets,” then the McFadden qualitative model of revealed preference
must also be blended with the integrative approach suggested here. This
appbroach could be used to select the instrument mix followed by the approach
uautlmeﬁ in the text. Hence, it s%aouléi be clear that we are mnc@med wzth
pala.c,y settmgs on pz’es@eczfmé mgtrmnt vara.aiales, ' .e.y the f@m of gm»—
exmmtal mtewentlm is- pre&etermn&é ( . L

“1n the Reeney and ’Raif‘fa framework, it 15 not strmtlycarrect to view
the scaling constants as measuring the relative importance of performance
measures since such constants are not invariate with :éspect to choice of ori-
gin. Hence, unless same origin can be captured which serves as an objective
and neutral measure, one cannot infer that the relative sizes of the scaling
constants reflect relative power of various interest gréupﬁ. This, of course,

is another reason for operating with a set of criterion functions, ‘different
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elements of which may refer to alternative origins. Hence, for the framework
suggested here, weights reflecting tradecffs rather than sealing constants are

enmployed.

SFor the swpervisory analyst, viz., an analyst concerned with evaluating a
"subordinate" decision-making body, an approach very similar to the one de—
scribed above for the social analyst can be employed, The principal differ-
ence here relates to the accessibility of the supervisory analyst to the
policymaking body. Specifically, once the approach for the social analyst has
been i;ripl@ngnteﬁ by the supervisory analyst, i:he resulting ‘e-stji)ma‘teé‘ set of
public pelicy eriterion fmctims; could be viewed as a nprgior}? ﬁis;tr‘uyibutim
across the parameters of the univariate utility functions and/or the weights.
Implementzng a Bayesxan framework, adé:ztxmal sample - 1nf@matmn would relate
Qto chserved actions which, in turn, would result in a revision of the initial
prior distributions. Such an analyst could also play a staff role by
assisting the policy body in selecting an objective neutral origin along with
influencing or attempting to counteract the strength functions emanating from
particular mterast groups. Such a framemrk might also be. eifec:twely
integrated with decentralzzatlm s:oncegts of rewards and penaltws to mke the
governing prefererice structux:e of subcardmate mlwy 1es r::@nsmtent with

those of the supervising t .

6'I’he assurption here is that a farm will only incur investment costs to
adopt new technologies because of expectations of obsolescence of existing
technologies.

Tror simplicity, assume that input prices include capital costs assoclated

with operating debt.
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aﬁe often find that national governments and various public agencies sim—
ply accept what data are reported on a secondary basis and failed to recognize
that existing computer technology and data processing procedures allows them
to feasibly entertain the oollection, summarization, and maintenance of pri-

mary data support systems.

9C‘learly, the first two model types are special cases of adaptive models.

10pn empirical illustration of this approach in context of river basin

planning is available in Jacoby and Loucks.

illntensive searches are often based on two-=level complete factorials and

"equilateral triangle” designs. Of course, the surface is characterized by
irreqularities and discontinuities; exhaustive search is required (Conlisk and’

Watts).
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