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Models in agricultural economic research

by

P.H. SPIES

University of Stellenbosch

INTRODUCTION

There is a growing need for models

The modern age of man is characterized by a

shortening in entropy time and by an increasing

ability to affect, even to destroy, his environment.

The first characteristic calls for innovations in
the decision making process because new occur-

rences appearing at progressively shorter inter-

vals require "some quick thinking". The second

characteristic requires an awareness of thelarger

systems because "partial optimization" i s becoming

less and less efficient - even dangerous. T he appli-

cation of models indecision-makingis an important

instrument in obtaining these objectives.

Other factors are, however, also important

stimulants for the explosion of modelling techniques

in research and management. In the sciences of

economics and management important philosophi-

cal changes have occurred since the turn of the

century (22, pp. 5 - 23). The organistic micro-

analytical procedures with the associateddogmatic

"principles of management" wedded with studies

in human behaviour, have produced a more healthy

approach to the application of economic theory:

"Where possible the administrator should use facts

and the descriptive approach in carrying out his

functions. The administrator must know when he is

dealing with values and normative andprescriptive

elements. When appropriate, the scientific method
and quantification should be employed to penetrate

areas of uncertainty" (22, P. 10). An excellent
example of this change is a movement away from
prescriptive advice to Bernoullian decision theory
(23).

Another factor which favours the application of

specific mathematical models in economics, is. the

quantification of the discipline itself. It can, without

doubt, be stated that economics has moved from the

realm of a philosophy to the realm of a science.

The availability of new techniques, a by-product

of World War II, is another factor influencing the

widespread application of mathematical models in

research. Last, but not least, the introduction of

electronic computers made the application of these

techniques possible.

This paper will concentrate largely on the use
of mathematical models in research. It seems to

be the logical choice when applications are dis-
cussed in the field of agricultural economics.

The need for a scientific amoach in the use and

application of models in research

Today research workers in both the natural and

social sciences are quite familiar with the use and

application of various models in their fields.

Familiarity may breed contempt for the need and

the prerequisites of a scientific approach. A scien-

tific approach recognises the function of the model

in the research process and follows a purposeful

procedure in the development, use and application

of models. Deviations from this procedure may re-

sult in one of various problems, for example:

(i) An incomplete specification of assumptions,

thereby including a subjective bias in the

research;

(ii) an incorrect structuring of the problem under

study thereby stating an irrelevant or erro-

neous hypothesis to guide the research;

(iii) an incorrect specification of the objective

function thereby diminishing the applicability

of research results (i.e. the specification of

a deterministic model when a Bayesian ap-

proach should have been applied).

The use of models in research involves more

than the application of sophisticated techniques to

problem solving. It is today apart of the philosophy

of scientific method in research. A sophisticated

model does not sanctify a poorly formulated re-

search project with the blessings of a "scientific

approach". The ultimate result is still worthless

but, perhaps, with a perverse side-effect favouring

the offending research worker. It would require

an ingenious colleague to untangle the arguments of

a sophisticated model (the structural logic) from

the arguments of the specific research (the systems

logic). In the meantime the offender is rendering

a disservice to a specific approach in research

because even if his co-workers may be impressed

by his methodological versatility in research, they

may have a good idea of the value of his results.

On the other hand, a correct incorporation of models

in research may enhance the ability of research

workers to abstract from the real world and to

make valuable contributions to the existing body

of knowledge.

THE SUBSTANCE OF MODELS

What is a model?

"A model is a representation of reality intended

to 'explain the behaviour of some aspect of it"

(1, p. 145). It is a simplified exposition of a pro-
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cess or a system in which only those characteris-
tics, considered to be of direct relevance to a
Specific problem, are included.

The appropriateness of a model lies in the ab-
straction of relevant processes in order to allow
the researcher a closer scrutiny of the specific
area in the same way as a microscope magnifies
a cell in the study of thispart of an organism. Con-
versely, it may be equally difficult to describe all
the real world processes from the workings of one
model as it is to describe the organism from the
restricted knowledge of the cell.

There are three basic types of models namely
iconic, analogue and symbolic models (2) (3, p. 21)
(1, pp, 150 - 153).

Iconic models are physically similar to the real
System as far as the relevant properties are con-
cerned with only a transformation in scale as the
main difference. Examples of these models are
feeding trials and agronomic field trials in agri-
culture and three-dimensional models of ships,
bridges and buildings in engineering. Examples of
two-dimensional iconic models are maps, charts
and graphs.

Analogue models use one property to represent
another property in the real world. The correspon-
dence between the physical model and the subject
becomes more abstract. An example of this kind of
a model is where electrical circuitry and electrical
current represent a real system such as water flow.

Symbolic models use the logical form in the
Presentation of a structure. The logical (abstract)
form is distinct from the physical form and it
refers to ".... things or ideas following a pattern,
order, or internal connection ... , the association
can be expressed as a generalization, where re-
lations depict what several analogous (but physical-
ly different) things have in common" (4, p. 56).
Word symbols or mathematical symbols can be used
in the presentation of these models. Examples of
these models can be found in the theory of quanti-
tative economic planning (5) (6), work in operations
research (7) (8) (9) and work in systems analysis
(3)• Economic theory is another example of a col-,
lection of symbolic models. In the past, word sym-
bols, strengthened by iconic models (i.e. charts,
graphs), were the main medium for structuring
economic theory [see, for example, Marshall, (10)],
but mathematical symbols are becoming more and
more important in the expression of the theoretical
structures (see Chiang, 11).

The use and application of models have three
interlinking facets which have to be considered
beforehand, namely, firstly a set of assumptions
Which forms the foundation of any model; second,
the structure which forms the walls; and thirdly
a purpose which forms the roof. Together they
Present an image (12) of the real phenomenon and
they are co-equal in importance for a correct ap-
proach in the use and application of models.

ASSUMPTIONS IN MODEL BUILDING

The fact that economic theory is structured by
economic models was mentioned earlier. Argu-
ments on the need for realistic assumptions in

economic theory are, therefore, also applicable

to the formulation of models. What is the purpose

of including explicit assumptions in model building?
There are three purposes: Firstly, an explicitfor-
mulation of assumptions is required in order to

prevent an implicit bias in the model; secondly,
assumptions define the scope or outer framework
of the model - assumptions may, therefore, serve
as a "plug" or contact point, by which means a
specific model may be included into a larger
systems framework; and thirdly, assumptions may
serve to pinpoint weaknesses in the model and this
can lead to further research in the specific field
covered by the assumption.

What is the importance of realistic assumptions?

Friedman was concerned with the realism of a

theory in his discussion on the methodology of

positive economics (13) . He concluded that realistic
assumptions are not a prerequisite for realism of

a theory. The accuracy of the prediction resulting

from the theory is the important factor. The role

of assumptions is, according to him, to clarify

rather than to represent rules: "In seeking to make

science as objective as possible, our aim should be

to formulate the rules explicitly in so far as possible

and continually to widen the range ofphenomenafor

which it is possible to do so" (13, p. 21).

Is the realism of assumptions therefore a super-

fluous requirement for model building? In a com-
ment on Friedman's observations, Nagel specified
three examples of unrealistic assumption which
may diminish the value of a model (14):

(i) A statement (assumption) may mention only
some traits actually characterizing an object,
but may ignore an endless number of other

traits also present;

(ii) a statement may be unrealistic because it is
either false or highly improbable on available
evidence;

(iii) a statement may be so strictly constructed
as not to be applicable to any actual situation.

Judging these three examples of Nagel in re-
lation to model building, failure through the first,
means an incomplete definition of the scope and
weaknesses of the model which render the model
less useful in a larger systems analysis. Failure
through the second, means incompatibility with
existing research results. Failure through the
third, means an inability of the model to produce
any positive contribution to the existing body of
knowledge. In summary it can, therefore, be con-
cluded that the three examples of Nagel may serve
as a guide in the ex ante stages of model struc-
turing. Friedman's argument is, in essence, only

of ex post relevance when judging the value of a

theory (or a model).
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THE STRUCTURE OF MODELS

The following discussions will concentrate on
symbolic models; more specifically the mathemati-
cal model.

Assumptions concerning the real world are of
special importance in the specificationof a relevant
structure for a . mathematical model. Research
results, the purpose of the study and the decision
environment (15, p. 131) are other factors of im-
portance. Ignoring the distinction between the
application of formal models with a specified al-
gorithm and those models characterized by a so-
called simulation approach, the general structure
of models can be categorized with respect to each
of the following characteristics:

(i) Linear and non-linear models;
(ii) deterministic and stochastic models;
(iii) discrete and continuous models;
(iv) static and dynamic adaptive models.

(i) Linear and non-linear models 

The simplest example of a linear model is
linear programming with a linear objective func-
tion and linear constraints (9, pp. 61 - 99). The
general form of this model is as follows and it is
solved by the simplex algorithm:

max (or min) Z = CX

subject to Ax b

and X

The standard form of a maximizing non-linear
programming problem is to optimize xx by:

max f(x)

subject to gi (x) 0

and i = 1, • • • • , m

Examples of non-linear programming (N.L.P.)
models are quadratic programming and geometric
programming (9) (16). An example of an algorithm
in non-linear programming is the sequential uncon-
strained maximizing technique (17, pp. 610 - 613).

(ii) Deterministic and stochastic models 

Deterministic models assign single valued ex-
pectation to the planning process. Examples of such
models are the specific models discussed under (i).

Stochastic models make the explicit assumption
that a degree of randomness exists in the future out-
come of events. Application of some Monte Carlo
(variance-reduction) methods is an example of pro-
cedures for attacking these problems (17, pp. 914-
915) (18). Markov chain methods are examples of
attacking a stochastic process over time (9, pp. 241
-250).

(iii) Discrete and continuous models 

The problem of discreteness versus continuality
in structure manifests itself in a variety of real
world situations. An L.P. result may advise the
research worker to use for example, 0,5 tractors
to a farm. The application of integer programming
procedures (17, pp. 445 - 511' is an example of
an approach to cope with discreteness in planning
the physical form. Discreteness in the converging
characteristics of specific models is exemplified
by the simplex algorithm while continuality is ex-
emplified by the KiIhn-Tucker conditions in non-
linear programming (16, pp. 22 - 61) (9, pp. 46 -
53). Discreteness in stochastic models is exempli-
fied by the Markov and Poisson processes (9, pp.
245 - 255) and the Monte Carlo method is an
example of continuality. In dynamic models, the
dynamic programming model (the Bellman model)
is an example of a descrete process (19) and the
Pontryagin maximum principle (9, pp. 212 - 240)
is an example of a continuous process.

(iv) Static and dynamic adaptive models 

In a discussion on general systems theory
Boulding identified nine levels of systems, ordered
from the lowest level to the highest level of
sophistication (24, pp. 83 - 97). Only the first three
are of importance in this discussion which is fan
indication of the state of the arts in model struc-
turing. Boulding's norm was the ability of a system
to act, to react to, adapt to, communicate with and
control its environment. The first level is that of
statics. Models such as L.P. and N.L.P. are
examples of static models. The second level is
that of dynamics. An example of a dynamic model
is the Bellman model as mentioned earlier. This
model states that in a T-stage decision process,
after a number of stages (t), the effect on the ob-
jective of the remaining T-t stages of the process
depends only on the state of the process at the end
of the t-th stage and subsequent stages.

The (Bellman) dynamic programming model
forms an important basis of a study of adaptive pro-
cesses in economics (20).

The inclusion of feedback (information) sys-
tems brings the discussion to the third level,
namely, that of a cybernetic system (21, pp. 331
- 369). An example of cybernetic system in the
real world is a thermostat. The transmission
and interpretation of information is an essential
part of these systems.

The structure of a specific mathematical model
may display any combination of the above-mentioned
traits. It is also common practice to adopt a model
with a specific combination of traits for use in order
to attack problems displaying completely different
traits. It is, for example, possible to optimize
a non-linear production function by means of
linear programming. By including probabilistic
values in the objective function an L.P. can be used
in situations of uncertainty.
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The game theory technique is another ap-
proach for attacking stochastic situations (27).
Other approaches for uncertainty are probabilistic 
sensitivity analysis, risk programming such as
chance-constrained programming, two stage pro-
gramming, stochastic linear programming and
transition probability programming. Decision-
theoretic models (such as adaptive programming)
are other examples of extensions of L.P. models
which can be used in stochastic situations (8,
pp. 197 - 261).

Dynamic characteristics are assigned to linear
programming through the incorporation of a re-
cursive relation in the model. These models are
called recursive linear programmes (25). Other
extensions of linear programming such as the
decomposition procedure (26) (8, pp. 52- 73)
may widen the scope of applications for the simplex-
algorithm. Before choosing any of these proc edur es
the . relative efficiency and purposefulness of the
Specific model should, however, be compared with
other models of closer structural characteristics.

The purpose of the model 

The purpose of the model is associated firstly
With its function in the research process and
secondly with regard to the real world phenomena
it should help to solve.

MODELS IN THE RESEARCH PROCESS

The function of models in research

There are two main approaches in agricultural
economic research. Firstly, the empericism (in-'
ductive approach) as proposed by Bacon and
carried forward by such exponents as John Stuart
Mill and Karl Pearson. Secondly, the normative
(deductive) approach as proposed by John Dewey
and expressed by Salter (28).

The empiricism rejects any idea of an a priori 
hypothesis and states that knowledge starts with
sense impressions and the perception of fact.
The scientific method consists of the classifica-
tion and tabulation of facts, induction to interme-
diate axioms and induction to laws (29, p. 10).
Even formal logic is rejected in this approach.
An important objection against the inductive method
in research is in the assumption that the researcher
Should abstain from any anticipation of future out-
comes. It is highly improbable that researchers
can abstain from following "a hunch", thereby
incorporating implicit hypotheses in the research
Process. Another objection against this approach
15 its neglect of a purposeful problem solving
approach. To reveal knowledge is a sufficient
Objective for the research worker following this
approach.

The normative (deductive) approach relies
strongly on an a priori hypothesis and has as its
final objective the solution of problems. This
approach is therefore, the most relevant for
attacking the agricultural economic problems of
today. By stating the hypothesis explicitly the bias
of the research worker is exposed and the research
Process, is supplied with a meaningful framework.

The hypothesis formulation can be divided into
three steps, namely, the problematic hypothesis,
the diagnostic hypothesis and the problem-solving
hypothesis. At the first step the problem is de-
limited, at the second the failure and success
elements are specified and at the third a solution
is proposed (30, pp. 88- 89).

The application of so-called descriptive models
in the first and second steps and normative models
at the third step illustrate the relevance of models
in research. Models can serve as an hypothesis
With respect to the structure of a process or
system and can be used to analyse the functioning
thereof in order to discover "bottle necks". The
application of input-output analysis in a regional
analysis to discover problems in resource flows

is an example where a descriptive model can be
used to formulate a problematic and diagnostic
hypothesis. The applications of various fixed target
and flexible target models in quantitative economic
planning (5) are examples of normative models
serving as problem solving hypotheses.

The scientific method in  the use of models in
research

The scientific method in the use and application
of models can be divided into a judgement phase,
the research phase and an actionphase (31,PP• 25 "
39). In the judgement phase the outer framework of
the problem under study is delimited, an initial
set of assumptions is specified and the purpose
and objectives of the study are specified. The for-
mulation of a relevant hypothesis and, therefore,
the decision on the models to be used, is also
carried out at this stage. This process is best
accomplished by the use of diagrammatic models
where major sub-systems, important components
and relationships within each sub-system, links
between sub-systems, important environmental
variables and control points are specified (3,

pp. 25 - 25).

In the research phase the construction of the
model and the collection of data are carried out.
Observation and experimentation to test the hypo-
thesis (and therefore the model) and systems
synthesis which gives a solution to the original
problem, is also part of this stage. It is at this
stage that the model is validated in relation tc the
specific purpose for which it was constructed nd
varified in relation to the body of economic theury
and other economic knowledge (3, pp. 27 - 28).

The action phase consists of making conclusions
and recommendations based on, the results of the
first two phases and on the decision-making pro-
cess it should serve. The importance of this phase
is often overlooked by research workers. It is at
this phase that the model should answer to its
purpose. Usually its purpose is to inform the de-
cision-maker(i.e. the farmer) of alternative courses
of action, the results of these actions and the re-
quirements for these actions. It should notproduce
a prescription, but rather advice. Experimentation
with the model must form a central part of this
phase. Experimentation includes, for example,
comparisons of alternative courses of action,
comparisons of the results of changes in the level
of a single input, exploration of response surfaces
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generated for different input combinations and ex-
ploration of response surfaces generated for dif-
ferent price levels.

In conclusion it can be stated that the value of
a model is situated both in its descriptive and its
normative capabilities. A decision-maker should
be free to make up his or her own mind. For
example, the value of linear programming is
situated in both its post-optimal routines (descrip-
tive device) as well as in its optimizing characte-
ristics (normative device).

FIELDS OF STUDY IN MODEL BUILDING

Operations research and systems research 

Since the birth of mathematical analytical
techniques the terms „operations research and
systems research have been used somewhat inter-
changeably. Operations research has been defined
in the following ways (1, pp. 132 - 133):

(i) A scientific method for providing executive de-
cisions by means of a quantitative method;

(ii) the use of techniques associated with it, such as
queuing theory, inventory theory and linear
programming;

(iii) operations research is what operations re-
searchers do;

(iv) applied decision theory.

Taking into account the presentation in thepre-
vious section (i.e. "the decision-maker should be
free to make up his own mind") it would seem as
if the fourth definition is acceptable, in that opera-
tions research is applied decision theory. Itis also
the science which is nearest to the concept of a
universal truth (24) when considering its wide
field of applications (17).

In operations research a well established set
of techniques are used. This is also the main
distinction between systems research and opera-
tions research. In systems research, systems
simulation is the main technique, where the struc-
ture of the model is not predetermined but is a
function of a research process, called systems
analysis. During this process the system under
study is analysed and a quantitative structure is
specified. When a specific quantitative system,
developed in systems analysis, becomes univers-
ally accepted, then such a system moves into the
realm of operations research.

Operations research and systems research are
the two disciplines within which the use and appli-
cation of models are studied. The enormous body
of literature covering these two disciplines can be
found elsewhere for example, (2) (8) (9) (17) (3)1.

Research requirements in the application of
mathematical models

• There are three prerequisites for the correct
use of models in agricultural economics:

(1) A sound knowledge of economic theory is of
prime importance because economic theory
may serve as an initial hypothesis.

(ii) An understanding of certain basic mathe-
matical principles - a depth of knowledge is
not required here because the specialist in
O.R. should supply it.

(iii) An ability to communicate and co-ordinate
with scientists in other research fields. Rele-
vant systems may traverse a wide spectrum
of scientific disciplines. lithe research worker
is unable to communicate and work with his
fellow scientist in other disciplines, his ability
to construct relevant models in corresponding-
ly dimished. He may include unrealistic as-
sumptions in his model and/or specify a
structure which deviates completely from the
real world phenomena.

Granted that the use and applications of models
will become more widespread in the future, these
requirements place an important specification on
the type of education future researchers in agri-
cultural economics should receive. There is a
danger in producing agricultural economists with
an excessively specialized knowledge. In education,
as in model building, we should consider the total
system and we should supply the student with the
required links to other disciplines. An extension
of the required post-graduate studies for a master's
degree in agricultural economics to a two-year
non-thesis option may solve the problem of con-
straints on educational time. It is already allowed
in other departments at the University of Stellen-
bosch. The requirements for a mathematical back-
ground can easily be overcome by a specialist
course in differential and integral calculus, a short
course in matrix algebra and in statistics. This
can be accomplished by a one or two year study
as undergraduate: or by introducing specialist
courses in the post-graduate study program.

CONCLUSION

In conclusion the following comments on this
review can be presented:

(i) Due to the growing complexity of the decision
-making process it can be expected that the
use and application of mathematical models
in agricultural economic research will grow
in importance.

(ii) Model application should follow a scientific
approach. This approach includes ithe correct
specification of assumptions and the structure
as well as an overall research process which
can answer to the purpose of the model.

(iii) More emphasis should be placed on supplying
information to decision-makers rather than
to use the models to supply prescriptions.

(iv) The consideration of the total system is even
more important in model building. Partial
optimization is "out".

(v) The use and application of models in research
places an important requirement on the kind
of education future research workers should
receive.
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