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GROWTH OF THE AGRICULTURAL FIRM:
PROBLEMS AND THEORIES

Ulf Renborg*

This review of growth theories of the firm is directed towards those theories
of interest for managerial direction of the growth process of agricultural
firms. It starts with a discussion of growth, growth directions, the growth
process and associated problems. From this an analytical procedure is
built up, which states a set of desirable features that theories suitable to
guide managers of agricultural firms should contain. In the light of these,
the following theories of firm growth are discussed: the traditional neo-
classical approach to firm size, extensions of this approach, the growth
theories of Edith Penrose and Robin Marris, and the combination of
investment and finance theory possible with various types of mathematical
programming and cybernetic and behavioural theory models.

1. INTRODUCTION

This article aims at a review of growth theories of the firm. Irrespective
of the original reason for building the theories reviewed, they will be
analyzed here in terms of their possibilities for directing and controlling
the growth process of an agricultural firm over time. These possibilities
will be measured against a set of ideas on problems that are involved
in the growth process of agricultural firms, which stem from the
author’s intuition and from earlier exploratory studies. They are still
only to be looked upon as hypotheses (Renborg [43, part I1]). Here
they serve to indicate the author’s criterion against which the various
theories are analyzed: If the growth problems of the agricultural firm
are such and such, then these are the abilities of the theories to direct
and control the growth process.

This approach of course limits the domain of the review. Theories
will for example not be discussed as to their ability to explain or predict
the behaviour of growing firms as parts of a macroeconomic theory or
as parts of a study on structural change within an industry. Also
theories may be analyzed in terms of aims for which they were not
constructed. The review has been restrained in this way to keep it
within reasonable limits and to fit the author’s recent research interests.

The agricultural firm that we are concerned with is a collection of the
ordinary means of production, land, labour and real capital. Unlike
most other firms land represents a considerable part of the financial
capital invested in this firm. Real capital is not only buildings and
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machinery but also animals. The definition of “firm” to be followed
here is one of an administrative unit (i.e. not a technical unit, a farm)
subject to independent planning for the benefit of the unit as a whole.
This firm is not a stock company.

Most agricultural firms in non-socialist countries are few person firms,
where the manager often owns the major part of the means of production
and also often supplies the lion’s share of the manual labour in the
firm. The decision maker in these firms is of the classical “‘entrepreneur”
type. Dominant in the socialist countries (but also existing in non-
socialist countries) are the larger agricultural firms where management
and ownership of resources are separated, where the managerial staff
mainly supplies intellectual labour and where many persons supply
the manual labour. The manager is here the first member of a decision
making team in an organization. The legal form of this organization
can vary (limited company, co-operative etc.). As we shall see, growth
problems are to some extent different in these two groups of agricultural
firms.

Growth is the increase In size of the firm. Size is some measure of the
total sum of all the means of production which the firm commands.
If these means of production are optimally utilized the size can be
measured either on the input side as total costs or on the output side
as the value of total production. When, as in the present article, the
direction and control of the growth process is under study, it seems
relevant to measure the size of the firm on the resource side and at a
somewhat less aggregated level than mentioned above, The growth
process includes a choice of growth directions, among other things a
choice between increases of various means of production. This being
so, it seems enough to think of the size of the firm as specified by a
vector B, whose elements are the amounts of each means of production
measured in technical units. These can be acres of land, man hours,
square feet of building space, number of animals, etc. The size of the
firm is thus specified in as many dimensions as there are elements in B.
The firm grows if one or more elements increase in size and the rest
are unchanged. If some eclements—say b, and b;—decrease in size
at the same time as others—say b,, b;, and bg—increase, for example if
a substitution is taking place, it is not possible to tell if the firm as a
whole grows or contracts without some common base of evaluation.
However, it is possible to say that the firm has grown in some
dimensions—b,, b, and bs—and contracted in others—b, and b,. If,
on some occasion, it is necessary to estimate the total size change of
the firm the B vector can be multiplied by a cost or a value vector and

the total costs or total value compared before and after the change
in size.

The growth directions of the firm are not only elements of B but also
elements of a vector X, indicating the activities, that is the production
processes amongst which the firm may choose.

The growth process of the agricultural firm is a process in time where
the decision maker selects growth directions according to some goals.
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2. GROWTH PROBLEMS

The growth theories to be reviewed in this article will be analyzed as
to their ability to serve as guides for directing firm growth when the
following growth problems are assumed to exist.

The growth process is assumed to be influenced by the goals of the
decision maker. The growth of the firm can of course in some cases
be a goal in itself. If so, the growth process may look different and
include different problems if the decision maker is interested for example
in the rate of growth, in a growth specified in absolute terms to be reached
during a specified or unspecified time span, or in growth by expansion
from within the firm or by acquisition of and merger with other firms.
More probable is that growth is a subgoal, a means to achieving a
goal at a higher level. These ends can be related to profit maximization
or to the “satisficing” of one or a set of goals. In growth situations
of the latter type the following set of goals are likely to be of interest
to decision makers: (i) making yearly withdrawals of specified amounts
of cash, goods and services; (ii) making yearly withdrawals of leisure
time; (iii) ensuring an amount of savings necessary to guarantee the
future withdrawal of cash, goods, services and leisure time; and (iv)
keeping risk and uncertainty within such limits that the decision maker
thinks the firm’s future existence is guaranteed.

The growth process may look different and contain different problems
for maximizers of profit and for satisficers of aspiration levels in the
goal dimensions mentioned above. Also satisficers of different aspiration
levels may face growth processes with quite different problems. This,
then, means that when analyzing growth theories we have to indicate
which of the decision maker’s goals are and are not taken into account
by the theories. As the author is most inclined to hypothesize that
decision makers are satisficers of aspiration levels in many goal
dimensions, the theories” possibilities for building images of goal
situations of this type will be especially stressed in this article.

Another set of growth problems involve the ways in which to identify
the factors that give growth opportunities. These problems partly lie
with the capacity of the decision maker. His cognitive ability, creativity
and intellectual capacity determine how many growth opportunities
can be detected. His enterprising spirit determines how many
possibilities can be utilized within the firm. The problems also arise,
both outside and inside the firm, in other ways than those associated
with the decision maker. External opportunities for growth stem from
such factors as increasing demand for particular products, changes in
technology which call for production on a larger scale than before, and
discoveries and inventions whose exploitation looks particularly
promising—Penrose [42]: for the growing firm two problems seem
to be important in this connection. The possibilities for anticipating
the development and, if this cannot be done, the possibilities for
building up a preparedness for meeting external change in such a way
that the greatest advantage is taken of it.
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Internal opportunities for growth stem from the existence of unused
resources within the firm. As Penrose {42] has pointed out unused
resources always exist within firms, originating from the indivisibility
of many means of production, from the fact that given means of
production can be used in different ways in different situations, and
from the fact that new productive services are constantly being produced
within the firm [42, pp. 67-80]. These unused resources—men, machines,
knowledge—include growth opportunities in that there are cost
advantages in using them.

In the introduction it was proposed to measure the size of a firm in as
many dimensions as there are means of production used, or possible
to use, within the firm. The reason for choosing such a low level of
aggregation is that the various means of production very often have
different characteristics between which it 1s important to distinguish
in the growth process. These differences in characteristics of the resources
thus create growth problems in that they do not make it possible to
aggregate the various means of production into one resource. Examples
of important differences are the following. Increases over time in the
value of land, buildings and machinery are seldom the same and do
not always show up in market prices. Acquisition of various resources
are often treated differently in tax calculations. Various resources may
well have different contributions to offer to the fulfilment of aspiration
levels in various goal dimensions. Also various resources have different
accessibility; labour, buildings, machinery and livestock can as a rule
always be bought to some price, whereas this is not always so with
land. Access to resources can often be achieved by either renting or
buying them. Differences in these two ways of getting access to resources
can exist between planning situations and create different characteristics
for various resources from one situation to another.

Empirical observations show that there are a number of growth
problems associated with the acquisition of financial capital. These
are not only associated with the necessary choice between retained
earnings, borrowing or external equity capital to finance the growth
process. In many cases this choice is influenced by other factors
affecting the growth processes. Since an increasing retention of earnings
decreases the amount available for withdrawal and consumption, this
method of acquiring financial means has a direct effect on the fulfilment
of the goals of the entrepreneur. For small agricultural firms, which
do not issue stocks for sale on the stock market, an increase in borrowed
funds raises the price of capital at the margin and increases the
uncertainty involved. In many cases the amount which can be
borrowed depends on the type of resource acquired. Thus, there exists
an important interdependence between the choice of funds to finance
growth and other factors affecting the growth process.

For the relatively small agricultural firms, growth may mean that new
abilities are required by the farmer to manage his larger farm. There
are marked differences between the managerial ability required by a
farmer on a one man farm compared with a farm with two or more

employed people where the entrepreneur or manager is further away
from the technical operations.

54



RENBORG: GROWTH OF THE AGRICULTURAL FIRM

Important sets of problems are associated with the growth process as
such, i.e. with the fact that growth is a process over time. One group
of such problems is associated with the fact that this process apparently
creates what can be called growth costs. Penrose [42] speaks about
such costs stemming from the increasing demand for managerial
services when firms grow: planning for growth involves new efforts
outside the daily routine and often requires new knowledge which
involves costs to acquire. 1t is also possible to show empirically the
existence of growth costs associated with adjustment of resources and
organization to larger firm sizes. Examples are adjustments of layouts
of roads, buildings, fields, low yields from crops and livestock during
an initial period, etc.

Finally there are also a number of problems associated with the fact
that external events are taking place over time when the growth process
is going on. The variations in prices, yields and other parameters
associated with random or non-random variations and with techno-
logical, economic and institutional change create the uncertainty of the
environmental conditions which must be taken into account when
planning for firm growth.

3. ANALYTICAL PROCEDURE

These growth problems constitute the background to the following

somewhat arbitrary list of desirable features of theories suitable to

guide managers of growing agricultural firms. Good theories should

be able to take into account:

(1) the goals as formulated by the entrepreneur;

(2) the growth opportunities available;

(3) the differences in characteristics of various resources;

(4) the differences in characteristics of various sources of financial
capital;

(5) the fact that larger firms often require new abilities by the farmer;

(6) the fact that growth is a process over time and that growth costs
are associated with this process; and

(7) the fact that risk and uncertainty influence growth, as it is a process
over time.

It has to be remembered that this list is only the author’s means for
analyzing differences between various theories of firm growth. It is
not a list of necessary and sufficient conditions to be fulfilled by an
efficient theory.

4. THE TRADITIONAL APPROACH

Problems associated with size and change in size—i.e. questions closely
related to growth—have traditionally been treated by economists using
the neo-classical average and marginal cost curves as the theoretical
tool. This neo-classical theory of the firm gives some clues to the
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treatment of the size problem, but must be looked upon as an insufficient
planning instrument for the manager who wants to direct the growth
of his firm. There are many obvious—and well known—reasons for
this insufficiency. The neo-classical theory of the firm is formulated
at a high level of abstraction. In its role as the macroeconomist’s tool
for a rough description of the firm’s behaviour in a macroeconomic
market model, it hardly suits as a decision model for a manager at the
firm level. Thus it cannot take into account items 2 to 5 in the analysis
list, which are all features at a lower level of abstraction closer to the
decision maker in the firm. Moreover, the neo-classical cost curves
describe efficient cost situations for firms at specified sizes, not changes
in costs when firms carry through a growth process. As Penrose says

([42] p. 2), . . . there may be advantages in moving from one
position to another quite apart from the advantages of being in a
different position”, and (p. 100), “. . . economies of growth may

exist at all sizes and some of them may have no relation either to the
size of the firm before it undertakes an expansion based on them, or
to any increase in efficiency due to a larger scale of production”.

This then means that feature 6 in the analysis list above is not included
m this theory. Finally, the neo-classical theory covers only profit
maximization as a goal and assumes that all outcomes are known with

certainty. This means that only parts of feature 1 and none of feature
7 exist for the theory.

5. EXTENSIONS OF THE NEO-CLASSICAL APPROACH
5.1 GENERAL

There are some interesting examples of writers who have tried to extend
the neo-classical approach into the area of planning for growth,
Baumol [3] and Williamson [51] have developed models! to determine
the optimal permanent growth rate for an infinite planning period
under certainty. G. B. Richardson [44] has proposed a model where
optimal growth is determined by the point where marginal profit from
increases of investments in the firm equals marginal cost of financial
capital. Although these theories are still at too high a level of
abstraction to serve as really good foundations for steering instruments
in firm growth, they will be reported here, because they represent a
bridge between the traditional approach and some theories to be
discussed later. The bridging function lies in the fact that these
extensions of the mneo-classical approach include features such as
growth costs and retention rates.

Both Baumol and Williamson assume that the future is known with
certainty, that the planning period has an infinite length, that the firm
operates under pure competition with a linear homogeneous production

! In this review “model” and “theory” will be used as synonyms in spite of the wider
meaning of “theory”.
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function. They also postulate the existence of specific growth costs,
dependent on the rate of growth and accelerating when the growth
rate increases. The problem is to determine the optimal growth rate
during the planning period—*“a fixed percentage rate of growth to be
continued into the indefinite future”—Baumol [3, p. 1079]. Baumol
develops one model where the objective against which to measure
optimality is traditional profit maximization over time. By this is
meant the discounted difference between the streams of payments to
and from the firm during the planning period. In another model
developed in the same article the growth of the volume of sales is
maximized. In his model, Williamson demonstrates cases where the
objective varies. He covers profit maximization over time as well as
maximization of growth rate and of sales volume. Both Baumol’s
and Williamson’s models will be given here in the form where the
objective is traditional profit maximization over time, this being
sufficient to demonstrate the character of the models.

Richardson’s model will not be discussed further in this review.

5.2 BAUMOL’S MODEL

Baumol [3] deals with a firm whose yearly profit is R before the growth
process starts. This R contains all incomes minus all production costs,
together with interest on and depreciation of capital employed in
production.

The assumptions made as to production functions and length of
planning period for this firm make it possible to speak of a relative
rate of growth, g, which applies to any size measure of the firm; thus
it also applies to R. To illustrate: For a growth rate of 5 per cent per
annum, g is 0-05. It is required to determine the optimal magnitude
of g, which is reached when profit is maximized over a planning period
of infinite length.

As mentioned earlier the existence of growth costs, dependent on the
growth rate, are assumed. The growth costs associated with a specific
growth rate, g, discounted to the planning moment and added together,
are called C(g). For these discounted growth costs the following
properties of the first and second derivatives are assumed:

Ce)=>0 (g >0,

i.e. total growth cost increases at an increasing rate as the growth rate
rises.

With a discount rate of k we may define P as the sum of profits accruing
each year, (¢), discounted to the planning moment, without taking
account of the growth costs:

® 1 + g\¢* | l + k

:z _ = _— = —_—

)P == R(1+k) R_1+g Re—
1+ k
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for g < k, which is necessary for the series to converge?.

Taking the growth costs into account the discounted profit, =, can be
formulated:

@ ==r-Ce=RIE - ci

In this function = is the dependent and g the independent variable,
'The conditions for profit maximization are:

3

T R 1 + k&

— =R-—"_ —C(g) =0
3g (k — g)* (@)

and
3%z 1 + k ”

A graphical picture of this profit maximizing problem is given in
figure 1, where g* indicates the optimal growth rate which maximizes
profit.

Profit and cost

max n for %: 0

O
P
i)
-~

JK

4

growth rate, g

i __"_\____

FIGURE 1: Baumol’s profit maximizing growth model

? The probability that ¢ > & for agricultural firms, which only seldom are stock
companies cannot be sidestepped by the arguments given by Modigliani and Miller,
[37) which are reiterated by Baumol. This restricts the validity of the model.
However, in the case where g > k, the planning problem at least seems soluble for
finite planning periods.
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5.3 WILLIAMSON’S MODEL

Williamson’s model [51] is an improvement of Baumol’s in that he
introduces the link between profit in one year and capital investment in
the following. He thereby fills in a gap in Baumol’s theory and also
stresses the important connection between the choice of consuming
or saving one year’s profit on one side and growth on the other.
These features can be shown in the following, somewhat simplified,
presentation of his model.

[n this presentation g, k, and t are as defined above. R; is the profit
in year ¢t and, thus, R, has the meaning which in Baumol’s model was
given to R. Due to the assumptions mentioned earlier S; = the value
of sales in year 7, K: = total capital invested in year ¢, and R, will all
grow at the same rate, g, over time. Williamson also assumes
unchanging technology which gives a constant capitalfoutput ratio
over time.

Williamson postulates that the technical relations given in equations
(3), (4), and (5) hold for his growing firm:

3)R=RS) R >0 R <O

i.e. profit is an increasing function of the total value of sales but the
rate of increase is falling.

The capital available for growth, X, comes from the proportion r, of
the profit, R, which is not withdrawn for consumption from the firm;
i.e.

4) X = rR

This version of Williamson’s assumptions means that no external
equity capital is received and that the firm is at the maximum leverage
ratio where no more borrowing is possible owing to the risk of being
driven out of business?®

The capital available for growth can be used for addition to capital,
I, and to non-investment growth costs, C. The constant capital/output
ratio means that [ = gK. The growth costs are assumed to be a
function of g similar to the one proposed by Baumol. The use of the
available capital, thus, becomes:

C'>0

c">0

C(0) =20

cC'0) =0

G X=1+C=gK+ (g

The inverse of function (5) gives:
) g=g(X) g >0g<0

s Halter [21] has made an interesting attempt to_introduce borrowing up to the
maximum léverage ratio in a growth model of the Baumol-Williamson type.
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In the profit maximization case Williamson maximizes the total value,
M, of the firm. This value is the yearly withdrawals from the firm,
(I — r)R, added together after growth and discounting in the same way
as in Baumol’s model. Williamson’s profit maximizing model is thus
of the form:
Maximize:
1+ k

subject to

g=¢rR) g>0 g <0

R = R(S) R >0 R'"< 0
where M, r, and S are variables.
We observe here that R has the same meaning as in Baumol’s model
in equation (1), and that the growth costs are included in the side
condition g.  We can also observe that the value of the firm is dependent

both on the yearly withdrawals of the profit (1 — r), and via g on the
proportion, r, of the profit reinvested in the firm.

The maximization problem involves choosing S and r so that the future
stream of withdrawn profit is as large as possible. The optimization
is achieved by partial derivation of M with respect to R and r.

We have
@ E=DU=nU+0+0-n(+0RE
SR k — g7

assuring that ihe profit maximizing firm selects that sales level, S*,
which maximizes, R*, the profit; and

ooy ~k-OU+RR+A-N(+HRE

3r k — g)*

k—¢g

3g/3r

as the first order condition for a profit maximizing r.

>0

=0

or 1 —r=

These conditions are most easily demonstrated diagramatically, as in
figure 2 parts a-c.

In this figure the retention ratio, r, is measured along the horizontal
axis. Maximum r is r = 1, i.e. the whole yearly profit retained. Along
the vertical axis the discount rate, k, and the growth rate, g, are
measured. Maximum for g is g = k, where & is exogenously determined.
Observe that g can come as close to k as desired, but that the value
of the firm is undetermined for g = k.

In figure 2a the growth rate, g, has been introduced as a function of
r and R with characteristics according to equation system (7). g
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FIGURE 2a: Williamson’s profit maximizing growth model
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FIGURE 2b: Williamson’s profit maximizing growth model
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FIGURE 2c: Williamson's profit maximizing growth model

represents a whole family of lines through the origin, each increasing
at a diminishing rate, due to the increasing growth costs. The highest
of these lines, g(rR*), represents the technically possible combination
of r and g which gives the maximum profit, R*.
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Figure 2b shows a series of “‘iso-value” lines. FEach line represents
combinations of g and r, which give the firm equal value. These lines
are straight, which can be seen after rearranging the first equation in

(7):

_ (I +KR  (I+ KR
(10) g =k - *° o + T
Here g is a function of r with & as a constant and R and M as
parameters. The lines converge towards the point 4, where r = 1
and g = k. M, < M, <M, showing that the value of the firm
increases the smaller the slope of line. This can be seen from the

equation (10), where increasing M gives decreasing slope, (I + R,

(1 + K)R. M
M

The profit maximizing firm tries to reach the largest possible M. This
is shown in figure 2c which combines figures 2a and 2b. Point B
represents the maximum possible value M* of the firm at the retention
rate, r*, and the growth rate, g*, which are all thus optimal. Observe
that at this point

BC = AC/I‘goz

1 Fo= Uf—_g)
8g/8r
which is the first order profit maximizing condition according to

equation (9). The shape of g(rR*¥) ensures that the second order
conditions for profit maximization are also fulfilied.

and increasing g-intercept, k —

or

5.4 DISCUSSION OF BAUMOL'S AND WILLIAMSON’S MODELS

Let us now turn to the problem of providing help to the manager who
wants to steer his—agricultural—firm through a growth process in
which he sees growth problems mentioned earlier. These two models
are still on too high a level of abstraction to really give any guidance.
They only discuss growth under one goal (at a time), they are not
directed towards exploration of the growth opportunities, and growth
is still looked upon as occurring in one aggregated dimension.
Moreover, the differences in abilities required by management in firms
of various size is not explicitly treated by the models. Thus, items 1
to 3 and item 5 in the list of desirable features are not fulfilled by these
models.

As compared to the original neo-classical model of the firm, Baumol’s
model and more especially Williamson’s model, represent important
developments in other features. Growth is looked upon as a process
over time and growth costs play the important role of hampering the
growth process. Feature 6 of our list of desirable items is thus included
in the models. Williamson’s model also includes important parts of
item 4, the difference in characteristics of various sources of financial
capital. In his model he tackles the important growth problems
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associated with the financing of growth with savings from realized
profits. However, by assuming that the firm is on the point of
maximum leverage ratio, he assumes away the problems involved in
financing growth with borrowed capital. A start on a treatment of this
problem has been made by Halter [21].

Williamson’s model touches on risk and uncertainty problems without
dealing with them. He realizes their existence and assumes them away
by developing his model for a firm at the maximum leverage ratio.
However, this is not enough for us to say that item 7 in our checking
list is taken into account by this model.

6. UNUSED GROWTH OPPORTUNITIES AS INDUCEMENTS
AND THE MANAGERIAL LIMIT AS LIMITS TO GROWTH

6.1 GENERAL

In her 1959 study Edith Penrose [42] has developed a theory of the
process of growth of firms. This theory is not built on the neo-classical
theory of the firm. Penrose visualizes a growth process over time.
She does not see an economically motivated end of this process. Nor
does she accept that it is sensible to speak of such a thing as an
“optimal” firm size. Her theory does, on the other hand, assume that
the amount of growth per unit of time, the growth rate, has some limit
toit. The inducements to growth stem from unused growth opportunities
outside and inside the firm. The growth rate is hampered by specific
growth costs, stemming from the difficulties for management in planning
and organizing the growth process. These growth costs are assumed
to increase at a growing rate when the speed of the growth process is
increasing,.

Penrose develops her theory in two steps. In the first a theory of
internal growth is developed, as distinct from a growth through merger
and acquisition. A theory covering the latter process is developed in
a second step. In this review only the first theory will be demonstrated
and analyzed.

6.2 BASIC ASSUMPTIONS OF PENROSE'S GROWTH THEORY
We note the following five assumptions on which the theory is built.

(i) The firm is defined as an administrative unit, not as a physical
“plant”. This administrative unit is looked upon as a collection of
productive resources under a unifying management autonomously
planning and leading the firm for the benefit of the enterprise as a
whole [42, pp. 15-26].

(i) The firm is a limited liability company operating in industry
[42, p. 6]. This, then, means that the firm can acquire equity capital
by issuing stocks and bonds to be sold on the market. As we will see
in the analysis of the theory this has some interesting consequences
as to its coverage of the growth problems for the non-stock agricultural
firm.
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(i) Management’s goal is to maximize that profit which in the long
run can be achieved through investments in the firm. This means that
investments are only made within the firm. Investments outside the
firm are not made even though they may yield a higher profit. The
opportunity cost of financial capital invested outside the firm is thus
looked upon as being zero. The consequences of these formulations
are that every new marginal investment is made which gives a positive
surplus after all marginal increases of costs have been paid [42, PpP-
27-30].

(iv) Financial capital and other productive resources are available at
some price. This means that no absolute physical obstacle to growth
exists [42, p. 43]. We note that physical obstacles to growth can exist
under certain circumstances for agricultural firms (e.g. in the supply
of land). However, other growth directions are open; hence the
assumption holds also for agricultural firms. :

(v) Opportunities for profitable investments are open somewhere in
the economy at existing prices [42, p. 43].

6.3 THE INDUCEMENTS TO GROWTH

According to Penrose the inducements to growth are unused “productive
opportunities” [42, pp. 31-32]. A growth theory has thus to include
an examination of these opportunities to find the profitable ones. This
can be thought of as a search for growth directions and goes on both
outside and inside the firm.

External inducements to growth include such things as “. . . growing
demand for particular products, changes in technology which call for
production on a larger scale than before, discoveries and inventions
the exploitation of which seems particularly promising or which open
up promising fields in supplementary directions, special opportunities
to obtain a better market position or achieve some monopolistic
advantage and similar conditions and opportunities. They also include
changes which might adversely affect a firm’s existing operations and
against which it could protect itself through expansion in particular
directions, for example through backward integration to control sources
of supply, diversification of final products to spread risk, or expansion
of existing or allied products to preclude the entry of new competitors”,
[42, p. 65].

The existence of unused productive resources is the important internal
inducement to growth to which Penrose devotes her greatest attention.
Her point of departure is that an inducement to growth exists when
the productive resources commanded by the firm could be used more
profitably through growth than without it. Penrose states that
“unused, productive services, resources and special knowledge” [42,
p. 60] will always be found within any firm, and thus inducements to
growth always exist. She supports her statement with the following
arguments [42, pp. 68 and 68-89]:

(1) The existence of indivisible resources.
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(ii) The same resources can be used differently under different
circumstances.

(iii) In the ordinary process of operation and expansion new productive
services are continually being created.

Let us consider each of these in turn.

() In every firm there exists a great number of indivisible resources,
buildings, machines and men. No matter how well the firm is organized
unused parts of these resources will always exist. It is possible to
imagine a situation where unused parts of indivisible resources exist
but where the use of these parts is unprofitable. The marginal value
of these resources would thus be zero and the firm would be in neo-
classical equilibrium. Penrose argues that the firm never reaches this
point in its development process over time, since this process is taken
up with production and growth and exchange of indivisible resources
in a dynamic pattern which never allows the firm to reach or stay in
an equilibrium position. This is especially obvious when we take into
account technological change going on over time. This change, which
is very difficult to anticipate, increases the problems of combining
indivisible resources without leaving some of these resources unp-ofitably
unused at any point in time.

(ii) Penrose explains in two ways the reasons why given resources used
differently under different circumstances can give rise to unused resources.
Firstly, the increased specialization of resources is part of technical
and economic development. A highly specialized resource, e.g. a
skilled worker or a complicated machine must be efficiently used to
yield maximum result. Nevertheless it may be profitable for a firm,
which is small compared to the degree of specialization of the resource,
to acquire it. The skilled worker may, for example, be occupied only
partly in the job for which he is specialized. The rest of his time is
used for jobs where less skilled labour could be used. Secondly,
resources like land, labour and machines can render a heterosencous
variety of services depending on the skills and abilities of the personnel
of a firm. Changes in personnel and other resources can thus change
the amount of services available to the firm. This inefficiently used
resource creates unused service capacities in the firm. Irrespective of
the original profitability in acquiring the specialized or heterogeneous
resource, it may very well be profitable for the firm to grow and thereby
to better utilize the specialized resource.

(iii) The third reason for the existence of unused resources in the firm
is that new productive services are continually being created in it. These
increases in productive services can stem from managers and other
persons working in the firm. With increasing experience and knowledge
acquired through work within the firm the amount of services delivered
by them to the production process within the firm increases through
more rapid decisions and greater production per unit of time. This
increase can be substantial especially through the important interaction
between material and human resources. In other words the joint
amounts of resources within the firm deliver increasing amounts of
services and outputs, the more experience the personnel has.
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6.4 THE LIMITS TO GROWTH

Economists have usually pointed to three conditions to explain the rise
of the long run average cost curve beyond some level of production
(1) limitations of management, (ii) limitations of markets, and (iii)
Increasing uncertainty with increased size of the firm. In this review
lack of markets can be ignored as a reason for size limitation. Most
agricultural firms are fairly close to a pure competition situation.
Moreover, in more restrictive market situations, limitation in markets
can be overcome by producing new products.

Penrose analyzes the importance of the two other obstacles to growth,
concluding that in the long run it is possible to overcome both of them.
Her arguments run as follows [42, pp. 44-64].

In the long run management can always be reorganized and sdjusted
to the specific needs of every firm size without loss of efficiency. This
is possible through delegation of decision making downwards within
the firm and through adjustment of the knowledge level of the managerial
personnel to the requirements of every position in the firm. Possibilities
also exist to delegate tasks to consultants outside the firm.

If there is a tendency for uncertainty to increase when the firm grows
larger the specialized managerial staff can in the long run neutralize
this tendency by better forecasts and more careful planning of the firm’s
activities than is possible in smaller firms with a non-specialized
managerial staff.

As Penrose points out these long run adjustment possibilities do not
preclude the existence of limits to the amount of expansion possible
in any given period of time. These limits are associated with the
increasing demand on management for labour input and knowledge
increase. There are also physical obstacles to the rate of growth that
the existing managerial staff can plan per unit of time. There are also
limits to the rate with which new personnel can be integrated into the
firm without risk of organizational disturbances. Also the gathering
of new knowledge necessary for managing larger firms takes time.
Thus, there is a limit to the amount of new knowledge that can be
assimilated per unit of time. Now, the more rapid is growth the
heavier is the burden on management of gathering new knowledge.
of planning and of organizing the growth process. The overtime work,
errors etc. that this creates lead to growth costs which after some point
grow more rapidly than the profit increase, thus creating flimits to
growth, not absolutely and in the long run, but per unit of time.

6.5 DISCUSSION OF PENROSE’S MODEL

It is fairly obvious that with Penrose’s model we come closer than in
the earlier models to the level of abstraction necessary to be of help
to the manager who wants to guide his firm in a growth process. This
can be seen from the central place in her theory occupied by studies
of the growth opportunities as initiators of expansion and by growth
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costs as limits to the rate of growth. It can also be seen in the very
tangible way in which the particulars of these growth opportunities
and limitations are developed in her theory. This, then, means that
features 2 and 6 in our list of desirable items of growth theories are
covered. However, it is worth noting that Penrose’s model deals more
with internal than with external growth opportunities. It is also
interesting to note that the growth costs mentioned can all be brought
back to problems of management, whereas other reasons for growth
costs can also be found (see section 2 above).

This theory also gives attention to feature 5 in the list of dasirable items.
The fact that larger firms require new managerial abilities is an obstacle
to growth only in cases where management is incapable of acquiring
the necessary knowledge andjor making the necessary adjustments.
Of interest in many actual cases is the following conclusion by Penrose
[42, p. 98}): “Only for firms incapable of adapting their managerial
structure to the requirements of larger operations can one postulate
an optimum size”.

It seems fair to say that the differences in characteristics of various
resources, item 3 in our list, is also partly taken into account in Penrose’s
model. One aspect of these differences is stressed when the heterogeneity
of resources is put forward as one of the reasons for the existence of
unused resources [42, pp. 74-76]. However, the externally influenced
changes over time in the availability and value of resources, and the
differences in these changes between resources, are not explicity treated
in Penrose’s theory,

Risk and uncertainty as a limit to growth. occupy a rather conccaled
place in Penrose’s model, hidden behind the viewpoint that it is
management’s lack of knowledge as to how to deal with risk and
uncertainty rather than risk and uncertainty themselves that restricts
the growth of the firm (see especially [42, p. 65]). For our purposes
this stops at too high a level of abstraction. The manager who wants
to steer his firm in a growth process needs to know whar kind of
knowledge that is necessary to overcome the effects of risk and uncertainty.
If he does not have this knowledge, no matter whether this is due to
inability to acquire it or to too short a time or too high a cost to acquire
it, it is risk and uncertainty that restricts the growth of the firm. This,
then, means that Penrose’s theory does not include item 7 in our list
of desirable features for a theory suitable to guide the growth process
of a specific firm.

As an explanation of this feature of Penrose’s theory, we can again
point out that it is built for the limited liabijlity company with stocks
on the stock market [42, pp. 6-7]. Such a company can, as a rule,
even in a process of rapid growth, keep a satisfactory relation between
external equity capital and borrowed capital by issuing new stocks
on the market, thus keeping the risk and uncertainty element within
reasonable limits. In this way these elements can be restrained on the
financial side of the business. Generally. this is impossible for the
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agricultural firm of the family firm type, which interests us in this
review. Thus the lack of item 7 in our list of desirable features is an
important drawback of Penrose’s theory. It may also be that it is a
drawback for the type of firm treated by Penrose. As we will see later,
there are other theories—e.g. Marris [33]—which stress the risk of
being driven out of business as an obstacle to growth also for that
type of firm.

In addition the acquisition of financial capital and the differences in
characteristics of financial sources such as reinvested savings, loans
and external equity capital are hidden in Penrose’s theory behind the
view that it is extrepreneurial ability more than lack of capital per se,
that restricts the growth of the firms. Thus this restriction, item 4 in
our list of desirable features, is also looked upon by Penrose as a
managerial limitation. As mentioned earlier this is at least to stop at
too high a level of abstraction for the theory to be of help for the
manager directing its firm through a growth process. This manager
needs to have knowledge about how to arrange the financial side of
his growth process. This is especially so for the family firm. For
this firm it can be suspected that capital restrictions in many cases can
be relevant as obstacles to growth. There also exists in these cases
an optimal combination of different financial sources.

It now only remains to state that Penrose’s theory assumes that
management’s goal with the firm’s growth is maximization of long run
profit. This goal, stated in the way given earlier in this review, is the
only goal discussed. Many goals and goals of the satisficing type are
thus not included in the theory.

7. INFLUENCING THE DEMAND FOR THE FIRM’S OUTPUT
AS AN INDUCEMENT TO GROWTH AND THE RISK OF
BEING DRIVEN OUT OF BUSINESS AS A LIMIT TO GROWTH

7.1 GENERAL

Robin Marris in his book on “Managerial” Capitalism published in
1964 [33], draws our attention to other factors affecting growth than
those stressed by Penrose. He has developed a theory of growth for
limited liability companies with stocks on the stock market and where
ownership and management are separated. He assumes that manage-
ment’s objective in these firms i1s to maximize the firm’s growth rate
subject to a security constraint,

Marris builds his theory on two ideas. One of them, giving the
inducements to growth, centres around the profitability of new production
possibilities. The other is the risk for management of losing control
over the firm, which limits the firm’s rate of growth.

Marris’ firm is not working in pure competition. Thus, management’s
efforts to increase the demand for the firm’s products sooner or later
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lead to lower prices and/or higher umit costs. Sustainable growth
of the demand for the firm’s products in this situation is only possible
by a continuous introduction of new products on the market, or as
Marris puts it (after Penrose), by an increase in “the rate of
diversification™ [33, p. 120]. The growth rate is, according to Marris,
a function of (1) the speed with which the firm infroduces new products
on the market and (2) the profitability of this new production.

To quantify management’s risk of losing control over the company
Marris builds up a “theory of take-over”, based upon two different
groups’ evaluation of the company’s stocks. One of these groups is
the majority of buyers on the stock market. The other is an imagined
group of take-over raiders who are assumed to plan the acquisition of
sufficient stocks to be able to decide independently on the management
and policy of the firm. The large majority of buyers on the stock
market evaluate the stocks according to the expected returns under the
existing management. This market value ratio is the combined effect
of expected dividends and expected capital gains. The raiding group’s
valuation ratio is based on the expected returns from the management
and the policy that the group would pursue if the raid were successful.
If the latter valuation ratio is higher than the market valuation ratio
there exists a risk of take-over; the greater the difference, the greater
the risk. The existing management is thus interested in keeping the
market valuation ratio of the company stocks equal to or just above
the imagined raider valuation ratio. “Higher ratios yield no gain in
satisfaction” for management in Marris’ theory [33, p. 45]. This
requirement of keeping the market valuation ratio just above a certain
point is a restricting constraint in the management’s objective of
maximizing the growth rate of the firm, since it restricts management’s
possibilities of devoting resources to research and development of new
products, the source for growth in Marris’ theory.

The reader may ask why a theory of this type is reviewed here, when
we are interested in directing the growth process of agricultural family
firms. The individual agricultural firm is as a rule in a market
situation where growth is possible without change of production. 1t
is very seldom so large that it can continuously grow by diversification.
Moreover, it is not often a “managerial” firm with stocks on the stock
market. Thus the growth of the agricultural firm is neither induced
by the introduction of new products, nor is it limited by Marris’ type
of take-over risk.

Nevertheless the author finds it important to include Marris’ theory
here, for two reasons., The theory quantifies some of the important
external inducements to growth, a family of growth possibilities also
open to the agricultural firm. It also emphasizes the risk of being
driven out of business as a limit to growth, a risk which is of importance
for the agricultural firm, although it takes on other forms than those
facing a limited liability company with stocks on the stock market. Thus
we shall proceed to review those parts of Marris’ theory of greatest
interest to us.
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7.2 A “POLICY MODEL FOR GROWTH RATE MAXIMIZATION SUBJECT TO
MINIMUM SECURITY CONSTRAINT 4

Marris’ theory will be reviewed by describing his model for growth
rate maximization together with those assumptions underlying it not
yet mentioned. This model is as follows:3

(1) D' = D(d, m)
(12) K* = rp’ + N

(13 = (% - )it = 1
(14) ¢ = c(d)

(5 » =1 - r)/(%; - r)
(16) k = ay + wyN* + agr?
A7) v > v

(18) 1 <1

(19) K = D-

where

¢ = capital-output ratio, i.e. the ratio of book value of gross assets to
some measure of the quantum of total output [33, p. 228];

D+ = the compound growth rate of demand, d(log D)/dt, where D is
measured as the book value of gross assets required to meet the total
volume of demand for all the firm’s products at a standard rate of

utilization. “Book value” is used as a physical measure [33, pp. xvi,
xvii, 119, 1317;

d = the diversification rate. By this is meant the rate at which
diversification is attempted, i.e. the ratio of some volume measure of
all new products attempted to a similar volume measure for all products
already in production [33, p. 131];

I = average interest rate on debt [33, p. 9];

K* = the compound growth rate of capital measured as gross assets
{33, pp. xvii, 119, 206];

k = the rate of discount, which for a certain firm is the total yield in
relative terms, i.e. the annual dividend plus the capital gain in relation
to the market value of the firm [33, p. 209];

! = leverage ratio, i.e. the ratio of liabilities {(debts) less liquid assets to
gross assets [33, p. 132];

* Marris, [33, pp. 226-249].

® This is Marris’ equation system (6.1) to (6.9) [33, pp. 234-235]. To conform with
notation in the rest of this review article the following changes in Marris’ symbols
have been made: his C has been changed to X, his g has been changed to /.
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/ = maximum leverage ratio. A constraint with functions similar to v
(33, pp. 8-91;

m = profit margin, measured as the ratio of gross profits to the quantum
of output measured by the same convention as used for defining the
capital-output ratio [33, p. 228];

N- = the compound growth rate of aggregate par value of all issued
securities not included in debt [33, p. xviii];

p’ = net rate of return = ratio of earnings to net assets. Net assets are
aross assets less debt [33, pp. xviii, xvii];
r = retention ratio, i.e. ratio of retained earnings to earnings.

Earnings = profits less interest on debt [33, p. xviii];
» = valuation ratio, i.e. the ratio of the market value of the firm to
the book value of its net assets [33, pp. 22, 209];

» = minimum valuation ratio. A constraint to provide freedom from
fear of take-over and/or from loss of confidence from shareholders
(33, p. 206].

2;, %q, @y in (16) are coefficients in the relation between k, N*, and r.
In this system equation (11) represents the inducements to growth and
equation (14) the effects on capital requirements from the demand side
D. Equations (12) through (16) excluding equation (14) represent
the supply of funds, K, to finance the growth. Equations (17) and (18)
are the financial restrictions to growth, minimum valuation ratio and
maximum leverage ratio respectively, and (19) is the balance equation
between the growth rates for financial capital, K-, and the growth rate
for demand, D-.

Equation (11) states that the growth rate of the firm’s total demand is
some function of the relative number of new production possibilities
introduced per unit of time and the profitability of the production.
The variables d and m are policy variables. What, then, are the actions
behind these variables that cause deliberate variation in demand growth?
We can find interesting viewpoints on this in Marris’ chapter four.
First we have to remember that according to both Penrose and Marris
the new products forming the numerator in the rate of diversification
are products which do not compete with the old products in the firm’s
production. The creation of new products includes investments in
intelligence (taken in its military meaning) and research and development
on both the production and the market side. The necessary introduction
of new products rests on a process of want creation within a small
number of pioneering consumers and a chain reaction from these
pioneers to larger groups of consumers. It includes stimulus of this
reaction via price policy and advertising to reach a critical volume of
each product. Criticality is here defined “as a condition where the
probability of a continuing chain reaction tends to unity” [33, p. 146].
This criticality can involve different effort for different products. The
diversification process may also include a choice of an optimal mix of
new products. This is so when there are many possible products each
with their expected capacity requirement, a specific expected contribution
to profits and a specific size of the anticipated future market. The
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most efficient diversification process can also include a choice between
development of new products within the firm or early limitation of
other firms’ new products.

As Marris points out [33, pp. 124-126] firms growing by diversification
in this way have to exist within an environment “where both consumer
and producer techniques are capable of responding to continuous
development and change” [33, p. 124], “an environment with continual
change and mew product creation, and in which new products both
final and intermediate, are responsible for the lion’s share of incremental
output and demand” [33, p. 125]. This means that his theory only
holds for modern, developed economies.

The growth process with which Marris is concerned is what he calls
“sustainable”, that is the same growth rate can be maintained
“indefinitely or at least until there is some change in data™ [33, p. 118].
Under these conditions he assumes that the long-run relative change
in size—i.e. the growth rates over longer periods—of sales, gross assets
and profits are equal [33, pp. 118-119].

As we see from equation (14) Marris also assumes a relationship
between the diversification rate and the capital output ratio. Here he
introduces what he calls the “Penrose effect” [33, p. 233 and discussions,
pp. 114-118, 230-234], i.e. overstrain in high-level decision taking at
an increasing diversification rate will cause the overall capital output
ratio of the firm to rise. This is the relationship depicted in equation

(14).

Let us now turn to the rest of the equations (12) to (16) and examine
how Marris visualizes the acquisition of funds—the supply of finance,
as he calls it—for the growth process. His starting point is the three
well-known ways of acquiring funds, retained earnings, borrowing and
acquisition of equity capital. As he is dealing with corporations the
last mentioned source is available via new issues of the company’s shares

on the stock market. The growth rate of total capital is thus [33, p.
206]:

Retained Earnings + Net Borrowing + Proceeds of New Share Issues
Gross Capital at Beginning of Period

As we will see later from equation (18) Marris’ model assumes that the
leverage will be kept constant at its maximum, or constant at a lower
value if equation (17) is the most restrictive constraint. Since at
constant leverage ratio the growth rates of gross and net capital are
the same, the growth rate of total capital is: The retained part of the

net rate of return, rp® plus the growth rate of the value of all shares,
N7, as expressed in equation (12).

$The net rate of return is calculated on net assets. When, as here, the retained
part of the net return is used as a rate of increase for gross assets it also includes
net borrowing up to an amount which leaves the leverage ratio constant.

" This growth rate is composed of the relative increase in issued stocks at par value
multiplied by the valuation ratio.
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Equations (13), (15), and (16) explain the formation of the firm’s net
return (13) and value (15) and of the discount rate used in the firm (16).
Thus they form the foundation of the basic equation (12). Remembering
that m/c is the gross rate of return on total capital® it is fairly easy to
check (for example by multiplying numerator and denominator by
total capital) that the net rate of return is a function of the gross rate
of return, the interest rate on debts and the leverage ratio, as is shown
in equation (13).

In this review it is not necessary to go too far in explaining equations
(15) and (16), which show ‘“how stock-market behaviour is assumed
to determine the valuation ratio” [33, p. 235]. There are two reasons
for this. Firstly, the mechanism of explaining the total yield and
valuation ratios of the non-stock agricultural firm cannot be put forward
in the terms used by Marris. Secondly, Marris himself later on [33,
p. 236] simplifies his model by deleting these two equations, accepting
that the exogenously determined minimum valuation ratio is an effective
constraint and leaving the N to be determined uniquely by r for each
resulting valuation ratio independently of the rest of the system.

Equations (17) and (18) are the “risk” restrictions which hamper the
growth rate of the firm. It is of interest to note that Marris introduces
two restrictions of this type into his system. Equation (17) is the
precaution against raiders on the stock market, whereas equation (18)
is the maximum leverage ratio. The latter is assumed to be exogenously
determined and is based on the probability distribution of earnings
typical for the firm and the risk of being driven into insolvency. With
the objective “maximum sustainable growth rate”, given by Marris’
management team, one or both of these two restrictions are effective.

It is of interest to note that in the first chapter of his book Marris
[33, pp. 7-9] introduces the maximum leverage ratio as an important
side condition in the growth process of the traditional, entrepreneurial
non-stock firms. If we exclude gifts, inherited funds etc. these firms
can only acquire financial capital via retained earnings and borrowing.
For any given leverage ratio the maximum growth rate is in this case
the same as the growth rate of the equity capital in the firm, i.e. the
entrepreneur’s own capital. If the maximum leverage ratio can be
empirically determined then the maximum growth rate of the firm is
determined by the growth rate of the equity capital at this maximum
leverage ratio. This is so as at a specified leverage ratio the relative
increase of borrowed capital has to be of exactly the same size as the
relative increase of owned capital to keep the leverage ratio at the given
value.

Let us now go back to the somewhat simplified version of Marris’ model
which consists of the system (11) to (19) with the exception of equations
(15) and (16) and analyse its variables [33, pp. 235-236]. This is a
system of five equations and two inequalities and with eleven variables.

8m gross profit / total capital gross profit

¢ ™ total output / total output = total capital

73



REVIEW OF MARKETING AND AGRICULTURAL ECONOMICS

Of these variables the interest rate, i, is exogenously determined, the
valuation ratio, », is kept at the exogenously determined minimum

valuation ratio, », and the growth rate of new issues, N, is uniquely
determined by r. This leaves us with eight variables, of which four
are policy variables—the diversification rate, d, the profit margin, m,
the retention ratio, r, and the leverage ratio, /—and four endogenous
variables—the growth rate of demand, D-, and of capacity, K-, the net
rate of return, p’, and the capital-output ratio, ¢. Leaving the
inequalities aside we have a system of five equations and eight unknowns
of which four are policy variables. A determination of three of the
policy variables would then determine the system. In our situation it
i1s obvious that the policy variables to be determined are the diversi-
fication rate, the profit margin and the retention ratio leaving the
leverage ratio to be determined within its restriction. If, however,
the leverage ratio is also restrictive there exist only two policy variables
to be freely chosen.

In this last situation the problem is to choose that set of d, m, and r
which maximizes the growth rate of demand or of capacity, which due
to equation (19) amounts to the same thing.

Marris 1llustrates the character of the solution of his system for a
simplified model. Although the simplifications employed suit the
stock company and not the simpler non-stock companies which interest
us here, Marris’ solution will be given in its diagrammatic form. The
31mp11ﬁed system appears as follows:

(20) D+ = D(d, m)
@21) K* = ocliz — 8o

(22) ¢ = c(d)

(23) K* = Dr

In this system equations (20) and (22) are the same as (11) and (14) in
the earlier system. (21) represents the maximum growth rate of the
firm, expressed in growth rate of financial capital, for every specified
combination of gross profit rate, p = m/c, and minimum valuation
ratio, ». This relationship has been shown by Marris [33, pp. 216-
219] to have approximately the form given by equation (21). The
approximations include among other things that the main financial
source for growth stems from new issues of stocks and not from retention
of earnings. This, then, 18 the point where the solution to be
demonstrated is of interest for the stock company but not of interest
for the traditional entrepreneurial firm without stocks on the stock
market. Equation (21) which summarizes the information from
equations (12), (13), (15) to (18), also holds only for a solution where
the maximum leverage ratio is reached. Equation (23) is the new
identity equation between maximum growth rates of financial capital
for given gross rates of return at the minimum valuation ratio, and the
growth rate of demand.

Marris’ diagrammatic solution of the problem involves choosing that
combination of diversification rate, d, and profit margin, m, which
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gives the highest of the possible maximum growth rates as shown in
figure 3°. The character of the solution is of course dependent on the
shape of the equations, which are thus important in explaining the
diagram.

Figure 3a illustrates equation (20). For any specified m, the growth
rate of demand is a rising function of the diversification rate. The
decreasing first derivative of this function can be explained by Marris’
assumption that any firm tries to choose new products in optimal order
[33, pp. 178-179]; thus, with the overall growth goal given, the firm
first develops products with the largest expected contribution to
growth. Equation (20) is represented in figure 3a by a whole family
of curves, each representing a given profit margin, m. In this family
m, << my << my etc; thus my represents the highest and m, the lowest
profit margin. This order depends on the assumption that for every
given diversification rate and profit margin the resulting growth rate
can be raised by increasing the costs for research and development of
new products and for marketing costs (advertising, lower prices). This
results in an increase in costs which decreases the profit margin.

In figure 3b equation (22) is given. Starting at some capital-output
ratio at the diversification rate zero this ratio increases at an increasing
rate as the diversification rate grows, a result of the “Penrose-effect”
mentioned above. ’

Figure 3¢ shows the combined effect of equations (21) and (22). For
any given profit margin, m, there exists a certain maximum possible
growth rate of financial -capital at zero diversification rate. As the
diversification rate increases this maximum possible growth rate
decreases due to the increasing capital output ratio needed according
to equation (22). At some point this capital output ratio has reached
such a size that zero growth rate is reached. Also here the combination
of equations (21) and (22) is represented by the same family of profit
margin curves, n1;, as in figure 3a. Here the highest profit, ni;, is at
the top and the lowest, m,, at the bottom of the family, indicating the
fact that on the capital “supply” side of the model available capital is
directly proportionate to the profit margin of the firm in this case via
the effect of profit margin on the new issue rate of the firm.

Figure 3d represents the combination of the “demand” and the “supply”
side of the model given in equation (23). It is a combination of figures
3a and 3c¢. In this diagram it is possible to connect the intersections
of curves with the same profit margin into one line representing points
where the growth rate of financial capital and of demand are the same,
thus fulfilling equation (23). On this line it is possible to determine that
combination of diversification rate, d*, and profit margin, »*, which
gives the overall maximum growth rate, D**¥, of the firm. In the
diagram this point is somewhere between 10 and 15 per cent for d and
lies somewhere between m, and mjg.

9 The four parts of Figure 3, a to d, are the same¢ as Marris’ diagrams 6.1 to 6.4,
pp. 239-240.
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FIGURE 3. MARRIS’ MODEL FOR GROWTH RATE
MAXIMIZATION WITH SECURITY CONSTRAINT
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7.3 DISCUSSION OF MARRIS’ MODEL

Let us now turn to the analysis of this model as a means of steering
the agricultural firm in a growth process. We can observe, as for
Penrose’s model, that we are closer to the reality of the manager than
in the models where we started our review. Diversification rates,
maximum leverage ratios and minimum valuation ratios bring the
model to an abstraction level where managerial decision in the steering
process are made. At the same time it is obvious that it is a choice
only of some of the relevant factors which must be taken into account.
Penrose, on the other hand, has devoted her interest to another subset
of the relevant factors. It is still an open question whether these factors,
Marris’ or Penrose’s choice, some combination or subset of them, or
some other factors, are the most important ones to pay attention to in
the growth process of the firm. In this review we are mainly interested
in the family type agricultural firm; Marris’ model includes specific
features more suited in the steering of the growth process of limited
liability companies than for the agricultural firm. We shall return
to this point later in the review.

When analyzing Marris’ model we can see that the goa/ structure in it
is an overall goal of growth rate maximization, with the sub-goals
minimum valuation ratio and maximum leverage ratio guaranteeing
the survival of the firm. In an extension of his model not described
here, Marris moves away from the point of maximum growth rate and
indicates an alternative solution for maximum profit rate within his
restrictions of a “sustainable and safe” growth rate. Drawing from
our earlier description of the goal structure of farmers we can see that
both these goals formulations are relevant in our case, except for one
feature. Remembering the way in which the minimum valuation ratio
was formulated as the result of various groups’ valuation of the firm’s
shares on the stock market, it is obvious that a valuation ratio of this
type as a restriction to growth does not belong to the necessary features
of a growth model for the agricultural firm.

In this simplified version of Marris’ model, an essential feature of the
goal structure of the agricultural firm is assumed away. Marris
assumes that issuing new shares is a more important way of acquiring
financial funds for growth than retention of earlier earnings [33, p. 218].
In doing this he stresses a feature which is of importance for the firm
he deals with, the limited liability company with stocks on the market.
Unfortunately, he at the same time makes his solution of less interest
to us in this review. Thus, the competition between retention and
withdrawals of various goods and services, which is of interest in the
goal structure of the agricultural family firm, needs a somewhat
different set of restrictions and a different way of achieving a solution
of the adjusted model from the one used by Marris.

It is obvious that Marris’ theory brings in something new in growth
models when he stresses and so closely examines the external growth
opportunities stemming from the introduction of new products. It is
also obvious that this feature of his theory is mainly relevant to the
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large firms with which he is dealing and which can carry through a
continucus and presumably costly research and development activity
to acquire new products to produce and sell. The agricultural firm
is as a rule too small to be able to embark on continuous research and
development activity of this type. Does this, then, mean that it may
be difficult to find a continuous measure of the diversification ratio, d,
in our types of firms? The present author does not think so. Marris
shows that growth through imitation [33, pp. 186-200] and non-
diversifying growth [33, p. 200], for example by cost-reducing innovations
and by increasing consumer appeal for old products etc., can also be
treated by the same type of analysis as the one he gives. For firms in
the market situation typical of the individual agricultural firm it seems
adequate to let the diversification rate, d, include not only strictly new
products but also early imitated products, products produced with new
or early-imitated techniques, products with new features which increase
consumer appeal, etc. This then means that the growth rate of the
agricultural firm is a function of the number of innovations and
imitations on the product and the cost side that can be introduced per
unit of time. This extension of the meaning of 4 in Marris® theory
makes it more possible to speak of a continuous d also for the agricultural
firms, since imitation costs less in research and development than
internal development of new products and as imitation and new

production techniques increase the number of directions in which to
find new growth opportunities.

Marris devotes his whole chapter five to the problems involved in the
acquisition of capital. This treatment is, of course, directed towards
the problems of the type of firm he is discussing which unfortunately
for us is not the family firm. He thus “asks” the stock market, as
purveyors of financial funds, for the desired choice between retained
earnings and new issues [33, p. 216] a problem which does not exist
for the non-stock family firm. The discussions of the formation of
the valuation ratio and its ‘“‘safety” limit, the minimum valuation ratio,

v, which are important for Marris, are of interest for us only as a
reminder of the existence of a similar type of minimum valuation ratio
for any firm. For the agricultural firm it is not so much of interest
in terms of fear of take-over raiders as of a basis for credit valuation
of the firm from banks and other credit institutions.

As we have seen Marris carries through his analysis in a situation where
the maximum leverage ratio is reached. This gives his analysis a
uniqueness condition of much the same type as that of the neo-classical
production function.'® On the other hand, he leaves two related
problems outside the analysis: firstly the difficult problem of estimating
the maximum leverage ratio, secondly, the problem of the choice
between growth on retained earnings and loans before the firm reaches
its specific maximum leverage ratio. This is of interest as the owners
may not be indifferent as to when in time the withdrawn and retained

10 In which output has to be interpreted as the maximum amount that can be produced
with any given set of input amounts available. Compare for example Dang {13].
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carnings are falling. It is finally worth remembering that Marris
formulates his simplified solution around the case where financial means
are obtained via new issues of stocks and not from retained earnings
(compare page 78 above). This decreases our specific interests in this
part of his analysis.

To summarize this part of our analysis, we are forced to say that Marris
devotes much attention in his book to the supply of funds for growth,
and that large parts of this analysis are of limited interest to us here.

To go on to another area in our search for features in Marris’ theory
desirable in guiding the growth of agricultural firms it is obvious from
our earlier discussion that risk and uncertainty as limits to growth play
an important role in his theory. The two critical limits, the minimum

valuation ratio, », and the maximum leverage ratio, /, are both of
interest to us here; however, the former is of interest only after a
change in meaning. As we have indicated above, the minimum valuation
ratio in the family firm case will preferably have as its basis the credit
valuation of the firm by banks and other credit institutions.

With this discussion we have covered points 1, 2, 4, and 7 in our list
of analytical items. We have seen that Marris’ theory has valuable
features in these areas. As to the rest of the points, it can be said that
Marris does not pay any specific attention to the differences in
characteristics of various resources which can form growth direction
for the firm (item 3 in our list). Nor does he discuss the effects on the
growth process of the fact that larger firms require new abilities by
the manager (item 5). As regards item 6 in our list, the existence of
growth costs and their effect on firm growth, Marris includes this
feature in his theory as the “Penrose-effect” which increases the capital
output ratio during rapid growth.

8. INTEGRATION OF INVESTMENT AND FINANCE THEORY

8.1 GENERAL

Firm growth often includes additions of durable means of production
to the amounts originally available. Traditionally, calculations regarding
the profitability of such additions follow the rules of investment theory.
Classical contributions in this area are those by Fisher in 1930 [20],
Lutz & Lutz in 1951 [32] and Dean also in 1951 [15]. This theory
specifies rules for estimating when an investment is profitable and how
a choice between investment alternatives may be made. Essential in
such calculations are comparisons between the expected future streams
of cash payments into and out of the firm during specified time periods,
caused by each alternative investment. Traditionally the attention
in these calculations is primarily directed towards the best avenues of
investment and the points in time to make the investment. The methods
for financing the investments have been of less interest in these
calculations.
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Parallel to this a theory of finance has been developed, directed towards
studies of the qualities of various forms of financial capital. It has
also given rules for the most profitable combination of these various
forms when covering a given demand for funds. Contributions typical
of this approach can be found for example in Solomon, ed. [45].

A combination of these two approaches is now common and has
become operational in calculations through the development of
mathematical programming methods. An early illustration of these
possibilities was given by Charnes, Cooper and Miller [9]. A number
of experiments have been made since then to solve investment, finance
and growth problems with multiperiod linear programming, integer
linear programming, various forms of stochastic programming, recursive
programming etc. These experiments show that this group of
programming methods offers efficient and flexible tools for operational
formulation and solution of firm growth problems. It is thus appropriate
to devote part of this review to an excursion into this experimental field.
As there are many experiments, only a few may be chosen to illustrate
the main features and problems of these types of models. The author
has chosen to illustrate the multiperiod linear programming approach
with Weingartner’s thesis of 1963 [49] and the recursive linear
programming approach with Heidhues’ 1966 article [22]. The large
group of experiments will be discussed as examples of how the problems
of our manager of the growing agricultural firm have been taken into
account in these types of models.

8.2 WEINGARTNER’S MODEL

Weingartner [49] gives the most rigorously formulated presentation to
date of the class of multiperiod linear programming models simultaneously
treating both investment and finance problems of interest for planning
of firm growth. His models will be developed stepwise here to cover
the three essential features in which we are interested: the investments
which increase firm size; the financing of these investments; and the
transfer of capital, real capital and funds, to future periods.

The basic model includes transfer of capital between subperiods. The
well known model is given in equation (24) for a planning period where
there are A subperiods.

(24) Max. f = EX
under the side conditions
FX — S 4+ § =K
0 <X <1
Str. S >0

1 In equations (24) through (29) small letters indicate scalar quantities and capitai
letters matrices of the given dimensions.
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This is Weingartner’s equation system 7.1 [49, p. 124]. Here

Eis a 1 x n matrix {e;}, representing the net result of each project j
discounted to the present time;

X i1s a n x 1 matrix {x;}, representing the scale of every investment
project J;

Fis a h x n matrix {f¢}, representing the capital outlay discounted to
the present time per unit of every project j during the respective sub-
period ¢

S 1s a kA x | matrix {s;}, representing unutilized capital during every
subperiod;

S is a h x 1 matrix {s:—}, representing capital not utilized during
subperiod ¢ — 1 transferred to subperiod ¢, (s, = 0):

Kis a h x 1 matrix {k:}, of capital available during every subperiod 1,
discounted to the present time.

The essential capital transfer can be examined more closely by specifying
the first two rows in the first side condition:

Period 1: F,X + s =k,
Period 2: FoX — 5, + 5, = ky

This model allows capital transfers to the next subperiod. However,
it does not allow accumulation of capital via production within the
model. Thus it is not a model for endogenous determination of the
growth possibilities. The growth character of the model is given
through exogenously determined values of K for the various periods.

Weingartner also specifies a model where capital is generated from
within the model, is transferred to future subperiods and can be used
for investments in the future. The model is completely built on cash
flows over time. It is given in equation system (25).

(25) Max. f = AX + v — wa
subject to
CX -0 +nVr+Vv+0A+rWr— W< D
0< X<l
Vi, V, Wir, W > 0
This is Weingartner’s equation system 8.1 [49, p. 142]. Here,

Aisal xn matrix, {g¢;}, of net cash flows from every project j after
subperiod 4, discounted to k;

Xisan x 1 matrix, {x;}, representing the scale of each project J;
vx is a unutilized capital during subperiod A;

wn is borrowed capital during subperiod #;
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Cis a h x n matrix, {cy}, of net cash flows from every project j during
the subperiods #. Negative ¢ indicates payment into the firm, positive
¢ indicates payment out from the firm;

Visah x 1 matrix, {v}, of capital unutilized during every subperiod ¢:

Vir is a h x 1 matrix, {v_,}, of capital not utilized during subperiod
t — 1, transferred to period t,(vo = 0);

Wis a b x 1 matrix, {w:}, of borrowed capital during every subperiod
N

Wtr is a h x 1 matrix, {w,}, of capital borrowed during subperiod
t — 1 and transferred to subperiod £,(wo = 0);

Dis a i x 1 matrix, {d;}, of capital generated from other parts of the
firm during every subperiod t.

All ¢, v, w, and d are given in current values, i.e. without discounting.
This is possible as the objective function only contains values pertaining
to one subperiod, 4, the last one in the planning period. In this model
the net worth at this point in time of all payments in to and out of the
firm, is maximized. The rate with which investment projects are
introduced in this model is related to the size of D, to the endogenously
generated capital stream CX and to the profitability of the capital
borrowing W.

Here also the capital transfer can be examined more closely by a
specification of rows one and two in the first side condition:

Period 1: C,\ X + v, — wy < d,

Period 2: Co.X — (1 + r)oy + vy + (1 + rywy — wy < ds

It is possible to extend this model further. Weingartner gives a number
of proposals of interest for us.

To system (25) can be added an absolute limit to borrowing by the
introduction of another restriction, This addition gives system (26).

System (25)
( W< B

This is Weingartner’s equation system 9.1 [49, p. 162). Added here
is:

B is a A x 1 matrix, {b:}, of the maximum amount of capital which
can be borrowed during every subperiod t.

The resulting system (26) can also be extended to handle an increasing
supply function for capital where increasing amounts of borrowed
capital are associated with increasing prices. Such a supply function
is exemplified in figure 4 with ri as the given interest rate for every level
and w; the capital amount of capital borrowed at this rate.
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FIGURE 4: A supply function for borrowed capital

After this addition system (26) will appear as follows:
(27) Max. f = AX + v, — W26
subject to
CX — (1 +nVr + V 4+ (I + r)Wstrg — Weo < D
Wi < Bt
0< X <1
V) Vtr, Ws’ Wetr >0
This is Weingartner’s equation system 9.14 [49, p. 169].
In system (27) the new symbols are:

Wiis a b x m matrix, {wyu}, of amounts of capital borrowed during
every subperiod ¢ at the interest rate r; where ri_, < ri < Figq.

Ws is row h in Ws
6is a m x 1 matrix, where every element has the value 1

Wer is a h x m matrix, {wr.,s}, of amounts of capital borrowed
during subperiod r_, and transferred to period ¢

B is a h x m matrix, {bs}, of maximum amounts of capital which may
be borrowed at a given interest rate r: during every subperiod ¢.

As the systems (24) to (27) are built up it is only possible to introduce
the investment projects up to unit level. In the majority of agricultural
applications the side conditions 0 < X < 1 have been changed to
X > 0. In this way the projects are allowed to grow beyond the unit
level. It is also possible without changing model to partition the
matrix X into two parts, where one part represents the units in the
product mix problem and one part the units in the investment problem
of the firm. In this way the combined product mix, investment and
finance problem can be solved.
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We stop our review of Weingartner’s models at this point, having shown
the main features of the class of models of interest to us here. We
have seen the possibilities for treating simultaneously the product and
investment mix during series of periods, capital transfer between periods,
lending and borrowing activities and capital accumulation. Readers
interested in Weingartner’s other expansions are referred to his
stimulating 1963 publication [49].

8.3 HEIDHUES’ MODEL

This model is of the recursive linear programming type, the well
known programming procedure developed by Day [14]. It consists
of a sequence of one-period planning problems solved with ordinary
linear programming and connected over time with a starting situation
and with one another through a series of relations so that each sub-
problem is dependent on the solution to the foregoing. This method
was used by Heidhues in 1966 [22] to solve growth planning problems
for agricultural firms. The traditional linear programme for the
individual subperiod may, for example, look like equation system (28).

(28) m* = Max. f = Z; Xy t=1,...,h
subject to
G Xt < Hy
Xt >0

where

=* is the value of the objective function during period ¢ at the optimal
solution X;*;

Zi is a 1 x n matrix, {z}, of incomes minus variable costs during
period ¢ from activities j;

X:is a n x 1 matrix, {x;}, of the amount of each activity during period
£

G: is a m x n matrix, {gy}, of technical coefficients giving the required
amount of fixed resources i for each unit of activity j during period ¢;

H;: is a m x 1 matrix, {;}, of available amounts of fixed resources i
and numerical values of other constraints at the start of period 7.

The vector H, of available resources and other constraints at the start
of period 1 specifies the starting solution.

In Heidhues’ model the vector H; of every period is dependent on the
foregoing solution via the following relationship:

(29) Ht = Gueyp AX* ¢op + T Hey, + Ty
In this equation the new notation is:
A is a n x n diagonal transformation matrix, {3;}, with three aims:

(1) to transfer the investments in means of production as available
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amounts of fixed resources between periods, (2) to transfer accumulated
capital between periods, (3) to remove resources no longer available
from the model.

['is a m x m diagonal transformation matrix, {vi}, which transfers
whole or parts of the fixed resources available during one period to
the next.

Ty is a m x 1 matrix, {z:}, with the help of which exogenous changes
in every /; can be made.

Heidhues’ model works in the following way: assuming that the
starting values of Hy for + = 0 are available for a firm to be planned,
hy for t =1 are calculated from equation (29). The linear pro-
gramming problem of system (28) is solved. From the optimal solution
X1*, the fixed resources H,; and exogenous influences T,, the new vector
H, of available resources and constraints is calculated from equation
(29). In this way the planning is solved sequentially for subperiod
after subperiod until the whole planning period is worked through.

8.4 SOLUTION OF GROWTH PLANNING PROBLEMS

A whole series of experiments with growth planning of agricultural
firms using mathematical programming methods have been made during
the 1960s. Most of them have been reported in easily accessible journal
articles and research reports and are thus well known. A review!? of
mainly U.S. experiments was published by Irwin [26] in 1968. Thus,
the integration of investment and finance theory made possible by
mathematical programming is well known. It is therefore not thought
necessary to go into a detailed discussion of these experiments here.
The discussion will only focus on the degree to which the growth
problems according to the list of items in the above analytical procedure
have been treated in these experiments.'®

The experiments indicate that a wide and flexible range of possibilities
exist for formulating the goals of the entrepreneur using mathematical
programming. In general, goals are formulated as a combination of
the objective function and a set of restrictions in three different ways:

(i) In the traditional investment theory way, influenced by Hicks [23],
where the difference between payments into and out of the firm
during each subperiod is summarized after discounting at some
specified point in time and maximized. This is the procedure
used in system (24). It has also been used in a number of

2 [t covers multiperied linear programming methods in general and not only those
directed towards a study of firm growth.

13 The author is indebted to Roif Olsson, Dept of Economics and Statistics at the
Swedish Agricultural College, Uppsala, for his help in this part of the review. In a
forthcoming study, Olsson develops a multiperiod linear programming model
designed for further systematic studies of growth problems. His knowledge of
current literature and the treatment in it of growth problems have been used by
the present author in compiling this part of the review.
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agricultural examples, e.g. by Loftsgard and Heady in 1959 [31],

Throsby in 1962 [48], Dean and de Benedictis in 1964 [16], Kbhne

in 1966 [29], Martin in 1966 [35], and Martin and Plaxico in 1967

[36].

(ii) As maximization of the accumulated net worth at the end of the
planning period. This is used in equation systems (25), (26), (27),
(28), and also in agricultural examples, e.g. by Koéhne in 1966 [29]
and in 1968 [30], Johnson in 1966 [27], Martin in 1966 [35], Martin
and Plaxico in 1967 [36], Johnson, Tefertiller and Moore in 1967
[28], Boehlie in 1967 [5], Eidman es al. in 1968 [18], and Boehlje
and White in 1969 [6].

(iif) As maximization of a stream of money withdrawals for consumption
for each subperiod during the planning period. This procedure
was proposed by Baumol and Quandt in 1965 [4]. A similar
model was also formulated at the same time, and most probably
independent of Baumol and Quandt, by Cocks [10].

To the author’s knowledge the last mentioned model has not been used
in agricultural examples other than by Cocks, and thus deserves some
explaining. Following Baumol and Quandt [4]** the model is given
In equation system (30). Here utility of a stream of withdrawals for
consumption is maximized subject to relevant restrictions:

(30) Maximize f = UK
subject to
CX+ K- +nrVr4+ V4l +nWr—w. p
X, K, V&r, C =0

In this model

Uis a 1 x h matrix, {u;}, representing the utility of one money unit
for consumption during every subperiod 7:

K is a i x 1 matrix, {k:}, of variables representing the volume of
consumption in money units during each subperiod ¢:

and all other notation is the same as that of equation system {25).

In this system the elements of C in the last row of the first set of
restrictions, Cp, contain not only the cash payments into and out of
the firm during subperiod # for each project x; but also the futurce cash
stream after period /2 discounted to this subperiod, i.e. the value of /
of all the projects. This, then, means that kn, the withdrawals for
“consumption”, at the end of the planning period consist of the net
worth of the firm at that point in time. We see from the model that
for U =1 the value of the consumption in money units without
discounting is maximized. When the elements of U are given values

1 This model is somewhat more general than Cocks’ in that it uses utilities assigned
to each subperiod’s withdrawal whereas Cocks uses a common subjective discount
rate over the whole planning period.
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| or other values according to the utility preferences of the entrepreneur,
the utility of the consumption possibilities is maximized. The choice
between various values of the elements in U depends on the planning
situation and will not be discussed here. Interesting and difficult
preference problems arise when estimating the utility of withdrawals
of consumption during each subperiod as compared to the utility of the
“consumption” of owned capital at the end of the planning period.

In the models maximizing discounted cash flow, i.e. system (24) the
utility of the whole surplus at each subperiod, not only that withdrawn
for consumption, is measured with the discount rate. In the model
maximizing accumulated net worth at the end of the planning period,
i.e. system (25), the utility of the surpluses at each subperiod i1s measured
in the model as to their contribution to the maximization of the
accumulated net worth. These two models, then, only represent specific
ways of setting up intra-time period preference systems. The model
proposed by Baumol and Quandt in 1965 {4] gives more flexible
possibilities of introducing varying withdrawal preference systems over
time.

For example via a proper determination of the values of the elements
in U, it can include the two other models discussed above. As was
mentioned earlier, goals in mathematical programming are formulated
as a rule as a combination of the objective function and a set of
restrictions. In some cases this is necessary to avoid absurdities. Thus,
for example, in the two systems (25) and (30) it would generally be
necessary to include restrictions which guarantee that the desired
withdrawal for consumption during each subperiod can be made.
Otherwise all accumulated capital could well be invested during earlier
subperiods and withdrawn only during the last period. This would
mean that all consumption would occur only during the last subperiod,
which is an obvious absurdity.

In other cases the possibilities for formulating goal dimensions in the
side conditions of the mathematical programming models can contribute
much to a refined and flexible formulation of even complicated goal
structures. The agricultural applications published to date show many
good examples of these possibilities. Consumption goals including
for every subperiod a minimum consumption and additional consumption
of a part of the possible surplus incorporating a predetermined marginal
propensity to consume have been used in growth models by for
example Cowling and Baker 1963 [11], Johnson 1966 [27], Martin 1966
[35], Martin and Plaxico 1967 [36], Johnson, Tefertiller and Moore
1967 [28], Boehlje 1967 [5], and Boehije and White 1969 [6]. Solidity
goals restricting the level of indebtedness have been used, for example,
by Johnson 1966 [27], Heidhues 1966 [22], and Eddleman and Golden
1967 [17]. Liquidity restrictions guaranteeing that the stream of
payments out of the firm does not exceed the payments into it have
been used for example by Heidhues 1966 [22].

All these examples indicate that mathematical programming models
of growing firms are flexible tools for handling of multi goal situations.
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The mathematical programming experiments on firm growth planning
go far enough in identification of factors giving growth opportunities
that a simultanous choice of production processes and investments in
new durable production resources is made. (See for example Kdhne
[29] and [30}, Boehlje [5], Boehlje and White [6], whereas Martin [35],
and Johnson [27] only treat the investment side.) Further extensions
to include the ideas in Penrose [42] and Marris® [33] theories are hitherto
untested. However, it seems possible to include at least some of these
ideas rather easily in these types of models. Penrose’s viewpoint that
unused resources are the bearers of growth possibilities is included by
the very way a linear programming model is constructed. The growth
process might appear more obviously in the solution if the problem is
set up so that the initial vector of available resources also includes the
existing production plan. In this way both the employment of unused
resources and the reallocation of resources in existing uses can be
illustrated. To include Penrose’s idea that new production resources
are continuously produced within the firm and that new technology
carries growth opportunities may require successive changes in the
technical coefficients in the model according to some forecasting
procedure. Testing the growth potential of anticipated new products
may also be included in the model. The high preparedness necessary
to take advantage of new growth opportunities when they appear
stresses the interest in including flexibility constraints in the mathematical
programming models. This is an area where still more needs to be
done.1?

It seems clear that the differences in the growth in value over time of
various durable resources--land, buildings, livestock—are of great
importance in firm growth planning in agriculture. Few if any studies
are published in this area up to now. It can be included in the
programming models via forecasting of the differences in growth in
value of the various resources. The problems associated with acquisition of
financial capital were introduced at an early stage into the mathematical
programming models for firm growth in agriculture, at first in capital
market models (Irwin and Baker [25], Stewart and Thornton in 1962
[47]). Later this feature of growth was treated together with product
mix and investment problems in both multiperiod linear programming
(Stewart and Thornton in 1962 [47], Boehlje [5], Boehlje and White [6],
Kohne [29] and [30]) and in recursive linear programming models
(Heidhues [22], Steiger [46]). This problem area lends itself easily
to treatment in these types of models.

Another desirable feature of growth models is that attention should be
paid to the fact that larger farms often require new abilities by the farmer.
The author has found no mathematical programming study formalizing
and investigating this problem area.

What, then, are the possibilities for studying growth costs with these

15 A start is made in these two areas by R. Olsson in the forthcoming study
mentioned in footnote 13 above,
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types of models, and have such studies been undertaken? The second
question is the easier one to answer. Up to time of writing (March
1970), no such published studies have been found by the author.®
However, it seems possible that these type of problems can be formalized
and thus treated with mathematical programming models.

The existence of risk and unceriainty in the planning environment of
the agricultural firm has great significance for the firm growth process.
This stems from the fact that the net stream of cash payments into and
out of the firm over time, which, together with borrowed funds, creates
the financial capital from which growth originates, varies due to
variations over time in inputs and outputs. In the multiperiod and
recursive linear programming models under discussion these random
and non-random variations appear in the technical coefficients of the
cash flow matrix C in equation (25) and the matrix G in equation (28).
To date no general technique for finding optimal solutions of these
kinds of problems exist. Information on the effect of risk and un-
certainty on the firm growth process can thus only be analyzed in these
models with the help of approximation methods applicable to problems
of specific types or by simulation techniques. Thus Eidman et al. [18]
have used the so called chance constrained programming technique
of Charnes and Cooper [8] to take account of risk variations in a specific
problem. An example of a simulation study is the one made by
Johnson 1966 {27] and [28].

9. POTENTIAL OF THE BEHAVIOURAL THEORY OF THE
FIRM

9.1 GENERAL

When revieWing theories as to their ability to direct and control the
growth process of a firm the biological analogies, cybernetics and the
behavioural theory of the firm must be mentioned.

Three biological analogies existing in economics are of interest when
firm growth problems are discussed. One of them is the life-cycle-
analogy, where the firm is compared to a tree which is born, grows,
ripens and dies as proposed by Marshall, 1920 [34] and Boulding 1950
[7] and as criticized by Penrose, 1952 [40] and 1953 [41]. Another is
the evolution analogy, where the surviving firm is the one which can
best adjust to a changing environment. A modern formulation of this
has been given by Alchian, 1950 [1] and 1953 [2] and criticized by
Penrose, [40] and [41].  This is analogous to the Darwinian principle of
“the survival of the fittest”. The third is the homeostasis analogy
according to which firms, like living organisms, retain an inner balance
under varied external conditions via a series of adjustment mechanisms

'8 Some experiments have been made by R. Olsson in his forthcoming study, op. cit.
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aimed at smoothing and adjusting to the effects of these variations in
the environment. The best known version is probably the one developed
by Boulding [7].

Economists tend to have different viewpoints as to the usefulness of
analogies of this type. A closer review of these analogies can be left
aside here as our aim is not a discussion of theories useful in positive
studies. However, with our interest in theories for directing and
controlling firm growth, these analogies represent a point of departure
to a group of related theories, namely cybernetic theories (Wiener,
1948 [50]) and the behavioural theory of the firm (Cyert and March,
1963 [12]). These two theories are briefly discussed below, not because
they have yet formed any basis for extensive work in the firm growth
field, but because of the interest of several examples, (Eisgruber [19],
Hutton [24], Patrick [38]) and their potentialities for providing a basis
for more work in the future.

9.2 CYBERNETIC MODELS

In cybernetics the firm is looked upon as a controlied system of production.
The model of the firm assumes the existence of a controlled unit, for
example for production, and another unit controlling the flow of inputs
to and outputs from the controlled unit. The producing unit is
influenced by an environment which creates disturbances in production.
The controlling unit receives information on these disturbances both
ex ante and ex post. The ex ante mformation is received as forecasts
of expected disturbances. The controlling unit compensates the
controlled unit for these disturbances. FEx post the controlling unit
receives information through a feedback channel on the number of units
produced, compares it with the required number of units (i.e. with the
goal), and if necessary orders supplementary production. The controlling
unit also regulates production according to received goals. A simple
controlled system is given in figure 5.

Forecasts Data

Forecasting Environment
Comp%\sation
Long-run Goals Planning (the jProduction
planning controlling —Oxder 5 the control-~
unit) led unit)

feedback of{information on

outcome of production

FIGURE 5: The firm as a controlled system
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Generally, the flow of inputs and outputs within a firm is divided up
in subsystems; for example acquisition of inputs; the technical flow
of inputs, outputs and resources; the flow of labour services; the sales
organization; and the economic control. Subsystems can also be
plans covering different length of time. All these subsystems are parts
of the total control system and connected via a flow of information
between the systems.

There can be many goals in this system, both economic and non-
economic and usually of the satisficing type. To function, the goals
have to be broken down into subgoals for the various parts of the system.

9.3 THE BEHAVIOURAL THECRY OF THE FIRM

The decision making process in the firm forms the backbone to the
behavioural theory of the firm developed by Cyert and March [12]. This
decision making process is assumed to be represented by three sets of
variables and four sets of relations.

The three sets of variables affect the goals, expectations and choice of
the organization [Cyert and March 12, pp. 115-116]:

The organizational goals are assumed to have both dimensions and
aspiration levels on any particular dimension. The dimension of the
goals is influenced by the composition of the members of the
organization and by the subunits of the organization that make the
decisions. They are evoked by the planning or decision problems that
arise. The aspiration levels are some weighted functions of past goals,
past performances of the organization and past performances of other
“‘comparable” organizations.

The organizational expectations are affected by the process of drawing
inferences from available information and by factors influencing the
search for problem solutions. In the process of drawing inferences
variables such as simple trend studies are recognized. Variables
influencing the intensity and success of the search process are the extent
to which goals are achieved and the amount of organizational slack
in the firm. The smaller the extent to which goals are achieved and
the smaller the organizational slack, the more intensive the search,
and thus also the formation of new expectations. Variables influencing
the direction of search are the nature and location of the problem,
stimulating the search.

The organizational choice takes place in response to a problem, using
standard operating rules and involving identification of an alternative
that is acceptable from the point of view of evoked goals. Variables
affecting these three factors influence the choice of action.

The four sets of relations are [12, pp. 116-125]:

(1) Quasi resolution of conflict between goals held by various members
of the organization. The conflict is solved by dividing its decision
problems into subproblems and assigning them to subunits for
solution (local rationality); by following acceptable level goals
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instead of maximization type goals, and by attending to different
goals at different times (sequential attention to goals).

(ii) Avoidance of uncertainty. Organizations arc assumed not to
maximize expected values or to use decision criteria under
uncertainty when planning their activities. Instead they are
assumed to avoid uncertainty by avoiding planning where plans
depend on predictions of uncertain future events and by emphasizing
planning where the plans can be self-confirming through some
control device (feedback-react decision procedures).

(iii) Search for good alternatives is stimulated by problems and directed
towards finding solutions to the problems. This search process
is stimulated by the problem and depressed by the solution of the
problem. The search process proceeds on the basis of a simple
model unless it is driven to more complex models by the seriousness
of the problem. Finally the search is biased, i.e. influenced by
the training, experience and goals of the members of the
organization.

(iv) A learning process is continually going on. This process includes
adaptation of the directions and aspiration levels of goals. It also
includes changes in decision criteria and in attention to different
parts of the environment. Also search rules change.

The basic structure of the organizational decision making process is
given in figure 6. This figure is an outline of the firm model in the
above behavioural theory of the firm. The language used to picture
this model is the language of a computer programme.

9.4 DISCUSSION OF THESE TYPES OF MODELS

Both the cybernetic and the behavioural theory approaches stress the
process of production as it develops over time and the actions necessary
for management to take to direct this process. This is the new feature
of these approaches as compared with the theories reviewed earlier in
this article. Let us end our review with a tentative discussion on how
these steering theories can be used in the firm growth case. In this
discussion we follow the structure of the decision making process in
the behavioural theory given in figure 6 and in our original analytical
procedure.

Action from management is evoked after observation of feedbacks from
the environment. In the firm growth case this means on the positive
side observation of the appearance of growth possibilities. These may
stem from exgenous sources such as those discussed by Marris [33], or
from the endogenous growth opportunities mentioned by Penrose [42].
‘On the negative side feedbacks can bring information on unfortunate price
variations, poor yields in production due to weather variations, errors
in the organization of production etc. Management’s action is directed
towards taking advantage of the new growth opportunities and
neutralizing the unfavourable changes in the environment and production
which threaten to hamper the growth. Applied to the firm growth
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FIGURE 6: Basic structure of the decision making process in the
behavioural firm model

Source: Cyert & March, 1963, figure 6.1, p. 126

case the behavioural theory thus includes a continuous scanning
procedure to find good growth opportunities. It also assumes that
the risk and uncertainty elements are partly taken care of by avoiding
and neutralizing them.

Both the cybernetic and the behavioural theories assume that manage-
ment sets a number of goals for its action within the firm. These
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goals are of the satisficing type. In the growth case some of them can
be related to the rate of growth and other dimensions related to the
growth process. In the decision making process management controls
the effects of the positive and unavoidable negative feedbacks from the
environment for each one of these goals, one at a time.

If the goals can be satisfied also after the environmental change,
management reacts according to standard rules established within the
firm. Such rules can include for example acquisition of land up to
specified total amounts as long as the price per acre is below a given
value. Another example is reorganization of the feeding plans for
livestock production following crop failures. If the goals cannot be
satisfied search for new growth possibilities starts. This search can
include attention to differences in characteristics of resources and various
types of financial capital, the entrepreneur’s ability to manage larger
firms, the growth costs associated with various growth directions, etc.

A learning process is tied to the search for new growth opportunities.
In this, management successively increases its knowledge of how to
avoid risk and uncertainty, how to find good growth possibilities, how
to improve standard decision rules and the possibilities for satisfying
and adjusting the aspiration levels of various goals.

A return to the list of desirable items in the procedure for analyzing
growth theories shows that important parts of them are included in the
behavioural theory of the firm. Thus, this theory seems to have potentials
for handling firm growth planning problems. The following new
viewpoints not shown by the earlier theories arc especially worth
noticing: The use of a feedback mechanism to neutralize disturbances
due to risk and uncertainty; the importance of standard decision rules
and prepared alternative plans as precautions for sudden changes in
the environment; the acceptation of “good” rather than “best” growth
plans; and the existence of a learning process.

95



REVIEW OF MARKETING AND AGRICULTURAL ECONOMICS

REFERENCES

[1] ArcHian, A. A., “Uncertainty, Evolution and Economic Theory”, Journal of
Political Economy, Vol. 58 (1950), p. 211,

[2] ALcHIAN, A. A., “Biological Analogies in the Theory of the Firm: Comment”,
American Economic Review, Vol. 43, No. 4 (September, 1953), pp. 600-603.

[3] BaumoL, W. J., “On the Theory of Expansion of the Firm’, American Economic
Review, Vol. 52, No. 2 (May, 1962), pp. 1078-1087.

[4] Baumor, W. J., aND QuanNDT, R. E. “Investment and Discount Rates under
Capital Rationing—A Programming Approach™, Economic Journal, Vol. 75 (1965),
pp. 317-329.

[5] BoeHLIE, M. D., An Analysis of the Impact of Selected Factors in the Process of
Farm Firm Growth (Purdue University: Unpublished M. S. Thesis, 1967).

[6] BoeHLse, N. D., and WHitE, T. K., “A Production Investment Decision Model
of Farm Firm Growth’, American Journal of Agricuitural Economics, Vol, 51, No. 5
{April, 1969), pp. 546-563.

[7] BouLpiNg, K., A Reconstruction of Economics (New York: Wiley, 1950).

[8] CHArNESs, A., and Coorer, W. W., “Chance Constrained Programming”,
Management Science, Vol. 6 (1959), pp. 73-79.

[9] CHARNES, A., CooPER, W. W., AND MILLER, M. H., “Application of Linear
Programming to Financial Budgeting and the Costing of Funds”, Journal of Business,
Vol. 32 (1959), pp. 20-46.

[10] Cocks, K. D., “Capital Accumulation and Hicksian Models”, The Farm
Eeconomist, Vol. 10, No. 11 (1965). pp. 458-465.

[t1] CowrinG, K. G., AND BakER, C. B., “A Polyperiod Model for Estimating the
Supply of Milk™, Agricultural Economics Research, Vol. 15, No. 1 (January, 1963),
pp. 15-23.

{12] CyerT, R. M., AND MARCH, ). G., 4 Behavioral Theory of the Firm (Englewood
Cliffs: Prentice Hall, 1963).

{13] DaAN®, S., Industrial Production Models. A Theoretical Study (New York:
Wien, 1966).

{14] Day, R. H., Recursive Programming and Production Response (Amsterdam:
North Holland Publishing Co., 1963).

[15] DeanN, J., Capital Budgeting (New York: [951).

[l6] DeaN, G. W., anp DE BenebicTis, M., ““A Model of Economic Development
for Peasant Farms in Southern Italy”, Journal of Farm Ecoromics, Vol. 46, No. 2
(May, 1964), pp. 295-312.

[17] EpbLEmanN, B, R., AND GOLDEN, W. L., “Use of a Minimum Equity Model to
Simulate Farm Firm Growth”, in Proceedings of the Agricultural Economics and
Rural Sociology Section of the Association of Southern Agricultural Workers.
(Annual Meeting, New Orleans, Louisiana, 1967).

[18] EibMaN, V. R., CaArRTER, H. O., aAND DEeaN, G. W., Decision Models for
Californian Turkey Growers (California Agric. Exp. Stn., Berkeley, California:
Giannini Foundation Monograph No. 21, 1968).

[19] Esgruser, L. M., “Farm Operation Simulator and Farm Managenent
Decision Exercise” (Indiana Agr, Exp. Station: Research Progress Report 162,
1965).

[20] FISHER, 1., The Theory of Interest (New York: 1930).

[21] HaLTER, A. N., “Models of Firm Growth”, Journal of Farm Economics, Vol.
48, No. 5 (December, 1966), pp. 1503-1509.

96



RENBORG: GROWTH OF THE AGRICULTURAL FIRM

[22] HempHUEs, Th.,, “A Recursive Programming Model of Farm Growth in
Nortéléei:;rn6 8(4iermany", Journal of Farm Economics, Vol. 48, No. 3 (August, 1966),
ppP. —684.

[23] Hicks, J. R., Value and Capital (London: Oxford University Press, 1939).

[24] HuTTOoN, R. F., “Discussion: Models of Firm Growth”, Journal of Farm
Economics, Vol. 48, No. 5 (December, 1966), pp. 1510-1512,

[25] IrWIN, G. D., AND BAKER, C. B., Effects of Lendex Decisions on Farm Financial
Planning (1llinois Experiment Station Bulletin No. 688, 1962).

[26] TrwiN, G. D., “A Comparative Review of Some Firm Growth Models™,
Agricultural Economics Research, Vol. 20, No. 1 (1968), pp. §2-100.

[27] JorNsON, S. R., An Analysis of Some Factors Determining Farm Firm Growth
(Texas A and M University: Ph.D. thesis, 1966, Micro Film).

[28] JomnsoN, S. R., TererTILLER, K. N., AND Moorg, D. S., “Stochastic Linear
Programming and Feasible Problems in Farm Growth Analysis™, Journal of Farm
Economics, Vol. 49, No. 4 (November, 1967), pp. 908-919.

[29] KOHNE, M., “Theorie der Investition in der Landwirtschaft”, Berichte iiber
Landwirtschaft, Sonderheft No, 182, Hamburg und Berlin (1966).

[30].K(.)-HNE,_ M., Die Verwendung der linearen Programmie-rung  zur
Betriebsentwicklungsplanung in der Landwirtschaft,” Agrarwirtschaft, Sonderheft

25 (1968).

[31] LorrscarD, L. D., anD Heapy, E. O,  Application of Dynamic Programming
Models for Optimum Farm and Home Plans”, Journal of Farm Economics, Vol. 41,
No. 3 (August, 1959), pp. 51-62.

[32] Lutg, F. anp V., The Theory of Investment of the Firm (Princeton: Princeton
University Press, 1951).

[33] Marris, R., The Economic Theory of “Managerial Capiralism” (London:
Macmillan, 1964).

[34] MARSHALL, A., Principles of Economics (London: Macmillan, 1920).

[35] MARTIN, J. R., Polyperiod Analysis of Capital Accumulation and Growth Process
of Farm Firms, Low Rolling Plains of Southwestern Oklahoma (Oklahoma State
University: Unpublished Ph.D. thesis, 1966).

36] MARTIN, J. R., AND PrLaxico, J. S., Polypetiod Analysis of Growth and Capital
Accumulation of Farms in the Rolling Plains of Oklahoma and Texas (US.D.A.
Technical Bulletin Neo. 1381, 1967).

[37] MobpiGLiaNI, F., AND MILLER, M., ““The Cost of Capital, Corporation Finance
and the Theory of Investment”, American Economic Review, Vol, 48, No. 3, (June,
1958), pp. 261-297.

[38] Patrick, G. F., The Impact of Managerial Ability and Capital Structure on
Farm Firm Growth (Purdue University: M.S. thesis, 1966).

[39] PaTrICK, G. F., aND EISGRUBER, L. M., “The Impact of Managerial Ability
and Capital Structure on Growth of the Farm Firm”, American Journal of Agricultural
Economics, Yol. 50 (August, 1968) pp. 491-506.

[40] Penrosg, E. T., *‘Biological Analogies in the Theory of the Firm”, American
Economic Review, Vol, 42, No. 5 (December, 1952) pp. 804-819.

[41]) Penrose, E. T., “Rejoinder”, American Economic Review, Vol. 43, No. 4
(September, 1953), pp. 603-609.

[42] )PENROSE, E. T., The Theory of the Growrh of the Firm, (Oxford: Blackwell,
1959).

[43] RenBorG, U., “Det tillvixande lantbruksféretaget: Problem och Teorier”
Meddelande fron Institutionen fér Ekonomi och Statistik, Lanmtbrukshogskolan;
(Uppsala, Mimeo, 1968).

97



REVIEW OF MARKETING AND AGRICULTURAL ECONOMICS

[44] RicHARDSON, G. B., “The Limits to a Firm’s Rate of Growth” Oxford Economic
Papers N.S., Vol. 16, No. 1 (March, 1964), pp. 9-23.

[45] SoLomoN, E. (ed.), The Management of Corporate Capital, (Illinois: Glencoe,
1959), :

{46] SteiGEr, H-U., “‘Analysen des Strukturwandels in der Landwirtschaft mit
einem dynamischen mikrodkonomischen Produktionsmodell,” Agrarwirtschaft,
Sonderheft 30, (1968).

[47] StewarT, J. O., AND THORNTON, D. S., 4 Problem in Phased Development

(University of Reading, Department of Agricultural Economics: Miscellaneous
Studies No. 24, 1962).

[48] THrosBy, C. D., “Some Notes on ‘Dynamic’ Linear Programming®, Review

of Marketing and Agricultural Economics, Vol. 30, No. 4 (December, 1962), pp.
119-141.

[49] WEINGARTNER, H. M., Mathematical Programming and the Analysis of Capita
Budgeting Problems (Englewood Cliffs: Prentice Hall, 1963).

[50] WIENER, N., Cybernetics or Control and Communication in the Animal and the
Machine (Cambridge: Harvard University Press, 1948).

[51) WiLL1AMSON, J., “Profit, Growth and Sales Maximization”, Economica, Vol.
33, No. 129, (February, 1966), pp. 1-16.

REVIEWED LITERATURE, NOT REFERRED TO IN TEXT
[52] ALBACH, H., Investition and Liguiditit (Wiesbaden, 1962).
[53] Anprews, P. W. S., Manufacturing Business (London: Macmillan, 1949).

[54] Arrow, K., BECKMANN, AND KARLIN, S., “The Optimal Expansion of the
Capacity of a Firm”, in Arrow, K., Karlin, S., and Scarf, H., Studies in the
Mathematical Theory of Inventory and Production (Stanford: Stanford University
Press, 1958), pp. 92-108.

[55] AszTeLy, S., Den externa rdkenskapsanalysens mdjligheter och begrénsning
(Goteborg, 1965).

[56) AszTELY, S., Finansiell planering (Stockholm, 1966 a).
[57]1 AszTELY, S., Investeringsplanering (Stockholm, 1966 b).

[58] BaiLey, W. R., “Necessary Conditions for Growth of the Farm Business Firm”’,
Agricultural Economic Research, Vol. 19, No. 1 (January, 1967), pp. 1-6.

[59] BakER, C. B., “Limited Capital as a Restraint on Agricultural Development™,
in Economic Development of Agriculture (Ames, 1965).

[60] Baker, C. B, “Firm Growth, Liquidity Management and Production Choices”,

in Production Economics in Agricultural Research (University of Illinois, 1966), pp.
137-150.

[61] Baker, C. B., “Research Orientations and Their Implications for Agricultural

Economists™, Australian Journal of Agricultural Economics, Vol. 11, No. 2 (December,
1967), pp. 154-170.

[6925]9 %AU’MOL, W. J., Business Behaviour, Value and Growth (New York: Macmillan,
1 a).

[1%35]9t1)3)AUM0L, W. J., Econontic Dynamics: An Introduction (New York: Macmillan,

[64] BowMaN, M. 1., (ed.) Expectations, Uncertainty, and Business Behaviour, (New
York: Social Science Research Council, 1958).

[65] BrRaNDES, W., “Spezialprobleme der linearen Programmierung”, in Bd IV der

Schriftenreihe der Gesellschaft fiir Wirtschafts und Sozialwissenschaften des
Landbaues (Miinchen-Basel-Wien: “1967).

98



RENBORG: GROWTH OF THE AGRICULTURAL FIRM

{66] Brewer, D. E., AND MIcHAELSEN, J. B., “The Cost of Capital, Corporation
Finance and the Theory of Investment: Comment”, American Economic Review,
Vol. 55, No. 3 (June, 1965), pp. 516-524.

[67] BuTcHER, W. R., AND WHITTLESEY, N. K., “Trends and Problems in Growth
of Farm Size”, Journal of Farm Economics, Vol, 48, No. 5 (December, 1966), pp.
1513-1519,

[68] CanDLER, W, J., “Reflections on ‘Dynamic’ Programming Models”, Journal
of Farm Economics, Yol. 42, No. 5 (December, 1960), pp. 920-926.

[69] CarTER, H. O., Dynamic Production and Investment Planning (University of
California, Davis: Department of Agricultural Economics, Mimeo, 1967).

[70] CarTtwricHT, C. W., The Formulation of Farm Development Problems as L.P.
when Profits are Subject to Progressive Taxation (University of California, Davis:
Mimeo, 1967).

[71] DaNtziG, G. B, Linear Programming and Extensions. (1963).

[72] DEeaN, G. W., Growth of the Firm (Department of Economics, University of
California, Davis: Mimeo, 1967).

[73]1 DorrmAN, R., SAMUELSON, P. A. AND SoLow, R. M., Linear Programming and
Economic Analysis (New York: McGraw-Hill, 1958),

{74] DuranD, D., “The Cost of Capital, Corporate Finance and the Theory of
Investment: Comment”, American Economic Review, Vol. 49, No. 4 (November,
1959, pp. 639-655.

[75]1 EwiNGg, D, W., Long-Range Planning for Management (New York: 1964).
[76] FORRESTER, J. W., Industrial Dynamics (New York: 1961).

[77] GiLcHrisT, V., “Projecting Capital Accumulation for the Agricultural Firm-
Household™, Canadian Journal of Agricultural Economics, Yol. 14, No. 1 (January.
1966), pp. 50-60.

[78] GP-2 SeEMINARS, “Economics of Firm Growth™, GP-2 Seminar June [4-16
(Agr. Exp. Sta. South Dakota State University, Brookings, 1965).

[79] HaaveLmo, T., A Study in the Theory of Investment (Chicago: 1960).

[80] Haun, F. H., AND MATTHEWS, R. C. O., “The Theory of Economic Growth:
A Survey”, Economic Journal, (December, 1964), pp. 806.

{81] HARING, J. E., “The Investment Horizon”, Metroeconomica, Vol. 13, No. 2
(1961), pp. 77-93.

(82] HIRSHLEIFER, J., “‘On the Theory of Optimal Investment Decision’, Journal of
Political Econonmy, Vol. 66, No. 4 (August, 1958), pp. 329-352.

[83] HYMER, S., AND PasHiGAN, P., “Firm Size and Rate of Growth”, Journal of
Political Economy, Vol. 70, No. 5 (December, 1962), pp. 556-569.

[84] H‘;LLSTEN, B., Investment and Financing Decisions (Stockholm: 1966).

[85] HZLLerN, B., A Note on Modigliani and Miller’s Extension of the Theory of
Investment and Financing. The Swedish Journal of Economics, Vol. 68 (1966).

{86] IrwiN, G. D., “Discussion: Firm Growth Research Opportunities and
Techniques”, Journal of Farm Economics, Vol. 48, No. 5 (December, 1966), pp.
1532-1535.

[87]1 IrwIN, G. D., An Analysis of the Structure of Firm Growth Models (Southern
Farm Management, Research Committee Meeting October 23-25, Mimeo, 1967).

[88] KnNEcHEL, J. A., AND McCorkLE JR. C. O., Dynamic Analysis of Capital
Management for Agricultural Firms (Department of Agricultural Economics,
University of California, Davis, Mimeo).

[891 KNecHEL, J. A., Dynamic Analysis of Capital Management for California Field
Milk Producers (University of California, Berkeley: Ph.D. thesis, 1965).

99



REVIEW OF MARKETING AND AGRICULTURAL ECONOMICS

[90] KESHNE, M., Diskussion und Neuformulierung von Betriebsentwicklungs-
modellen, in Bd IV der Schriftenreihe der Geselischaft  fiir Wirtschafts-und
Sozialwissenschaften des Landbaues (Miinchen-Basel-Wien : 1967).

{91] LancuowM, O., Tidshorizonten for deterministiske Planlacggingsmodeller
(Bergen: 1964).

[92] LepJe, 1., “Jord och skogsbruksforetagets planering”, Meddelande frc;n
ekonomiska institutionen (Lantbrukshdgskolan, Uppsaia: 1963).

(93] LesensteiN, H., Economic Theory and Organizational Analysis (New York:
1960),

[94] LerNER, E. anD CARLETON, W., A Theory of Financial Analysis (Harcourt,
Brace and World, 1966).

[95] Leyranp, N. H., “Growth and Competition™, Oxford Economic Papers, Vol.
16, No. 1 (March, 1964), pp. 3-8.

[96] Lorig, J. H., AND SAVAGE, L. J., “Three Problems in Rationing Capital”,
Journal of Business, Vol. 28 (1955), pp. 229-239.

[97] Lucas, Jr. R. E., “Optimal Investment Policy and the Flexible Accelerator’’,
International Economic Review, Vol. 8 (1967), pp. 78-85.

[98] MAcCkINTOSH, A. S., The Development of Firms: An Empirical Study with
Special Reference to the Economic Effects of Taxation (London: Cambridge
University Press, 1963) pp. x-305.

[99] MARGLIN, S. A., Approaches to Dynamic Investrment Planning (Amsterdam:
North Holland, 1963).

[100] MEYER, J. R. AND GLAUBER, R. R., Investment Decisions, Economic Forecasting
and Public Policy (Boston: 1964).

[101} MEevER, J. R., AND KUH, E., The Investment Decision—an empirical study
(Cambridge: Harvard University Press, 1959).

[102] MobicLiaNi, F. anp CoHeN, K. J., The Role of Anticipations and Plans in

Leonomic Behaviour and their Uses in Economic Analysis and Forecasting (Pittsburgh:
1960).

[103] Norp, G. C., Growth of a New Product—Effects on Capacity, Acquisition
Policies (Cambridge: Harvard University Press, 1963).

[104] OpHNOFF, J., *“On the Techniques of Qptimising and Satisficing™, The Swedish
Journal of Economics, Vol, 67, No. 1 (1965).

[105) PENRrosg, E. T., “Limits to the Growth and Size of Firms”, American Economic
Review, Vol. 45, No. 4 (December, 1955) pp. 531—543.

[106] ReNBORG, U., JoHNssoN, B., SkoGLosa, E. anp Oisson, R., “Swedish
Experiments in Planning for Economic Growth of Agricultural Firms”, in

Economics of Firm Growth (South Dakota Agr. Exp. Sta. Bull., No. 541 June, [967),
pp. 55-82.

(107] RicHARDsON, G. B., Information and Investment—a study in the working of
the competitive economy (London: Oxford University Press, 1960).

[108] Rorinson, J., The Aecumulation of Capital (London: Macmillan, 1958).

[109] RosE, J. R., “The Cost of Capital, Corporation Finance and the Theory of

Investment: Comment’, American Economic Review, Vol. 49, No. 4 (September,
1959), pp. 638-639.

[110] SamueLson, P. A., “FEfficient Paths of Capital Accumulation in Terms of the
Calculus of Variations”, in Arrow, K. J., Karlin, S. and Suppes, O. (eds)
Mathematical Methods in the Social Sciences (Stanford Mathematical Studies in the
Social Sciences 1V, 1959), pp. 77-88.

[111] ScawaRrTZ, E., “Note on a Theory of Firm Growth”, Journal of Business,
Vol. 38 (1965), pp. 29-33.

100



RENBORG: GROWTH OF THE AGRICULTURAL FIRM

[112] SHEN, T. Y., “Economies of Scale, Expansion Path and Growth of Plants
The Review of Economics and Statistics, Vol. 47 (November, 1965), pp. 420-428.

[113] SmitH, V. L., Investment and Production, A Study in the Theory of Capital-
Using Enterprise (Cambridge: Harvard University Press, 1961).

[114] SoLomoN, E., The Theory of Financial Management, (New York: Columbia
University Press, 1963).

[115] SorensoN, V. L. (ed), Agricultural Market Analysis:  Development,
performance, process, Ch 9: Brake, 1. and Dike, G., Firm Growth, Diversification
and Integration (Graduate School of Business Administration, Michigan State
University: M.S.U. Business Studies, 1964), pp. 176-189.

[116] Summers, G. W., Financing and Initial Operations of New Firms (Englewood
Cliffs: 1962).

[117] TaOMPSON, J. F., ““Discussion: Trends and Problems in the Growth of Farm
Size”, Journal of Farm Economics, Vol. 48, No, 2 (May, 1966), pp. 1519-1521.

[118] TineerGEN, J. AND Bos, H. C., Mathematical Models of Economic Growth
(New York: 1962).

[119] WAERC, Farm Management Research Commiitee of WAERC (Research into
Economic Growth of the Farm Firm, Conference proceedings; October 1964,
November 1965).

[120] WALKER, O. L., AND MarTIN, J. R., “Firm Growth Research Opportunities
and Techniques’, Journal of Farm Economics, Vol. 48, No. 5 (December, 1966),
pp. 1523-1531.

[121] WEINGARTNER, H. M., “Criteria for Programming Investment Project
Selection’, Journal of Industrial Economics, Vol. 13 (1966, pp. 65-70).

[122] WrLpeErMUTH, J. R., AND CARTER, H. O., The Technological and Labor Induced
Adjustment Process of Commercial Farms (Department of Agricultural Economics,
University of California, Davis: Mimeo, 1967).

[123] Wik, S., Bouveng, C-J., ADLER, L. et al, Fb‘reté’gets langsiktsplanering
(Stockholm: 1964).

[124} WirtH, M. E., “‘Lifetime Changes in Financial Problems of Farmers”,
Journal of Farm Economics, Vol. 46, No. 5 (December, 1964), pp. 1191-1197.

101



