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FlrmGrowth and Resource Adjustment in a Control Theory Setting 
I 

Peter J. Barry, Robert E. Whitson and David R. Wi 1 lmann,~ 

A review of literature related to the growth and resource adjust­

ment of agric!Jltural firms suggests two common· yet perplexing features. 

First, the dynamic setting implied by firm growth is the most appropriate 

framework for generating useful explanations of managerial behavior, for 

prescribing desirable courses of action from the behavioral bases, and 

for predicting the outcomes of alternative courses of action. The dynamic 

setting helps to integrate the problem dimensions of time, uncertainty, and 

organ izat i onaJ deta i 1 in mo_de ling the fl rm' s dee is ion making environment. 

Ideally a decision maker would follow an optimal growth path through 

time based on Joint consideration of his objectives, behavioril features, 

levels and productivity of resources, and perceived values of state vari-

ables and identity of decision variables in all areas of the firm--produc­

tlon, marketing, and financial--over his life cycle. 

In cC>ntrast, it is di ff i cu 1 t to deve 1 op a pervasive theory of fl rm 

growth which is generally applicable to all types of agricultural firms. 

_ This difficulty stems from the heterogeneous agricultural envir:Onment 

i,nc1uding var.fat ions in the characteristics of resources, products and 
'./' 

their rnarke.ts; institutions, dependence oh biology and climate~ managerial 

~~havlor, .and other such characteri stl cs. Nevertheless, underlying these 

Techn i caLartJcle no./06/,,f of thel!:xas Agr'i cul tura 1 Experiment Stat ion. 

*Ass lstant Professor of Asr i cuJ tural. Economi,cs and Research. A5sJ.s tants., 
respectiyely, Department of Agricultural Economics & Rural Sociology, 
Texas Agricultural Experiment Station, Texas A&M Uni vers~ 
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empirical features of agricultural firms are many common elements which 

jointly comprise a tractable theory of firm growth and resource adjust­

ment over time. 
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, ; Boussard [5] recently brought the notion of the turnpike theorem to 
V . 

· bear on the derivation of optimal firm growth paths. The purpose of 

this paper is to explore further the conceptual features offered to_ firm 

growth analyses by the turnpike theorem and by control theory and to 

integrate the growth process with the more conventional terms of produc­

tion economic theory. Special attention is also given to empirical 

- features that are often encountered in the process of growth and resource 

a 1 l·oca t i on • 1 

Toward a Theory of Firm Growth 
and Resource Allocation 

Capita 1 and Control Theory 

Dorfman [9] has argued that capital theory is formally identical 

with optimal control theory and that the main insights of control theory 

can be a.ttained by strictly economic reasoning. Optimal control theory 

· is a concept which has generally drawn on such mathematical devices as 

calculus of variations, dynamic programming, the maximum principle or 

mathematical programming to derive an optimal time path for certain 

· variables. The path is often derived in the context of boundary conditions 

1An appl teat ion of the theory is currently underway for some 
specific resource adjustment problems of farm producers in South Central 
Texas [4]. 



that stipulate the characteristics of an initial state and a desired 

terminal state' for these variables. 

The control theory idea can be applied in any context calling for 

an optimal path for variables over time. Its more popular and useful 

applications have been in the physical sciences where laws of motion 

hold far more exactly than in the social sciences. It has been in'"'.. 

valuable in the space program for determining optimal missile tra­

jectories. The planners of the Apollo Moon Program needed to derive 

a time path fromtthe launch pad that would maximize terminal payload 

3 

given a specifi~ terminal position on the moon's surface and given a 

terminal velocity small enough that the men and equipment would survive 

the landing impact [16]~ Control variables include the timing, magnitude 

and direction of various thrusts that can be exerted on the missile sub­

ject to such constraJnts,as fuel, atmosphere and gravity. The thrusts 

can often be programmed in a "closed loop" system wherein deviations 

from the optimal path initiate actions to restore the missile to its 

optimal path. The laws of physics provide much of the information needed 

to develop summary equations of the entire process. 

The analogy to firm growth is quite interesting. The launch pad 

for the firm is its initial capital structure, resource levels and 

states of technology, and organization of enterprises. Its propellants 

are the level and productivity of its resources and the savings to be 

fed back to the resource base over time. The firm is subject to various 

thrusts exerted upon it over time, only some of which can be controlled 

by the manager. Due to uncertainty the firm must prov,ide for sequential 

• feedback 1and processing of Information to adapt or re-route its path in 
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response to· changing conditions-. One of the firm's objectives may be 

to reach a des ire_d terminal positi9n with respect to level and structure 
. . .. . 

of capitc;il given a velocity of arrival suff i'c i en tl y small-that the manager 

will "survive the impact. 11 

A typical example of desired terminal position occurs when an 

individual appr.oaches the retirement stage of his life cycle. The 

relative importance of variables comprising his objective function may 

change considerably. The individual who goes from aggressive business 

behavior in one period to retirement, forced or voluntary, in the next 

period may have difficulty surviving the transition. The difficulty 

is increased if health, energy, and short-planning horizons are also 

effective constraints. A gradual and decelerating t.ransition may likely 

be more tolerable. Changes such as these could well influence a firm's 

present decisions, and thus its optimal growth path, long before actual 

retirement occurs. 

Optimal control theory [9, 11, 16] suggests a formal method of choos­

ing a tlme path for values of state and decision variables connectirig 

beginning and terminal points so as to maximize the value of the Integral 

of a given function of the state vari,;1ble, 9ecisions taken that affect 

the state variable, and time. Dhffrrian adapts the control theory model to 
~: .. 

the decisio11 problem of a .firm that-wishes to maximize its total profits 

over .a given time interval (T) as 

➔ . T -pt . 
Max Z(k0 ,x) = efu(kt,Xt,t)e dt (l) 

subject to the constraint 

(2) 

Time, t, ls measured in continuous units and is defined over the planning 

hor I zon (t0 ••• T). 



The function u(k, x, t) is a given continuously differentiable 

function per unit of time (t), discounted continuously, reflecting the 

profits arising jointly from the level and composition of capital stock 

(state variable k) and the firm's decisions (decision variable x) in 

./ each time period. The firm that starts with ini.tial capital stock 

k. and fol lows the optimal decision policies '7wi 11 maximize the present 
0-

value (Z) of the integral or summation of the annual profits (u). The 

propess is constrained by the rate of change of the capital stock k 

which in turn is a function of its current level (kt), the time period 

t, and the decisions (xt). Thus decisions taken at any time influence 

both the rate cif profit at that time and the level of capital stock 

car.ri eekforward to the following time period. 

Dynamic optimization (control) problems, with giyen, continuously 

differentiable functions ~re generally solved by application of rigorous 

calculus techniques: calculus of variations, dynamic programming, or 

the maximum principle. Dorfman and others [9, 16] illustrate the op­

timality conditions and application of these methods. These calculus 
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methods can be considered the dynamic analogue of static (comparative) 

optimization based on discrete time periods and drawing on Lagrangian 

methods for optimization with equality constraints or mathematical pro­

gramming for optimization with inequality constraints. Thus the numerous 

applications of linear programming growth models can quite logically be 

considered in the control theory framework [17]. However, as we shall 

argue, some of the important features which control theory can offer for 

explaining or prescribing economic growth appear to have been largely 
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overlooked or fragmently treated. 

Economic Growth of the Firm 

In the firm growth setting the optimal decision policies implied 
➔. . . ) . 

by (x) in equation (1) can represent a Von Neuman equilibrium path that 

is purported to exhibit a maximum and constant rate of growth [13]. It 

is characterized by constant proportions of resources and products, con­

tinued vitality and optimality--no other path is more desirable [13]. In 

this sense the. equi 1 ibrium path represents a target toward which firms ·in 

disequilibrium should be expected to direct their resource adjustment 

decisions.· As a result of this adjustment period, an individual firm's 
I 

opitimal growth path wi 11 differ from the equi 1 ibrium path. The properties 

of thefirm's optimal growth path and their influence on its current de­

cisions are mos.t clearly understood in the context of the turnpike theorem 

[5, 13]. The turnpike theorem suggests that a sufficiently long planning 

horizon (T) leads a firm toward the Von Neuman equilibrium path, irre­

spective of the characteristics bf the firm's beginning state and its 

desired final state. The turnpike is analogous to an automobile trip in 

which the driver may not .follow a direct, local route from his point of 

departure to his final destination due to the existence of a longer ap­

pearing, but more efficiently designed turnpike. Thus, deviating from 

the local route to travel on the turnpike may actually result in a quicker, 

more comfortable, less costly journey. 

However, the turnpike route might not be warranted for short jour­

neys. In fact, the traveler must consider his preferences toward cost, 

time, risk, scenery, traffic volume, etc.; the distance of the turnpike 

from his point of departure and final destination; the length, cond1tion, 

travel costs and risks of the turnpike; and similar information for 



alternative travel routes. Joint consideration of all these factors 

helps to determine the direction of the traveler's first move at de­

parture. 

These same elements can be transposed to the growth and resource 

adjustment of the firm. In diagramatic terms of production economic 

theory, the equilibrium growth path is analogous to a firm's least 

cost expansion path in a factor-factor setting or to the profit­

maximizing expansion path in a product-product setting. The latter is 

illustrated in a dynamic, deterministic setting in Figure 1 •. The 

horizontal and vertical axes represent levels of Yl and Y2 respec-
/ 

tively--two alternatives (in investment or production) that compete 

for the use of those resources of the firm that are allocable between 

Yl and Y2• Curves Pt represent the frontiers of production for com­

binations of Yl and Y2 that can be generated from a given bundle of 

resource services. The curves are continuously differentiable with 

increasing marginal rates of substitution between Yl and Y2• Higher 

levels of Pt denote the expanded production possibilities~ future 

7 

~ periods from expansion of the firm's resource base over time. Thus, 

movements in a northeasterly direction on the diagram represent the pas­

sage of time as well as added resource capacities. Only along expansion 

path AB, connecting tangency points between income lines (Rj) and suc­

cessive production frontiers (Pt) do the required equilibrium conditions 

hold: 

Git 
. •pt) dy (e = 2t (3) 

-p,t dy 
Czt (e ) lt 



p 

Figure 1. Derivation of equilibrium growth path 
and optimal growth paths in a dynamic, 
deterministic product-product setting. 

8 



where C1 an_d C2 eah be considered as the .respective prices of y 1 and 

Y2 In year t and pis the discount rate. - Thus, line AB repre'sents the 

Vein Neuman path that is optimal with respect to the eq u i li b r i um condi-
/ 

tions (3) • Its slope and shape in this setting are determined by the 

decision maker's expectations on future production functions and prices. 2 

Presumably firms that are currently in disequi-librium (e.g. K.*) will 
·. 0 / 

adjust t~eirorg~nization of resources and products so as to move toward 

__ AB. 

The rate of expansion along the equilibrium path is _the Joint result 

of the.firm's 'level of resource productJvity, i'ts rate of savings and the 

- means of resourc~ contrb 1, inc 1-u~i-,rfo-,f-irl~n~i a 1 1everage. Hence, the rate 

'of-firm growth can. be expressed as_ :{14] _ -

g = _rk - '(4), -

' where 

·g = the growth rate of equity capital 

r = the net rate of return on tota 1 assets in the firm, as · 
characterized by the equilibrium conditions in equation (3) 

k =The rate of savings after consumption and payment of income 
-taxes 

lJ flnancta,l leverage is introduced; the model .can be modified to 

[ rA - iD ] (5) g = £ k 

where A -- - the value of the firm's assets 

D = the value of the firm's debts 

E = the value of the fi rin IS equity 

2This analysis assumes that technological change is known and that 
'relative prices remain· constant over time. 

9 
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i = the i n.te rest rate paid on debt _ 

Changes. in rates of saving, return, and iriterest aJ 1 influence the rate 

of growth~ Moreover; if r exceeds i, and ~.remains constant, incteasing 

the l~verage rcttio (D/E) wi 11 ac_celerate the rate of growth of equity 
<> 

thereby shortening the time span between speci'fi c levels of pt _in Figure 

10 
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The growth theory can be extended to a nondeterministic setting by 

introducing elements_ related"'.~o _sources of, risk, preferences toward risk 

~nd retur~s, :and ~anageri a 1 responses to rls~ [3]. The result wi 11 likely 
- . . . ' 

' ' . 
•: ,. •• • ' • • C •. 

be_ an equilibrium_ growth path~ optimal with ~respect to the risk-returns -
.· - - -. - - - - -· I 

elements of an individuals utility function, that will differ fromequh· 

Hbr i uin path AB derived in the de termini st i c setting of Figure 1. _ 

It is common to consi~er the nondeterministic settil"lg in the con'tE~xt 
\, 

-of Markowltz's theory of portfolio selecti.on. for the farm firm, the 

portfolio will.consist of thevarious choices in production, marketing 

and: investment (on or .off farm) to which the firm's resources may be -

committed. E><pectations on future events are no longer treated as singJe­

va lued· events; rather: decisions are based on ranges of possible outcomes 

expressed as probability distributions with attention given to the sta-.. . , ·, 

tlstical characferistics of those' ranges: mean values, variances~ skewnes.s, 

kurtosis. A typ i ca 1 app·ro.ach' is t:o derive expec·ted returns (E) and their 
. . . . 

Vetri a~c~ (V}:wi th results summa~i zed in an E;..V set;t ing 5:0 that a "port~ 

foHo decision" can be made. 

While conceptually sound, this approach has encountered substantial 

· problems in_yerlficatton of decision behavior, empirical measurement, and 

method of analysis f7, 8]. Sources of risk must be identified and ac-. 

curate ly measur,ed for. the fl rm 1 ·s various resource uses~ An efficient -E-V -



frontier must be derived to obtain combinations of resource uses that 

yield minimum variance for alternative levels of income.3 Then the 

decision maker's utility preferences toward E and V must be formulated 

and measured in order to obtain an equilibrium solution along the E-V 

frontier. Research efforts have only begun to make much progress toward 

3The derivation of efficiency frontiers is ge~erally expressed in 
guadratic programming formulations [e.g. 15] although separable pro­
gramming [20], minimization of total absolute deviations [12], simulation 
[10], and marginal risk constrained linear programming [6] have also been 
used. 

In Figure 2, the product·product equilibrium is modified to incor­
porate the efficiency frontier derived on the basis of variance mini­
mization for alternative levels of income [15]. 

A multiperiocl quadratic programming format expresses the derivation 
of a complete E-V frontier: 

2 
Max= Af[(clt Ytt + c2t Y 2t) - (ylt 

whe,re A = a sea 1 ar to be parametri ca 1 ly increased from zero to unbounded. 

0 tclc2 = the covariance of returns between Yl and Y2 in period t. 

The nonlinear portion of the objective function generates an iso variance 
. curve representing the locus of all combinations of Yl and Y2 that produce 

a con~tant level of variance (V*), where V* ~:Y2lt cr2clt + y22 o2c2t + 
y1 Ylt 0 c1c2 In general V* defines an ellipse with a center of zero 
vaFiance at tlie origin of•Figure 2. Changes in the level of V* result in a 
s~stem of concentric ellipses or iso variance curves. The shape and direc­
tion of these c~rves dep7n~ on the co~l2ii:ince between v1 and Y2 as ~ef~ected 
by the correlation coeff1c1ent (c = ~ 2 ). · When c<:"0, the pr1nc1pal 
axis of the concentric ellipses exteR i from the southwest to th~ northeast 
portion of the diagram, thereby favoring diversification between Yl and Y2· 
When c70, the principal axis extends from the southeast to the northwest 
portion of the diagr~m,thereby favoring a high degree of specialization in 
Yl or Y2• When c =,. 1, the ellipses collapse into their respective prin­
cipal axes. When_c = 0, the iso varian~e curves ei;her become ~ircles, when 
012 =o 22 , or ellipses wheno12 r/:0:22 with the abscissa and ordinate serving 
as principal axes. 

Minimum vadance for specified income levels occurs at the point of tangency 
between the income line (Rl) and the iso variance curves. Line Alsl represents 
a variance expansion path connecting tangency points on successively higher 
iso variance curves. Once Alsl reaches the production frontier (P), income 
can be further increased only by moving to the profit maximizing solution pL ... 
identical to the linear programming solution. Point pl lies on iso variance 
curve vi, a curve substantially above the minimum variance solution for the 
income level implied by R1 . Thus Alslpl defines the E-V frontier for the risk 
programming problem.· Any choice by a decision maker that lies below the 
profit maximizing point (Pl) will yield an equilibrium path, optimal with 
respect to his risk-return's utility function, that will differ from equil ibriurn 
path .AB derived in the deterministic setting of Figure l. 
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Figure 2. Derivation of E-V e~pansion path in a product­
product setting 
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formulating and measuring such utility functions [eg. 18]. The task 

involves an exploration of a manager's strength of conviction about uncertain 

events, his ordering and preferences among outcomes of those events, and 

alternatives other than diversification for managing risks. Even then, 

littl~ evidence is available to support the genera! stability of utility 

functions over time or for decision situations that vary with respect to 

size of potential gains or losses, frequency of occurrence, urgency of 

pending action, or subsequent flexibility. 

Nevertheless, real world decision making does occur in a nondeterministic, 

dynamic world characterized by numerous problem situations. Proper under­

standing of managerial behavior helps contribute to decision making that 

leads to optimal growth--optimal with respect to the decision maker's 

utility function~ 

P.roblems in Resource Adjustment 

A firm that is optimally organized with respect toequilibrium condi­

tions (3) must be concerned with remaining on its equilibrium path (AB), 

maintaining a desirable rate of growth, and making proper resource adjust­

ments as a result of changing objectives, technology and prices of resources 

and products. This may be no simp 1 e task. Such a f i rm can encounter 

" resource adjustment problems that are identical to those faced by a firm 

that begins in a position of disequiJ ibrium. 

The firm that is currently in disequilibrium with respect to its 

equilibrium path must consider those factors affecting the feasibility, 

rate, and direction of movement toward the equilibrium path. A general 

listing of these resource adjustment factors is suggested below. Earlier 

. . ' 

they were outlined for the turnpike traveler, now they are cast in a farm 
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btisiness setting. 

~The length of planning horizon (T). 

-The discount -rate and the objective function: . reflecting the relative 

importance of (1). level, timing, and variation of annual consumption; 

(2) cap•ital accumulation including level~ growth, ahd variatiori of 

equity, structure of assets and liabilities, and desired termi.nal 

posJ,,tion; 0) risk preferences; (4) changes in these i_tems in response 

to a life cycle of the business. 

-Properties of the equi]ibrjum path: · its capital requirements,, 

organization of products and resources, and level and timing of 

expected returns . 

..,.Degree of disequilibrium: the structure, quality and endowment oJ . , : .. 

the firm's cur.rent resources and distance of the' beginning state from 

th~ equi1 ibrium p~th. 

-Resource fixity: the degree of divergence between acquisition costs­

and salvage values of resources, and their ,effects on resource al I oca­

ti on. 

-Financing constraints as expressed by limits on raites of savings, cash 

and credit. 

-lndivisibil1ties Jn the availability of l~nd, labor, machinery, 

equipment and other resources. 

-Economies (diseconomies} of sizei 

-Risk responses: · attempts 'to reduce risks (product and resource 

diversification, market contracts) or provide for risk acceptance. _} 

(organizatfonal flexibility and demand for financial and production 

reserves) . 

-La.gs in adjustment of management to new technology or to unfamiliar 

enterprises. 
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-Time patterns in returns due to biological, climatological or other 

characteristics of products. 

Of the above factors, as well as others unidentified and less general, 

those that are relevant to specific managerial situations need to be con­

sidered in deriving the firm's optimal growth or adjustme,nt path from its 
...... '• 

initial point K" (see dotted 1 ines in Figure 1) to the equilibrium path 
. 0 

-·-
AB- - and thence to a desired terminal position KT" if one can be.defined. 

One can then study the effects of variations in each relevant factor on 

resource adjustment and firm growth, thereby identifying the more. 

limiting factors in the growth process. 

For example, one could ask what length of planning horizon is appro­

priate for evaluating specifically defined objectives of the firm. An 

economically relevant planning horizon is thought of as the planning time 

needed in order to make the best decision for the first period [SJ. If T 

·'-
1 s large enough, then the discoun~ed present values associated with KT" 

·'-
wo u Id not significantly affect the first move at K ". In the same fashion, 

. • . . 0 

higher discount rates (p) render lower present values for given values .of 

T. If the plann1ng horizon i~ sufficiently short, the. discount rate 

sufficiently high, and/or the beginning and preferred terminal positions 

sufficiently off the turnpike, then any present movement toward equilibrium 

path AB could be substantially abated. An optimal growth path for these 

conditions may differ substantially from the turnpike or Von Neuman path. 

-·-
O n the other hand, if values of T and pare such that KT" can take 

on any value without influencing present decisions, then one can expect all 

present decisions to be directed toward a rapid movement to the turnpike. 

The optimal growth paths lie along a continuum depending on the values of 

T, p, K 
0 

Thus, a whole series of optimal growth paths could be 

' . 
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derived for I ikely combinations of values of these variables {again, see 

dotted Jines in Figure 1). 

Even then, however, the shape and direction of the optimal growth 

path would also be dictated by other empirical factors cited above for the 

particular decision maker, planning environment, and characteristics of 

resources and products. Resource fixity, size economies, capital constraints, 

and resource indivisibilities, all influence a fi rm 1 s optimal growth path 

and its rate of growth along that path. The greater the degree of resource 

fixity, the slower the adjustment to AB as it takes longer for resources 

to depreciate to the point where replacement by new, technologically 

superior resources is warranted. Market and/or technological forces 

generating economies of size may stimulate growth thereby alleviating 

resource fixity. Even along the equilibrium path, optimal patterns of 

resource replacement must be derived for maximizing the present value of a 

stream of benefits to the firm [19]. 

Similarly, constraints on rates of saving, capital capacities, cash, 

an.d credit mc1y slow the adjustment process. Constraints on cash and credit 

often interact with resource indivisibilities so that large blocks of funds 

a re needed to f i n.;rnce i nves tmen ts i nvol vi ng 1 a rge size capita 1 i terns . The 

greater the degree of indivisibility, the longer the period of capital 

accumulation, and the slower the speed of adjustment. 
1 

Credit evaluation and financing terms reflecting lender behavior may ~ 

also influence resource allocation and investment choices as well as rates 

of firm growth [1, 14]. The manager 1 s demand for 1 iquid financial reserves 

or other excess capital capacities as a strategy for risk acceptance is 

closely related to his financing decisions. Large blocks of cash and/or 

credit reserves, for example, may provide valuable sources of 1 iquidity 

that can help in controlling ai:,d adapting the optimal growth path to changes 
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in the firm's decision making environment [3]. 

Finally, it is common to observe lags in adjustment of management to 

new technology or to new or expanded enterprises that affect the shape and 

direction of the optimal growth path. These lags in management may inter­

act with the inherent characteristics of resources and products that cause 

4 
differences in timing of returns. 

In summary, all these factors combine to shape the fi rm 1 s optimal 

growth path and affect its likelihood of approach to the Von Neuman 

equilibrium path. The derivation of optimal growth paths requires a 

. complete modeling of the firm's growth environment including proper treat-

ment of all those relevant factors discussed above. ·Only on this 

basis can a decision maker begin to make confident and reliab.le decisions 

and constantly re-evaluate these decisions as time passes. 

While expected changes in technology, prices and other environmental 

conditions may give an elusive property to the equilibrium path; the 

notions of control help the decision maker to at least aim for it. Once 

he has (l) selected measurable criteria to monitor his objectives, (2) deter­

mined the acceptable norm for each criterion, (3) established an information 

feedback system, (4) specified tolerance limits on deviations from norms, and 

(5) specified corrective action for situations when tolerance 1 imits c1re 

exceeded, then he has a control system which should always keep his firm's 

performance directed toward its optimal growth pa!h. 

41nvestments to establish orchards, pasture improvement programs, and 
expand beef-cow herds genera 11 y have 1 ong payoff periods. On the other 
hand, investments in livestock feeding facilities generally pay off more 
qulckly; . . 

~ ·, "" 
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