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Flrm Growth and Resource’ AdJustment in a Control Theory Settnng
Peter J Barry, Robert E Whltson and Davnd R. Willmann*

A revleW"of-Ilterature:related to the growth and resource,adjust-
o ment.of~agricu1tural firms suggests two common'yet perplexing features.

First;‘the'dynamic setting implied by f?rm'growth is the most appropriate

' framework for generatlng useful explanations of managerial behavnor, for

»dprescrlbcng desurable courses of actlon from the behavnoral bases, and
gn‘for predlctlng the outcomes of alternatlve courses of actlon. The dynamic
:'i:setting helps_to lntegrate the problem dimensions of time, uncertaintf, and
' ;»orgohfiatfonaj_detafl in modeling the firm's decision making environment.
";?ldealiysa.deolsfon'maker would follow an optimal growth path through
t'time based on jolnt conslderatlon of his objectives, behavuoral features,

_fievels and productnvnty of resources, and percelved values of state vari-

uables and |dentity of decision varlables in all areas of the f1rm--produc-

',tlon, marketlng, and flnanC|aI--over his 1ife cycle

In contrast, |t |s dlfflcult to develop a perva5|ve theory of firm

hgrowth whlch is: general]y applicable to all types of agrlcultural f:rms.
!4This dlfflculty stems from the heterogeneous agrlcultural env:ronment |

_including var|ati0ns |n the charactertstlcs of resources, products and

'f-their markets, |nst:tutlons, dependence on biology and cllmate, managerlal

' w;behavior;,and other such characteristics;‘ Nevertheless, underlying these
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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.

Boussard [5] recently brought the notion of the turnpike theorem to
ybeer on the derivation ofvoptimal firm.growth paths. The,nurpose of
'thfs paper is to expjore further the conceptual features offered to firm
growth analyses by the turnpike theorem andvby control theory and to
lntegrate the growth process w1th the more conventional terms of produc-
tion economic theory. Special attentlon is also glven to empirical

' ~feeturee that ere often encountered rn the process of growth and resource
halPocation.] | |

Toward a Theory of Firm Growth
and Resource Allocation

Capltal and Control Theory

Dorfman [9] has argued that capital theory is formally identical
with optimal control theory and that the main |n5|ghts of control theory
.can be attained by strictly economic reasonlng. Optimal control theory
' fis a concept whichvhas generally drawn on such mathematical devices as
calculus of variations,'dynamic programming,'the maximum principle or
mathematical programmlng to derlve an optimal time path for certain

" variables. The path is often deruved in the context of boundary condltvons

lAn appllcatlon of the theory is currently underway for some
~ specific resource adjustment problems of farm producers in South. Central
_Texas [4]. . ‘



that»stibﬂlate‘thé'characteristics of an initfal state ahd.a’desired
terminal statekfof these variables.
The cdntroi theory idea can be applied in any context calling for

an optimal pathvfor_yariables over time. Its mofe popular and useful
applicatibns hé?e been in thé physfcal>sciences where laws of motion
'hold»féf more exactly than in the social sciences. -lf'has been in-.
. vaiuable}fn the,space program forvdetermining optimal»missile tra- .
jectories. 'The.p]anners of the ApOIIO“Modn‘Program needéd to derive
a time path:fromtthe launch pad that would maximize tefmiﬁal payload
given a spe;ifi;,terminal position on the moon's surface and given a
'{ tefminal veiocity small gnough that the meﬁ and equipment would survive
the landing impact [16]. Control variables include the timing, magnitude

~and d?réctioh of various thrusts that can be exerte& on the missilé Sub-
 ”lject to suéﬁ constraints-as fuel, atmosphere and gravity. The thrusts

‘han often bé:programmed in a “clésed ioop" system wherein devfations

':ffom the obtiﬁaljpath initfaie actions to restore the miésile to its

| Opﬁimai"path; The_Taws of physics provide much of the informétion‘heeded
to deVeiép §Qmﬁary equations of the entire pfocess.’ |

Thejanalogy to ffrm growth is quite jhteresting. bThé léunch pad

fér the firﬁ;is'its initial capitél structure, resource leveis andv
states of,teghﬁolbgy, an&‘ofganizatipnvof entérpfises.‘ Its propellants
aré the.léVei_and:prOddctivity of»fts'résources and the savinés to be
fed'back to the_résourée base over time. The firm is subject to Qarious
' thfusts exéfted ubon it over time, only some ‘of which can be controlled
by the manager. Due to uncertainty the firm must provide for sequential

Efeedba‘ck‘and prbdessing 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 desnred termtnal posntlon wnth respect to level and structure
- of capltal glven a veloc:ty of arrlval suffncnently small- that the manager
will “survuve‘the |mpact "
A typlcal example of desired termlnal posntlon occurs when an

lnd|V|dual approaches the reilrement stage of h|s life cycle The
‘relative importance of variables comprising his objective function may

‘ change,considerably. ‘The individual who goes from-aggressive business
: behavior in pne period to retirement,bforced or‘voluntary, in the‘next.
period may havebdifficulty'survivfng the transitjon. The difficulty

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

effectrve constraints. A gradual and deceleratlng transition may likely

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

"~ present decisions,iand thus its optimal growth path, long before actual
retirement occurs.'> |
Optlmal control theory-[9, 11, 16] suggests a formal method of choos-
lng a time path for values of state and decision varnables connectlng
beginning and terminal points.so ‘as to maximnze the value of the integral
- of a given functjon‘of the;state varlab1e, decnsnons.taken that affect
thevstate variab1e; and time Dorfman adapts the control theory model to
the dec:snon problem of a firm that wnshes to maxnmlze its tota] prof:ts

_rover a glven time |nterval (T) as '

Max Z(k T3 = fu(kt,xt. e tar | o
subJect to the constraint | |
dk : L _ : _ _ '

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

horlzon (tot..T).



The.functioh u(k, x, t) is a given continuously differentiable
‘function per unit of time (t), discounted continuously, reflecting the
profits arising jointiy from the level and composition of capital sfock
(state varfabie k) and the firm's decisions (decision variable x) in

J each time peridd. The firm that starts with initial capital stock

N ké;and follows'the optimal decision bﬁlicies;§’will maximize the present

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

g brogess is constrained by-the rate of change of the capital stqck k

| whibh in turn is a function of its current level (kt),’thé time period
t, and the decisions (xt). Thus decisions taken at any time influence
both the rate of profit at that time and the level of capital stock
carriéd<forward to the following time period.

Dynamic optimization (control) problems, with given, continuousiy
differentiable fuhctions'are generally solved by applicatibn of ri gorous
calculus techniques: calculus of variations, dynamic programming, 6r
'the.maximum principle. Dorfman and others [9, 16] illustrate the op-
timaTity conditions and app]icatioﬁ of these methods. vThese calculus
methods can be considered the dynamic analogue of stétic (comparative)
dptimfzafion basedﬁon discrete time periods and drawing on Lagrangian
methods for opfimization with equalfty constraints or mathematical pro-

'-graﬁming for optimization with inequality constraints. Thus the numeroﬁs
applications of linear programming growth models can quite logically be
h’cénéideréd in tﬁé control theory framework [17]. However, as we shall
K{ argue, sdme of fhe impqrtant features which control theory can offer for
|

L éxplaining or prescribing economic growth appear to have been largely
\ ) . - . .



overlooked_of_fragmently‘tfeéted.

Economic quwth gf_the_Ffrm‘

vln the‘firm'growth $ettingvthe optimal decisibn policies implied
by (23 in equation (1) can fepresent a Von,Neumanjequ]ibrfum path ﬁhat
is purporfed to exhibit a‘ﬁaxfmum and coﬁstaht réte of gréwth’[]B]. It

s characterized by constant proportions of resources and products, con-

tinued vitélity and optimalify--no other path is more desirable [13]. In

\

%this sense the equiIibEiumYpath represents a target toward whicﬁ firms -in
édiseduilibrium shduld;be expected to direct their.resource adjustment

-§decisions.' As é result\of this adjustment pefiod, an indfvidual firm's =
optimal growth path will differ from the equilibrium péth. The properties
of fhefirnﬂs’optimal growth bath‘and their influence on .its current de-
cisidhs afe moSt clearly understood in the context of the turnpike theorem
[5, 131; The turnpfke theorem suggests that a sdfficiently long planning
horizoﬁ (T) léads a firm toward the Von Neuman equilibrium path, irre-
spective of thé characteristics of the firm's beginning state and its
desired finél stéte. The turnpike is analogous to an au;omobile trip in
which the driver may not Fol]ow a direct,:local'route from his point of
departure to his final destfnation due to the existence of a longer ap-
pearing, but more efficiéhtly designed turnpike. Thus, deviating froh
the localvroute to travel on‘thé‘turnpiké may actually result in‘a qdigker,
more’comfortable, less costly journey.
| However, the tﬁrnpfke:route might not be warranted for short jourf
neys. In fact, the traveler must consider his preferences toward cost,
- time, risk, gcenery, traffic volume, etc.; the distance of the turnpike :

§ from his point of.departure'ahd final destination; the length, condition,

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 diagrématic 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, dgterministic setting in Figure-1. .The
hdrizontal‘and_vertical axes represent levels of y; and yé respec-
tively-~two a]ternat{ves (in investment or productfon) that compete
for the use of those resources of the firm that are allocable between
,y|>ahd Y. CurQes P+ represent the frontiers of production for coﬁ-
binations of Y1 aﬁd y2 that can be generated from a given bundle of
resource services. The curQes are continuously diffe?éntiab]e with
increasing marginal rates of substitution between yj and y3. Higher
levels of Pt denote the expanded production possibilities in future

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

movements in-a northeastérly 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:
Cp €PH W |
. ﬂ (3)
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Figure 1. Derivation of equilibrium growth path
" and optimal growth paths in a dynamic,
deterministic product-product setting.



wherehcltand Cé'can‘be considered as the respective-prfces ot_y].and
‘y2 ih yearhthand-p is’the discount rate. ' Thus, line AB represents the
VOnFNeuman pathhthatvis ontfmal with_respeEtxtoathe equilibrfum cqndif
tions (3){ lts'siopexand shape fn‘this‘settfng are determined by the
_decfsien maker's expectations on future production functiens and'priceSQ2
Presumably firms that are currently in disequilibrium (e-g. Ké*)»wi/n
‘adjust their,drganization of resources:and products so as;te‘move toward
T | | |
The rate ef expansron along the equtllbrlam path is the JOlnt resu]t
1of the flrm s level of resource productlvnty, |ts rate of savungs and the

vﬂmeans of resource control Includung flnanC|al Ieverage Hence, the rate

A:*of firm growth can be expressed as [14]

whege _ |
‘g = the drowth rate of eduity capitalb
r - the net rate of return en‘total assets in the ffrm,.ash
o characterized by thevequilibrium cbnditions in equation (3)
tk»= The rate of saV|ngs after consumptlon and payment of income

taxes

vlf_financiaj leverage [s'introdUCedg the model can be modified to

9= =R ko R
where A= the value of the firm's assets.
D = the value of the firm's debts
E = the value of the firm's equity

2This analysns assumes that technologlcal change is known and that
relatlve prices remain constant over time.
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i = the interest rate pald‘On debt

Changes.ln rates of saving, return, and lnterest all influence the ratef

of growth. Moreover, if r exceeds i, and’ k remains constant, lncreaSIng
the leverage ratio (D/E) wull accelerate the rate of growth of equity
thereby shortenlng the time span between specnflc levels of Pt in Figure 1.

The growth theory can be extended to a nondetermnnlstnc settnng by

introducing elements related to sources of risk, preferences toward risk

and returns,‘and managerlal responses to risk [3]. The result will likely =

be an equ1l|br|um growth path optnmal with respect to the rlsk-returns

' elements of an. |nd|v1duals utlllty functlon, that wnll duffer from equi-

‘Ilbrlum path AB deered in the deterministic settlng of anure 1.

d It is common to consider the nondeterministic setting in the context

:of‘Markowltz'setheory of portfollo selection. For the farm flrm, the

portfollo will consust of the various chouces in productnon, marketing
and: |nvestment (on or off farm) to Wthh the firm's resources may be
commltted Expectatnons on future~events are no longer treated as single-

valued events, rather decnsuons are based on ranges of possuble outcomes

'expressed as probablllty dlstrlbutuons with attention glven’tO‘the sta-

tlstical‘characteristlcs of‘those”rangeS'- mean values, varlances, skewness,

kurtosis; A typlcal approach is to der:ve expected returns (E) and their

. variance. (V) wnth results summarlzed in an E-V settlng so that a “port-

folno dec:suon” can be made.

Wh|le conceptually sound, thlS approach has encountered substantlal

~problems 1n'ver|f|cat|on of decision behavior, emp:rlcal measurement, and

method of analysis [7, 8]. Sources of risk must be identified and ac-

curately measured for the firm'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 generally 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 multiperiod quadratic programming format expresses the derivation
- of a complete E-V frontier:

- ) 2 2
Max = Azlle; vy ¥ eop v ) = O Geyp *¥pp o7 cy * YitY2¢ oteten)]

; . I b =0
Subject to: fy Appp Yyt Ay vy T By AERET:

where A = a scalar to be parametrically increased from zero to unbounded.

" Ptclc2 = the covariance of returns between y1 and y2 in period t.

The nonlinear portion of the objective function generates an iso variance
~curve representing the locus of all combinations of y] and y,_that produce
a constant level of variance (V*), where V* = y21; g2cy; + y2% o2cp¢ +
Y1Vt Gc]cz- In general V* defines an ellipse with a center of zero
variance at the origin of Figure 2. Changes in the level of V* result in a
system of concentric ellipses or iso variance curves. The shape and direc-
tion of these curves depend on the cov?fiénce between y; and yp as reflected
by the correlation coefficient (c = —= 5 ). When c<0, the principal
axis of the concentric ellipses extengg from the southwest to the northeast
portion of the diagram, thereby favoring diversification between y; and yj.
When ¢ 0, the principal axis extends from the southeast to the northwest
portion of the diagrgm,thereby favoring a high degree of specialization in

y] or yp. When ¢ = - 1, the ellipses collapse into their respective prin-
cipal axes. When c¢c = 0, the iso variance curves either become circles, when
014 = 022,'or ellipses when 012 # 022 with the abscissa and ordinate serving

as principal axes.

Minimum variance for s?ecified income levels occurs at the point of tangency
between the income line (R!) and the iso variance curves. Line AlB! represents
a variance expansion path connecting tangency points on successively higher
iso variance curves. Once AlB! 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 V!, a curve substantially above the minimum variance solution for the
income level implied by R'. Thus AlBIP! defines the E-V frontier for the risk
programming problem. "~ Any choice by a decision maker that lies below the
profit maximizing point (r1) will yield an equilibrium path, optimal with
respect to his risk-return's utility function, that will differ from equilibrium
path AB derived in the deterministic setting of Figure 1.
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Figure 2. Derivation of E-V expansion path in a product-
product setting
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formulatfng and-measuring such utility functions’[eg. 18]. The task

fnvolveé aﬁ exploration of a manager's strength of conviction'about uncertain
events;‘hfs ordering and preferénces among outcomes of those events, and
alternatives other than diversification fqr managing'riskst Even then,
fittlg_eVidence is available.to support the general stability of utility
fﬁnétions éver time or for decision situations that vary with respect to
size of‘potential'gains or lbsses, frequency of occurrence, urgéndy of
pending action, or _susséquenﬁ"ﬂexibn ity.

Névértheiess, réa]‘world‘decisibn making does occur in a nondeterministic,

dynamic'worldxcharactérized by numefous problém situations. Proper under-
."standing“df’manégerial beﬁaviof helps contribute to deciéion making that
'.léédé to optimal grbwth--optima]_With respect to the decisioﬁ maker's

utility function.
. Problems in Resource Adjustment

le firm that fs optimafly.;rgaﬁiéed wi th }espect to equilibrium condi-
tions (3) must be concerned with'remaining on'ifs équilfbrium patHv(AB),
‘ﬁaintafning a desirable rate of gfowth, and making proper resource adjust-
ments as a fesult of changihg objectives, technolbgy and prices éf reﬁources'

and products. Tﬁis may be no.simple task. Such a firm can encounter
kesou}ce adjustmenf problems that are identica]'té those Féced by:a firm
that‘begins in a positioﬁ of dféquilibfium. o |

| The firm thaf’is currently in disequilibrium-WEth respect to its
equilibrium‘path mus t considéf those”factoré éffecting the feasibility,

,raté; ana direqtidn of movement toward. the eduilibrium path. A general

~listing of these resource adjustment fécfors.is suggeSted below. Earlier

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



vbusihess.éetting.
-The iehgfh ofbplénning»hofizonv(f).v
-The'discount rate and the objecfive function: .;eflecting‘the relative
importance of (I),leyel, timing,'énd variation:of_ahnual cthUmption;
n(éi capitél accumulétiOn including IéVel; growfh, ahd variation of
.eqUEty, structure of\assgts and Iiabilitieé, and désiféd'terminal
vposi;jon;‘(3)'rfsk pkefe}énces; (4) changes in thééé items in response
to a life-cy;fe of the business. o |

) -Properties of‘the.equflibrium path: its capital requfrements,‘ 
drgéniza;ion’bf,prodUCtS and‘resburces, and lével and fimiﬁg of
expected rgtﬁfns.‘ B

“--Degree of disquilibrium:_‘the struqfure; QUaiity and éndowment of
tﬁé-firm's'CUrrenf‘résburces and-distance of the‘beginhfng state from
fﬁé eqﬁilibrih&.path. | | |

»Y-ResburceAfigfty:’vthe degree‘of divefgencévbetween aéquiéitipn coéts'
and‘salvage valﬁes.éfffesources, and their effects on resourééjaTToca-
tion. |

‘?Financing constraints as'exprésséd'by Iﬁmits on rateé of sévings, cash.
and éfedit; i | |
-lndivisibiljt?es in'the avaflability~of land, lébdr, machinery,

~ equipment and;qthér resources. - |

-Eéonomieé (dféecéhphié#)vof size.

_i-Risk‘reSpbﬁsés: attempts\to'reduce risks (prdduct and reéog(ce
diversification, markef contracts)‘or providekfor risk acceptan;e[ |
 (organjzatr§naTxffexibility and demand for financia1 and production

regeryes).i | | | |

' -Lags in-édjusthent.pf:manageméqt'to néw technology or to unfami]iaf

enterprises.
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» -Time patterns in returns due to biological, climatologioal or other
characteristfcé of productS. |
Of the above Factors,‘as well as others unidentified and less general,
thoée that are relevant to specific managerial situations need to be con-
sidered in derlv1ng the fnrm s optimal growth or adJustment path from its

»Lnlt!a"pOlnt K - (see dotted lines in Flgure 1) to the equulubrnum path

T

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

AB-fand.thence to a desired terminal position K.~ if one can be defined.

resouhce adjustmeht and firm growth, thereby identifying the more
limiting factofs in the growth procesé. |
For‘examp]e, one could ask what length of plannino horizon is appro-
priate for evaluating specffical]y defined objectives of the firm. An
: ‘economically refevaht planhing“horizon is thought of-as the planning time
neededhin order to make the best decision-for the first period [5]. f T
is:-large ehough, then the oisoounted present Values associated with KT*
would not significahtly affect-the first move at KO*. In the same fashion,
h?gher discount rates (p) render lower present values for given valuee,of
T. If the'planning‘horizon is sufficiently short, the discount rate
sufficiently high, and/ornthe beginning and preferred terminal positions
5ufficiently of f the turnpike;'then any present movement toward equilibrium
;path AB could be substantlally abated An optimal growth path for these
.cond:tuons may dlffer substantnally from the turnpike or Von Neuman path.

'.

On the other hand, if values of T and p are such that KT can take

on any value wnthout |nfluencung present decisions, then one can expect all
_ present»decrssons to be dnrected toward a rapid movement to the turnpike.

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

T, p, KO“ and KT“. Thus, a whole series of optimal growth paths could be
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:derfyéd fOEv‘ikely’combinations bf vajues of these variables (égaih,'see
‘doftédvliﬁés‘in Figure»j)._' | |
Even tﬁeh;'hdwever; the shape and direction of the optih&l‘gro@th
péth“would‘also be.dfcfated by other empfrical faétors ciféd-ébove for the
particular deéfsionimaker,‘planning,environment, and'charapteristics of
reéodrces and produtts. Resource fi#ity, size economies,‘capital constraints,
and resource indivisibilities, all inflqence a firm;s.optimal growth path‘.
and its rate of growth along that path. The greater the degfee of resource
fixity, the s]oWér,thé adjustmént to AB as it takes lbngér for resources
to depreciate to the pdjnt where replacement by new, tecHnologica]ly
_superior resources is warranted. Market and/or technological fqrces
'geherating econéﬁies of size may stimulate growth thereby alleviating
resource fixity. Even along the equilibrium path, optimal patterns of
reSource-replacement.mu$t be derived fof maximizing the preseﬁt yalué of a
stream of»benéfits_tOZthé firm [19].

» >Similarly; constraints 6n rates of saving, capital capacities, éaéh,
and credit may slow the adjustment process. Constraints on cash and credit
of ten iﬁteract With resource indiyisibilities so that lafge_blocks of funds
'are‘needed to finance investments involving large sizé capital items. The
greater the degree of indivisibility, the Iongek the period of capital
acégmuiat?on, and the slqwef the speed of adjustment.

| Credif-ébaluatfon and Fihancing terms reflecting lendef behavior may:x\
~also influence reSQurce»allocation and investment choices as well as rates
of firm growth [1, 14]. The manager's demqnd for 1iquid finantiéf reserVesv
or other exceséf@apitél cabacitigs as a‘sfrétegy for‘risk accebtante ié
cldself related to‘His finéncjhg decisions. Large blocks_of cash'and/or
credit resefves, for eXample, may brovide valuable sources of liqufdity

that can heTp in controfiing and adapting the optimal growth path to changes



in the:tirm‘s decisfon making enyironment [3].

Finally}'ft is common to observe lags in adjustment of management to
.néw'technology or to new or expanded enterprisesathat affect the‘shapehand
direction of'the optimal growth path. These lags in management may inter-
act with the inherent_characterietics of resources and'products-that'caose
.dffferences in timing of returns.

' |nlsummarf, alldthese factors combine to shape the tirm's'optimai

g growth.path and affect its likelihood of approach to the Von Neuman
equnllbrlum path - The deriQation of optimal growth paths requires a
complete modeling of the firm's growth environment lncludlng proper treat-
“ment of all those relevant factors discussed above. ‘Only on this

‘basis can a_decisfon‘maker begin to make confident and reliab]e decisions
and constantlyhre-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»thebdecision maker to at leastvaim-for it.»eOnce_d
he has (1) se]ected;measurable criteria to monitor his objectives, (2) deter;
:m|ned the acceptable norm for each criterion, (3)vestablished an information
feedback system, (4) "specified tolerance limits on devtatlons from norms, and
(5) Speleled corrective action for-svtuatuons when to]erance limits are
exceeded then he has a control system which should always keep h|s firm's

performance dnrected toward its opt:mal growth path

Investments to establish orchards pasture improvement programs, and
expand beef-cow herds generally have Iong payoff periods. On the other
hand, investments in livestock feedlng facilities generally pay off more
quickly



10.

11.

12.

13.
Bre

18

References

. Baker, C.B., ”Credlt in the Productlon Organlzatlon of the Flrm”
Am. J. Agr. Econ., Vol. 50, No. 3, August 1968

Barry, Peter Jv "Asset lnduvns:bllnty and Investment Planning: An

»sAppllcatlon of Llnear Programmlng“, Am. J. Aqr. Econ , 54:255-260,
May 1972. S -

Barry, Peter J. and C.B. Baker; “Reservafion:Prices on Credit Use: A
Measure of Response to Uncertainty', Am. J. Agr. Econ., 53:222-227,
May , 1971. ' , ' .

Barry, Peter J.,’K.»Graeber, and Tom E. Prater, '"Profit Planning for
Irrigated Farming'', Texas Agricultural Extension Service, Factsheet,
1973 (forthcoming).

Boussard, J.M., “Time'Horizon, Objective Function and Uncertainty in
a Multiperiod ‘Model of Time Growth', Am. J. Aqr. Econ., 52:467-478,

_August, 1971.

Chen, JoycevT '"Modeling Responses to Uncertainty in Mathematical
Programming Models of the Farm Firm'", unpublished Ph.D. thesis,

. Unnvers:ty of 11linois at Urbana-Champalgn 1972,

. Dll]on, John L., "An Expository Revnew of Bernoullian Deoision‘Theory

in Agriculture: Is Utility Futility'', Review of Marketing and Agqri-

cul tural Economics, Vol. 39, No. 1, March, 1971.

Dillon, John L., "Interpreting Systemé Simulation Output for Managerial

‘Decision Making" in Dent, J.B. and J.R. Anderson, ed. Systems Analysis

~in Agricul tural Manaqement John Wiley & Sons AustralasfafPty. Ltd.,
.New York 1971 : ' ‘ . ‘

Dorfman, R., '"An Economic. Interpretatlon of Optnmal Control Theory”

i'AmL,Eco RevLew 59 8!7—83] December, 1969

E|dman V., G.W. Dean, H. Carter “An Applvcatlon of Statistical

‘,Decusnon Theory ‘to Commercual Turkey Productlon“, J. Farm Economics,
ko 852-869 November 967, R

.‘Geoffrlon, A.M., ed., Perspectrveé‘onhbbtimfzaffon, Addision-Wesley

Publishing Company, Reading, Massachusetts, 1972.

Hazell P.B.R., "A Linear Alternative to Quadratic and Semfvariance
Programm|ng for Farm Plannlng Under Uncerta:nty“ Am. J. Agr. Econ.,

‘ 53 53-63, February,l97l

anks,_John Capltal and Growth, Oxford Unnversnty Press, Oxford, 1965.

:Hopkin, J.A., Peter J. Barry, ande.B.,Baker, Financial Manaqement in

Agriculture, Interstate Publishers and Printers, Danville, Illinois, 1973.



15.
- 16.

17.

How R.B. and P.B.R. Hazell "Use of Quadratic Programming in Farm

,}Plannlng “Under Uncerta:nty“ Dept. of Agr. Econ., A.E. Res. 250,
Cornell" Unnvers:ty, 1968 B '

Intrllllgator, M.D., Mathematlcal Ogtcmlzatnon and Economlc Theory,

Prentice Hall, Inc., Englewood Cliffs, New Jersey, 1971.

lrwin, G,D. and L.M. Eisgruber, “Pofential Methods and MethodoiogieS'
Useful in Firm Growth and Financial Management Research'';, Purdue Agr.
Econ. Paper 70-43, presented to joint meeting of W-104 and GP-12

-~ _Regional Research'Committees,~Denver, Colorado, Juhe,_l970.

18.
19.
: ’~-54 60-68, February, 1972.

.20,

Officer, R. R. “and A‘N Halter, "Utility Analysis in a Practical Settang

Am. J. Agr. Econ 5 50 257-278 May , 1968

Perrin, R.K. "Asset Replacement Prnnc:ples“ Am. J. Agr. ECon.;

Thomas, W., L. Blakeslee, L. Rogers, and N. Whnttlesey, ”Separable
Programming for Consnderlng Risk in Farm Plannnng“, Am. J. Agr. Econ.,
5l 260-267 May, 1972 ' i




