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énterprise Size Relationships in Agricultura*

Ludwig M. Eisgruber

Hy objectives for this seminar are not to make dsfinite strtements
about size relationships either from a theoretical, methodological or
from a more practicel viewpoint. Rather my objective is to outline the
&xtent of the problem. And I hope to be able to demonstrate to you that

even to outline the problem is an undertaking of considerable magnitude.

Introduction

Since about 1930 estimates of statisticel cost functions have become
rather numerous. Statisticel cost functions were estimated in this country
as well as in durope. Such cost functions were derived for sundry
industries such »s railroads, cement indust ries, leather belt shops,
steal industries, waterways »nd hosiery mills., In agricultural economics
R. J. Bressler's study on the "sfficiency in Milk rmarketing in Comnecticut"
1s considered to be a fundamental study. This study was at the beginning
of an era during which numerous more or less successful measurements of
statistical cost functions - on the farm and in agricultural processing
industries - were mrde. It needs to be pointed out that all of these
studies were only concerned with economies of size in the production =nd
none, to my knowledge, studied possible marketing sconomies at the s=me
time. However, there is some evidence thot marketing econories may be of
greater importance than produetion econories of size. Nevertheless, this

problem of production economies of size was by 1954 considered of such

¥ Tnis Paper was originally presented at a seminar of the-Agricultursl
geonomics Uepartment in rebrusry, 1960,
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irportance that a major portion of a conference.in Chicago was the order
to discussing it. Out of this conference grew =2 book which is edited by
Heady, sohnscn and liardin and is entitled “Resource Jroductivity, Hetums
to ocale and tarm oizes."

Since then scale studies hove been removed from the spotlight of the
agricultural economics stage. Instead, the spotlight is on the problem
of agricultural adjustment. Two books discussing the problems of
agricultural adjustment have grown out of conferences similar to the
cae mert.ons¢ above. And although these books primerily discuss sgricultural
adjuscment it is not difficult to trace =ll throughout the book explicit
or implicit assumptions about the shape of the long-run = erage cost
curve. Thus it is safe to say that interest in long-run average cost
curves has not diminished but has only taken different form. DbBut what
i1s most interesting, after several decades of study of long~run average
cost curves it is still difficult if not at all impossible to resch
agreenrent ns to the shape of long-run =verage cost curves for various
enterprises or industries. Assunptions about and concseotions of the
long-run average cost curves and their shape and characteristics differ,
snd the cuestion now becomes winich one of the sssumptions or the
concepts are the correct ones. These suestions need to be asked becsusa
answers to them are of importsonce in maidng predictions of vitsl economie
interest. It msy tnerefore be quite discouraging to look at the literature
on etatistical cost functions snd then to come up with a counclusion like
the one of Hans otaehle in a review of the statisticsl cost functions,

publisined in the Aserican Egonomic seview. JStashla's conclusion is ae

follows:
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(
"Tne literature on statistical cost functions so f-r produced has
certainly, as =1l measurements =re bound to do, enhanced underst-nd-
ing »nd 2wareness of the complexity of the subject. but I crnnot

help thinking that it =1so represents a c»s: wihich bears out just
that, ~nd not much else."

Theory

This dlsagreement about the shape of the LAC curve may, st first
glance, seem surprising, since the theory of cost of oroduction is that
portion of our economic theory structure which appears to be lesst contro-
versial. This relatively well sgreed upon relevant theory of production
can be sumnarized briefly as follows:

(1) A long run average cost curve mny be defined as the curve
denoting the le~ust possible cost per unit of producing various outputs
when tne firm h»s time to build an desired scele of olants, thot is to
say wnen all the resources are variable., This means thet unit cost is
a function of output. Stating it this way it immediately becomes clear
that long-run aversge cost curiua involve only two vari=ables, and two
variables only, namely, unit cost ﬁ?d output. As far as the other
variables are concerned tne famous and at the sama time resd ceteris
peribus condition wust hold. This condition becomes highly important
for any empiricsal snalyais and in the interpret=tion of empiricel results.
There will be chance to examine this statesent later on.

(2) The long-run aver=ge cost curve is generally considered to be
U-shsped.

(3) This shape is deterrvined by proportion-lity as well as scale
effects.

(4) In most textbooks menmgment limitations or m-nagement problems

are cited »s the most imoortant, sometimes even as the only factor, which
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would cause the long-run average cost curve to turn uo after = certain
level of ocutput is reached, i .e. mansgement is the reesson for disceononies
of scale. This has for a long time been, =and still is, a controversial
issue in the theory of production.

(5) The point of production, that is the level of output at which
it should be produced is determined by the interaction of the morginal
cost and the marginel revenue curve., Thus, if margin»l revenue is eousl
to price the equilibrium position for » firm with 2 U=-shaped long-run
aversge cost curve would be »t the lowest point of the L'C curve. The
long-run equilibrium position for a plant with an inverse J-shaped LAC
curve would be indeterminste, but very large, »nd the eocuilibrium position
for » firm with » J-shaped long-run sverage cost curve would be “out=of-

business".

smpirical Measurement Problems

hhat does tiis theoretical structure lead us to conclude »s far =s
farm production is concerned, if all the cost curves derived so far heve
the shape of an inversed J? - snd the usunl result of estimstes of statistical
cost functions »re LAC curves of the shape of an inversed J!! The conclusion
would be thet farms or enterprises should be extrerely large, Yet in
rerlity we observe first, form and farm enterprises yrow larger, but only
very slowly, and much slower tasn the pronounced economies of size should
make us expect; second, swmall enterprises not only survive but keep

establishing themselves.
This apparent disagreement of theory, empiriesl nessurements »nd

practical cobservations immedistely rrises some questions: First, is

cur theory, which is used »5 a basis of evalustion, wrongp Second, are our
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empircal methods weak? Third, is our approcch to the problem too narrow?

I should 1like to limit uy discussion to the last 2 socints, primsrily
becruse I cannot find anything bnsi;hlly wrong with our tineory, while I
find feirly serious shortcomings in our methods and in anr aparoaches

Let me then discuss some of the weaknesses of our empirical meth s
used in studying size relatiorships. The first noint I have to make is
the fact that early size relationsuip studies used small enterorises, found
that unit costs decrensed repidly »s the size of enterorise ::;gressed =nd
then concluded tlist thess ssvings continued to oecur at the same rate =3
size of enterorises increased beyond the sizes for wiich measurements were
ottsined, This shortcoming, I belicve, is tod=y generally recognized.
+y second point is tanst our empirical orocedures used to study size
relstionships have serious limitstions even if observstions nra-taken over
A wide renge of output. A review of the mcthods used in estin~ting long-
run cost curves would show that essentin.ly 3 broad categories of rnalysis
have ;een usad: (1) tabular sanslysis, (2) regression analysis and (3) bud-
geting of "most efficient" org-onizations of production in cémbinntion with
regression snalysis. Long-run cost curves estimated by any of these methods
are "average" long-run average cust curves ratier than a true long=run

average cost curve, which is defined as the curve denoting the lesast
-8ible unit cost of producing various outputs. Une might argue that

using the metnod of budgeting rost efficient organizations of production

in combin=tion with regression snslysis would yield a close »poroximaticn
to the true lons-run average cost curve. But even if tnis method is used
the resulting long-run average cost curve is »n average cost curve, since
the production functions in which the budgeting coefficients sre brsed =re
usunlly "averase" relationships. As » result then budgeted most efficient

operations are at best operations which combine "average" ovroduction
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functions in A nost efficient mmner. Furthormors budgetine of the most
efficient organization leaves » lot of room for subjective judgement, so
that there is d=nger that the ~nalyzer subconsciously introiucez into
his analysis a relationsnip which he thinks exists.

But since the primary interest is in the shape of the long-run ~ver.ge
cost curves rather than the absolute unit cost at verious levels of output,
"average" long-run average cost curves estimated from cross sectionsl data
could be satisfactory, if certain assumptions are valid. These assumptions
are homogeneity of wariance of unit costs at all levels of output, the
same Jdegree ~nd direction of skewness of the distribution of unji costs at
all levels of output, =nd tne same degree of deviation of the points of
operation from the minimum points on the short-run cost curve at all
levels of output. The latter sssurption implies that large operstors
who are likely to have a lower short-run cost curves than very smell
operstors, would not operate further to the right of the minimum point
of their plant cost curve than sm2ll operators. Given the same product
prices for =11 operators; a technically rost efficient operators would
thus be f-rther @%ay from the economic optimum production, namely where
merginal cost equals merginal revenue,

The above assumptions have usually been recognized axplicitly or
implinitly but have not been tested becsuse of one or more of the following
reasons: (1) failure to recognize their importsnce, (2) lack of information
with whica to objectively evaluste this situation, (3) belief that »ssump-
tions are reasonable, (4) lack of objective methods of cost curve estimsticn
thiat avoided these assumptions. Yet, if these sssumotions are violated,
the shape of the estimested long-run »versge cost curve may be seriously

birsed. Suppose, for example, that the variation in unit cost estimetsd
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from a cross section of firms is considerable grester at low levels of
output tnan high levels, nnd furtherrore the degres of upw-ras skewness
of the distrioution of unit costs is uigher at low thon 2t high levels of

output, then s regression estimnte of a long-run cost curve nsy show
decrensing unit cost as output is incre-sed while the true long-run
aversage cost curve may ~ctually incre~se with increase in size. In order
to avoid such fallacies ~nd to get more relisble estimates it mer be
desirable in future lonz-run cost studies to check the validity of the
above assumotions or to use other rethods of estir ting unit cost 2wrves.
sarl Ashrberg »nd nyself used a differunt net.aod of stetisticelly
estirating tone true long-run »verage cost curve when studying relstionships
between unit cost and size in the lsying flock entersrise, l.e decided
to use a new nethod instesad of testing the sssum:tions mentioned above
becruse our dats did not sernit us to test these sssumytions. (And I
rigat add that this inability of testing the =ssumotions is the usunrl

rather than the unusu»l situstion in cost studies.) The metnod we used

is essenti~.ly one where we looked at every individual cost output
observetion as a cost vector and then oroceeded to slect the lesst cost
vector for a given level of output. he tnen fitted = regression function
to these least-cost vectors. (The ressoning behind tnis metiod is very
much the same »s the re=scning be.ind Josn Robinscn's bast technology
vector.,)

1 should like to point out that the method we used is only one
alternative nethod for statistically estimating lons-run average cost
curves r~nd r=y not be the best one. (For exsmnle, if one had » very
lerge nunber of observstions over a wide range of outout, it would

be much less work and possibly even more objective to simoly hond-pick
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the lowest cost obsérvqtiou at various_levels of outout and then fit a
regression squation to the lowest cost observotion.)

Now to the question whetuer our appro=ch to the problem of aize

relationships is too narrow or in other words whether it is sufficient
to simply describe change in unit cost to a change in the ousntity of the
product ovroduced snd then go back to our theory structure to use it zs
a gulde in our thinking and to arrive st conclusions »s to what is or
what should be or what will be. This theory which we use (we don't have

to use, but we do use it) postuletes a ceteris paribus condition, if

the familisr unit cost output relestionship is to hold. But do we messure
unit-cost~size relationsaips only in our empirical studivg H>r do we mer~sure
changes in other factors =s well? Suppose thsat size is associsted with

age of operator, menagerisl sbility of operaior, techninrues of production
{level of technology), age and type of equipment, quality of labor, farm
organization, etc., then the resulting estimates of the coefficients

will be biased. If so, statistically esti:=ted size rel-tionsnips need

to be interpreted differently than it hss been done jitherto, if they can

be ressonsbly interpreted »t nll.

copirical Findings

Scme of the guestions raised above were examined on empiric~l findings

for the laying flock »nd the swine enterprise. These empiricsl findings

indicate thal there is nced to reexamine size relationships in the above light.

(1) A test for homogeneity of varisnce in the swine enterprise study
showed that we were sctu=lly desling with = ncn-homogeneous varisnce. This,

ns was pointed cut, will result in a biased estim~te of the long-run

average cost curve if either the rethod of tabulating simple ~verages




9

or the method of fitting a regression equation is used. Since the varisance
of costs per hundredwsight of pork produced wes larger at lower levels
of output than »t higher levels of output, the bias of the estiretes
is in the direction of economnics of size. The norm~lity of distribution,
tnat is goodness of fit was not tested in vither the swine enterprise
or the laying flock enterprise becsuse of limitations in the data, dowever,
once non-homoganiety of varience is found to exist, = bi=ss is alieady
introduced, =and only by chence would = birs introduced through non-
normality of distribution work in the opposite direction snd vipe out the
bins introduced by non-homogeneity of varisnce. This is rerlly more than
we can hope for. Thus, lonj~run average cost curve derived by conventional
methods need to be evaluated »nd interpreted very crutiously.

(2) When using the so-called vector regression method for estimsting
a statistical long-run aversge cost curve for the laying flock enterprise,
very little evidence for returns to size were found beyond » relstively
sm=1l level of outout. hhen total unit cost wss broken down into its
conpuzent, nanely feed cost, lsbor cost, covital cost, »nd miscellanecus
expenses it u»s found that only lsbor snd c-nit=l costs decressed up to
a certrin point #nd then leveled off. After that point they continue
to decresse but at a very smsll rote. Feud cost and miscellsneous
expenses were the same for all size flocks.

(3) 4t wes also found that factors such as age of operator, age cf
eguipment used =re correlated with size of enteririse and farm sige.
what are the farm mansgenent snd policy implications of thess¢ findin 's?

oince agse of operator and are of ecuioment sre positively correlatesd
with size of enterprise tlure is » definiie bias toi'ards economies of

slze in the regression equation unless these factors sre ineluded ne
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independent wvariables. Usually this is not done, nd it has not been
done in Model 1 of our study of the laying flock enterprise. Therefors,

a recommendation to the effect that » farmer should move to a larger enterprise
becnise he would then achieve considersbly lower unit cost, would not be
correct. Or to meke this steteient somewhat more precise, it would only
be correct as regerds direction of change, but not the magnitude of chenge
»s indicated by these regression egy>tions and tabular snelysis. Why

is this so? Cur study shows thst operators with n smell laying flock

sre considerably older =-nd h=ve considerably older eguionment then hove
operstors »nd owners of relatively large laying flocks. Therefore a
movement from = low level of output to =2 high level of output would not
only involve = change in tne size of the enterprise but =2lso mesns a
change in the cuslity snd type of factors of production. This chenge

is not one which is by its very charscter a chonge whicn is associated
with ecinomies of size, but is is a change which is due to the dynamic
characteristics of =ny business enterprise snd which cresevs into our
analysis =s a distrubing factor. (we hove thus moved to a different
level of techmology ~nd thereby vicl=ted the ceteris vsribus condition
instead of only moving to a different technique without violsting the
ceteris paribus condition. A lewvel of technology is here defined as the
state of arts in a given time period. Giver such = level of technology it
is possible for firms of verious sige to employ differint technioues of
production. These technigues mey result in verying technical efficiency,
and small firms may not be in » pggtion to emoloy the sszg technicues

sg large {irms.)
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(4) Another point of interest can be discussed by going behind the
figures. The fact that feed cost and niscellanecus exopenses are the same
per unit of output at all levels of output me=ns that if = farmer has nc
or little opportunity cost for labor or little or no opportwilig: cost for
capital used in the laying flock enterprise his resl cost for producing
2 unit of output may be amaller than the real cost incurred by a large
operator, although our statistical cost functions show returns to siza.
The question is: Are there situstions where there is little or no
opportunity cost for both labor and capitni or eith:r one of these fectors.
As far as th. lsying flock enterprise is concerned the answer must
certainly be yes. It has just been mentioned that the ege of operators
eg well as sge of equipment at low levels Sf output ara'significantly
higher than the age of overator snd equipment in the case of large lsy-
ing flocks. It would be very difficult to argue that the upportunity
cost for labor of an operator about 56 years old is the same 2s that for
an ooerator of 36 years of age. It would be equally difficult to argue
that the age of 22-yesr old housing and equipment has about the same
opportunity cost as housing snd equipment only about 8-years old. The
conclusion then must be, and I point out that this is a short-run con-
.clusion, that small o)erators may heve a lower cost of production, with
respect to their own o eration as well as with respect to socisty, than
large operators, no matter what statlsticelly estimated cost functions
show.

These data and relationships also grant some insight into the way

and speed with which laying flock sizes are likely to change. As the

operator grows colder, his opportunity cost for labor also decreases.
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Jimilar reasons hold true lor-copital. Cunsequently, there is no econctie
reason why it should be impossible for a smsll opaerstor to compete with
large operstors inspite of the fact tast econonies of size exist, As a
ratter of foct there is no reason frow an econowic viewpoint why smell
operators snould not be able to keep establishing themselves. The rste
at which these small operators keep establishing themselves will depend
upon the rate at which farmers retire to a lighter farm work »nd the rete
of technology relevant to the production of eggs.

(5) Likewise, in the 2-litter swine enterprise unit costs decrease
very cuickly at a relatively low level of output (namely at an enterprise
size of about 25 to 30 sows) and then the lon -run sverage cost curve
tends to inc 'esse slowly. When totsl unit costs are broken down into
their components it is seen thrt miscellaneous expenses are the ssme for
all levels of output, that labor as well as capital cost tend to decrsase
guite ouwicklr up to an enterorise level of sbout 25 sows and then continue
to decresse but at a2 very slow almost imperceptible r=te. An examinstion
of unit cost of feed in its relation to output reveals that fecd cost
first decresses very rapidly (similar to cspit=2l snd l=bor cost) and then
begin to incre=se slightly aff.er =n enterprise sigze of about 30 sows is
reached., This increase in unit cost of feed is lerger tnan the conbined
decrease in unit cost of cepital and labor so that the net effect on
total cost is an incremase in totesl unit cost =fter an enterprise size
of about 28 sows is reached. This incresse in the unit cost bf feed =s
size of enterprise increases is a highly important question, since feed
cost ¢Iamprise rougnly 70 of the cost of production. Unfortunately_ns
of yet we are in no position to give explsn»tions as to why this relation-

ship is as we found it. MAll we can edvsnce are some hypotheses. lhen we
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began to analyze the data and for the first time found this positive
relstionship between unit cost of fewud =»nd size of swine enterprise we
were hi hly concerned »t this type of relstionship and were looking for
errors in our snalysis and our procedures. But when numerous checks on
dat= and proceduse reve2led no such errors, we saccepted this relstionship
as one esctuslly existing. The outlook which was recently prepsred by the
United Jtates Uepasrtment of Agriculture supports our findinrs insoiar as
it shows th=t the amount of gr=2in consumed per 100 lb. of pork produced
incressed over the last 10-15 years. OSince we also know that the size
of the swine enternrise incressed on the average the findin, s derived
from different sources as well ss by different procedures agree quite well.

(6) A wide varistion of costs at all levels of output was observed
when studying the swine enterprise ss well as the laying flock enterprise.
In both c~ses some relatively amell producers were sble to produce = unit
of output at about the same cost at which guite large oroducers were
oroducing them. This stron,ly su/gests that sige per se does not ceuse
unit cost to decrease. Instead, here is =n indic-tion that we ousht
to plsce more emphnsis on efficiency and mesns;yement on technique of
production and levels of technology. This is further emphasized by results
obtained from the study of the swine enterprise when a simultaneous
equation appro=ch is used, These results show that if labor is incressed
the amount of espital used incresses likewise. (These results »re not
due to the fact that the model wes built this way. The model wss built
in such 2 manner that the oporosite rel~tionsnip could h».,e Leen taken care
of just as e~sily, simoly by » change in sign of one of the coefficients.
The estirated cosfficient is positive however, instead of negrtive, and
this is so becsuse the observations as collected in the field vortray this

relationship.) My conclusion from this relationsiip is that in the
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particular enterprise study the ability to meke correct iecisions with
respect to resource combination is either of less imoortance than the
ability to supervise or is availsable in sufficient amounts.

(7) A correct interpretation of statistical long-run cost curves
must also take into account their static nature. Cost curves are generally
derived for a given system of mﬁnngament, i'or a given type of ecuipment
rnd for a given level of men-gement. Ikesults from both our poultry and
s¥ine enterprise study suggest that these factors =are of significant
importance in determining unit cost of production. Thus, innovations
in nenagement snd technology may decresse unit cost g&elther end of o
long-run cost curve and consecuently render » statistical estim-te of
2 long-run average cost curve "obsolete.”

I'suapeot that the sun total of ny comments on size relationships
is suited to induce you to agree with Staghle whom I cited »t the outset
of the seminar and who said that empirical measurements of statistical
cost functions help to see the complexity of the problem but very likely
not much more. Although I tesically agree with this statement I do not
believe that the complexity of the problem is so overwhelming that we
have to shy away from it. Therefore I should like to voint out what
might be some fruitful approaches to future resesrch in this areat
(1) If we want to understand the real and important relstionships involved
we ought to include other factors thon unit costs »nd size when we study
size relationships. (2) we need to measure menagement in a manner so
that it can become an analyticel tool. (3) we need to improve our
measurements so that they mey indicste quelity of factors, opportunity

cost of factors ~nd interdependence of multiple enterprises. (L) ke
need to devote attention to the fixed asset problem. (5) lLe need to
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study size relationships not only in a static framework, but these studies
might be much wore fryi ful and above all useful if tney woi be studied
in a dyneric, risk, ~nd uncert=intr framework.

4 realize that the classification of approacies is not of such
a nature tnat one of }he apnro~ciies could be used without t~king into
consideration the other agproﬁches.' I nlso realize that the areas
nentioned here are bottlenecks in all production studies. And I further-
more =m aware of the fact that in successfully vorking in some of these
aress .e may have to go to different methods of research with different
concepts =nd different thinking then we are used to. Should we decide
that we go this route our criteris for achievement will have to be
whether our new concents and our new empiricsl orocedurss actually

do explain relstionships of the real world »nd how useful they are for

predictive purposes.




