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HIGHLIGHTS
Selected studies of the economies of size in crop production, specialized beef
feedlots, and dairy farms were reviewed. The theoretical basis for analyzing econ-
~omies of size was discussed, and several alternatwe analytical procedures were
examined.

The analytical procedure that provides the most reliable results in studying
economies of size in farming is the synthetic-firm or -economic-engineering approach.
When the farm organization includes relatively few choices, this type of analysis may
be done through manual budgeting. But when more complex farming operations are
analyzed, linear programming is helpful. Choice of a residual claimant (the factors
that absorb profit) strongly influences the height and shape of the average cost curve.
For example, as more factors are included in the residual claimant, total cost is re-
duced, thus lowering average cost.

A modified concept of the farm firm--viewing the farm as a goods-and-services

firm--provides a realistic basis for explaining the persistence of a relatively large
number of small farms and part-time farms. This concept also helps to account for
the rising importance of custom-hired farm operations.

A number of studies of crop-farming situations in various States were reviewed.

In most of these situations, all of the economies of size could be achieved by modern
and fully mechanized 1-man or 2-man farms.

Three studies showed 1-man farms were capable of achieving average costs as
low as any larger size. In the production of cling peaches in California, average cost

was found to be a minimum as orchard size reached 90 to 110 acres--basically a 1-man

operation--when mechanized practices were used. The utmost efficiency was attained

by a highly mechanized 440-acre irrigated cotton farm in Texas and a 1, 600-acre wheat-

summer fallow farm in Oregon.

Studies of Iowa crop farms and crop-livestock farms in the 1-man and 2-man

size range were reviewed. When full ownership of all machinery was assumed, 2-man
farms were found to be more efficient than 1-man farms. But when the hiring of timely

and reliable custom service was considered for certain field operations, the average
cost per unit of output for the smaller farms was reduced considerably. Under this
assumption, the 1-man farms were nearly as efficient as 2-man farms.

In a study of vegetable farms in the Imperial Valley of California, farms of

less than 640 acres were found to be nearly as efficient as larger sizes. Among field-

crop farms in this area, economies of size were found to occur up to about 1,500 to
2,000 acres. Custom hiring was found to be very advantageous to smaller farms in
this area.

Three other California studies reviewed gave similar results. Cash-crop
farms in Yolo County achieved lowest average unit cost at a farm size of 600 to 800
acres, producing sugarbeets, tomatoes, milo, barley, alfalfa, and safflower.
Kern County, farms producing cotton, alfalfa, milo, and barley achieved their 1ow-
est average cost at about 640 acres. Cotton farms in the light-soils area of Fresno
County were found to be most efficient at about 1, 400 acres, while farms in the heavy=
soils area of the county achieved their greatest efficiency at 700 acres.
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Even though most of the studies show that all the economies of size may be
attained by moderate sized farms, they also show that total profit may frequently be
increased by extending beyond the most efficient size. However, uncertainty and
management problems often become troublesome as farms become very large. This
may discourage farm enlargement in many cases.

In specialized beef feeding businesses, the studies reviewed found that nearly
all the economies of size are attainable in an intermediate size range of 1, 500- to
5, 000-head capacity. Beyond this size range, the average cost curve continues to
decline slightly, but the savings per head are relatively unimportant--in the range of
$1 to $2 per head fed. Slight reductions in the price of feeder cattle or feed have a
much greater influence on the overall cost and profit of the feeding operation. Also,
the rather small technical economies of size attainable beyond the intermediate size
range are readily erased if the facilities are not utilized at full capacity throughout
the year.

Management problems do not seem to become prohibitively difficult as feedlot
size increases. A relatively small geographic area is involved, and the labor func-
tions are quite routine and repetitive throughout the year. Thus, supervision of sev-
eral hired men is not burdensome. Coordination also seems to be fairly easy for a
wide range of feedlot sizes, because the biological and mechanical processes involve
relatively little uncertainty. The empirical findings examined in this report suggest
that beef feedlots will continue to exist in a wide variety of sizes, with a continued
decline in the number and relative importance of small feedlot operations.

Studies of dairy farms in various parts of the country showed that 1-man and
2-man dairies can achieve highly efficient operation if they have control of sufficient
capital and utilize the modern milking and housing technologies. Very little evidence
is currently available regarding the efficiency of larger dairies--over 100 head. How-
ever, the results of one study suggest that management problems become troublesome
at about 150 head. For instance, it is difficult to feed each cow according to her pro-
duction as herd size and the number of hired men increase. Also, the operator of a
large dairy does not have time to ''shop around" and obtain the lowest possible feed
prices.
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ECONOMIES OF SIZE IN FARMING
Theory, Analytical Procedures, and a Review of Selected Studies
¢ By

J. Patrick Madden, Agricultural Economist
Farm Production Economics Division

INTRODUCTION

Since World War II, the number of farms in the United States has decreased
substantially. Those remaining are getting larger, more specialized, and more
highly capitalized. This is laygely the result of a shift from small, self-sufficient
farms to highly commercial farms. The direction and speed of these trends raise
questions of public policy: Where are we headed? Are these trends necessary for
efficient production? Are the resulting gains in efficiency offset by less tangible,
but important, losses to society? Should the trends be encouraged or discouraged--
or should we follow the doctrine of laissez faire?

This report is concerned with one aspect of these questions--the relationship
between farm size and efficiency of production. Farmers, farm leaders, Govern-
ment officials, businesses serving agriculture, and others continue to raise ques-
tions related to the economies of farm size. How large must a farm be to achieve
the most efficient operation? Are larger farms always more efficient than small
and intermediate-size farms? Are size-efficiency relationships of major or minor
economic consequence? Many studies of the economies of size have been made, deal-
ing with a wide variety of commodities and locations. The present report is an attempt
to provide a conceptual framework within which to assimilate some of these independent
studies into a unified body of information.

Considerable misunderstanding has centered around divergent definitions of the
terms "'size' and "scale." The term scale is used many places in the literature when
proportions of resources are held constant, as in Euler's theorem (105).1/ However,
there appears to be almost universal agreement among economists that in real life
firms do not expand all resources and products in exactly equal proportions as the
level of the firm's activity is increased. An increase in just the same proportions
would probably be due to accident rather than to overt design of the entrepreneur.
Thus, virtually every empirical study examining the relationship between average
cost and level of production allows for changes in the proportions of factors and prod-
ucts, whether the analysis is done under the name "economies of scale' or "economies
of size.'" The term "economies of size,' as used in this report, means reductions in
total cost per unit of production resulting from changes in the quantity of resources
employed by the firm or in the firm's output. '

l/ Underscored numbers in parentheses refer to Selected References, p. 72.



The cost curves resulting from the many studies on the subject vary from one
study to another. Most studies show that the ultimate in efficiency is attained by
1-man or 2-man farms; others show larger farms to be most efficient. Some of these
differences are ''real'' variations in the size-efficiency relationships of the farms
studied. Real variations may occur because of differences in (a) factors associated
with the type of farming analyzed, (b) factors associated with the location of the farm-
ing area, such as climate, soil type, prices, wage rates, and yields, and (c) factors
influenced by the date of the analysis, such as technologies considered, secular price
changes, and Government price-support and supply-control programs.

Unfortunately, not all of the variation among study results is "'real." Much of
the variationis methodological--caused by differences in assumptions and procedures
It is often difficult for the reader to discern how much of the difference between the
shapes ofthe cost curves derived in separate studies is due to real differences insize-
efficiency relationships and how much is methodological. A primary purpose of this
report is to clarify the concepts underlying the procedures and assumptions used in
economies-of-size studies. This in turn will aid in interpretation of published studies,
and guide the design of future studies.

The reader who is primarily interested in learning the general size-efficiency
relationships for various types of farming may prefer to skip the theory and method
sections of this report, and proceed directly to the discussion of the individual studies
on page 34. However, researchers and others interested in the precise interpre-
tations and the procedures underlying the findings of these studies will find a careful
examination of the theory and methods sections to be useful.

THEORETICAL BASIS FOR ECONOMIES OF SIZE--A REFORMULATION

An economist relies heavily on economic theory and theoretical models in his
day-to-day dealings with real-world problems. The more realistic these theories
are, the better equipped the economist is to work effectively with actual problems.
The heart of economic research is economic theory. But the coronary artery that
keeps this heart alive and useful is the feedback of improvements in the theory that
are generalized from research experience in the real world. Thus, theories are
made more realistic, and consequently more useful, as they are modified andbroad-
ened to take account of observations and phenomena not previously explained by the
existing body of economic theory (74, p. 7).

Several modifications of the traditional economic theories are suggested here.
Since theoretical treatments of production and cost curves abound in economic
literature, only a brief statement of the conventional theory is given.2/ Two sets
of interconnected concepts are reformulated to facilitate proper interpretation of
economies-of-size studies. These are the concepts of (a) longrun versus shortrun
planning horizons as related to fixed versus variable resources and costs, and (b)
resource divisibility. Other modifications of economic theory are suggested to
better take account of some apparent inconsistencies between existing theory and
the observed behavior of farms.

2/ An excellent treatment of the theory of production and cost is given by Walters (136)
His article, particularly the bibliography, is highly recommended to the student of econ-

omies of size,.
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Length of Run and Fixity of Resources and Costs

Economies-of-size analysis is usually couched in terms of longrun and shortrun
situations. 3/ Shortrun economies are viewed as resulting from fuller utilization. of a
fixed plant, longrun economies as resulting from efficiencies obtained by changing
plant size, presumably involving a longer time period. This concept is represented
graphically in figure 1. The shortrun average cost curves (SAC) assume one or more
resources to be fixed--available only in specified quantities--in the short run. The
typical "u'" shape of these shortrun average cost curves is explained as follows:
Average costs per unit of output decline with an initial increase of output because
fixed costs are spread over more units; eventually, however, average costs level
off and then rise as other resources must be added in increasing proportions to the
fixed resources to reach greater levels of output. A separate shortrun average cost
curve applies for each level of the fixed resources--that is, for each size of plant.

THEORETICAL ILLUSTRATION OF SHORTRUN
AVERAGE COST CURVES AND ENVELOPE CURVE

SHORTRUN AVERAGE COST CURVES

LAC

COST: REVENUE RATIO

AR=MR

O

/

ENVELOPE CURVE

0 Q
OUTPUT (DOLLARS OF GROSS INCOME)

Figure 1

- 3/ One of the best statements of the theory underlying cost curves is given by
Jacob Viner (135).




The selection of any resource as fixed in the short run is usually an arbitrary

~ decision, based on observed practices of operators, the length of planning horizon
being examined, and the longevity of the resources involved. This decision has no
effect on the eventual shape of the longrun average cost curve. The longrun average
cost curve (LAC) assumes all resources are variable, including those designated as
fixed in the short run. A curve that is drawn tangent to shortrun curves approximates
~ the longrun economies-of-size curve for that segment of the industry represented by
the shortrun curves. This curve indicates the average total cost of production that

"~ would be experienced by firms of different sizes under assumed price relationships
and technologies.

The fixed versus variable clagsification of costs and the longrun versus short-
run classification of planning periods have no effect on the basic size-efficiency re-
lationships represented by the envelope curve. However, several other important
economic principles related to equilibrium size of firm and survival of the firm owe
much to this dichotomy.

Of first consideration is the principle that in the short run the firm will continue
producing as long as revenue is great enough to cover variable costs, or conversely,
as long as average variable cost is less than or equal to average revenue (price).
Variable costs are the costs associated with the resources that are not fixed in the
short run. Fixed costs are associated with the existing plant, or the resources that
are considered fixed in the short run. , '

Another familiar princible is that in the longf'rﬁn, the firm can remain in pro-
duction in its present form only if revenue is great enough to cover total cost (fixed
plus variable)--in other words, if average total cost is less than or equal to average
revenue. o o

A third important principle is that under conditions of atomistic competition,
prices will gravitate toward a level such that all profits tend to be erased. Thus, the
return to each resource will tend toward the level that provides exactly enough return
~to keep it from being drawn into alternative employment, but not enough to attract addi-
tional resources that would expand production. In equilibrium-all firms would produce
" alevel of output corresponding to the low point on their average total cost curve (level
Q in figure 1). The theoretical average cost curve for a typical firm, as shown in
figure 1, assumes that all firms produce under identical conditions. The line at p,
lying tangent to the longrun average cost curve at point Q, is the average and marginal
revenue schedule for a firm in perfect competition. Profit is zero at this point; firms
producing larger or smaller quantities would suffer a net loss.

These concepts seem very clear and simple, until we try to apply them to an
actual farming situation. When is the end of the longrun reached? Which resources
are included in the fixed plant, and conversely, which resources are variable? These
questions are complicated by the complex nature of farm resources. Durable re-
sources have various life spans, ranging from 2 or 3 to 30 or 40 years or even longer.
The number of years that an individual farmer keeps a tractor or implement depends
on a series of considerations. Land is sometimes considered a fixed resource; but
. not always. The number of regular laborers is often viewed as one of the basic fac-
" tors defining the size of a farm, but in some studies even this resource is considered
variable.



A similar lack of precision surrounds the longrun-shortrun dichotomy. The
long run implies a length of time sufficient to allow changes in the levels of all re-
sources employed by the firm. The short run is viewed as a "short'" period of time,
such as one production season--a period so short that the firm does not have time to
change the amounts of the fixed resources.

This time-oriented dichotomy is a somewhat inadequate concept for explaining
the behavior of farm firms. Because of the various lengths of time that the different
classes of resources are held fixed in an actual firm, no single short run can be
. exactly specified. Rather, the situation involves a large number of successively
longer lengths of run, as additional resources are allowed to vary in quantity, until
eventually all resources are variable and the truly longrun planning horizonis achieved.

Two facts further complicate this issue. First, the resources do notnecessarily
become variable in any predetermined order. For example, land may be held constant
while machinery is varied, or vice versa. Second, both the length of run and the
amount of time a certain subset of resources is held fixed are fictional time periods,
not identified by any amount of calendar time. In real life, new firms are created or
disappear every day. The levels of all the various resources are continuously being
changed. At any point in time an entrepreneur could inject himself into the long run,
simply by considering the effects of changing the levels of all the resources employed
by his firm. As long as he considers one or more of his resources to be fixed in quan-
tity, he is operating or planning in one of the many shortrun situations. Thus, length
of run and fixity of resources are relative terms, rather than distinct entities. Fur-
thermore, they depend entirely on the entrepreneur's frame of mind.

The moment a resource is committed to production it becomes fixed as far as
the day-to-day management decisions are concerned. It becomes essentially a free
resource that will be substituted as far as possible for resources that have not yet
been committed to production. For example, the firm will tend to delegate as much
work as possible to regular hired men or unpaid family workers, rather than hire
additional laborers. As long as the farmer considers these regular laborers as a
permanent part of his business, their wages become in effect part of the overhead.

In resource substitution language, the price of committed resources is zero.
Thus, the shortrun economic optimum calls for increasing the employment of these
resources as long as this will increase output; that is, to the point of zero marginal
value product of the committed resources, and zero marginal rate of substitution for
noncommitted resources that still have an effective nonzero price. But as soon as
the entrepreneur considers varying the quantity of one of these resources, its price
becomes relevant again. If an increase in this resource is considered, then the cur-
rent purchase price becomes relevant. If either a decrease in the level of this re-
source or a shift in its use is anticipated, then the current salvage value or oppor-
tunity cost becomes relevant.

Now let us relate these concepts to the interpretation of economies-of-size
studies. When average variable costs are presented, the reader should inquire as
to which resources are considered as variable and which ones as fixed. Let us de-
note the variable resources as subset V, and the fixed resources as subset F. With
these categories in mind, the reader can then proceed to interpret the empirical re-
sults of a cost analysis. The firm will tend to continue operating as long as it receives
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enough revenue to at least cover the cost of all the variable resources. As the planning
horizon is lengthened, the entrepreneur considers variation of additional resources.
These resources are conceptually shifted from the fixed to the variable subset, and
revenue must be correspondingly larger if the firm is to remain in production for this
length of planning horizon. In the longest possible run, all the firm's resources are
in the variable subset (V), and the fixed subset (F) becomes empty.4/ Therefore, in
the long run, revenue must be equal to or greater than total cost--including the direct
cash cost of operating expense items, and the opportunity cost or reservation price of
all other resources, including entrepreneurial capacity. In other words, average total
cost must be less than or equal to average revenue if the firm is to remain in produc-
tion indefinitely in its present form.

Resource Divisibility and Economies of Size

In addition to, and independently of, being considered as either fixed or variable,
resources may be classified as either divisible or discrete. As the name implies,
discrete resources are available to the firm only in counted quantities (whole numbers)
of specific size units. The discrete unit may be a single item, such as a boiler, or an
increment of a certain size, such as a quarter section of land. Divisible resources are
available in measured quantities, in contrast to counted quantities. These include such
things as electricity, fuel, and custom-hired services.

The distinction between discrete and divisible resources is not always clear, nor
is it the same in all areas. For example, local customs and practices in one area may
dictate that land be sold in 40-acre or 160-acre increments as a discrete resource; in
another area it may be sold in irregular-sized plots as a divisible resource.

Chamberlin points out that nondivisible resources may sometimes become avail-

able to a firm in divisible quantities (22). This can occur when the firm obtains the
undivided use of the discrete resource unit for a fraction of the production period.
For example, a hay baler may be owned and operated jointly by two or more farmers.
Likewise, an accountant may be hired on a part-time basis. Custom hiring and leas-
ing are also possible in some cases, as a means of making an otherwise discrete re-
source available on a divisible basis.

Divisible resources are usually fully utilized. Some may be obtained in the
exact amount needed, as in the case of electricity, water, and custom-hired services.
In the case of other divisible resources--gasoline or fertilizer, for instance--leftover
quantities may be stored for future use, or returned to the dealer for credit. On the
other hand, discrete resources are often underutilized, even by well-organized firms.
For example, a tractor of a certain size may be underutilized with 640 acres but may
not be able to handle 800 acres, while local practices may dictate that land is available
only in increments of 160 acres. Many such instances exist in which the discrete re-
sources do not '"come out even,'' because they have different capacities.

4 | Lengthening the planning horizon does not necessarily imply an extension of time,
as indicated earlier. The long run could occur in a single day.
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In general, the smaller the incremental unit of a discrete resource relative to
the total quantity used by the firm, the closer the firm can come to achieving full
utilization of that resource and any other discrete resources with which it is jointly
used. In the above example, suppose now thatlandis availablein 40-acre increments
instead of 160, and that the tractor would be fully utilized with 695 acres. The firm
could move from 640 to 680 acres, and thus achieve a fuller utilization of the tractor.

If all resources or resource services were available in divisible quantities,
then any underutilized resource could be replaced by a slightly smaller and (presum-
ably) slightly cheaper resource, and full utilization of all resources could be
achieved.5/

This whole matter of full utilization of a resource should now be placed in the
broader context of the firm's actual behavior. Full utilization is a partial means of
reducing average cost of production, as the cost of the resource is spread over more
units of output. However, full utilization of one discrete resource may not be com-
patible with full utilization of certain others. Furthermore, reducing average cost
of production is only a partial means of increasing profit, and, after all, profit is
the motive force of the firm. Thus, a firm would not necessarily move from 640
to 680 acres to achieve full utilization of a resource. Considerations other than full
utilization might be more important. For example, total profit might be higher with
640 acres than with 680. Or, perhaps some other resource such as the operator's
labor or capital might be limited. Also, the operator might decide to allow a little
excess machine capacity as a safeguard against losses due to untimeliness of opera-
tions resulting from unfavorable weather.

Problems of Uncertainty and Coordination

Most studies of the economies of farm size have shown that as farm size in-
creases, average cost either (a) decreases, or (b) remains about the same, or
(c) on very large farms, increases slightly but still is below average revenue, even
for the largest farms observed. This implies that profit increases steadily as farm
size increases, and that the largest farms are the most profitable. It would be ex-
pected, then, that farms would tend steadily toward the largest sizes, and that the
size distribution of farms would be shifting accordingly. This does not seem to be
so, however. In many areas and for many types of farming, the most rapid increase
in number of farms is in the intermediate size classes, consisting chiefly of farms
that can be operated by one or at most only a few full-time men, using modern tech-
nology and adequate capital. The number of very large farms seems to be increas-
ing only gradually and, in some cases, to be decreasing.

§_/ This seemingly utopian situation~-perfectly divisible resources--is approximated
when all resource services may be hired on a custom or contract basis, as in the
Imperial Valley of California (20).



This is consistent with broad changes in U.S. agriculture generally. After
‘detailed analysis of a special tabulation of census data, Nikolitch has identified
three postwar trends:

7 First, the very small units account for mec= of the net decrease in
number of farms. Second, farm production, land and other resources
“are concentrated not in a smaller number of 1arge farming organizations,
but in a rapidly expanding number of adequate farms. Finally, the num-
ber of farms and farm production are increasing more rapidly among

adequate family farms than among the larger-than-family farms (94). 6/

How can these trends be reconciled with the empirical findings indicating huge
profit p0551b111t1es for very iarge firms? The approach used here is to refine the
concepts underlying the traditional theory to allow for the treatment of uncertainty
and difficulty of coordination as factors limiting 1ndef1mte expansion of farm size.

Definitions of Supervision, Coordi,nation; ‘and Entrepreneurship

Management is traditionally defined to include two components Supervision
and coordination (70). ‘Entrepreneurship (uncertainty-bearing or risk-taking) is often
considered as dlfferent from management because it is the un1que function of the

' entrepreneur.

Entrepreneurship is an essential element in any firm. It is a specialized and
personal attribute that cannot be bought on the market. Because men are unequal in
entrepreneurial ability, the production function will vary from one person to another
(136, p. 4). Entrepreneurship involves making major decisions such as hiring super-
visors and plant managers, and making broad judgments regarding total resource
use, choice of enterprises, technology employed, and disposition of products (_1_01)
Furthermore, it involves bearing the responsibility for the outcome of these decisions
in terms of the financial success or failure of the firm. The farm operator usually
serves three functions--labor, management (including coordination), and entrepre-
neurship. Additional supervision and coordination may be provided by hired managers,
foremen, or boards of directors (22), but only the operator, the owner of the enter-
prise, can perform the entrepreneurial function.

Supervision is overseeing day-to-day operations of the firm, seeing that each
task is performed correctly. Coordination involves determining the kinds of con-
tracts to be entered into, seeing to it that the necessary resources are available for
timely completion of individual tasks, and carrying out adjustments in response to

6/ '"Adequate family farm' is defined as a farm business with sufficient ''resources
and productivity to yield enough farm income to meet expenses for (a) family living;
(b) farm expenses, including depreciation, maintenance of the livestock herd, equip-
ment, land and buildings, and interest on borrowed capital; (c) enough capital growth
for new farm investments required to keep in step with technological advance and
rising levels of living." :



uncertainty and changing conditions. The essential feature of coordination is that
every decision must be made in the context of all the other decisions already made

or likely to be made. This gives rise to the unitary character of coordination--all
interrelated information must pass through a single brain. Boards of directors may
be the coordinators, but each member is obliged to keep all the data concerning inter-
dependent aspects of the firm's operation in his mind. Machines and computers can
make coordination more efficient in some cases, but the loss of reality due to the
coding and decoding of information sometimes leads to errors in judgment. Devices
such as 2-way radios and closed-circuit television also increase the individual's effec-
tiveness and capacity for coordination. But with a given state of technology, the quan-
tity of resources other than coordination that can be advantageously added will be
limited by management's degree of ability to coordinate the firm's activities (22).

Coordination and Supervision Problems Unique to Farm Firms

The firm's activities can be thought of as integrating and aggregating many
different stages of production.7/ Conceptually, a stage consists of all the productive
services, both durable and nondurable, that cooperate in a single major operation or
group of closely related minor operations. The delineation of a stage will vary from
one situation to another, depending on the importance of the operations involved and
the way they fit into the time sequence of the production process.

One crucial difference between factory production and farm production is the
relationship between stages. In a typical factory operation, the object being pro-
duced flows through a series of stages, all of which can proceed simultaneously at
spatially separate points. In farm production, the stages typically are separated by
waiting periods, but occur in the same areas. For example, many stages occur on
an acre of corn--plowing, planting, cultivating, harvesting--but the stages are sep-
arated by waiting periods because the biological processes involved take time to
complete. 8/

This difference has important effects on the labor and management requirements
of the two types of firms. Coordination of factory production poses unique problems
not faced by most farms, because a large number of different stages are continuously
being performed by many different persons at different places in the plant. Interper-
sonal communication and supervision problems tend to be more serious as the number
of employees increases. In farming, the stages are spread out over a long period of
time, so that relatively few operations must be coordinated, and only a few people
employed, at any given time.

7/ An excellent formulation of this concept is given by French, Sammet, and
Bressler (46).

8/ The author is indebted to John M. Brewster for pointing out this important
distinction. For a more thorough discussion of this concept, see Brewster's paper,
The Machine Process in Agriculture and Industry (15).
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On the other hand, the farm manager's task is complicated by (1) the relatively
large dispersion of workers in most types of farming, and (2) the necessity for regu-
lar farm laborers to shift repeatedly from one kind of work to another throughout the
productmn season. These features lead to a considerably greater supervisory input
per man in farming than in factory operations, where most workers perform essen-
tially the same tasks throughout the production cycle.

Uncertainty and Coordination Problems as Factors Limiting Farm Size

Farm enlargement is frequently limited by uncertainty and the difficulty of
coordinating larger farms. As the farming operation becomes larger and more
complex, the number of unpredictable situations requiring unique decisions be-
comes burdensome, because the coordinator must relate each decision to all the
other decisions that have been made or are going to be made. At this point, the
amount of other resources that can be profitably added is limited by the ability of
management to coordinate a larger operation. In cases where coordination is a
limiting resource, the marginal value product of additional resources becomes
less than their marginal cost. Consequently, the presence of a profit margin does
not necessarily imply that additional resources will be drawn into production.
Similarly, in cases where the high degree of uncertainty leads farm operators to
place a high reservation price on their coordination and entrepreneurial abilities,
the profit potential is not sufficient to attract new firms into production, or to in-
duce existing firms to greatly expand their operations.

According to Knight, coordination is essentially a dynamic function--reacting
to changes in the pecuniary and technical situation that occur under conditions of
uncertainty (74). Thus, the need for coordination is a feature of uncertainty and
d1sequ111br1um rather than of perfectly competitive static equilibrium. InMarshall's
stationary state, no coordination would be needed. Management would be reduced to
supervision. However, Kaldor points out that in the actual world the size of an in-
dividual firm may remain more or less limited because the inherent profit-maxi-
mizing tendency of the firm to expand will be continuously defeated by spontaneous
changes in the pecuniary and technical situation (70).

Hicks is in general agreement with Kaldor on this point. He contends that we
can perceive forces that might lead to a determinate size of firm even if changes in
the quantity of the coordination factor were allowed. Under conditions of uncertainty,
one of the obstacles to attainment of very large firm size is the increasing difficulty
of management and control as the firm gets larger (62, p. 200).

This phenomenon could be viewed as a decreasing marginal productivity of the
coordination factor, requiring the very large firm to make a greater than propor-
tional increase in coordination as the levels of the other resources are increased to
achieve higher levels of output. This would tend to force the average total cost curve
to turn upward at some very large size of firm.

Hicks cites risk as another item in the list of phenomena that might inhibit the
indefinite expansion of a firm. The effect of increased risk may be represented as a
downward shift in the discounted average revenue curve for very large levels of out-
put. The marginal revenue function would fall even more rapidly, and would eventu-
ally intersect the marginal cost curve. Beyond this point, discounted profits would
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decline with greater output. This point of intersection could occur even within the
range of constant average cost, where the marginal and average cost curves coincide.
Thus, Hicks concludes that in cases where risk increases with level of output, size
of firm may be limited (62).

In this discussion, Hicks considered only the revenue-decreasing aspects of
risk, ignoring the fact that sometimes risk also increases cost. For example, a
sudden outbreak of a contagious disease may force a beef feedlot operator to incur
an additional operating cost for medicine and veterinary service. Timely detection
and treatment might be more difficult for large operations. Other examples are the
use of frost-inhibiting devices and the hiring of custom harvesting to ""beat the weather.
In some instances, the cost-increasing effect of risk may be more serious as size of
farm increases. In such cases, the downward-sloping discounted average revenue
curve would be intersected (at an even smaller size of firm than Hicks indicated) by
an upward-sloping "adjusted" marginal cost curve. In other instances, as Whitin and
Peston have pointed out, the larger volume of resources available to bigger firms pro-
vides an advantage in meeting contingencies (138). For example, consider the volume
of spare parts that a repair firm must hold in inventory to achieve a given probability
of never running out of any specific item. As the size of the firm increases, the re-
quired volume of spare parts increases by a smaller proportion than the increase in
the amount of repair work done. Another case in which larger firms might have an
advantage in meeting risk is in providing backup machines to be used in case of break-
down or mechanical failure of one of the regular machines. It is reasonable to be-
lieve that the proportion of backup machines needed to provide a given probability of
always being able to avoid breakdown delays would decrease as the size of firm and
total number of machines increased. Cooper points out that this would be particularly
important in operations such as harvesting truck crops, where untimeliness would
cause considerable loss (27).

Despite these possible exceptions, most elements of uncertainty make coordi-
nation increasingly difficult as size of farm increases and lead eventually to a maxi-
mum feasible size of farm, for the reasons summarized below.

Management becomes more difficult as the complexity and uncertainty of the
operations increase. Complexity is a function of the number of interdependent data
the operator must simultaneously perceive, understand, and relate to the overall
operation. Three aspects of farming greatly increase the difficulty of management:
Lack of uniformity among resources, spatial dispersion of the operations, and unpre-
dictable behavior of resources, environment, and the market.

(1) Uniformity of resources has an important bearing on both the coordination
and supervision aspects of management. For example, a large farm with several
different soil types is more difficult to manage than a similar size and kind of farm
with highly uniform soil. Where the soils are extremely variable, some parts of the
farm require more frequent irrigation or more thorough tillage than other parts.

The operator often finds it easier to do the work himself than to be continuously ad-
vising a hired man who is less familiar with the soil characteristics, and, therefore,
the way the different parts of a field must be irrigated or tilled. A uniform dairy
herd is easier to manage and is more amenable to operation by hired men than a
herd of diverse composition, where each cow must be handled in a special way known
only to an experienced dairyman. A beef feedlot is easier to manage if the cattle are
uniform in age, sex, appearance, and rate of gain because it requires fewer feeding
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pens, fewer special rations, and less time and effort in separating the cattle for
marketing. Difficulties associated with lack of uniformity of resources usually re-
quire special attention from the manager who must coordinate the operation. Some
operators prefer to keep the size of their farms down to the acreage they can handle
with little or no hired help. These farmers can expand their operations only by ac-
quiring larger and higher capacity machines that allow them to cover more acreage,
or by reducing the variability of their resources--for example, leveling and drain-
ing land or purchasing more uniform land requiring less coordination.

(2) Spatial dispersion, or distance, is another factor affecting management.
When operations are going on simultaneously in widely separated parts of the farm,
supervision is hampered by the need for frequent and prolonged travel back and forth
to keep abreast of changing conditions. Coordination is also hampered by a lack of
knowledge of what is happening in different places. Thus, communication problems
and errors in reporting become important as size of operation increases, although
they are less serious in intensive types of farming that occupy a relatively small area,
such as poultry and beef feedlots.

(3) Lack of predictability also causes management difficulty. For example,
in areas where market conditions are erratic or the weather is highly unpredictable,
management problems are compounded. Unreliable laborers also add to manage-
ment problems, increasing the amount of time management must devote to check-
ing out and following up the tasks assigned to them. The same holds true for the
other resource services the farmer hires. If experienced and competent family or
hired foremen are available, or if a highly reputable and experienced service firm
is hired to perform certain farm operations (spraying, fertilizing, harvesting, for
example), then the farmer's coordination task becomes less complicated as part of
the supervision is delegated to the family member or hired agent. Emergence of
specialized service firms eases the farm-management burden, and opens up possi-
bilities of farm expansion that would otherwise be impossible because of management
problems during peak workloads.

Conditions That Foster Farm Enlargement

Despite the handicaps ofand impediments to farm enlargement discuss ed above,
in some areas and types of farming there has been a marked tendency toward larger
farms. Considerable research must be done before we will understand all the pre-
conditions and situations that tend to either favor or inhibit a widespread enlarge-
ment of farms. The following tentative generalizations may suggest additional areas
of inquiry into the causal relationships underlying some of the important structural
changes related to farm size.

To the extent that coordination is a limiting factor in the expansion of farm
size, farms will tend to expand as management technologies become available and
allow the operator to coordinate larger units. Improved roads, fast pickups, heli-
copters, and airplanes facilitate faster movement of management personnel. By
reducing the need for movement of management personnel, telephones, two-way
radios, and closed-circuit television allow management to keep up with develop-
ments in the firm, to make decisions, and to see that they are carried out properly.
Physical arrangements can also reduce coordination problems. For example, a
specialized beef feedlot occupies relatively little area. For this reason, it is easier
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for the manager to coordinate the activities of several men and handle thousands of
cattle in a feedlot than on a beef cattle ranch that is spread out over several thousand
acres. Availability of a large supply of experienced and reliable farm labor, and of
timely and reliable custom services to replace work otherwise done by farm labor,
can reduce the need for supervision and simplify coordination.

More rapid farm enlargement should be expected in areas and types of farming
where resources and production conditions are homogeneous, and put less of a strain
on coordination. For example, in areas where soils are homogeneous and production
conditions are relatively predictable, coordination of larger farms is less complex
than in areas where extreme variations in soil and weather necessitate frequent mana-
gerial reaction to unanticipated conditions. Likewise, when irrigation becomes avail-
able in a semiarid region, yield uncertainty is reduced because farmers no longer
need to rely on unpredictable rainfall.

It is widely recognized that Government price-support programs have facilitated
enlargement of farms producing price-supported commodities and closely related prod-
ucts. When price uncertainty is eliminated, farmers feel more confident of their debt-
repayment ability. They are more likely to apply for, and creditors are more likely
to give, the credit necessary to acquire the machines, land, and other resources nec-
essary for farm expansion. Similarly; yield uncertainty is reduced as irrigation be-
comes available, as new disease-resistant varieties are developed, or as rapid me-
chanical harvesters are developed to replace an unsure seasonal labor force. As these
devices or technologies become available and widespread, farmers tend to "charge"

a lower reservation price for the entrepreneurial service of bearing the uncertainty
inherent in operating a larger farm. This lower reservation price will inevitably
lead a greater number of entrepreneurs into larger farm sizes, and shift the supply
curve to the right. Hence, the balance between profit potential on one hand and the
opportunity cost and reservation price of additional resources on the other hand is
tipped in favor of farm enlargement.

The Residual Claimant and Profit

Total cost and profit are complementary terms, in that they always add up to
gross income or revenue. However, neither term has any precise meaning without
a complete specification of the residual claimant=--the set of resources that absorbs
the profit. Total cost is the sum of the direct cash costs plus the opportunity cost
or reservation price (whichever is higher) of any resources excluded from the resid-
dual claimant.9 / Thus, as more resources are excluded from the residual claimant,
total cost increases and the residual profit becomes correspondingly smaller. How-
ever, in the long run, profit must be at least large enough to compensate the factors

9/ Conceptually, opportunity cost is the highest return a resource can earn in any
alternative employment currently available, In accounting, opportunity cost is usu-
ally approximated by the market rate of return, such as going wage rates for opera-
tor and family labor, foreman salary for management, and the market rate of interest
on capital investment. Some resources do not have any effective opportunity cost,
in the sense that the going rate of return is less than adequate to retain the resource
in use. In these cases, the reservation price becomes relevant, as the lower limit
of resource returns below which the resource will simply retire from use. The
reservation price usually becomes the cost that applies to entrepreneurship.
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in the residual claimant, or these resources will seek alternative employment or
retire from use. Under conditions of uncertainty, profit must be sufficient to com-
pensate the entrepreneur for bearing the uncertainty of the firm's financial outcome.
Thus, entrepreneurship (uncertainty bearing or risk-taking) is an essential element
of the residual claimant.

Alternative Profit Concepts

Many alternative profit concepts are employed in empirical studies. Each of
these concepts depends on a different (and usually implicit) definition of the residual
claimant. Below, several of the most widely used profit concepts are described in
common accounting and farm management terms.

Net cash income is gross income minus cash costs. This quantity indicates
the cash remaining from the business after payment of all cash expenses for the
year. Unless this figure is positive, the operator will be forced to draw on savings
or outside sources for funds to continue in business, even during a single season.

Net farm income is net cash income minus depreciation. This is approximately
equal to taxable farm income as defined by the Internal Revenue Service. As long as
this quantity is positive, the operator can remain solvent indefinitely. He can re-
place his equipment, pay all cash costs, and have cash left over. However, the re-
maining amount of cash may be so low that returns to the operator's labor, manage-
ment, entrepreneurship, and capital are below market rates. If this happens year
after year, the operator will often find some way to earn a higher return for his re-
sources, such as reorganizing the farm or ever/liquidating and reinvesting.

Operator labor and management income"i_o./ or simply operator income, is net
farm income minus interest on investment. This quantity represents what is left
for the operator's personal services=--labor, management, and entrepreneurship--
after paying for all the other resources at market rates. If the operator has full
equity in his land and equipment, then the interest on investment is not a cash cost,
but rather an opportunity cost reflecting what the capital would earn if invested else-
where at prevailing rates of return. If the operator owned less than 100 percent of
his resources and therefore paid cash interest costs, both his net cash income and
his net farm income would be lowered by the amount of the interest charged. Opera-
tor income would remain unchanged.

Further distillation of 'profit' may be achieved by pricing parts of the operator's
personal resource contribution, thus further reducing the elements included in the resid
ual claimant. For example, operator management income (or, more precisely, opera
tor management and entrepreneurship income) is operator income minus an opportunity
cost charged for the operator's labor. This amount is a return to the operator for his
services of coordinating and supervising, and for bearing the uncertainty of the business

10/ This term, as used in the literature, implicitly includes entrepreneurship, and
could be stated more exactly as operator labor, management, and entrepreneurship '

income.
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Finally, entrepreneurial income is defined as operator management income
minus the opportunity cost for the operator's management (supervision and coordi-
nation).11/ This value is a return to the operator for his entrepreneurial function,
uncertainty-bearing. Thus, it is a "'pure profit, " as defined by Professor Knight (74).
In businesses involving some degree of uncertainty, this quantity must be positive for
the firm to continue operating indefinitely. All resources are paid for at their oppor-
tunity cost, including the operator's labor and his management services of supervision
and coordination, which could conceivably be supplied by hired persons. The only re-
maining element of the operator's service is his entrepreneurial function of bearing
the uncertainty of the business venture.

Proper interpretation of a profit or cost statistic depends on how the residual
claimant is defined. Conversely, what is included in the residual claimant depends
on the purpose of the analysis and how the analyst intends to interpret his cost and
profit data. If the reader is to fully understand and reconstruct the accounting data,
he must know what resources are included in the residual claimant, and how each of
the other resources was priced. For example, table 1 shows five kinds of net income
in a way that allows the reader to choose his preference, and this list of possible
"profit" concepts is by no means complete.

Cost:revenue ratios are also shown in table 1, assuming four alternative resid-
ual claimants, so as to demonstrate two important principles. First, as additional re-
sources are included in the residual claimant, the cost:revenue ratios become smaller.
Second, one-man farms appear to have lower average costs in relation to larger farms
when the residual claimant includes all the operator's personal services (labor, man-
agement, and risk-bearing) than when labor is excluded. These principles provide a
clearer understanding of the cost:revenue ratios or average costs in the various studies
discussed later in this report.

This demonstration of the extreme diversity of assumptions serves to illustrate
an important source of misunderstanding and erroneous interpretation of cost analysis
studies. An example of a study showing a net loss for all firms analyzed will clarify
the meanings and interpretations of the various profit concepts. This was a study of
Arizona cattle ranches (83). The principal source of data was a 1961 survey of 34
ranches throughout the southwestern portion of the State. Grazing land in this area
typically has a very low carrying capacity, and each ranch has vast expanses of
rangeland, with only a handful of cattle gleaning their existence from each square
mile. A typical ranch was budgeted for each size class based on the sample data.
All the resources were valued at current market rates or opportunity costs, includ-
ing $5, 000 per man-year for family labor, 5 percent interest on investment capital,
and 6 percent interest on operating capital.

- Average cost per hundredweight of beef produced declined sharply as ranch
size was increased. For example, a 5, 300-acre ranch carrying a herd of 100 animal
units had an average total cost per hundredweight of $54.64, compared with $28. 39

11/ The salary of a hired farm manager or foreman is sometimes used as an
approximation of this opportunity cost.
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Table 1.--Alternative net income formulations and cost:revenue ratios
calculated for optimal organization of farms at selected points

on an envelope curve

Item . Unit  Optimal farm organization
Resources:
a. Regular labor (including : :
operator)--=-----==e--evea-=- :Man-year: 1 3 5
b. Tractor and equipment, 6-row-:Number 1 3 4
c. Farmland (90.9 percent crop- :
land) =~==emmcccccccmanmn—aaa :Acre : 440 1,120 1,720
d. Irrigation wells-===-ce-ee=-- :Number 4 10 15
e. Seasonal hired labor----=-=---- :Man-year: N .9 1.4
f. Investment (average value)---:Dollar : 294,347 748,087 1,147,086
Enterprise levels: : :
j. CottOn=me=memcemmmceacmccean~ tAcre : 140 356 547
k. Grain sorghume=---c--ce-aeae-- : do. : 121 306 470
1. SoybeanS=-==--c-=--=mccaccaa=- : do. : 109 279 428
Costs: : :
m. Operator management cost 1/--:Dollar : 2,974 7,634 11,732
n. Operator labor coSt~--===-=-=--- : do. 2,569 1,541 0
p. Interest on investment------- : do. : 14,717 34,404 57,354
q. Interest on operating : :
capital---m==-=eacccemenan——- : do. : 336 876 1,347
r. Depreciation-===-=====---==---: do. 4,449 11,370 17,307
Cash costs: : :
Seasonal hired labor---=--- : do. : 714 1,817 2,791
Hired regular labor-------- : do. : 0 5,138 10,276
Other cash costS-=====-==== : do. : 19,300 50,091 78,003
s. Total cash costS---==-==--=a-- : do. : 20,014 57,046 91,070
t. Total cOSt===-=-mcccaccacaaa- : do. : 42,085 108,237 167,078
Income: : :
u. Gross income--===---cec=o==-a-- : do. : 59,481 152,684 234,647
v. Net cash income = u - S=-===--- : do : 39,467 95,638 143,577
w. Net farm income = V = Y======: do : 35,018 84,268 126,270
x. Operator labor and manage- :
ment income = W = P = (e===- : do. : 19,965 45,988 67,569
y. Operator management income = : :
X = Ne=-a-ce=cmecmccmec————— do + 17,396 44,447 67,569
z. Entrepreneurial income = :
Y = Mememeemmccesca—ca-—aa- : do + 14,422 36,813 55,837
Cost:revenue ratio when residual :
claimant is-- : :
Operator risk-bearing = 1 - z/u-: --- : .758 .759 .762
Operator management and risk- :
bearing = 1 = y/U-==ecacacacaa- P —-- : .708 .709 .712
Operator's personal services H :
(labor, management, and risk- :
bearing) =1 = X/Uemccmmmaaaan ¢ - : .664 .699 .712
Operator's personal services : :
and capital = 1 = w/u-===-=-=a- P o-e- .411 448 462

1/ Assuming the opportunity cost or reservation price of operator

management is 5 percent of gross income.

Source: (80).
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for a ranch budgeted with about 43, 000 acres of rangeland, carrying 800 animal units.
Beyond this size only slight economies were attained. As ranch size increased to
90, 000 acres of range with 1, 680 animal units, average cost per hundredweight of
beef produced declined only 55 cents, to $27. 84.

These costs are well above the longrun projected beef prices for the area, and
imply that the net return is not sufficient to meet the cash operating costs and depre-
ciation, plus the opportunity cost of capital (interest on the investment) and the oppor-
tunity cost of the operator's labor and management. However, these opportunity cost
items account for more than half of total cost. All of the composite ranches budgeted
in the study were found to be capable of earning a positive net farm income, meeting
all cash operating costs and depreciation, but not capable of meeting the opportunity
cost on capital and the operator's personal services. A rancher having full equity
in his operation could continue operating indefinitely, even though his resources
failed to receive their opportunity cost. However, in a longrun planning situation
such as that facing a prospective or new rancher or the heirs of a deceased rancher,
it seems unlikely that the resources would be invested in an Arizona cattle ranch
unless all opportunity costs were met.12/

This line of reasoning is generally valid for cases involving stable or constant
land prices. However, when land prices are generally rising, farmers and prospec=-
tive investors may be encouraged to invest in farming even though current net income
is not sufficient to meet the opportunity cost of all resources. Over a long period
capital gains can be an important source of increase in net worth, particularly in
view of the fact that realized capital gains are taxed at lower rates than income from
the farming operation. Throughout all of the studies examined in the present report,
land values are assumed to remain constant, thereby ignoring the possibility of capi-
tal gains. The transition from this assumed situation to real life can be easily made
by applying the appropriate rates of capital appreciation.

Frequent Misinterpretations of Farm Cost and Profit Data

Most studies of economies of size show average total cost to be less than
average revenue on the farms studied, leaving a profit which is sometimes rather
large, particularly among very big farms. This leads to the idea that these very
big farms are enjoying an exorbitant profit. The traditional formulation of the
theory of the firm sometimes leads to concern over the existence of profit, for
two reasons. First is the belief that if our competitive system is really function-
ing, entry of new firms or expanded production by existing firms will surely force
output up and prices down. Second is the belief that as the price is forced down
toward the equilibrium level (tangent to the low point of the average total cost
curve), all smaller firms will be forced to either expand or drop out of production.
This prospect is particularly distressing to those concerned about the future of the
"small family farm."

lg_/ This would require either a more favorable set of resource costs and beef
prices, or more efficient technologies than those currently used on the typical
Southwest Arizona cattle ranch.
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Another reason for concern is that when the results of several independent
economies of size studies analyzing a given type of farming in different areas are
compared, it appears that some areas are considerably more efficient than others.
" This may lead to the conclusion that the areas exhibiting relatively higher cost
curves will give way to the more efficient producing areas. These concerns are
frequently the result of erroneous interpretations of farm cost and profit data, as
discussed below.

The contention that the existence of a profit margin will always attract new
resources is a misinterpretation of the key concepts of profit, total cost, and resid-
ual claimant. Total cost, as calculated in economies of size studies, includes a re-
" turn to all resources excluded from the residual claimant. Since profit is the re-
turn to the residual claimant, and the residual claimant usually includes operator
management and entrepreneurship, profit includes a return to the operator for super-
vising and coordinating the operation and for bearing the risk and uncertainty of the
firm's financial outcome. Under perfect competition, equilibrium of the firm re-
quires that the average revenue (marginal revenue) curve is tangent to the minimum
- point of the envelope curve (average total cost curve). Each resource is paid just
- enough to keep it from being drawn into other uses, but not enough to attract addi-

tional resources into production. :

One vital assumption of perfect competition is that perfect knowledge prevails--
no uncertainty exists. This implies that the marginal value product of the uncertainty-
bearing factor is zero. Hence, the firm does not need to earn a pure profit, or net
return to uncertainty-bearing or entrepreneurship. There is no pure profit at equilib-
rium under perfect competition, because there, is no uncertainty. Firms will maxi-
mize profit (at zero level) or minimize losses by gravitating toward the minimum
point on the envelope curve, at output level Q in figure 1.

Now, if we relax one of the assumptions of the perfect competition model, and
recognize that uncertainty prevails, then we view firms as tending toward an elusive
equilibrium that does involve a profit; that is, a return to uncertainty-bearing or
entrepreneurship. Thus, average revenue will not necessarily be forced down to
the minimum point on the longrun average cost curve. Firms in equilibrium would
maximize profits (at some positive level) by extending output beyond level Q. But
the presence of uncertainty leads real firms to hold production below the profit-
maximizing level.

Farms smaller than the size corresponding to the low point on the average cost
curve will not necessarily be forced out of production, as long as their profit poten-
tial is sufficient to overcome the opportunity cost and reservation price of small-farm
operators. Opportunity cost is likely to remain relatively low for a substantial number
of farmers who lack the skills, education, and mobility to be attracted into off-farm
employment. Farmers will probably continue to place lower reservation prices on
their management for 1- or 2-man operations, and higher reservation prices for
larger operations that require supervision of several hired men and coordination of
a highly complex operation. Furthermore, farmers will probably also continue to
place a relatively lower reservation price on their entrepreneurial function in an
operation that can be operated profitably by one or a few full-time men, as compared
with very large, complex farm businesses that have a high probability of failure.
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Another misinterpretation of farm cost analysis concerns interregional compe-
tition. Certain types of farming will not necessarily disappear from areas that seem
to have relatively high production costs, nor will production necessarily gravitate
into other areas that seem to be capable of greater efficiency. For any commodity
or type of farming, there are considerable differences in production costs between
areas. This variation is partly real, reflecting true differences in efficiency, and
partly methodological, resulting from differences in accounting procedures, defini-
tion of residual claimant, and other assumptions employed in the cost analysis. Even
when the methodological effects are sifted out, leaving only the real differences in pro-
duction cost, one is still not justified in predicting unequivocally that the less efficient
areas will give way to the more efficient ones. Such conclusions are invalidated by the
familiar principles of comparative advantage and by other concepts underlying inter-
regional spatial equilibrium analysis.

Another concept needing clarification is the relation between stabilizing forces,
average cost, and supply functions. When uncertainty is reduced, the reservation
price farm operators charge for their entrepreneurial service is lowered. Conse-
quently, the real average cost and marginal cost are reduced. This has the effect
of shifting the supply curve to the right, so that a larger quantity will be produced
at a given price. This line of reasoning is essential to an accurate anticipation of
the production response that will result from a change in price-support policy. For
example, when a commodity is first brought under price support, one initial effect
is the elimination of, or great reduction of, price uncertainty. This in turn reduces
one of the resource costs, namely, the reservation price of the uncertainty-bearing
or entrepreneurial factor. The supply curve is thus shifted to the right by an amount
depending on the degree of price uncertainty existing prior to enactment of the price
support. Thus, ifprice-support levels are established on the basis of the supply
function as it existed earlier, then the output is likely to be much greater than antici-
pated, even taking into account technological change and rising yields.

Misinterpretations often result from failure to recognize entrepreneurship as
one of the factors of production. When the perfect-knowledge assumption is relaxed,
the conventional classification of resources as land, labor, and capital should be ex-
tended to include entrepreneurship (risk-taking or uncertainty-bearing). Imputing
residual returns to one of the usual factors such as labor or land or capital often
leads to some peculiar findings, because entrepreneurship is not recognized as a
permanent part of the residual claimant. An example taken from an analysis of
irrigated cotton farms in the Texas High Plains will help to clarify this concept ( 80).
Profit is defined in that study as the return to the farm operator for the management
functions of coordination and supervision and for bearing the responsibility for a
profit or loss from the farm's operation. In calculating total cost, each resource
is priced at market rates on an annual cost basis, including an opportunity cost for
the operator's labor.

Total profits earned by various sizes of farms analyzed are presented graphi-
cally in figure 2. The shortrun average cost curves are included to facilitate com-
parison of average costs and total profits per farm. The total profit scale is indi-
cated on the right vertical axis, and the average cost scale (total cost per dollar
of output) is indicated on the left vertical axis. When the two curves are considered
simultaneously, several facts become evident. Average cost is almost constant over
a wide range, from $60, 000 to $235, 000 of output, representing cotton farms of 440
acres to about 1, 800 acres. Throughout this range, the cost:revenue ratio (ratio of
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NET PROFIT CURVES COMPARED WITH AVERAGE COST CURVES

Irrigated Cotton Farms, Texas High Plains
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total cost to the income generated by incurring this cost) is less than 1. 0. Therefore,
the total profit curve has a rather constant upward slope along this range of output.
The 1-man 440-acre farm with 6-row machinery achieves an average total cost as

low as any of the larger farms. But the larger farms earn considerably higher profits,
totaling more than $67, 000 annually for a 5-man farm with more than 1, 500 acres of
cropland.

These results were based on 1967 projected prices and advanced technologies
available at the time the analysis was done in 1962. Although profit potentials and
size-efficiency relationships for earlier periods are not available, the relationships
developed here probably apply in general to earlier years in that farming area. More
specifically, it seems likely that during the period 1954 to 1959 farms with more than
1, 000 acres of cropland were more profitable than similar type farms of smaller size.

During this period, the number of farms with 1, 000 or more acres of cropland
increased by 5 percent, while the number of farms with from 500 to 999 acres in-
creased by 10 percent. Why did this profit potential not draw more firms into the
largest size class? Perhaps this question can be answered partly in terms of the
opportunity cost and reservation price concepts. No one but the individual farmer
himself knows the opportunity cost or reservation price which he places on his labor,
management, and entrepreneurship. Following Haavelmo (49), one can see that a
possible reason why so few firms have expanded to very large size is that the prom-
ise of a greater profit potential is somewhat offset by the uncertainty and the difficulty
of coordinating the operations of these large firms. In other words, the profitpotential
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may be less than the sum of (a) the opportunity cost or reservation price farmers
place on their labor and on their task of supervising and coordinating the efforts
of several hired men, plus (b) the reservation price they place on their entrepre-
neurial services.

The Farm as a Goods-and-Services Firm

Now we turn to the other end of the size continum, and examine ways in which
the changing form of the farm firm has led to changes in the structure of agriculture
in.general, and particularly in the nature of small farms. The modifications of tradi-
tional theory offered here should also provide a framework for understanding size-
efficiency relationships and for initiating research on the changing structure of U.S.
agriculture.

The farm operator is usually envisioned as being engaged only in the production
of goods, not of outside services, owning or otherwise controlling all the durable fac-
tors as fixed resources, and using these resources to provide services only for his
own farm. A more realistic concept views the farm firm as (a) a producer not only
of goods but also of various services, such as custom work and off-farm jobs, and as
(b) having the possibility of hiring various resource services in the amounts needed,
as well as owning and operating durable resources.

This broader range of economic activities allows the firm more possibilities
for achieving harmonious organization of its operations. For example, when a farm-
er custom hires all or part of an operation whose succeeding stages tend to overlap,
he can overcome peak workloads and can achieve greater harmony among the sequen-
tial stages. He can also obtain a larger output from each of the competing farm enter-
prises. Custom hiring allows the operator to expand an enterprise for which certain
operations (such as harvesting of fresh vegetables) must be performed within rather
narrow time limits, or an enterprise whose requirements for labor and machinery
over the course of the production period would conflict with other enterprises.

Coordination is frequently the limiting resource that necessitates the hiring of
custom services. If two or more simultaneous operations each require a consider-
able amount of coordination, the result may be higher cost or lower revenue because
of improper or untimely execution of the operations.

On the other hand, a farmer who owns (or otherwise controls) a large, high-
capacity machine is often able to perform certain operations so rapidly that he and
his equipment are idle between sequential operations. This gives rise to excess
labor and machine capacity that can be sold to other farmers as custom service. A
part-time off-farm job can be viewed in a similar light, as a means of selling unused
services of a fixed resource (in this case, the operator's labor) to another firm.

Under this concept, the output of a firm includes the income from custom work
done plus wages from off-farm jobs in addition to gross income from the sale of farm
products. Custom services hired are included in the direct or variable cost items.
A farm viewed as a goods-and-services firm may have a lower average total cost
than would the same farm viewed as a strictly goods-producing firm, since wages
and income from custom work raise the gross income.
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At one end of the goods-and-services spectrum are the farms whose sole source
of income is the sale of farm products. At the other end of the spectrum are the spe-
cialized custom service firms. In between are farms whose income from the sale of
farm products is supplemented by custom work or other services.

Emergence of Specialized Service Firms

Familiar examples of operations that are often performed by specialized custom

service firms are grain harvesting and application of pesticides and fertilizers. Less
familiar examples are seedbed preparation for vegetable crops, fruit-tree pruning,
and artificial insemination. In fact, many stages previously performed as part of the
farm operation emerged as processing or marketing functions when specialized firms
took over their performance. Consider, for example, grading and packing of fruits
and vegetables, transporting and slaughtering of livestock, and the separating and
churning of cream. In some areas and for certain types of farms, contract or cus-
" tom service firms are available to perform virtually every task involved in growing
a crop, as is the case for vegetable farms in the Imperial Valley of California (20).
In other farming areas, relatively few production operations have been assumed by
such specialized service firms.

Custom operators and specialized service firms are often able to offer their
services to farmers at cost-reducing rates. This is possible when there are im-
portant economies of size in the operations, and when the service firm can operate
at or near full capacity. Under some circumstances, the farm operator can reduce
his variable costs by hiring custom work done, even when custom rates are higher
than the average variable cost at which he could perform the same service. For ex-
ample, if the hiring of custom work relieves a bottleneck and allows expansion of
enterprises that compete for limiting resources during a peak work period, and if
the resulting increase in revenue is more than the cost of the custom work, then the
firm's profit has been increased.

In general, specialized firms tend to emerge whenever they can take over the
performance of a stage of production or series of stages and can earn a profit by
doing so. Such a firm will succeed if it can perform a sufficiently large volume of
service at a price high enough to overcome the high fixed cost of the specialized ma-
chinery and equipment. A relatively steady flow of business throughout the year is
necessary to attain this volume. Some firms achieve this steady flow by migrating
from one area to another to take advantage of differences in planting and harvesting
dates. Custom wheat harvesting firms, for example, move northward through the
Great Plains with the maturing date of wheat.

Rising Importance of Off-Farm Work

Viewing the farm as a goods-and-service firm also helps to explain the high
and rising importance of off-farm jobs and custom work as sources of farm family
income and profit. Farmers who employ increasingly productive machine technol-
ogies, but fail to make proportionate increases in the acreage they operate, often
have unused labor available for sale to other firms in the form of hired labor, or
they may be able to ''sell' excess machine capacity by doing custom work. Pooling
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the income from all three sources--sale of farm products, custom work performed,
and off-farm work done for hire--gives the gross income for a goods-and-services
firm. The firm's costs are also increased by such items as operating costs and use-
depreciation onthe machines used for custom work, and transportation and other costs
associated with the operator's off-farm job. But whenever theincreasein cost is less
than the increase in gross income, the firm's total profit is increased. From the effi-
ciency point of view, whenever the increase in cost is less than proportionate to the
increase in gross income, the firm's cost:revenue ratio or average total cost is
decreased.

Off-farm jobs are an increasingly important source of income even among
operators of farms producing $10, 000 or more worth of farm products annually.
During the 1950's, the proportion of these farm operators who had off-farm jobs in-
creased from 21 to 27 percent. The number working off their farms more than
100 days a year increased from 7 to 10 percent. Both off-farm jobs and custom work
are important sources of net income to these farm operators; in 1959 they accounted
for roughly $90 and $20, respectively, out of every $1, 000 of net income earned by
farm-operator families in this class (128).

Persistence of a Large Number of Small Farms

An important principle of microeconomic theory underlying economies-of-size
analysis is that average total cost must not exceed average revenue if a firm is to
remain in production indefinitely. The usual conception of the small farm as a firm
engaged only in the production of goods necessarily gives rise to an average cost
curve with a steep downward slope, implying that small farms are inherently ineffi-
cient and therefore bound to disappear quite rapidly. The empirical studies presented
later in this report indicate that in the long run the break-even point for average cost
and average revenue per unit occurs well beyond $10, 000 of annual gross sales of
farm products. On the basis of conventional microeconomic theory, this would lead
one to expect farms producing less than $10, 000 of gross sales to disappear rapidly.
However, small farms have continued to exist in rather large numbers. During the
1950's, the number of commercial farms with less than $2, 500 of gross sales (rep-
resenting the main occupation and source of income to the operator) declined by 68
percent, leaving only 409, 000 such farms by 1959. However, the number of farms
with $2, 500 to $10, 000 of gross sales declined by only 20 percent, leaving 1.3 million
such farms by 1959 (93, table 15). The continued existence of nearly 1.8 million
commercial farms producing less than $10, 000 worth of gross sales seems to indicate
a lack of consistency between theory and observed fact.

The persistence of a large number of small and part-time farms on the national
scene becomes easier to explain when the farm is viewed as a goods-and-services
firm, thus allowing for the broader range of economic activities that farm operators
actually engage in. Empirical studies have shown that relatively small farms can
achieve the ultimate in economies of size when sufficient custom service is available
for timely performance of farming operations (20, 66). Furthermore, off-farm work
is especially common among the operators of small farms. Among operators of farms
with $2, 500 to $9, 999 of gross farm income in 1959, one out of three did some off-farm
work during the year, and one-sixth worked off their farms more than 100 days
(93, table 13).
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METHODS OF ANALYZING ECONOMIES OF SIZE

A wide variety of analytical procedures has been employed in analyzing
economies of size. This variation comes in part from the diversity of purposes for
and situations in which these studies have been conducted. A slight difference in
focus or in the nature of the production setting can greatly alter the appropriate pro-
cedures. Likewise, the analytical procedure will dictate the kinds of inferences that
can be properly drawn from a study. No single analytical procedure is best for all
economies-of-size studies. The optimal method depends on the specific situation in-
volved--the nature of the production processes being considered, and the kinds of
questions the study is supposed to answer. The purpose of this section is to discuss
and compare the techniques most often employed.

The widely used concept ''returns to scale' should be mentioned briefly, Econ-
omists frequently fit a least-squares Cobb-Douglas production function to input-out-
put data and then examine the sum of the exponents (production elasticities). If this
sum equals 1.0, this is taken as proof of constant returns to scale. Decreasing,
constant, or increasing returns to scale are indicated if the sum is less than, equal
to, or greater than unity, respectively. In the concept of constant returns to scale
it is assumed that if all inputs are increased by a constant proportion, k, then output
will be increased by the same proportion. By definition, returns to scale are de-
creasing if output increases by less than k and increasing if output increases by
more than k.

Herein lies the first weakness of the returns-to-scale concept: It applies only
to situations where all inputs are increased by the same proportion. Such situations
seldom occur in the real world. Furthermore, the returns-to-scale concept applies
only at the geometric means of the variables-~that is, for the "average'' size of firm
observed. The sum of the elasticities gives no indication of the relative efficiency
of larger or smaller size of firms.

Another weaknessis that the results are strongly influenced by several rather
‘arbitrary decisions regarding the number and form of the variables included in the
equation, the range of sizes represented by the basic data, and the algebraic form
of the equation fitted to the data. Thus, the results are not determinate in an
objective sense.

Perhaps the most serious weakness of this approach is its inability to accom=
odate discontinuities such as those resulting from discrete increments of land. The
production functions used in this approach assume that the resources and products
are infinitely divisible (136, p. 2). Considering all these limitations, the concept
of returns to scale is considerably less useful than the concept of economies of size
of scale as used in this report.

The Survivorship Technique

A method presented by Stigler (122) and Saving (111, 112), called the survivor-
ship technique, has the advantage of bemg both s1mp1e and direct. It also has several
weaknesses. This technique is predicated on the idea that competition among firms
will sift out the more efficient sizes. Size of firm is measured in terms of the firm!'s
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capacity as a percentage of industry capacity. Firms are stratified so that both the
number of firms in each size class and the percentage of the industry's capacity rep-
resented by each size class may be tabulated. Tabulations are made for two or more
points in time. Size classes that exhibit a declining proportion of the industry's capac-
ity through time are deemed to be inefficient. Conversely, an increasing proportion

of the industry's capacity in a larger size class is taken as prima facie evidence of
efficiency and the attainment of economies of size.

Stigler provides examples of this method from many industries. His data for
the petroleum refining industry show that in 1947 some 130 firms were in the size
class representing less than one-tenth of 1 percent of the industry's capacity. Data
for later years show that the number of firms in this smallest size class declined
sharply; the percentage of the industry's total capacity found in this size class de-
clined also. In contrast to this trend, an increase in relative importance was ex-
hibited by the class of slightly larger firms, each of which had from 0.50 percent
to 0.75 percent of the industry's capacity. All together, this size class had 3.04
percent of the industry's total capacity in 1947, and 5.05 percent in 1954. The class
of largest firms (each having 10 to 15 percent of industry capacity) showed a slight
decline in percentage of total industry capacity from year to year, slipping from
11.65 to 11.06 to 10.72 percent in 1947, 1950, and 1954, respectively. These and
other data are offered as evidence that very small petroleum refining companies are
not as efficient as the larger ones, and that the very large firms are no more efficient
than middle-sized ones (122, p. 68).

This type of proof is not very informative or convincing, because it leaves
several pertinent questions unanswered. First, did those very small firms dis-
appear because they were inefficient? It seems entirely possible (although perhaps
not likely) that many of the very small firms disappeared from the ranks of the very
small size class by a process of growth, expanding their operations and being classi-
fied in a larger size class in the succeeding periods. Furthermore, conceivably these
small, growing firms were producing more efficiently (that is, at lower average total
cost) than any of the larger firms, and could even have experienced a decline in effi-
ciency (rise in average total cost) as their size increased. This is a possibility when
(a) the envelope curve reaches its absolute minimum at a very small size of firm, as
is true for some types of farms, and (b) when the average revenue curve is not forced
down to the point of tangency with the envelope curve at the low point of the latter.
When the average revenue curve lies above the minimum point on the average cost
curve, firms can achieve a higher profit by extending output beyond that minimum
point, even though they experience higher average total cost than the smaller firms
operating at the low point of the average cost curve. Thus, it is possible that firms
could disappear from a small size class by shifting to larger and more profitable,
but not necessarily more efficient, operations. This possibility raises questions as
to the reliability of the survivorship technique as a means of pinpointing efficient
sizes of firm. Findings developed using this technique would be more credible if
they could be shown to agree with the results of more refined analysis of representa-
tive firms or synthetic firms of various sizes.

The size-efficiency relationships may be masked by other factors. Declining
relative importance of a given size of firm might result from many factors other
than the inherent inefficiency of that size of operation. Location, access to resources
and markets, quality of management, productivity of labor, degree of utilization of
plant capacity, and physical design of the plant could all vary among the observedplants.
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Perhaps the most serious weakness of the survivorship technique lies in its
measure of size: A firm's size is measured by its proportion of the industry's total
productive capacity. The measure is highly elusive, particularly when the industry's
capacity is changing. Furthermore, the results are of little meaning to planning en-
trepreneurs who seek the technical specifications of efficient and profitable plants.
The findings give no hint as to whether the more efficient size firms are composed
of a large number of small plants, or a few very large plants.

All these weaknesses of the survivorship technique would be largely alleviated
if size of firm were measured in physical units, and if this technique were used in
conjunction with the more incisive types of cost analysis discussed below. Standing
on its own, this technique has little to recommend it as a method of analyzing econo-
mies of size. The only inferences that one is justified in drawing from a survivor-
ship analysis are those regarding changes in the concentration of productive capacity
in different size classes, where size of firm refers to the percentage of the industry's
capacity found in the individual firm.

Direct Analysis of Actual Firm Records

Many researchers have attempted to determine economies of size directly from
a sample of actual firm records. This procedure has the advantage of being rather
quick and inexpensive if the farm records are readily available. To some people,
the technique's direct connection with actual firms makes the results seem more
reliable than the results of synthetic firm analysis, in which hypothetical plants are
constructed on the basis of economic and engineering data reflecting advanced or
better-than-average technologies. However, this direct accounting method has
rather severe shortcomings, as illustrated by the following example.

Records of nonfeed costs were obtained from about half of the feedlots operating
in Arizona during 1957 (91), In all, 94 feedlots were observed, representing 82.5
percent of all the cattle fed in the State that year. Average total cost per ton of feed
fed was calculated for each of the sample feedlots. Size of feeding operation was
measured in tons of feed fed during the year.

The largest class of feedlots fed an average of about 16, 500 head per year.
These large feedlots were found to have less than one-third as much nonfeed cost
per ton of feed fed as did the smallest feeding operations. However, this size-effi-
ciency relationship is confounded by two factors. First, other studies have shown
that average cost declines sharply as percentage utilization of facilities is increased.
In this study, larger feedlots were observed to be operating closer to full capacity
than were the smaller operations. Therefore, much of the difference in average
cost attributed to size of feedlot is actually the result of fuller utilization of facilities.
Second, it is widely recognized that average cost varies with length of feeding period,
classes of feeders fed, and the types and quantities of feed used. The observed feed-
lots varied widely in regard to all these factors.

Slightly different versions of this method have been applied in many other studies.
In each case, the findings have been subject to similar limitations. As a result of
these weaknesses, this procedure provides very little useful information about the
effect of farm size per se on the average cost of production.
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Composite Firm Budgets From Actual Firm Records

In a slightly modified approach, composite firm budgets are developed from
actual farm records. The farm records are first separated into size classes. With-
in each size class a composite farm is developed using averages of the various re-
corded items (total acreage, investment, acres of each crop, yields, cash expenses,
etc.). Then the average cost per unit of output of the composite farm in each size
class is calculated, using assumed prices or observed averages. These results are
then assumed to be "typical' of farms in the respective size classes. Comparison of
these typical costs yields a size-efficiency relationship.

For example, Maier and Loftsgard (81) analyzed the costs and practices of
potato producers in the Red River Valley of North Dakota. Data from 82 selected
growers were separated into three size groups (based on potato acreage) to facili-
tate comparisons of costs and practices as potato acreage per farm increased. The
average characterisitics, practices, and yields for each size group were used to form
three composite farms to represent the three size groups. Fixed machine costs were
allocated to the potato enterprise on the basis of the percentage of annual use devoted
to that enterprise. Average cost was calculated as cost per hundredweight of potatoes.
Operator and family labor were charged at local wage rates, and operator management
was included in the residual claimant.

Farms in the largest size class, with 321 to 1, 005 acres of potatoes, were found
to have lower average costs than the smaller farms (table 2). However, these differ-
ences in cost were attributable not only to differences in size, but also to differences

Table 2.--Size-efficiency relationships for potato farms in North Dakota

Small-
size
group

Medium-
size
group

Large-
size
group

All
growers

Item Unit

ee 40 06 oo oo
oo oo o0 o0 oo
ee 00 00 o0 oo

efee 00 a0 o0 oo

Range in potato acreage-;Acre 95-160 161-320 321-1,005 95-1,005

ee 06 00 26 00 00 o0 ©0 00 00 o0 00 co[0e 00 e oo oo

Average potato acreage--; do. 122 235 517 287
Total costs per acre----:Dollar: 107.35 105.35 104.45 105.15
Average 1960 yields :

Per acre=-=-mmam-ea===-:Cwt, 130 140 150 145
Total cost per hundred- ;

weight-e-=- =======aee=-:Dollar .83 .75 .70 .73

Source: (81).
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in practices. For example, larger farms used more fertilizer and made more fre-
quent chemical applications, and consequently achieved higher yields than the smaller
farms. Although this study is very informative and useful for many purposes, it pro-
vides no indication of the potential efficiency attainable by farms in different size
classes, in cases where all sizes use comparable technologies.

Studies of this kind differ considerably in the specific procedures and assump-
tions employed; however, they share several basic weaknesses. One is the possi-
bility of inaccurate cost data. Different firms employ a variety of cost accounting
procedures. Particularly troublesome are differences in handling resource inven-
tories. In reporting purchases of certain inputs, a firm may not be accurately re-
porting the amounts actually used in production, because of changes in carryover
inventory.

A more serious defect is that the composite farms do not accurately reflect
the actual average cost of farms in their respective size classes. The class inter-
vals are established subjectively so that the decision as to whether a specific farm
is averaged in with a smaller or larger group is a matter of judgment, and the class
averages are influenced by this judgment. Furthermore, as wider class intervals
are used, the size-efficiency relationship is obscured. As narrower intervals are
used, the number of farms in each interval is reduced, thereby making the results
more vulnerable to minor fluctuations among farms as well as to errors in observa-
tion. Another source of inaccuracy is that, since several characteristics of individ-
ual farms are being averaged, the resulting composite firms have an aggregation
bias, making them inaccurate replicas of the group of firms they represent.

Another basic fault of this method is that the composite farms do not accurately
reflect the potential efficiency attainable by farms of various sizes. Many existing
farms are using outdated machines and buildings, and practices that are grossly in-
efficient by modern standards. Some farms are operating at less than full capacity,
or with inefficient combinations of enterprises. Averages calculated on the basis of
data from these farms are not good indicators of the efficiency that a planning firm
could expect to achieve with various sizes of operation.

Standardized or Adjusted Data From Actual Firms

Several techniques have been devised in an attempt to compensate for the
limitations of cost data obtained from actual firms. In some cases, the data from
actual firms can be adjusted to take account of such deficiencies as excess capacity
or underutilization of facilities, and differences in method of reporting cost rates
and prices in the firm records. For example, Carter and Dean (20) included a de-
gree-of-utilization variable in their multiple regression model. This variable indi-
cates the percentage of available machine capacity that is actually utilized. In calcu-
lating points for a cost curve, this utilization variable is set at 100 percent, so that
each size of farm is evaluated on a somewhat comparable basis.

In another study, Dean and Carter (31) compared two alternative analytical
procedures--a regression analysis using adjusted data from actual farm observa-
tions, and a synthetic-firm budgeting analysis. Sample data for the 1958 crop year
from producers of cling peaches were adjusted to eliminate the effects of differences
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in proportions of bearing and nonbearing peach trees. Also, the interest rates and
depreciation formulas used in the farm accounts were standardized to conform with
the procedures used in the budgeting analysis. The main difference in the results of
the two analyses is that the regression analysis of actual observations indicates
greater reductions in average total cost as size increases. In part, this is probably
a result of the mathematical form of the cost function fitted (the Cobb-Douglas).
However, it also reflects the substantial overinvestment in (or underutilized capacity
of) machinery evident on the small farms. In the synthesized-budget analysis, the
machinery investment on the small farms was fitted more exactly to requirements
than is often the case in practice. Therefore, it is apparent that the synthetic-firm
analysis provides a more accurate comparison of the potential efficiency attainable
by each size of farm, when all sizes are efficiently organized without excess capacity.
The synthetic-firm analysis approach is now examined in detail.

The Economic-Engineering or Synthetic-Firm Approach

Synthetic-firm analysis is an appropriate technique when either of two research
questions is asked: (1) What is the average cost per unit of output or profit that firms
of various sizes could potentially achieve using modern or advanced technologies, or
(2) what are the differences in average cost per unit of output attributable strictly to
differences in size of firm, and not to differences in degree of plant underutilization,
use of obsolete technologies, or substandard management practices.

In the synthetic-firm approach, budgets are developed for hypothetical firms,
using the best available estimates of the technical coefficients--resource require-
ments and expected yields--and charging market prices or opportunity costs for all
resources. Hypothetical firms are developed in much the same way that an archi-
tect or engineer bidding for a construction contract designs a proposed factory or
bridge, and estimates the performance and cost of the finished product.

When the planning firm has few alternative choices, the synthetic firms can be
constructed by using budgeting techniques.13/ However, when a large number of
enterprises, or alternative technologies or levels of resources are considered,
manual budgeting becomes burdensome and time consuming. Use of linear pro-
gramming can greatly simplify the computations, particularly if a computer is
used.14/ With a shift from manual budgeting to linear programming, each enter-
prise or firm activity budget is represented by a column in the linear programming
tableau.

Every study of economies of size may require a unique model to reflect the
peculiarities of the data involved. Several basic types of model have been employed.
For comparison with other types, a basic cost-minimization model is first presented
in detail. This model is designed for multiple-product firms allowing variable pro-
portions of resources and products._l_S/ Specific plant sizes are recognized. Short-
run economies are obtained through increasing utilization of a given plant, up to its

13/ This method is widely used. See for example Bressler (9). For a more recent
example, see Hunter and Madden (65).
14/ Conventional procedures are discussed by Heady and Candler (55).
15/ This model is discussed in detail with the aid of an actual example by Davis
and Madden (29).
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full capacity. Determining the longrun economies that are obtained as plant size
increases, with all resources variable, involves comparing the efficiency of various
plant sizes. A specific plant is represented by a given level of the fixed resources.
Various degrees of utilization for a given plant may be represented by different levels
of gross income. Thus, it ispossible to specify the plant size and level of gross in-
come in a cost-minimizing linear programming model and to compute the least-cost
combination of products and variable resources for that specific plant and level of
gross income. Then by calculating the cost:revenue ratio (total costl8/ divided by
gross income), one point on the shortrun cost curve is determined for the specific
plant size being considered. Additional points on the shortrun cost curve are deter-
mined by setting the level of gross income at various levels representing different
degrees of utilization of the plant, and computing additional linear programming
solutions. When a shortrun average cost curve is plotted for this specific plant
size, the level of gross income is shown on the horizontal axis and the cost:revenue
ratio on the vertical axis, as in figure 1 (p. 3).

Shifting to the next shortrun curve, fixed resources are set at new levels
defining the next plant to be considered. Then successive linear programming
solutions are computed for each of several levels of gross income, each repre-
senting a different degree of plant utilization. This process is repeated until a
shortrun average cost curve is det¢rmined for each plant size. Then the envelope
curve is plotted as the tangency of the shortrun curves.

This model has been used for developing average cost curves in several
studies of economies of size. It can be described symbolically as follows:
The predetermined data include the technical input-output coefficients (aij),
variable costs (c.), average gross revenue for real activities (gj), and re-
source constraint levels (bj). The problem is to determine the activity levels
(xj), such that

n
b ajj  Xj 2 bj, and
=1
n
r ¢ % = minimum,
=i

subject to the following constraints:

1. x: > 0, for all j.

i8; = G, a specified level of gross income.

16/ Total cost is calculated for each programming solution as the sum of the costs
incurred in the objective function plus the lump sum of costs pertaining to the plant
size being examined.
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3. b; = constant for the i's representing certain fixed resources and

b; > 0 for other resources involved in "buying' activities,
4. Levels of the fixed resources are set at different quantities
representing the various plant sizes to be analyzed:

a. There are type-of-farming constraints on source of gross income,
assuring that at least a specified percentage of gross income is
produced by the main enterprise.

b. The current farm price support programs can influence the area of
land available for certain crops, and prices received for supported
commodities.

The programming analysis determines the least-cost method of producing
specified levels of gross income with certain size-determining fixed resources.
Therefore, it can be said that the optimizing criterion is minimum cost per dollar
of gross income.17/

Selection of appropriate gross income levels for a given plant size is accom-
plished largely by trial and error. However, a useful guide may be obtained using
the unrestricted profit-maximization model described below, with the fixed resources
set at appropriate levels to represent the specific plant sizes for which cost curves
are to be derived.ﬁ/ This model employs the same coefficient (aij), average gross
revenue (g;), and resource levels (b;). In this case, we also define r; as average net
revenue of the activities. Then the problem is to determine the activity levels X;
such that

and

™~ 3
W
i
| A
o

12

n
T r-xj = ‘maximum,

The constraints used are the same as those stated above, except that in the
second constraint, gross income is not held constant. Instead, the program deter-
mines the one level of gross income which gives the largest profit attainable with
the specified levels of the fixed resources. At that specific level; this model gives
exactly the same solution as the basic cost-minimization model. However, this
unrestricted profit-maximization model is by definition irrelevant for more than

17/ In a special case of this model, one of the resources is kept at a predeter-
mined level throughout the analysis. For example, in the model developed by
Miller and Nauheim (87), land is fixed at 1, 600 acres (84).

_1_§/ Miller and Nauheim also used this model (87).
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one level of gross income. Only one point on a cost curve or revenue curve is
determined. It is necessary to return to the basic cost-minimization model to
determine other points needed to specify the cost curve.

The profit-maximizing level of gross income in the solution is useful in spot-
ting the relevant range of gross income levels for each specific plant size. The
profit-maximizing level of output will occur slightly to the right of the low point
on the shortrun average cost curve in all cases where this low point lies below the
average revenue curve.19/ The profit-maximizing level of gross income represents
a level of plant utilization on the upward sloping portion of the shortrun average cost
curve. Other values of gross income slightly above this level and for a considerable
range below this level may be selected. Each of these levels of gross income should
be specified as an equality in the gross-income row of the basic cost-minimization
model. A separate cost-minimizing solution is computed for each of these levels,
to determine points on the shortrun average cost curve. Then the same steps as
for the cost-minimization model are followed.

Another model sometimes used in research such as this calls for minimization
of the acreage of land used, This model employs the same set of data as the previ-
ous models., Net income is specified to be at one or more levels:

n
'z Xjry = constant.
i=1

Liand requirements (Lj) are specified for all activities.  Then the optimizing
criterion is

T ij j = minimum.

Other constraints include the first and third, and sometimes the fourth and fifth
given above for the basic cost-minimization model.

This land-minimization model is useful for determining the largest number
of farms, each earning a specified minimum net income, that can operate in a given
area (124). One advantage of this model is that land values are not specified, thus
eliminating one possible source of imputation error in the analysis. However, this
does not provide for the simultaneous minimization of the cost of more than one re-
source, unless a resource price ratio is assumed, making this model a special case
of the more general cost-minimizing model.

Several ingenious variations have been built into programming models to allow
for the specific assumptions appropriate to the individual studies. One technique
commonly employed is to specify rotations (such as corn-oats-meadow) and allow
each vector to represent a specific rotation and a variation in some related technol-
ogy (such as irrigation versus no irrigation). The programming model selects the

19/ In general, the maximum profit is achieved where the marginal cost curve
intersects the marginal revenue curve from below. For the firm in atomistic compe-
tition, the marginal revenue curve is a horizontal price line. When price is above
the low point of the average cost curve, the marginal cost curve passing through this
low point intersects the marginal revenue curve somewhere to the right.
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optimum number of acres for each rotation and related technology alternative. This
allows variable proportions among products and resources (3), although these can
be specified a priori if desired (36).

Numerous automatic programming techniques have been incorporated into
economies-of-size models. For example, Carter and Dean (19) used variable
capital programming and calculated the maximum gross income per dollar of
capital for various levels of investment. Although it is not an economies-of-
size analysis, a study by Heady and Loftsgard of farm planning for Northeast
Iowa (58) is an excellent example of the use of variable resource programming
techniques. Barker (2) successfully combined variable resource and variable
pricing techniques to derive average cost curves. Mixed integer programming
seems to hold considerable promise for economies-of-size analysis. For ex-
ample, Madden and Davis (ﬂ) achieved integer values for irrigation wells,
complements of machinery, and 40-acre increments of land, using successive
approximations with a conventional linear programming code. Mixed integer
programming codes are now available at some computer installations. With
these and other improvements in programming technology becoming increasingly
available, future economies-of-size analysis will become computationally easier
and cheaper, and less abstract models will become feasible.

Point Versus Interval Estimates of Cost Curve

The typical approach used in economies-of-size analyses is to develop
point estimates of the average cost curves. That is, the relationship between
average cost and output is presented as a single curve. This procedure indi-
cates a single average cost for each level of output, based on specific as-
sumptions regarding prices, yields, and other technical relationships.

As an alternative approach, several different cost curves may be
developed, each representing a specific combination of high or low product
and resource prices and different yield assumptions. This approach gives
rise to an entire family of point-estimated cost curves, and the relation-
ship between output and average total cost can be represented as a curved
band, rather than a curved line. The width of this band at any given level
of output indicates the range of likely outcomes of average cost under the
different combinations of price and yield assumptions.

This type of presentation is useful in that it warns the reader how
high or low the average cost could be in any given situation. Such warn-
ings should be taken into account by firms in their planning stages--particu-
larly those most vulnerable to an unfavorable outcome. In many cases,
entrepreneurs would choose an alternative with relatively lower expected
net revenue and lower likelihood of failure, in preference to an alternative
offering higher expected earnings but also higher likelihood of failure.

A useful refinement of this interval estimation approach is to develop
probability confidence intervals to indicate the expected variation in average
cost for given levels of output. This approach assumes that one or more of
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the important resource or product prices or yields is subject to some degree of ran-
dom variation. Thus, the variance of prices and yields, and consequently the vari-
ance in income and average total costs, is taken into account. 20/

EMPIRICAL STUDIES OF ECONOMIES OF FARM SIZE

The foregoing theoretical and procedural discussions have set the stage for
analysis of a selected group of empirical studies of crop farms, beef feedlots, and
dairy farms. The discussion is designed to clarify the theoretical treatment, pre-
sented earlier, and to give the reader a more adequate basis for interpreting such
studies. It is hoped that researchers will gain insight into the advantages and dis-
advantages of the various analytical procedures as an aid in planning future studies
of economies of size.

A six-point frame of reference is used in discussing each of the studies.

1. Study area, type of farming, and date of study. An empirical study is
usually applicable only to the area and type of farming for which it was conducted.
Production techniques, yields, and costs change rapidly. Thus, it is important
to recognize that empirical results are time-dated, being based on production
practices and technologies employed during a specific period in time.

2. Range of farm sizes examined. In many of the studies, only the smaller
sizes of farms were examined; a few studies ‘extended to very large sizes. Proper
interpretation of the resulting size-efficiency relat1onsh1p requires that the size
range examined be explicitly stated.

3. Method of analysis and key assumptions. As indicated earlier, the size-
efficiency relationships indicated by study results are strongly influenced by the
choice of analytical procedures and assumptions. One of the most crucial decis-
ions regarding procedure is whether an actual-firm or synthetic-firm (economic-
engineering) approach is selected, and whether current practices or advanced tech-
nologies are assumed. Also, the interpretation of the cost and profit data depends
on the choice of residual claimant, and on the rates of return assumed for the oper-
ator's labor, management, and capital if these resources are excluded from the
residual claimant. As mentioned earlier, the average costs per unit of production,

20/ Examples of this approach are given by Carter and Dean (18) and Moore (89).
In Moore's study, average total cost is represented by the cost: revenue ratio. Vari-
ance of average total cost is then calculated by assuming that the numerator (total
cost) is constant and that the denominator (gross income) varies. This simplifying
assumption leads to a slight understatement of the true variance of average cost.

If both the numerator and denominator of this ratio are considered as variables
subject to random variation, then the variance of average cost is the variance of

a ratio of two variates. This concept is discussed by M. G. Kendall in his discussion
of the distribution of a ratio (71, p. 248).
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or the cost:revenue ratios, are made smaller for all farm sizes by inclusion of
additional factors in the residual claimant. And the left-hand portion of the envelope
curve, representing the average cost for smaller farms, is lower when the residual
claimant includes all the operator's personal services (labor, management, and risk-
bearing) than when operator labor is excluded.

4, Size-efficiency relationship. Results of the studies are examined for their
findings on (1) how large a farm must be to achieve the utmost efficiency and (2)
whether the longrun average cost curve continues to decline throughout the size
range, or reaches a minimum at a relatively small size of operation and remains
more or less constant through the very large size range. With very few exceptions,
the latter seems to be the typical size-efficiency relationship.

5. Size-profit relationship. Results of the studies are further analyzed for
indications of the relative profitability of the various sizes of farms and of how large
a farm must become to be profitable. Most studies show that even a 1-man or 2-man
operation that is well organized can be quite profitable if prices do not sink to abnor-
mally low levels and if modern technologies are used.

6. Changing size distribution of farms. Another point sometimes noted in dis-
cussing each study is the changing size distribution of the farms studied. When the
available data permit, the size ranges that seem to be attracting additional farmers
are compared with those that appear to be efficient and profitable according to the
empirical studies. (This last step is a refinement of Stigler's survivorship technique,
discussed earlier.)

Crop Production

This section contains a discussion of economies of size in a number of different
crop farming situations. Seven types of crop farms in five States are examined. The
acreage that can be operated with a given labor supply varies widely from one farm-
ing situation to another--from the highly intensive peach orchards of California to the
extensive wheat farms of Oregon. Capital requirements also vary considerably. In
most of the farming situations examined, a modern and fully mechanized 1-man or
2-man operation can produce efficiently and profitably, achieving all or nearly all of
the economies of size.

Cling Peach Production in California

In 1963 Dean and Carter analyzed the economies of size in cling peach produc-
tion in the Yuba City-Marysville area of California (31). The size range of peach farms
examined extended from 8 acres producing less than 100 tons to more than 400 acres
producing over 5, 000 tons of peaches annually. Synthetic-firm budgeting techniques
were used to determine how the size efficiency relationships were influenced by changes
in wage rates and the introduction of mechanized methods of pruning, thinning, and har-
vesting. The farm operator's personal services (labor, management, and risk-taking)
were included in the residual claimant.

The basic synthetic-firm analysis showed that with the prevailing nonmechanized
production practices, average total cost per ton of peaches declined as farm size
35



increased up to about 60 acres~~-marketing about 715 tons of peaches (fig. 3). Beyond
that size, slight reductions in harvesting costs and machinery investment per acre
were realized, but these were offset by increases in costs of hired supervision (fore-
men). Therefore, average total cost with prevailing practices was essentially con-
stant beyond 60 acres.

When mechanized practices were used, average cost declined up to a farm size
of between 90 and 110 acres~-basically a one-man operation. Mechanized methods
gave lower costs than present methods for large farms. The break-even point between
current and mechanized practices occurred at 55 acres. When 25 percent higher wage
rates were assumed, the break-even point between present and mechanized methods
occurred at a smaller size--25 to 30 acres. When assumed wages were increased by
50 percent, the break-even point was 18 to 20 acres.

Both average cost and profit were found to be strongly influenced by the level of
yields. For budgeted operations of efficient size, average cost was about 40 percent
higher with low yields than with high yields. Furthermore, orchards with low yields
showed net losses for a very wide range of peach prices and orchard sizes. In fact,
profit margins were found to be so low as to make selling the business a serious alter-
native for growers with low yields, regardless of orchard size. On the other hand,
orchards of only 20 acres were found to be profitable with high yields. Assuming
the average 1957-61 price of $62 per ton, a 20-acre operation earned $2, 400 return
to the operator's personal services. Net return on a 50-acre operation was $10, 000,
while the operators of 100-acre and 300-acre orchards earned $20, 000 and $60, 000,
respectively.

COST CURVES FOR MECHANIZED AND NONMECHANIZED
CLING PEACH ORCHARDS, YUBA CITY, CALIF.
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Possibilities for combining off-farm jobs with cling peach production were also
examined. It was found that a farmer could handle 20 acres of peaches while holding
down a full-time job, or 40 acres while working year-round at a half-time job. The
analysis showed that off-farm work could greatly increase the income of small farm-
ers. However, it was pointed out that the operator of a small farm could profitably
sellhis farm and revertto a full-time job, if he had a lucrative off-farm job opportunity.

Iowa Cash Grain and Crop-Livestock Farms

The two studies discussed below dealt with separate farming areas, but both
used similar analytical procedures. The findings were limited to the economies of
size on 1-man and 2-man farms.

Southern Iowa

In 1960, Thnen and Heady analyzed the economies of size for farms in nine south-
ern Iowa counties (66). Synthetic-firm budgeting methods were used, with emphasis
on choice of least-cost machinery combinations for various farm sizes. The enter-
prises considered included corn, oats, meadow, soybeans, and a beef-cow herd pro-
ducing feeder calves. Operator management, risk-taking, and land were included in
the residual claimant, so costs included a charge for operator and family labor, but
not for land. Crop losses due to untimeliness of operations were also included as
costs. (In most of the other studies, crop losses were treated only as a reduction in
gross income, not as a cost.) Full ownership of most machinery items was assumed,
initially, but for some operations custom hiring was considered for comparison.

The budgeting analysis was conducted first under the assumption that only crop enter-
prises were used, and second, using both crop and livestock enterprises.

Farms with three different classes of topography--hilly, upland, and average--
were considered in this study. The hilly mixture or hilly farm consisted primarily of
rolling land with relatively little bottomland. The upland mixture or upland farm was
composed predominantly of level to undulating upland soils. The average mixture or
average farm consisted largely of rolling upland with smaller amounts of hilly and
level upland.

The results were quite different in these three situations. On the hilly and
average farms, the crop-livestock combination resulted in a lower cost:revenue
ratio than crops only. For the hilly farms, average cost per unit of production
declined to its minimum with a farm size of 320 to 360 acres, representing a 2-man
operation with a 2-plow and a 3-plow tractor. The cost:revenue ratio was 0.95 at
this point (fig. 4). One-man farms were shown to be incapable of meeting total costs
in this area, under the basic assumptions allowing no custom hiring.

Similar results were obtained for the average farms, with a cost:revenue ratio
of 0.90 occurring in the minimum average total cost range of 320 to 480 acres. In
this case, however, a 1-man, 240-acre farm with a 3-plow tractor could break even.
The cost:revenue ratio at this point was 0.97.

Entirely different results were obtained for the upland farms. First, farms
budgeted with only crop enterprises achieved lower average costs than the farms
budgeted with both crops and livestock. Second, the 1-man upland farms were
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AVERAGE COST CURVES FOR
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considerably more efficient than the 1-man hilly or average farms. Using a 3-plow
tractor, a 1-man upland crop farm of 160 acres achieved a cost:revenue ratio of 0.62,
which allowed a sizable profit margin for land and operator management and risk-
taking. Two-man farms were slightly more efficient; a cost:revenue ratio of 0.57
was achieved with a 320-acre farm using two 3-plow tractors.

When custom corn picking and hay baling were allowed in the budgeting analysis,
the 1-man farms were able to achieve considerably lower average costs than they
could have without custom hiring. For example, the 1-man crop farm with 240 acres
of average land achieved a cost:revenue ratio of 1.02 when all machinery was owned
by the farmer. But when custom corn picking and hay baling were allowed, the cost:
revenue ratio declined to 0.91, Custom hiring of these tasks greatly augments the
timeliness of the farm operations, thereby reducing crop losses. In this case, cus-
tom hiring brought the ratio average cost below the 1.0 break-even line, making the
difference between a net loss and a positive net return to operator management and
land.

Custom operations reduced by 25 percent the acreage required to achieve mini-
mum average total cost. In fact, the budgeting results indicate that on the average-
soils farms most of the cost economies available in crop production could be achieved
with (a) a 1~-man, 1-tractor combination with 150 to 290 acres of cropland, or (b) a
2-man, 2-tractor combination with 290 or more acres of cropland. However, the
cost reductions associated with custom operations would not be realized if there were
extensive waiting periods for custom services. Thus, an adequate supply of compe-
tent and reliable custom service is essential to efficient operation on relatively small
farms of this type.

Calculations of profit per farm for various sizes of operation were not presented
in this study. The residual claimant was initially defined as operator management,
risk-taking, and land. When land was removed from the residual claimant (thereby
adding a land rent to total cost) the cost:revenue ratio rose above 1.0 for all 1-man
farms, and was only slightly below 1,0 for the 2-man farms. This implies that the
net return to operator management and risk-taking was negative for the 1-man farms,
and very small even for the 2-man farms.

As with all cost analyses that assume a constant product mix, the cost curves
obtained are suboptimal, because optimum resource combinations were not deter-
mined. Because of this, the resulting size-efficiency relationships do not reflect
the maximum efficiency attainable by different sizes of farms. A more sophisti-
cated analysis with a model that allows variable enterprise proportions would have
given somewhat more accurate results, and consequently the cost curves would have
been lower in some cases than the ones derived in this study.

Western and Northeastern Iowa

Using budgeting techniques similar to those used in the southern Iowa study
discussed above, Heady and Krenz (57) calculated average cost curves for the Car-
rington-Clyde soils area in the northeast quarter of Iowa, and the Ida-Monona soils
area in the west. As in the southern Iowa study, a constant product mix was assumed,
and primary emphasis was given to selection of optimum machinery combinations.
Two rotations were considered--a rotation based on current practices and a 5-year
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rotation of corn-corn-oats-meadow-meadow. Continuous corn was also considered
in the budgeting analysis for comparison with the rotations in calculating total cost.
No charge was made for the interest onlandinvestment. Thus, the residual claimant
was composed of land and operator management and risk-taking, as in the southern
Iowa study.

For northeastern Iowa, the major reductions in average cost were attained at
280 crop acres with the continuous-corn program. The cost:revenue ratio was 0.42
at this size. The lowest cost:revenue ratio was attained at 320 acres under the
5-year rotation and at 400 acres under the current cropping program, with a cost:
revenue ratio of 0.46 in each case.

A smaller machinery investment was required for the continuous-corn program
than for the other two cropping programs. Average costs per dollar of output were
slightly less for continuous corn, mainly because corn produces a greater gross in-
come per acre than do oats, soybeans, or meadow.

Cost curves developed for western Iowa were considerably higher than those
for the northeastern area (fig., 5). Most of the cost economies from acreage expan-
sion were attained at 320 crop acres, as in the northeastern area, but average cost
in thig area was roughly 20 cents higher per dollar of gross income. This difference
is partly due to lower yields and less intensive row cropping in the western area.
However, if a land charge (interest on land investment) were included in the calcula-
tions of total cost, this difference would be partly or entirely eliminated because of
differences in the price of land, and hence, in the interest charge on land investment.

COST CURVES FOR IOWA FARMS
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Another factor contributing to the differences in average cost was that losses
from delays in hay harvesting were more severe in the western area. With more
meadow (hay) in the rotations, expanding acreage led to untimeliness of operations,
and consequently hay losses became more serious than in the northeastern area.
Thus, the acreage attaining lowest average cost was smaller in the western area,
particularly for the 2-man farms.

The effect of weather variations on the average cost curves was examined for
the northeastern area. Under unfavorable weather conditions, average costs were
generally higher, and the cost curves turned up at smaller sizes (fig. 5). These dif-
ferences resulted from crop losses due to untimely operations.

One of the prominent conclusions of this study is that the longrun average cost
curve is relatively flat over a wide range. For example, average cost was found to
vary only 2 cents per dollar of gross sales on farms in the northeastern area with
between 400 and 800 crop-acres. This small difference in average cost over such
a wide acreage range would allow survival of farms of many sizes.

While this conclusion is probably correct in general, it must be pointed out
that in the long run the profit margin (distance between the average cost curve and
the price or average revenue line) must be large enough to prevent the residual
claimant from being drawn into other uses. Presumably, the reservation price
on management and uncertainty-bearing would increase as the size of farm in-
creased from 400 to 800 acres, because of the more stringent demands on manage-
ment and the greater uncertainty. In this case, we should expect fewer management
and uncertainty-bearing resources (that is, fewer farm operators) to be drawn into
800~acre farms than into 400-acre farms when prices are low and profit margins thin.

However, with relatively high and stable prices, profits would tend to exceed
the farmer's reservation price on management and uncertainty-bearing, and conse-
quently a considerable increase in the number of larger farms would be expected.
This seems to be precisely what happened during the late fifties. Assuming that
roughly one-fourth of the cropland would be devoted to corn, farms with 800 acres

_of cropland would have about 200 acres of corn. Between 1954 and 1959, the number
of Iowa farms that harvested in excess of 200 acres of corn more than tripled (130).

Irrigated Cotton Farms in Texas and California

Economies of size have been analyzed for irrigated cotton farms in Texas and
California, using the synthetic-firm (economic-engineering) approach. A separate
study was conducted in each area, but the methods used were essentially the same.
Each study used a linear programming model to determine the least-cost enterprise
combination and resource combination for each level of output. Output was meas-
ured in terms of gross income, because multiple-product firms were involved. The
programming models used in these studies were variations of the basic cost-minimi-
zation model discussed on pages 29-33. Certain modifications of this basic model
were made to provide for the peculiarities of the study areas involved.

Texas High Plains

In the Texas study (_§9), irrigated cotton farms ranging from 120 to more than
1,700 acres, using from 1 to 5 man-years of labor, were analyzed. Cotton acreage

41



ranged from 40 to 570 acres. Basic data from a sample survey of farms in the
Texas High Plains were used to determine certain resource requirements and
practices. Prices were projected to 1968, and input-output coefficients were
projected assuming use of advanced technology. Such technology included prac-
tices already used by the more progressive operators in the study area, or new
practices whose workability and economic feasibility had been tested either by
farmers or by agricultural experiment stations. It was assumed that eventually
most farmers will adopt this advanced technology.

The programming model selected the enterprise combination--quantity of
land, number of irrigation wells, -and number of irrigations applied to each crop--
required to produce each level of gross income at least cost. Then, using as its
optimizing criterion the minimum cost per dollar of gross income, this analysis
determined the optimum number of regular laborers and the number of tractors
and complements of 4-row or 6-row equipment for each level of output. Land was
considered to be available in discrete increments of 40 acres. Irrigation wells,
regular laborers, tractors, and complements of equipment were also considered to
be available only in discrete quantities.21/

The results of this study show cost data based on a variety of residual claimants.
Data underlying the average cost curves reflect an assumption that operator manage-
ment and risk-taking constitute the residual claimant. It was assumed, on the basis
of survey data, that the operator would be required to devote an increasing amount of
time to supervision and coordination as additional regular laborers were hired and as
farm size increased. Thus, the amount of time the operator devoted to labor, and
consequently the charge for operator labor, declined with larger farm size. In fact,
the 5-man farm analyzed here was spread out over nearly 3 square miles, thus re-
quiring the operator to devote full time to supervision and coordination. The labor
cost for the 5-man farm thus included the wages of only the four regular laborers.
The return to the fifth man was the profit, or return to operator management and
risk-taking.

The findings show that the 1-man farm with adequate capital could be as efficient
as any of the larger farms (table 3). In fact, a 440-acre farm with 102 acres of cotton,
operated by one man with a set of 6-row machinery, could achieve an average cost of
less than 71 cents per dollar of gross income (table 3). None of the larger farms
could achieve lower average costs than the 1-man farm (fig. 6).

With the average cost curve remaining nearly constant at slightly above 70 cents
per dollar of gross income over a wide range of sizes, total profit increased steadily
with larger farm sizes. Thus, while the 1-man, 440-acre farm achieved the ultimate
in efficiency and earned more than a $17, 000 return to management, larger farms
were more profitable, For example, on the 5-man farm, operator management and
risk-taking earned more than $67, 000 profit. Gross income on such a large farm
would be nearly $235,000. More than $1 million of investment (average value) would
be required, including some 1, 720 acres of farmland with 15 irrigation wells.

31_/ These resources were integerized by a process of successive approximations
using a regular linear programming code (LP/90), which did not contain a mixed
integer programming feature at the time the computing was done.
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Table 3.--Irrigated cotton farms, Texas High Plains: Range in output and acreage,
with lowest average cost for each size :

Size of farm and minimum points on average total
cost curves for each size group

Range . . . .
in rggggui/ :Complements of : : . cost:
acreage = . Regular equipment : : . revenue
. laborers : . : OUtPUt-l/ : Farmland . ratio
: * b4erow @ 6-rOW | : : 2/
1,000 : ‘
Acres dollars Number Number Number Dollars Acres
120 to 240 17 to 33 1 1 -——- 43,600 320 0.732
240 to 680 33 to 75 1 ——— 1 59,500 440 .708
560 to 920 75 to 119 2 ——— 2 118,800 920 .730
880 to 1,280 119 to 166 3 -—— 3 152,700 1,120 .709
1,200 to 1,520 166 to 200 4 ——— 4 197,400 1,480 711
1,480 to 1,800 200 to 239 5 - 4 234,600 1,720 .712

1/ Output is measured as gross income.
2/ Lowest cost:revenue ratio for given levels of output, with land variable.

Source: (80).



SHORTRUN AVERAGE COST CURVES

Irrigated Cotton Farms, Texas High Plains
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Figure 6

Despite this extremely high profit potential, the very large farms are not
increasing in number as rapidly as are the intermediate sizes. During 1954-59,
the number of farms in the Texas High Plains with more than 1, 000 acres increased
by only 5 percent, and the number of farms with less than 500 acres decreased. Dur-
ing the same period, there was an increase of 10 percent in the number of farms with
500 to 1, 000 acres--1-man or 2-man farms.

Fresno County, Calif.

The area covered in Moore's analysis of Fresno County cotton farms (89) has
two major soil types, one light and the other heavy, separated by the Fresno Slough.
To the west of the slough lie the medium~ to heavy-textured soils of the recent allu-
vial fans. Light, sandy soils characterize the area east of the slough. The re-
source requirements, yields, and practices were so different for farms in these two
soil types that two separate cost analyses were conducted. Year-round labor supply
was the primary measure of farm size in this study. The four sizes analyzed were
l-man, 2-man, 4-man, and 8-man farms. Amounts of farmland in the model farms
extended beyond 2, 000 acres. This study was completed in 1965, using prices pro-
jected to 1968 as in the preceding study.

For each farm size, both custom harvesting and the use of farmer-owned harvest
machinery combinations were evaluated and were compared with regard to average
total cost for producing specified gross incomes. Least-cost combinations of land,
labor, and machinery were determined for each farm size for at least five levels of
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gross income. Heavy tillage equipment units were held constant for any given farm
size. This procedure permitted the evaluation of each machine in terms of the cost
per unit when used at different capacities, but more important, it took into account
the returns from labor released by labor-saving equipment. In other words, the
analysis evaluated each piece of equipment by noting its impact on the overall farm-
ing operation, not as an isolated item operating independently.

Figure 7 shows the envelope curves for the heavy soils and light soils areas,
respectively. These curves are bordered by approximate confidence boundaries,
indicating plus and minus one standard deviation of the cost:revenue ratio. The vari-
ance and standard deviation of the cost:revenue ratio were calculated under the as-
sumption that the numerator, total cost, was a constant. As points on the upper con-
fidence limit of the average cost curve were calculated, total cost was divided by the
quantity, gross income minus one standard deviation of gross income. The lower
bound was calculated by dividing total cost by the quantity, gross income plus one
standard deviation of gross income,

Considerable reductions in average cost were achieved as farm size was extended
up to four men, representing more than 1, 400 acres in the heavy soils area, and 700
acres in the light soils area. Table 4 compares the efficiency of farms of similar size
as shown in the Texas High Plains study and the Fresno County study, assuming oper-
ator management and risk-bearing are the residual claimant. Strictly speaking, the
average costs derived in the two studies are not directly comparable because of the
different assumptions regarding management requirements and other procedural mat-
ters. However, the overall effects of these differences are minor.

Table 4.--Comparison of acreage and average cost for optimal farm plans
for irrigated cotton farms in Texas High Plains and in California

Cost:revenue

; Acres ratio
Study area : :
f l-man ! 4-man f l-man f 4-man
. farm . farm . farm . farm
Texas High Plains------ e 440 1,480 0.71 0.71
Fresno County, Calif.: ;
Heavy-soils area-=------- a——— 270 1,134 .91 .85
Light-s0ils area--=-m=m-=mm===: 193 710 .83 .76

Source: (80, 89).
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Moore assumed that the opportunity cost for operator labor used in the direct
operation of the farm was the wage rate for tractor drivers. The portion of the op-
erator's time spent in supervision was charged at the higher rate paid to foremen.
Table 5 indicates the annual fixed cost charged to each farm size. Supervision re-
quirements and consequently supervisory costs were assumed to be constant at $720
per man for all four farm sizes.

Table 5.--Fresno County, California: Annual fixed labor costs by farm
size, irrigated cotton farms

f l-man f 2-man f 4-man f 8-man

Item : farm : farm : farm : farm
; Dollars Dollars Dollars Dollars
Direct 1abor-memmmm-mmme=: 4,380 8,760 17,520 35,040
Supervision-—------------; 720 1,440 2,880 5,760
TOtalammmmmmmm—————: 5,100 10,200 20,400 40,800

The operator's time devoted to supervision was not subtracted from the labor
supply available for farmwork. For example, ‘the 4-man farm was assumed to have
4 man-years of regular labor available for farmwork. The operator was assumed
to devote roughly half his time to management duties, providing about one-half a
man-year of regular farm labor. The other 3.5 man-years were assumed to be
provided by regular hired labor. The other farm sizes involved a comparable mix-
ture of hired and operator labor, with hired labor replacing the portion of the oper-
ator's time devoted to management duties. Thus, regular hired labor was not as-
sumed to be available in 1-man increments on a full-time basis, as it was in the
Texas study. This difference alters the interpretation of results slightly, in that
the analysis was predicated on the assumption that part-time hired laborers were as
productive and required as little supervision per man-year as the full-time regular
employees.

The proportion of cropland having a cotton allotment was found to decline with
larger farm size. This is a result of institutional factors and historical landowner-
ship patterns. Moore allowed for this varying proportion of cotton allotment land
in his investment requirements and in calculating the land price and the annual in-
terest charge on land.

Another minor procedural difference between the Texas and California studies
is that the residual claimant was smaller in the latter study: Only coordination and
risk-bearing were included. Supervision was included with operator labor, hired
labor, capital, and all the other resources in calculating total cost and the cost:reve-
nue ratios underlying the cost curves. In the Texas study, supervision was included
in the residual claimant. Since total costs and consequently the cost:revenue ratio
are larger when more elements are excluded from the residual claimant, this
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procedural difference has the effect of slightly raising Moore's average cost curves--
by about 1 or 2 cents per dollar of gross income for all farm sizes. The cost data
from the California study can be converted to the same basis as the Texas data, us-
ing operator management and risk-bearing as the residual claimant, by subtracting
the supervision charge (table 5) from the total cost. This was done in calculating

the cost:revenue ratios for table 4.

California Cash Crop Farms

Yolo County Cash Crop Farms

In 1960, Dean and Carter (30) analyzed the economies of size for cash crop
farms in Yolo County, Calif., near Woodland. They employed a linear program-
ming model similar to that used in the Texas study described above. The main
crops grown in the study area were sugarbeets, tomatoes, milo, barley, alfalfa,
and safflower. The linear programming model selected the optimum (least cost
per dollar of gross income) combination of enterprise levels for each level of output.

A wide range of farm sizes was considered. Because of institutional and rota-
tional considerations, the sugarbeet acreage allotment did not increase proportion-
ately with size. The envelope curve (fig. 8) was therefore "u''-shaped, declining
sharply to about $0.70 at $100, 000 output, falling to a minimum of $0. 65 at $240, 000
output, and then increasing gradually to about $0.72 at an output of $440, 000. Thus,
farms with output beyond $240, 000 (roughly 1,400 acres) beganto experience rising
average costs. The authors emphasize the fact that the ""u" shape of their envelope
curve might be directly attributed to resource and institutional restrictions which
change with size, forcing changes in input combinations and output mix. Nonetheless,

AVERAGE TOTAL COST CURVES

For Cash Crop Farms Using Four Machinery Combinations
Yeolo County, Calif.
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the planning curve did correspond to a realistic path of expansion for farms in
the study area, and the analysis revealed definite economic reasons for the trend
toward consolidation and expansion of smaller units in Yolo County.

On the other hand, the analysis did not indicate a strong economic incentive for
expansion to extremely large size; farms of about 600 to 800 acres appeared able to
compete on a unit-cost basis with much larger farms. And with unit costs approxi-
mately constant over a wide range, this 1960 study suggested that a continuation of
a wide variation in farm sizes could be expected, with little tendency for a concen-
tration at one optimum size. Dean and Carter suggest that this relationship may
help to explain the relatively small number of farms actually operating in the ex-
tremely high output ranges.

Another important factor in the determination of farm size was the risk and
uncertainty inherent in farming. Expansion in size ordinarily requires borrowed
capital; as more borrowed capital is employed the risk of losing equity accumu-
lated over time increases. Thus, farmers who have achieved an efficient size of
unit and satisfactory incomes tend to "play it safe' in order to protect their cur-
rent position. High income taxes for large farmers may also reduce the incentive
to expand farm size.

This analysis assumed no pecuniary economies in purchasing inputs (discounts
on large purchases) or in marketing products in large quantities. Neither were dis-
economies due to inefficient labor use, coordination problems, or 'red tape' con-
sidered. Therefore, the shapes of the cost functions presented arise entirely from
other sources of economies and diseconomies.

Imperial Valley Field Crop Farms and Vegetable Crop Farms

In 1962, Carter and Dean (20) examined the economies of size for field crop
farms and vegetable crop farms in the Imperial Valley of California. They used
synthetic-firm budgeting procedures, assuming a fixed combination of crop enter-
prises for all farm sizes.

Five size classes of farms were examined in the budgeting analysis, the largest
including farms of more than 2, 400 acres. Custom hiring and contracting were con-
sidered as alternatives to the owning and operating of machines. The machinery
combination developed for each size class represented a reasonably efficient setup,
with some excess capacity to take care of unusual situations.

Field crop farms and vegetable farms were considered in separate analyses.
Shortrun average cost curves developed for the five size classes are shown in fig-
ure 9. Because a fixed product mix was assumed, the output and average cost data
may be expressed in terms of either acreage or gross income. The curve for the
smallest size class, farms with less than 320 acres, is horizontal because all the
operations were conducted on a variable cost basis, using custom hiring or contract
operations rather than farm-owned equipment. Shortrun average cost curves for
larger size classes exhibit the usual downward-sloping shape, a result of fuller
utilization of farm-owned machines.

The envelope curve for field crop farms declines steadily to about 1, 500 to 2, 000
acres (total revenue of $300, 000 to $400, 000) and declines only slightly thereafter.
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For each size group, minimum cost per dollar of total revenue (or per acre) was
achieved with fixed resources (machinery and managerial labor) used to maximum
capacity.

These cost curves emphasize three points: (1) Significant cost advantages
accrue to increased size of field crop farm operations up to a size of about 1,500
to 2, 000 acres; thereafter, the costs per unit of production decline only slightly and
eventually level out; (2) if farms that are highly mechanized and otherwise set up to
operate large acreages underutilize this capacity, they may have higher unit costs
than smaller operations more fully utilizing their fixed resources; and (3) farms of
any size could operate efficiently and make reasonable profits under the conditions
prevailing in 1959. On the basis of cost per dollar of output, the envelope curve
declines from about 84 cents at low output levels to about 73 cents for output in ex-
cess of $500, 000. Thus, the net return to operator labor and management before
income tax varies from 16 cents to 27 cents per dollar of output over the correspond-
ing range in output.

Similar procedures were used in analyzing vegetable crop farms. The results
show that if competent and timely contract services are available for the smaller
vegetable farms (up to 640 acres, producing around $100, 000 of total crop revenue
annually), the longrun average costs'for vegetable production are essentially con-
stant throughout the size range, from very small farms to those with more than
2,400 acres of farmland (fig. 9). Results of the study indicate that when competent
and timely contract services are available at current rates, the Imperial Valley
vegetable farmer achieves little or no cost advantage by owning equipment. In fact,
the very large vegetable farms that are equipped to operate on a large scale, but use
their machinery at less than full capacity, actually have higher average cost than
farms that use only contract services for all the farm operations. In a situation
where contract work is not readily available, considerable cost economies occur
with increasing size up to about 640 acres.

The apparent lack of any economies of size on vegetable crop farms relates in
part to the high proportion of variable costs, especially for contract harvesting,
incurred in vegetable crop production. Lettuce and cabbage, which together com-
prise 50 percent of the cropping system analyzed, account for about 75 percent of
the total variable costs associated with harvesting. Harvesting lettuce and cabbage
is a highly labor-intensive operation with relatively minor machine costs, under
present technologies. Thus, only slight economies of size are attainable on these
operations.

Kern County Cash Crop Farms

In 1963, Faris and Armstrong (36) analyzed the economies of size for cash crop
farms in Kern County, Calif. They used a combination of linear programming and
budgeting to determine the least-cost machinery combination and irrigation system
for each farm size. The model and assumptions employed in this study are very
similar to those employed in Moore's study of irrigated cotton farms in Fresno
County, Calif. (89).

Three different cropping programs were considered. The cotton-alfalfa-barley-
milo farms achieved slightly lower average total cost per dollar of revenue than
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either the cotton-alfalfa-potato farms or the cotton-alfalfa farms. Results were
similar for each of these three cropping programs (table 6). Lowest average total
was achieved by the 640-acre farm, with about 90 cents total cost per dollar of
gross income. The 160-acre and 320-acre farms were shown to be almost as
efficient, each achieving a cost per dollar of revenue within 5 cents of the mini-
mum in each cropping program. The 1,280-acre and 3, 200-acre farms were
slightly less efficient than the 640-acre farms, having costs 2 to 4 cents higher
than the minimum in each case.

Table 6.--Cash crop farms, Kern County, California: Total cost per
dollar of crop revenue for three cropping programs

Cost:revenue ratio for--

Farm size

(acres) ‘ Cotton-alfalfa ' Cotton-alfalfa-: Cotton-alfalfa-barley-
: farms : potato farms milo farms
80mcccmcccmama : 1.06 1.06 1.00
160=mcommam—mn : .96 .94 .93
320cmmcmmmm——- : .92 .91 91
640-macmcaaaa=: 91 .89 .89
1,280-=cacaa==; .94 .93 .91
3,200-===~-= -——— .96 .93 .92

Source: Calculated from data in Faris and Armstrong (36, table 26).

Wheat Farms in the Columbia Basin of Oregon

In a study conducted by Stippler and Castle in 1961 (123), dryland wheat-summer
fallow farms in the Columbia Basin of Oregon were examined using the synthetic-firm
budgeting technique. Four farm sizes representing specific labor-machinery combi-~
nations were analyzed. Three levels of machine utilization were considered in each
of the four labor-machinery size groups. In each case, the lowest average cost was
obtained when the machines were fully utilized; that is, were being used on as many
acres as possible on a 10-hour-day basis.

Table 7 shows the average cost attained by each of these full-utilization farm
plans. The 1-man wheat farms achieved lower average costs than either the 2-man
or 3-man farms. The 1-man farm with a 50- to 60-horsepower tractor had a cost:
revenue ratio of 0.86, and earned a $5, 629 return to operator labor, management,
and risk-taking. The 2-man and 3-man farm sizes had costs in excess of 90 cents
per dollar of gross income, and earned less than $5, 500 of net operator earnings.

This study used highly simplified procedures and assumptions. Only a narrow
range of production and resource acquisition alternatives were considered. How-
ever, it appears that the size-efficiency relationships developed are a generally
accurate representation of the economies of size for wheat-summer fallow farms
in the Columbia Basin, '
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Table 7.--Columbia Basin wheat farms: Average cost and operator earnings for selected
farm plans using the moldboard fallow operation

: Basic resources : Full-utilization farm plan
Farm size ; : : : B
Men [ Tractors Acres | O7ges fam : Operator : Cost:revenue

Small--eeeccaaa: 1 One 30 to 40 HP 1,000 $24,572 $3,669 0.85
Medium---eeca-a: 1 One 50 to 60 HP 1,600 39,317 5,629 .86
Medium-large=---: 2 Two 50 to 60 HP 2,500 61,420 5,429 .91
Large----------§ 3 Two 50 to 60 HP,

: one 25 to 35 HP 3,600 88,462 5,252 .94

Source: (123, table 5).



Results of the Crop Production Studies

The size-efficiency relationships vary widely among the 14 crop-farming
situations discussed here, Although much of this variation results from differences
in the assumptions and procedures used, some useful comparisons and generaliza-
tions can be made.

In the production of cling peaches in California, average cost reached a minimum
with an orchard size of 90 to 110 acres when mechanized practices were used. This
size of operation required one full-time man plus seasonal hired labor.

The two studies of crop farms and crop-livestock farms in Iowa showed that when
full ownership of all machinery was assumed, 2-man farms were more efficient than
1-man operations. When custom hiring of certain field operations was introduced
into the analysis, the cost curves for the smaller farms were lowered by
about 25 percent, making the 1-man farm nearly as efficient as the 2-man farm. How-
ever, these cost reductions were attained only when the custom services were avail-
able when needed, so that crop losses were avoided. These two studies examined
only a limited range of sizes: 1-man and 2-man operations. Consequently, they pro-
vided no insights into the comparative efficiency of larger farm sizes operated by
three or more full-time men.

Similar results were found in the analysis of field-crop farms and vegetable
farms in the Imperial Valley of California. Farm sizes extending beyond 2, 400
acres were examined. Vegetable farms of less than 640 acres could produce almost
as efficiently as any larger size by hiring custom work for all or most of their field
operations. Among the smaller field-crop farms, custom hiring was also found to
greatly reduce the average costs, but additional economies of size were found to
occur up to about 1, 500 to 2, 000 acres.

Analysis of cash-crop farms in Yolo County, Calif., producing sugarbeets, toma-
toes, milo, barley, alfalfa, and safflower showed that all the economies of size were
attained at a farm size of about 600 to 800 acres. Because of institutional and crop
rotation considerations, farms beyond 1,400 acres were found to experience rising
average costs.

Farms producing cotton, alfalfa, milo, and barley in Kern County, Calif., were
found to achieve lowest average cost at about 640 acres. Larger farms extending be-
yond 3, 000 acres were slightly less efficient.

~ In the analysis of irrigated cotton farms in Fresno County, Calif., 1-man, 2-man,
and 8-man operations were found to be less efficient than 4-man farms representing
about 700 acres in the heavy-soils area and 1,400 acres in the light-soils area.

In two studies, larger farms were found to be no more efficient than highly
mechanized 1-man farms. These l1-man farms were a 440-acre irrigated cotton
farm in Texas and a 1, 600~-acre wheat-summer fallow farm in Oregon.

In most of these studies, all of the economies of size could be attained by modern
and fully mechanized 1-man or 2-man farms. But it is often possible to increase total
profit by extending beyond the most efficient size. In these cases, the incentive for
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expansion to very large farm sizes is higher total profit, rather than lower
average cost.

Partially counteracting the profit incentive to farm enlargement is the increas-
ing uncertainty and difficulty of managing a larger and more complex farm. As
farm size increases, complexity and management problems become particularly
serious in types of farming and areas where (1) distances between workers are
great, (2) land quality is uneven, (3) growing conditions and prices are unpredic-
table and require frequent revisions in management plans.

Beef Feedlots

Beef enterprises occur on a wide variety of types and sizes of farms. On crop-
livestock farms, the beef herds range in size and relative importance from small sup-~
plementary enterprises using idle off-season labor and unsalable crop residues to
large enterprises in which the beef herds provide the main source of revenue and in
which crops are produced mainly as a source of feed. At the extreme end of the con-
tinuum are the highly specialized drylot beef feeding businesses that utilize very
little land area and buy all their feed inputs. These specialized feeding businesses
account for a large and rising proportion of the Nation's beef production. Four re-
ports of empirical studies of specialized beef feedlots are discussed in this section.

Model Feedlots of 500-, 2, 000-, and 5, 000-Head Capacity in Eastern Oregon

Three levels of feedlot capacity were examined in a 1964 gtudy by Richards and
Korzan (101). This was intended primarily as a feasibility study, rather than as an
analysis of economies of size. However, \because of the procedures used and the
feedlot sizes considered, the findings shed some light on the size-efficiency possi-
bilities available to farmers considering initiation of a beef feeding operation.

Lots capable of holding 500, 2,000, or 5, 000 head of feeder steers were included
in the study. The results show that even though a 2, 000-head feedlot operation is not
as efficient as larger sizes, a considerable amount of net profit can-usually be ex-
pected under price conditions such as those existing in eastern Oregon from 1956
to 1963.

The authors assumed an initial weight of 650 pounds and a finishing weight of
1,062.5 pounds (before shrinkage). A 150-day feeding period and a 2.75-pound
average gain per day were assumed. Synthetic-firm budgeting procedures were
employed, and operator management and risk-taking were used as the residual
claimant. Nonfeed cost per pound of gain was the measure of average total cost.
The 500-head feedlot had an average nonfeed cost of $5.38 per hundredweight of
gain, compared with $4.13 and $3. 32 for the 2, 000~ and 5, 000-head operations,
respectively.

Potential profits for the 2, 000-head feedlot were calculated for each year from
1956 to 1963 on the basis of average prices received each year for slaughter steers.
Returns to management and risk-taking ranged from a $50, 000 loss (in 1963) to a
$115, 000 net return (in 1958). In 6 of the 8 years, profits were above $36, 000.
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The average annual return to management and risk-taking during the 8-year period
was about $43, 000.

Actual and Synthetic Feedlots in California

Hopkin analyzed the economies of size in California beef feedlots in 1958, calcu-
lating average cost curves both from actual firm records and from synthetic-firm
budgets (64). Basic data were obtained from a random sample of 77 feedlots widely
distributed around the State. The sample data were separated into six size classes,
according to feedlot capacity.

In the actual-firm analysis, a quadratic least-squares regression curve was
fitted to the observations for all the firms in each size class. This equation ex-
pressed nonfeed cost per head per day as a function of the feeding ratio.

For the synthetic-firm analysis, a model feedlot was designed to represent
each size class. The average characteristics of all the observed firms in each
size class were used as if they were the actual record of a single firm with capac-
ity set at the group average. The feeding ratio was then allowed to vary from one
budget to another, from one-third to full utilization of the facilities. One point on
the synthetic firm's shortrun cost curve was derived from each budget. A curve

‘was then drawn approximately through the plotted points. A 120-day feeding period
was assumed, and each lot was assumed to operate continuously and at the same
capacity throughout the year.

The shortrun average cost curves obtained from actual firm records and from
synthetic-firm budgets are quite similar, indicating that with a given size of plant
the average nonfeed cost declines sharply as the feeding ratio, or degree of plant
utilization, is increased. Both the synthetic-firm analysis and the actual-firm
analysis provide evidence of a downward-sloping longrun average cost curve.

Average cost was measured as nonfeed cost per head per day, less a credit of
0.88 cents for manure. For the smallest class of feedlots, those with less than
1, 200-head capacity, average cost was 11.77 cents nonfeed cost per head per day.
These small feedlots fed an average of less than 800 head per year. Average cost
was found to decline steadily as feedlot size increased. The largest size class in-
cluded feedlots with more than 14, 000 head capacity, feeding an average of more
than 35, 000 head per year. These large feeding operations achieved an average
cost of only 7.69 cents, roughly one-third less than the average cost of the small-
est class.

The synthetic-budgeting results showed approximately the same size-efficiency
relationship as the actual-firm analysis because average or typical plant character-
istics were budgeted. If the budgets had been based on advanced technologies and
above-average practices, the two relationships would probably have been quite
different.
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Model Feedlots With More Than 3, 000-Head Capacity, Imperial Valley, Calif.

Cost analyses can be conducted using various degrees of abstraction of actual-
firm characteristics. At one extreme are studies such as the preceding one by
Hopkin in which firms are synthesized to reflect every detail of the average or
typical plants found in various size classes. This procedure produces size-efficiency
relationships that are geared to presently existing practices and facilities, many of
which were initiated long ago and have become outdated. At the other extreme are
studies using the economic-engineering approach (73). In this approach, various
firm sizes are budgeted with no regard for average or typical situations, except to
assure that the arrangements are feasible and realistic. This method produces re-
sults that are relevant to the firm in its planning stage, when the entrepreneur seeks
the specifications of various plant sizes, and is interested in a comparison of the ef-
ficiency and profit attainable with each size. Presumably the planning entrepreneur
is concerned with the most efficient and profitable plant designs in each size class,
rather than typical or average situations based partly on outdated technology. King's
1962 study of feedlots in the Imperial Valley, Calif., is an excellent example of the
economic-engineering (synthetic-firm) type of budgeting analysis (73).

Average nonfeed cost was found to decline from 7.19 to 5.57 cents per head per
day as the number of cattle on feed at one time increased from about 11, 000 to 68, 000
head (fig. 10). During a 120-day feeding period, this cost reduction would result in a
savings of nearly $2 for each steer fed. These average cost figures are based on full
utilization of the feeding facilities, with all the pens filled to capacity during three
120-day feeding periods each year. Alternatively, if these model feedlots are oper-
ated throughout the year with pens partly empty, average costs rise sharply. For
example, if the largest of the model feedlots is operated all year with the pens only
60 percent full, average nonfeed cost rises from 5.57 to 6.79 cents per head per day
(table 8). This amounts to a difference of nearly $1.50 per head for a 120-day feed-
ing period.

King also examined another kind of plant underutilization, in which the pens are
kept full only part of the year and the operation is closed down during the remainder
of the year. This kind of underutilization also increases average cost per unit. For
example, consider a feedlot designed for 6, 000-head capacity. If this plant were
fully utilized throughout the year using a 120-day feeding period, approximately three
batches of feeder cattle could be fed and the average nonfeed cost per head per day
would be 6.8 cents. But if the operation were closed down after the first batch,
average cost would nearly double, rising to 12.6 cents. Thus, the benefits of large
scale operation may be offset if the facilities are operated at less than full capacity.

Each of the five model feeding operations was organized to provide full utilization
of a specific size of mill; the five mill sizes had rated capacities of 5, 10, 15, 20, and
30 tons per hour. Five model feedlots with designed capacities of 3, 760, 7,520, 11, 278,
15,038, and 22,556 head, respectively, were synthesized on the basis of data from a
sample of feedlots and from other sources. Mill construction costs and specifications
were obtained from a feed mill construction firm. Cost rates for electricity, labor,
and other inputs were set at locally prevailing rates and checked for consistency
against the feedlot sample data. A sample of 12 large feedlots in the Imperial Valley
of California provided information regarding requirements for equipment, labor,
veterinarian's services, medicine, and various other input data.
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Figure 10

The costs of fixed items such as taxes, insurance, depreciation, interest,
management, and office expenses were tabulated separately as a series of lump sums.
Cost items that varied with the number of head fed or the tonnage of feed fed were
treated as variable costs. These included electricity, equipment repairs, gas and
oil, telephone death loss, veterinarian's services, medicine, and labor other than
management and office staff. Total annual cost of each variable resource was calcu-
lated as a linear function of either the number of animal days (number of days of op-
eration per year times average number of head on feed at a given time), or the total
tonnage of feed fed. Since the amount of feed fed per head per day was assumed to be
- constant in this analysis, it was possible to convert these linear cost functions from

one form to the other. In this way, average cost could be presented as a function of
either animal days or tonnage of feed fed.

The costs derived in this study are lower than those derived in the Hopkin study

" by about 1.5 cents per head per day. The model feedlots were assumed to operate at
80 percent of maximum capacity for this comparison. This cost difference results
primarily from the fact that King's budgets reflect better-than-average or advanced

~ technology and practices, while Hopkin's budgets are based on-average or typical
situations.
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Table 8.--Nonfeed cost per head per day for model feedlots operating at
full capacity and at 60 percent of capacity in the Imperial Valley
of California

When operated at various percentages

Feedlot i igig- ; of maximum annual outputs
capacity : PR :
head on feed :capzilty: Cattle fe%/per : Average cost 2/
at one time : gour : year 2 : -
f 5100 percentf60 percentflOO percentf60 percent
; Tons Number Number Dollars Dollars
3,760mmmmmm- ————: 5 11,280 6,768 7.19 9.33
7,520 cmccamacaaa:: 10 22,560 13,536 - 6.18 7.75
11,280~wwmencaaa; 15 33,840 20,304 5.92 7.35
15,040-====<= —— 20 45,120 27,072 5.75 7.08
22,560-=cccmaaa- : 30 67,680 40,608 5.57 6.79

1/ Assuming a 120-day feeding period and 3 lots per year.
2/ Cents per head per day.

Source: (73, tables 9 and 10).

Model Feedlots in Colorado

A study of feedlots in Colorado completed by Hunter and this writer in 1965
employed essentially the same analytical techniques as King's study, with some
modifications and extensions. Feedlot capacities ranging from 135 to 15, 300 head
were examined (65).

When all resources including the operator's labor were charged at going market
rates, the model feedlots effected important savings by owning a feed mill of a size
appropriate to the scale of the operation. For example, for a feedlot with a 3, 150-
head capacity feeding operation, a 15-ton-per-day feed mill provided lower average
cost than equipment combinations having no feed mill or than any of the larger sizes
of mill considered (65, fig. 6). Even with a very small feedlot designed with only
135~-head capacity, an 8-ton mill provided lower average nonfeed cost than any of the
nonmill equipment combinations considered. As more feeding space was added and
more cattle were fed with this 8-ton mill, average cost dropped sharply, reaching a
minimum at 1, 500-head capacity. Beyond 1, 700-head capacity, feeding operations
that used this small feed mill had higher average nonfeed cost than operations using
the larger millg (fig. 11).

The size of feed mill that provided the lowest possible average cost per head
fed per day and per hundredweight of gain is shown for various feedlot sizes intable 9.
It was assumed that each steer gained an average of 2.57 pounds per day during a
169-day feeding period, and that the feedlots were kept essentially full throughout
the year. These cost data indicate the average cost of owning and operating various
sizes of feeding operations, excluding the cost of feed and feeders, which are assumed
to be constant and, therefore, not to affect economies of size.
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Beef-Fattening Operations
SHORTRUN COST CURVES FOR FEEDING CATTLE WITH
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Figure 11

Table 9.--Economies of size in feeding yearling steers in Colorado

Least-cost point

:Size of 1east-; :
:cost feed mill:

Size of feedlot

Average total cost
(head on feed

at one time) :per 8- i?ur day:Fgggiot: VPer head fed gPer pound
: ; z 169 days i Per day ; of gain
; Tons Head Dollars Cents Cents
135 to 1,700---=-=~ i 8 1,500 16.37 9.7 3.8
1,700 to 4,000----?, 15 3,500 15.15 9.0 3.5
4,000 to 9,000----; 50 8,100 14.66 8.7 3.4
9,000 to 15,300---; 100 15,300 14,10 8.3 3.2

1/ Each of the least-cost equipment combinations includes powerboxes
rather than hand-scoop shovels for dlstrlbutlng the feed into the feed
bunks.

Source: (65). 60



The small model feedlots with a capacity for 135 to 1, 700 head on feed at one
time operated most efficiently using an 8-ton feed mill and powerboxes to distribute
the feed into the bunks. Feedlots in this size range were designed to be operated by
one or two men. The average cost for a 1, 500-head feeding operation was 3.8 cents
per pound of beef gain. For larger feedlots having between 1, 700 and 4, 000 head on
feed at a time, the 15-ton feed mill was most efficient; in the 4, 000- to 9, 000-head
size range, the 50-ton mill was most efficient. Beyond 9, 000-head capacity, the
100-ton mill was most efficient, providing an average cost of only 3.2 cents per
pound of gain for a feedlot with 15, 300 yearling steers on feed at a time. This was
only slightly more efficient than the 1, 500-head operation using an 8-ton mill--a
difference of only 0.6 cent per pound of gain. These findings indicate that the tech-
nical economies of size attained by feedlots feeding over 1, 500 head are too small to
have any appreciable effect on the average cost of producing beef or, consequently,
on the wholesale and retail prices of beef. A slight variation in the purchase price
of feed or of feeder cattle, or in the sale price of fat cattle, could exert a consider-
ably stronger effect on average cost and the profit margin.

However, the slight gain in efficiency attributable to economies of size is quite
significant in terms of the overall cost and profit of a large feeding operation. For
example, because of this 0.6 cent difference in average cost, a feeding operation
handling 15, 000 head of steers at a time would have considerably lower total costs~--
a savings of more than $70, 000 annually--using a single feedlot with a 100-ton feed
mill instead of ten 1, 500-head feedlots each using an 8-ton mill.

When prices are favorable, large feeding operations realize very high profits.
But when prices are unfavorable, they incur sizable losses.

The model feedlots were also analyzed for operation at less than full capacity.
The results indicate clearly that the advantages of large-scale operations are attained
only when the facilities are fully utilized. Excess capacity in the mill or feedlot
facilities greatly increased average total cost.

The basic data were obtained chiefly from a sample survey of feedlots and from
feed mill construction firms. Four mill sizes were considered, with rated capacities
of 8, 15, 50, and 100 tons of feed per 8-hour day, according to manufacturer's speci-
fications. For each mill size, various levels of feeding space and the associated facili-
ties were examined, ranging from a relatively small feeding capacity to sizes that re-
quired using the mill beyond its rated capacity. In cases involving overutilization,
additional use-depreciation and overtime pay were assumed to occur.

Some of the smaller feedlots were designed without feed mills, and it was
assumed that commercial feed mills would process and mix all the grain and con-
centrates fed to the cattle. These small feedlots were designed with two alterna-
tive equipment systems. Both systems used tractor loaders and grain augers for
loading the feed trucks. But one system used hand-scoop shovels for unloading the
feed trucks into the feed bunks, and the other used powerboxes (self-mixing, self-
unloading feed units mounted on trucks). Four other equipment combinations-were
designed, each having a specific size of operator-owned feed mill to process, mix,
and load the grains and supplements into the feed trucks. All four of these mill com-
binations used trucks with powerboxes to distribute the feed into the feed bunks. Feed-
lot areas with capacities ranging from 135 to 15, 300 head of yearling steers were
analyzed in conjunction with the six specific equipment combinations. Several realis-
tic combinations of feedlotarea and complements of equipment were analyzed.
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Throughout the entire range of feedlot sizes analyzed here, least-cost operation was
achieved by the operator owning an appropriate size of feed mill, rather than hiring
the concentrate mixing done by a commercial mill, and using powerboxes rather than
hand scoops to distribute the feed into the feed bunks.

In the basic analysis, the feeding area was assumed to be fully utilized through-
out the year. The feed mill was allowed to operate at less than full capacity in cases
where the assumed pen capacity was less than mill capacity. Herein lies one of the
basic differences between this study and King's study. King viewed the fixed plant as
being both the mill and the feeding facilities, whereas we assumed a slightly longer
planning horizon, considering only the mill as fixed and allowing the quantity of feed-
lot area and feeding facilities to vary. In both studies, points on the shortrun cost
curves represent various degrees of utilization of the fixed plant. In each study, a
smaller number of cattle fed per year implies a lesser degree of utilization. How-
ever, as King reduced the number of cattle fed, he held pen capacity constant, at the
level corresponding to the largest potential feeding capacity of the mill. This amounted
to varying the feeding ratio--the number of head fed per year for each 1-head unit of
feeding space, assuming a given length of feeding period. In our Colorado study, as
the number of cattle fed was reduced, the feeding area was reduced accordingly, with
mill size held fixed. Thus, the feeding ratio was held constant.

This divergence in procedures and assumptions alters the shape of the shortrun
average cost curves. King's curves are steeper than ours, because his concept of
underutilization allowed excess capacity in both the mill and the feeding facilities; in
our procedure only the mill was allowed to operate at less than full capacity. Both
procedures are correct for their respective planning horizons. In the longrun set-
ting, where all resources are allowed to vary, both procedures give identical results.
An envelope curve drawn tangent to the shortrun average cost curves will have the
same shape and height, regardless of the planning horizon selected for examination
of shortrun situations.

Results of the Four Feedlot Studies

One general conclusion can be drawn from these studies. For feedlots above a
moderate size, say 1,500~ to 5, 000-head capacity, the technical economies of size
~attainable are relatively unimportant--only $1 to $2 per head fed. These relatively
small savings can be easily surpassed by a small difference in the price of feed
or feeder cattle. A feedlot operator whose operation is small enough to allow him to
"shop around" and save a dollar a ton on his hay price, for example, or 50 cents a
hundredweight on his feeder cattle, can often realize much greater savings in this
way than are attainable through the technical economies of size. Thus, the possible
pecuniary (buying and selling) economies and diseconomies of size may be very im-
portant in explaining changes in the beef feeding industry.

D’airz Farms

The emergence of new forage production technologies, milking parlor systems,
and housing arrangements in recent years has opened up new possibilities of econo-
mies of size in dairying. Availability of these new and efficient techniques and the
increase in wage rates have augmented the interest of dairy farmers and others in
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the question of economies of size. Changes in the size distribution of dairy farms
have led to concern over concentration of production and its effect on the survival of
small dairy farms. For the country as a whole, the number of dairy farms having
fewer than 20 milk cows decreased sharply during the 1950's. Meanwhile, the num-
ber of dairy farms with 30 to 99 milk cows increased by more than 90 percent, and
the number with 100 milk cows or more increased by 82 percent (table 10). Thus,
the strongest percentage increases occurred among the herds of medium size--30 to
99 head--while the very large dairy herds remained few in number.

These facts raise a question concerning the economies of size in dairying. Four
economies of size studies for dairy farming are summarized and interpreted here.

Table 10.--Changes in sizes of dairy farms, United States, 1950-59

Farms having specified number of
milk cows

Number of milk cows

; 1950 ; 1959 ; Pegg:g;gge

Number Number Percent
1 t0 19-===ccmmmccmcccacaaaa --§ 3,465,526 1,571,496 -54.7
20 to 29----------------------; 119,259 140,714 +18.1
30 to 49----------------------§ 46,799 89,315 +90.8
50 to 74----------------------; 10,209 22,336 +118.8
75 to 99----------------------§ 2,871 5,604 +95.2
100 Or MOrEe-=cemeccmaccaaaaaa 3,593 6,551 +82.3

Total-=-===aa- ———m—aaa ---; 3,648,257 1,836,121 =49.7

500 to 999--------------------; N.A. | 177 N.A.
1,000 or more-----------------z N.A. 34 N.A.

Source: (130, table 26).

New England Dairies

A study conducted by Fellows, Frick, and Weeks in 1952 was designed partly
as a means of testing the synthetic-firm budgeting technique in examining economies
of size (_3_2).

Model New England dairy farms with 35 or more milk cows were found to have
significantly lower average total cost per unit of output than the smaller dairy farms,
under the prices and technologies applicable in 1952, The average cost curve was
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approximately flat from the 1-man, 35-cow farm to the 3-man, 105-cow farm. These
results are consistent with the broad changes in the size distribution of New England
dairy farms during the 1950's. The number of farms in that area having less than 20
milk cows decreased steadily during the decade. Number of farms with 20 to 29 cows
declined only slightly. Farms with 30 to 49 cows increased by nearly 50 percent, and
farms with 50 cows or more doubled in number (128, pp. 528-529).

This study provides a good example of budgeting analysis employing a variety
of assumptions about the residual claimant and the cost of the operator's labor and
management. Three alternative forage harvesting techniques were considered, along
with two alternative wage levels ($1, 500 and $2, 000) for regular hired labor. The
residual claimant was initially assumed to be entrepreneurship. Operator labor and
management were initially valued at $2, 000 per year, but this value was also set at
levels varying from zero to $4, 000 for purposes of comparison. Figure 12 shows
the resulting average total cost curves using alternative schedules for the cost of
the operator's labor and management.

Curve 1 shows how average cost varies with size of dairy farm when the cost
of the operator's labor and management are held constant at $2, 000 per year for all
sizes. The left-hand portion of the curve is quite high, because the fixed costs are
spread over relatively few units of output. As the size of firm increases, the curve
falls sharply, reaching a minimum of $2.64 per hundredweight of milk on the 2-man
farm with 70 milk cows.

Curve 2 shows thatwhen the opportunity cost of the operator's labor and man-
agement increases with farm size, the 1-man, 34-cow dairy achieves an average
total cost that is within a few cents per hundredweight of that achieved by larger

LONGRUN UNIT COST CURVES FOR MILK PRODUCED
New England Dairy Farms Harvesting Field Chopped Hay and Grass Silage
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farms. The budget costs underlying|curve 2 are identical to those of curve 1,
except that the opportunity cost of the operator's labor and management is varied
from $1, 000 to $4, 000 as the size of firm increases. Implicit in this cost schedule
is the assumption that (a) a farmer who operates a large dairy has a higher oppor-
tunity cost or reservation price than one who operates a smaller dairy, or (b) an
operator places a higher reservation price on his management services for coordi-
nating and supervising a large dairy than for operating a small one. The average
cost curve (curve 2) resulting from this assumption is considerably flatter than
curve I, where the cost of the operator's service is kept constant at $2, 000.

Curve 3 is based on the operator's personal services valued at zero, imply-
ing that the residual claimant now includes operator labor and management as well
as risk-taking. This is the shortrun cost curve as viewed by a dairyman who places
no reservation price on his own labor and management and considers his opportunity
cost to be zero because of limited employment possibilities. This is also the rele-
vant average shortrun cost curve for a person with a full-time off-farm job, who
uses the dairy enterprise as a supplementary source of income. In this case, the
operator would correctly value his personal services at zero in calculating the av-
erage total cost of producing milk, if he places no reservation on the time he spends
on the dairy enterprise. Curve 3 reaches its minimum point of $2.21 per hundred-
weight of milk with the 1-man, 35-cow dairy farm. The farmer could remain in pro-
duction indefinitely, meeting all out-of-pocket costs and depreciation, if the price
remained at this level. But he would receive no return for his labor, management,
and risk-taking. Family living expenses and debt repayment would have to be met
from the return to owned capital and from other sources.

Iowa Dairy-Cash Grain Farms

A study conducted by Barker and Heady in 1960 considered 1- and 2-man farms
in Iowa producing milk and cash-grain crops (3). Herd sizes up to 64 cows were ana-
lyzed using linear programming to select the optimum crop rotation. Technologies
analyzed included the stanchion barn system and four parlor systems: 4-abreast,
stanchion parlor, 3-stall, 6-stall, and herringbone. The residual claimant included
operator management and risk-taking. It was found that,on a 1-man farm with 14 cows,
156 acres of corn-corn-oats-meadow rotation, and $77, OOO of capital (including live-
stock), gross income would just cover all costs--including the opportunity cost of the
operator's labor valued at $2, 500 per year, plus 5 percent interest charged for fixed
capital and 7 percent for operating capital. With this size of farm, the operator would
be fully employed, and expansion in farm size would require hiring another full-time
worker. The wages of a hired man were assumed to be $2, 500 a year.

The 2-man farm achieved the break-even point at a herd size of 24 cows, with
300 acres of cropland and more than $100, 000 of investment. Beyond this size,
average cost continues to decline sharply until a herd size of 32 cows is reached
(fig. 13). At this size, the cost:revenue ratio is slightly over 0.90, and most of the
cost economies have been attained. Only a slight reduction in the cost:revenue ratio
is experienced as farm size is expanded to 58 cows, 470 acres of cropland, and
$192, 000 of capital. Beyond this size, with the labor supply held at 2,25 man-years,
the average cost curve for the Iowa dairy-cash grain farm turns upward.
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SHORTRUN AVERAGE COST CURVES
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Figure 13

Very small farm sizes are depicted as being quite inefficient. This is partly
because the firm is viewed in the conventional way, as simply a producer of farm
products. Consequently, the cost of the operator's labor ($2, 500) and the cost of the
other fixed resources are spread over relatively few units of output, leading toa high
average total cost. This formulation is correct for farmers who operate small farms
and have no other source of income. Butin reallife, the operators of many such small
dairy farms also engage in some custom work or have off-farm jobs. If the small
dairy farm is viewed as a goods-and-services firm, not all of the annual cost of the
operator's labor would be necessarily charged against the farm enterprises.

Taking all these income sources together, the small dairy farm in real life
probably is not as inefficient as the sharply sloping envelope curve would imply.
Nonetheless, the number of Iowa farms with fewer than 30 milk cows decreased
sharply during the 1950's, while the number with 30 to 74 milk cows nearly tripled.
Large dairies (75 cows or more) increased by only 38 percent during the decade
(128, pp. 528-529).
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Arizona Dairies

Martin and Hill in a 1962 study attempted to provide an insight into the nature
of the right-hand portions of the envelope curve for dairies (84). Dairy farms
ranging in size from 30 to 611 cows, with a labor supply of from 1 to 13 men,
were surveyed.

Initially, average costs were calculated for synthetic dairy firms, assuming
management and production per cow typical of each size group. Figure 14 shows
that the average costs (curve 5) declined sharply up to a herd size of about 150 head,
falling gradually to a minimum of $4. 86 per hundredweight of milk for a herd size

of 250 to 350 head, and then roseto $5. 27 per hundredweight as herd size approached
600 head.

For comparison, the budgets were recalculated, assuming above-average man-
agement and holding production at 12, 000 pounds per cow, but still using the barn
system typical of each size group. The resulting average cost curve (curve 4) was
considerably lower and flatter than with typical management and production, reach-
ing approximately minimum average cost of $4.68 per hundredweight at a herd size
of 150 head, with a 3-man labor force. Average cost was found to be nearly constant
over a wide range of farm sizes, from 150 cows to the largest size analyzed (600 cows),
with the labor supply varying from 3 to 12 men, and with value of investment rising
from about $100, 000 to more than $350, 000,

To establish the characteristics of the synthetic firms, a total of 37 carefully
selected dairies were arranged in six size groups, depending on each dairy's milk

LONGRUN AVERAGE TOTAL COST CURVES
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base (quota). Typical combinations of land, improvements, and dairy equipment

~ were used to form a ''representative' dairy farm for each of the six size categories.
Each typical situation was adjusted to eliminate excess capacity, based on the carry-
ing capacity of the milk barn and bulk tank. Investment costs used in calculating
interest, depreciation, taxes, and insurance were based on current replacement
costs. Yearly salary for hired labor was calculated at $4, 800, including perquisites
of about $725. Operator labor and management were included with risk-taking in

the residual claimant.

Production per cow and cow prices were found to vary with herd size. A
variety of assumptions were employed in the budgeting analysis to indicate cost
curves with high-producing versus low-producing cows.

Survey data indicated that management difficulties typically began occurring
near a herd size of 150 to 175 cows. This problem was manifested in three ways:
(1) Feed waste increased with herd size; (2) it became difficult to vary the level of
grain feeding relative to each cow's production as additional cows were added, be-
cause of the variation among cows, and (3) the manager's supervision and coordina-
tion duties became so difficult as the herd size and labor force increased that he had
no time to look for savings in purchasing feeds. This seems to be an example of
diseconomies of size. However, if the herd sizes and resource situations examined
in this study had included the possibility of hiring additional management services
and specialized purchasing personnel, some of these management problems might
have been overcome, though probably with some rise in management costs. Type of
milking barn on the survey farm varied with herd size. Stanchion barns were typical
of dairies with fewer than 100 cows. Bucket-type milking machines were used on
dairies ranging from 30 to 60 cows. Dairies with 60 to 100 cows used pipeline instead
of bucket milkers. Milking parlors were typically found only on farms with more than
100 cows. The 3-stall, side-opening parlor was commonly used by 100- t01150-cow
dairies. Walk-through parlors were used by most of the dairies with from 150 to
over 600 cows. These typical milking barn systems were assumed in constructing
the budgets for the different dairy sizes.

The analysis did not consider alternative milking-barn technologies for each
size group. The herringbone parlor was not considered for any size group. Results
of other:studies indicate that even for dairies as small as 40 cows the milking parlor
is considerably more efficient in the long run than the stanchion barn, and that the
herringbone parlor is more efficient than other parlor systems in many cases (17, 3).
Therefore, the envelope curve which the planning firm in Arizona should consider is
probably lower and flatter than suggested by the curves presented here, which reflect
""typical" barn technologies for each size group. Employing advanced technology, the
Arizona dairy farmer could probably achieve highly efficient production and realize
most of the economies of size at a much smaller herd size than the 150-cow size indi-
cated in this study.

Even so, the cost-efficiency relationships derived in this study are consistent
with trends shown in the 1959 Census of Agriculture (128). The number of Arizona
farms having less than 75 milk cows declined sharply during the 1950's, the number
of farms with 75 to 99 cows remained stable, and dairies with 100 head or more
tripled in number, rising from 40 to 126 farms. In 1959, five Arizona dairies had
more than 500 cows.
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Minnesota Dairies

Buxton conducted a completely synthetic analysis of Minnesota dairy farms in
1964, using linear programming to select the least-cost complement of machinery
and the optimal farm plans for herd sizes up to 90 cows (_L?_).gg/ Alternative farm
enterprises considered were hogs, corn, and soybeans. The dairy enterprise ac-
counted for at least 60 percent of gross income on the synthesized dairy farms. Sev-
eral alternative housing and milking arrangements were considered. One-man sys-
tems included stanchion barns and three sizes of herringbone parlors (double-4,
double-5, and double-6). The only 2-man system analyzed was a double-8 herring-
bone parlor. Operator labor and management were included with risk-taking in-the
residual claimant.

Virtually all the economies of size were achieved by a 1-man, 48-cow dairy,
using a double-6 herringbone milking parlor (fig. 15). The farm plan called for
more than $160, 000 of investment capital, including 290 acres of land and a 3-plow
tractor and complement of machinery. Average total cost per dollar of gross in-
come was about $0. 84 at this point, with a total return to the operator's personal
services of almost $5, 600,

The 2-man dairy achieved a slightly lower cost:revenue ratio of 0.82 with an
87-cow, 490-acre dairy farm. Net operator income was about $11, 000 and resource
requirements included more than $260, 000 of investment capital.
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22/ Buxton is currently examining larger dairies--over 90 cows.
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These results are relevant to the planning dairyman, becguse the analysis
considered the highly efficient new milking-parlor technologies. The 1-man dairy
can achieve considerable reductions in average cost by expanding herd size to about
48 cows. Only slight reductions are achieved as herd size is doubled and a regular
laborer is hired. But because of larger volume, the total profit accruing to the
2-man dairy is about double that accruing to the 1-man unit.

During the 1950's, the number of Minnesota farms with fewer than 20 milk cows
declined sharply. Number of farms with 20 to 29 head nearly doubled, and those hav-
ing 30 to 99 milk cows quadrupled. The number of very large dairies remained small:
in 1959, there were only 49 Minnesota farms with 100 or more milk cows, compared
with 25 farms in 1950, Thus, it appears that although many Minnesota dairy farms
are tending toward the more efficient and more profitable herd sizes, very few are
venturing beyond the 100-cow size.

Results of the Four Dairy Studies

Results of the four studies discussed in this section are not directly comparable.
First, the assumptions and procedures varied from one study to the next. Different
depreciation schedules, salvage values, interest rates, and other input prices were
used, and the studies varied as to whether operator labor and management were in-
cluded in the residual claimant. Second, no common measure of average total cost
is available. The cost per hundredweight of milk as presented in the New England
and Arizona studies is not directly comparable with the cost:revenue ratio of the
multiple product farms analyzed in the Iowa and Minnesota studies. Calculating
the cost per hundredweight of milk for a multiple-product farm (as in the Iowa
study) involves an arbitrary allocation of fixed costs to the dairy enterprise. Several
alternative (and equally valid) criteria for allocating fixed costs are available, and
each may give a slightly different answer. This difference in procedure further con-
founds the comparisons.

A third and more serious reason why the results of these four studies cannot
be directly compared is that they differed in the degree to which the synthetic-firm'
economic-engineering approach was used. The Iowa and Minnesota studies consid-
ered modern milking parlor arrangements for all dairy sizes, not limiting the re-
source combinations to those found on existing farms. The Arizona study considered
only the typical barn technologies for each size group as they were observed in the
sample dairies. Likewise, the New England study considered only those technologies
in use at the time (about 1950); these results are not applicable to today's planning
firm.

The Iowa and Minnesota studies examined 1-man and 2-man dairies with herd
sizes of less than 100 cows. Most of the economies of size were found to be attain-
able by a 40~ to 50-cow dairy farm, provided the operator had sufficient manage-
ment ability and could gain control of more than $150, 000 of investment capital.
The Minnesota study indicated that the 1-man dairy farm could realize little, if
any, increase in efficiency by doubling farm size and hiring an additional worker,
but the increase in volume would give rise to considerably higher profit.
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In examining larger dairy farms, the Arizona study showed that resource vari-
ability became troublesome with a herd size of about 150 head, as it became difficult
for the manager to see that each cow was fed according to her production. Also, as
the supervision and coordination problems increased with the size of herd and the
labor force, management experienced increasing difficulty in coping with feed price
uncertainty, because there was not enough time for "shopping around" in buying feed.
Thus, the larger Arizona dairies show how resource variability and uncertainty lead
to serious problems for the limited coordination and supervision resources in the
individual firm.

None of the empirical studies considered the possibility of hiring additional
management resources. Nor did they consider the use of modern milking and hous-
ing systems for very large dairy farms. We do not yet know whether the increased
complexity of a large, modern, well-organized dairy farm would require dispropor-
tionate increases in management inputs and costs. However, the 1959 Census of
Agriculture (128) shows that the number of 30- to 100-cow dairies is increasing
more rapldly than the number of larger dairies, and that relatively few firms are
attaining the very large herd sizes. Thus, the survivorship principle (that only the
most efficient sizes survive in the long run) suggests that very large dairies are not
inherently more efficient than medium-sized dairies.
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