RESEARCH IN THE ECONOMICS OF
THE AGRICULTURAL FIRM

By EARL R, SWANSON*

Rescarch in this area is, in principle, designed primarily lo aid farmers
Ain making decisions. At state colleges in the United States this prog-
malic orientation derives, at least in part, from the administrative structure
whiech connects the teaching, research and farm advisory activities found in
each of the states. As in other endeavors agricultural economists have become
quite specialized in their interests, e.g., marketing, land-tenure, governmental
policy, price analysis, ete. The discussion which follows falls into the special-
ization that has traditionally been called farm management. Even though the
primary research objective in this specialty may be that of helping individual
farmers with their economic problems, studies of this type are also frequently
of aid in analysis of national agricultural policy.

The examples and discussion which follow represent a further special-
ization within the field of farm management; reference is made only to types
of analysis which ulilize rather directly certain aspects of the theory of the
firm under conditions of certainty.? Thus, for our purpose here, the static
theory of the firm is viewed as a sufficiently ¢lose approximation of the
decision process employved by farmers to be useful as basis for empirical
work. This is a somewhat controversial point among agricultural economists.
On the one hand, some farm management research workers are devoting
considerable effort to a study of the decision process itself, drawing concepts
not only from economics, but from other disciplines as well? On the other
hand, traditional aceounting concepts continue to play an important role in
much of the primarily descriptive empirical research work in farm manage-
ment.

* Professor, University of Illinois, Fulbright Hesearch Scholar at the Royal Veterinary
and Agricultural College 1958/59.

1. For a discussion of the use of uncertainty models in agriculture sce Hildreth, C.
Problems of uneertainty in farm planning, Journal of Farm Economies, 39: 1430-1441.
December 1957,

2, See a group of papers: Progress and problems in decision making. Journal of Farm
Economies 37:1097-1125. December 1955 and Johnson, Glenn L. Methodology for
studving decision making. Journal of Farm Economics 39:1215-1226. December 1957.
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Produclion Funclion Analysis

The familiar concept of the produection function has served as a basis for a
number of cconomic studies since World War 1LY In general, these studies
have been at bwo levels - (1) the total farm firm and (2) technical sub-units
within the firm.

The tolal farm production funclion studies have characleristically used
data from o sample of farms and have employed a single funetion linear in
the logarithms of the variables (Cobb-Douglas) with five or six classes of
inputs.2 The total product or dependent variable has usually been some type
of aggregate sales figure. Studies at this level serve chiefly to aid in making
a general producetivity analysis when, for example, interest lies in comparison
ol estimated marginal value productivitics belween areas, time periods,
institutional arrangements, cle., or a comparison of estimated marginal
value productivities with market resource prices to detect deviations from
equilibrinm.

The popularity of total farm production function analysis has waned
considerably in the United States in recent wyears. This is due lo a more
general recognition of problems of interpretation which affeet the use of the
resulls cither in giving advice to farmers or as a guide to questions of govern-
mental policy. Questions of interpretation center around the degree and kind
of aggregation into the value of product and input categories, the omission
of “management™ as a variable, and the requent high intercorrelation among
input categories.?

Use of total farm produection function analysis may however, serve as a
valuable supplement to the usual type of descriptive studies made of the
cconomic aspects of agriculture. Much effort is devoted by agricultural econo-
mists to the deseription of changes in the strueture of agriculture through
time. Trends in the “land-labor ralio™, “labor-capital ratio”, cte. as well as
trends in the percentage composition of total costs (land, labor, machinery,
cte.) have been described in some detail in the literature in agrieultural
cconomics. Use of the logic of marginal productlivity analysis aids in a more
systematic exploration of the implications of such data.

1. Sce Kristensen, Erik. Produktlionsfunktioner. Ugeskrift for Landmaend 38: 547-550 and
67569 1956, and also Kristensen's arlicle: Production and Production Funclions in
Agriculture. Roval Veterinary and Agrienltural College Yearbook 1958, pp. 26-47, Copen-
hagen 1958,

2, For an example of an attempt to employ simullancous equations see French, BL.
Estimation by simultancous cqguations of reseurce productivities from time series and
cross seclional farm observations. Unpublished Pho) thesis. [owa State College. 1952,

3. Griliches, Zvi. Specification hias in estimates of production functions. Journal of Farm
Feonomics 39: 8-20, February 1937, Plaxico, James 5. Problems of factor-product
aggregation in Cobb-Douglas value productivity analysis, Journal of Farm Economics
37: 664-673. November 1055,
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A recent study is a modest attempt to supplement such deseription by the
use of the concept of the production function.! The study is based on data
from 146 North-Central Illinois farms that had kept aceounting records
during the period 1936-1953. Examination of the data indicated, among other
things, that the average size of farm increased during this period. The
question arises (and the agricultural cconomist can hardly avoid attempting
an answer) whether farm size has increased rapidly enough, too rapidly
or at a satisfactory rate during this period. Questions concerning the level
of usc of other broad resource categories are also frequently of interest for
both public and private policy. The estimated elasticities of production for
cach inpul category are presented in Table 1. A one-percent inerease in, e.g.
land investment in 1936-1939 would have resulted in an estimated increase in
value of product of 0.292 percent.

Table 1. Elasticities of Production: 146 North-Central Illincis Farms.
1936-39 and 1950-53

Input
Yeurs Land Buildings Livestock Labor Power and  Purchased
’ Investment  and Seil Investment Machinery Feed
Improvements
1436-34 292 133 AZT a1l 024 Rikts
(.042)) (.025) (.022) (.054) (.021) (.012)
1950-53 410 032 =010 S04 d37 166
(.036) (.017) (.016) (.040) {.038) (.012)
a) Standard errors of regression cocfficients are in parantheses under their respeclive
coefficients.,

Clearly, some criterion is needed to assess the desirability of the changes
in resource use. Marginal value productivities might he calculated using the
sample mean values for the value of product and each of the input categories.
Thus the estimated marginal value productivity of land investment in 1936-39
would be 0.292 E-l;'irxl], where ¥ and x, represent the mean values of value of
product and land investment respectively. Estimated marginal value pro-
duetivities of each input might be computed in this fashion and compared
with their unit market costs to determine the proximity to an equilibrium in
terms of the marginal value produetivity of each input equalling its marginal
factor cost. However, at least two problems complicate this tvpe of an in-
terpretation. First, since production is not riskless, each estimated marginal
value productivity contains a risk premium, the size of which it is difficult

1. Swanson, Earl R, Resource adjustments on 146 commercial Corn-Belt farms, Journal
of Farm Economies 39: 502-505. May 1957,

11
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to evaluate. Further, some input eategories, for example livestock investment
and power and machinery, contain a mixture of assets of varving lengths of
life. This malkes a meaningful estimate of a markel cost for these inpuls
quite difficult. Ideally, the accounting procedures should permit a classi-
fication of inpuls more appropriate for productivity analysis. However, most
farm accounting procedures are designed for a different type of analysis.

Rather than using the marginal value product equals marginal factor cost
type of equilibrium as a norm, it was believed in this study {o be more
meaningful to assume that the pre-World War 1T years 1936-39 represented
a reasonably good degree of resource adjustment. Rapid changes in farm
size and agricullural technique oceurred both during the war and in the
poslwar vears. We then pose the question: Were Lhere significant departures
in 1950-33 from the “equilibrium™ of 1936-39? This formulation does not
completely avoid the problems of the risk preminm being ineluded in the
estimates of marginal value productivity and the aggregation of assets of
uncqual lengths of life, but this comparison appears to be more plausible
than one involving marginal vaiue produetivities and market faclor costs.

The input elasticilics neeessary in 1950-53 to equate marginal value
productivities between 1936-39 and 1950-53 arc as follows:

i 1 x » v
Land Bu"dl."g.h Liveslock Power Purchased
- and Soil _ Labor and
Investment . _ Investment . ) feed
Improvemenls Machinery
254 081 030 ald 045 J406

When these are compured with the actual estimated values for 1950-53
(Table 1), statistically significant differences occur (1% level) for land and
labor. Since, in order to equate the 1950-53 marginal value produclivity of
land to its 1936-39 level, a lower elasticity is needed in 1950-53 than that
which actually obtained, the pressure for larger farms is indicated. The
opposite is true for labor; a higher elasticity is needed in 1950-53 to restore
1436-39 “equilibrium™, IT the 1936-39 period is accepted as one of reasonably
good adjustment, the intervening vears have apparently disturbed land and
labor adjustments on these farms to a greater degree than in the case of the
other resources. Measured against the base period 1936-3Y, quantities of the
other input categories have apparently been adjusted in a satisfactory fashion
to the changing environment.

Technical unit productlion function studies are involved with only a part
of the total farm business. Consequently there is, in general, less aggregation
of both inpuls and products. Clearly the implication of ithese studies is to
provide dala rather immediately useful to the farmer in making decisions.
Responses of crop wvield to irrigation water, fertilizer ele. are examples of
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technical unit production functions. The analysis is usually based on ex-
perimental data and the most successful studies have involved the cooperalion
of the technieal specialist (agronomist, engineer, animal scientist, ete.), the
cconomist, and the siatistician.

It is useful to separate the two aspeets of this Lype of study — the estimation
of the technical relationship and the optimization procedure. If a continuous
funection is flitted to the data, the usual maximization of a profit equation
subject to the production function may be the oplimizing procedure. Iow-
ever, the technical coefllicients from conlinuous functions may also be used
in conventional planning and lincar programming (see below). On the other
hand many experiments are conducted with essentially continuous variables
but the statistical analysis dees not inelude the filting of a continuous funec-
tion. If, Tor example, a fertilizer experiment is conducted with various levels
of fertilizer and severzl replicates at each level, an analysis of variance
mightl be performed to determineif significant differences exist among levels.
Such results may be used in conventional planning and linear programming
but do not permit the refinement of heing able to find optimum input com-
hinations and level of production by methods of calculus,

Among olther difficuliies facing lhe continuous funclion analysl is Lhe
choice of the mathematical form of the funection for which the parameters
are estimated, Althoush it may seem that the relevant phvsieal and hiologieal
theory would dictate the form, such is not usually the case. Unfortunately,
the ceconomic implicalions sometimes vary considerably with what is, within
rather wide limits, largely an arbitrary choice of the functional form.?

As an example of a technical unit production function, consider the
following Danish study on swine feeding.?® In this study a function linear in
the logaritlhms of the variables was empleved as well as a quadratic function.
The quadratic function was chosen as a more realistic representation of the
production surface. The estimated [unction was:

Y=—113.2+0.7630 X, - 0.001995 X *+0.4994 X,
~0.0002469 X,” + 0.0002087 X, X,

where Y=kg. of dressed pork, X, =fecd unils in a protein mixture, and
X, =Tfeed units of barley. Using various price relationships it was possible

1. Johnson, Paul K. Alternative functions for analyzing a fertilizer-yield relationship.
Journal of Farm Eeonomies 35: 519-529. November 1953, Baum, E.L. et.al. Methodo-
logical Procedures in the Aanalysis of Fertilizer Use Data, Iowa State College Press.
Ames, Towa, 1956, 218 pp.

2. Vestergaard Jensen, E. Forskellige protein- og fodernormer til svin i driftsekonomisk
belysning., Tolvmandsbladet 30: 8-16. January 1958,

11+
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to compute optimum combinations of protein feed and barley as well as the
optimum feeding intensity.

In order for an optimum derived for a technical unit itself to be useful,
one must be able to view this technical unit more or less independently of the
other aspecets of the firm. If such is not the case, in order to plan the oper-
ations of the total farm, an analysis is needed which lakes into account the
inter-relationships among the various technical units. The total farm pro-
duction function discussed above is seldom suitable for such planning: in
general, the level of aggregation in the variables is such that they are too
gross to have operational meaning. Total farm production tunction analysis
may plan an important preliminary role in selecting alternatives in planning,
but it must be followed by a type of planning procedure in which it is possible
to specify in greater detail the kinds and quantities of products and inputs
for an optimum organization.!

Farm Planning Procedures

Conventional planning methods usually start with consideration of the
“best” use of a single resource. In some agricultural arcas the focus is on
land use, in others, labor or capital use. For example, if the procedure is land
use oriented, the crops to be grown are sclected in the initial phases. Then
livestock is added to use resources not fully utilized by the cropping system.
However, the interrelations between the eropping svstem and the livestock
system may be such that it is necessary to modify the previously selected
cropping system in order to include what is believed to be a desirable livestock
system. In short, conventional planning proceeds piecemeal by considering
in sequence each part the farm business; simultaneous consideration of the
specified available resources and allernalive products is not possible,

Cosl-of-production studics are frequently used as a basis for planning in
the conventional fashion. Thus, the produet which shows the most profit
receives the greatest emphasis in the planning procedure. Other information,
however, must be informally injected into the plan. The difficulty in being
able to draw logical conclusions from cost-of-production studies is the failure
of the technigue to adequately account for opportunity costs, In the central
U.S., market prices for some of the resources (especially labor during slack
seasons and the intermediate product of hay and pasture) are not applicable
in terms of decision making.

Although conventional planning methods or “hudgeting™ lack mathemati-
cal rigor, they can be sufficiently systematic to be quite useful. These

1. Swanson, Earl R, Determining optimum size of business from production functions.
Chapter 15 in Resource Productivity, Returns to Scale, and Farm Size, ed. by Heady,
ct.al. Iowa State College Press. Ames. Iowa, 1956, 208 pp.
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methods form an important part of the undergraduate instruction in the
agricultural colleges in the United States. The farm advisory service also
employs various forms of budgeling in their activities. Indeed, one of the
needed improvements in the farm advisory service is to emphasize the im-
portance of viewing the farm business as a totality. Conventional planning
methods aid in developing this viewpoint.

Linear programming has certain advantages over conventional planning.
Using the linear programming model for purposes of short-run resouree
allocation, the opportunity costing procedure can be built into the model and
we may avoid the explicit pricing of resources or intermediate products for
which the market price fails to give a satisfactory indication of the on-farm
price. In this manner, the linear programming model may offer a beller guide
to planning than conventional cost accounting procedures in which more or
less arbitrary cost allocations among produets are performed.

The logic and computational aspects of linear programming have previ-
ously been presented in this journal.!! In developing a farm planning model
for linear programming, we usually start with a specification of the relevant
restricting resources. Thus we specify the quantities (and seasonal dis-
tribution) of the labor supply, land, building, capital, ete. Next we select the
alternative products (activilies) to be considered and assemble data on the
resource requirements for each product. The data may, and usually do,
come from a variety of sources. Some coelflicients may come from selecting
a few points on continuous functions that have heen fitted to experimental
data, Data on labor requirements is most likely to come from special studies
conducted on farms. Certain technical data may come from farm accounts or
surveys. Some coefficients may be simply the judgment of a technical expert.
This variety of sources of technical data makes it quite difficult in practice
to stalistically assess the confidence limits of the solution of a programming
problem. The same could, of course, be said concerning conventional
planning results.

After the technical data have been assembled, other activities are added
to the programming model to provide for the flow of intermediate products
from a primary to a secondary enterprise, e.g., hay fed to livestock. In
addition, we add buying and selling activities to permit the direct sale of
primary products, e.g., grain, as well as their purchase in the event the
supply produced proves inadequate for the requirements of the secondary
enterprises, e.g., livestock. Finally, we choose prices and construct the profit
equation, which is maximized subject to the specified restraints. The data
requirements for programming are very similar to those in conventional

1. Dana, Sven. Linear programming i produktionsteorien I, IT og III, Nationalekonomisk
Tidsskrift 93:94-117, 205-233. 1955, 94:47-61. 1936,
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planning and, of course, programming docs not improve the basic technieal
data or price assumptions, but it does aid in a more systematic study of
their implications,

Rather than give the details of a specific model, part of the results of one
study are presented in Figures 1 and 2.

Number of

animals
150 4 /
100 - Livestock '
50 - Beel Cattle
Hogs
0
Acres
I
200 4
150 4
100 7
Soxbeans
andM
50 Clover

0- 7500 10,000 15,000
Annual Labor Income {(dollars)
Figure 1. Minimum labor farming systems for wvarious labor
incomes. Labor use ranges from approximately six months to a
maximum of twelve months, Systems refer Lo highly productive
soils in central Illinois. Prices are 1946-1955 averages

In Figure 1 various crop and livestock combinations are presented which
minimize labor input for various levels of annual labor income.® In effect,

1. Swanson, Earl R, Highest return farming systems for Drummer-Flanagan soils. Ilinois
Agr. Exp. Sta. Bulletin 629, June 19538, For anexample under Danish econditions see
Swanson, Earl K. A linear programming analysis of a family farm in Zealand, Erhvervs-
ekonomisk Tidsskrift 23:1-14. 1959,

2. Candler, Wilfred. A modificd simplex solution for linear programming with variable
capital restrictions, Journal of Farm Economics. 38: 940-955. November 1956.
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the figure shows a shift from systems of farming in which grain is produced
for direct sale to systems of livestock farming as labor inputs increase.

The effect of price changes on optimum farming systems may also he
studied by the linear programming technigue.' In Figure 2 the boundary line,
for example, between arcas A and B indicates price combinations of corn
and hogs in which farming systems A and B yield the same labor income.
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Figure 2. Price map for 160-acre farm with onc-man labor
supply. The letters indicate the farming systems that give
maximum labor income with corn and hogs at the prices indi-

caled on the vertical and horizontal scales

Farming Systems

Area on Land use Liveslock
price map Corn  Sovbeans Oals Wheat Clover Hogs  Beefl Cattle

{acres) (litters)  (number)

A 72 23 14 23 28 —— 144
B 12 21 15 21 3 a3 105
C b 30 ] a0 16 77 -
D a7 29 15 29 30 a6 93
E at 40 8 40 16 71 s

Linear programming offers promise in developing more reliable guides
to farm planning through the development of “standard”™ or “bench-mark”™
farms within an area. An individual planning service for farmers does not,
at the present time, appear to a reasonable undertaking for farm advisory

1. Hildreth, €. Economic implications of some cotton fertilizer experiments. Eeonomeltrica
23: 88-08. 1935,
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services in the U.S. Linear programming also offers a method of testing
“rules of thumhb”, by determining the range of situations over which the rules
may be applicable. As is true in the development of “standard™ farms, an
important problem in establishing the generality of the rules is the selection
of modal resource supplies and production coefflicients.

One of the important values of the linear programming technique is the
rigor which it enforces in thinking about the farm business. In a sense, it
transfers the judgment and intuition involved in developing and comparing
alternative plans to the establishment ol a set of realistic relationships.
Another important consequence of farm planning by lincar programming is
the dramatic way in which we discover deficiencies in our knowledge of
technical coefficients. This may serve as a guide to technical workers for
needed research.

It is not surprising that we find some actual farms that are quite snccessful
following systems developed by trial-and-error that closely approximate
optimum solutions as developed by linear programming methods. It might
be argued that the research worker and his counterpart in the advisory
service should simply study successful farms, describe their practices, and
use this as a basis for giving recommendations to other farmers. However,
linear programming, as well as classical production theory, gives us a con-
ceptual framework which permits us to betler explain and understand
empirical phenomena. Such understanding is a prerequisite to being able to
predict and hence aid farmers in decision making.



