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&,0. Heady, "Production Functions from a random sample of
Farms", JFE, Nov 19h6, p. 989.

To understand it, try Tintner, G., "A note on the derivation
of production functions from farm records, " Econometrica,

Jan 19l), pp. 26-3l.

I judge what they have done is take numerous farms of
different sizes, compare output on them, see how much the
additional resources add to output. But they don't describe
their methods. Nor their way of measuring land -- well, it
is land plus buildings, he says -- and yet the question the
respondent was asked, was for land value -- Heady then assumes
he included buildings with it! Pretty sloppy.

Brownlee & Tintner, JFE Aug 'hh, use land acreage. Also
sloppy .

Some of these data appear to help me; others to hurt me.
Heady takes pains to emphasize those that hurt me -- that
mp of land is larger for larger farms -- but he doesn't define
what he means by large and small. And the WP he gets only
refers to "the cemmetric mean" of the data. One would nave to

analyze the data assiduously to ge? any meaning from them,
and then would probably find the methods were so sloppy tney
aren't worth much. So skip it for now. Some day, perhaps.
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"'37‘{{— Farms", JIFE, Nov. 116. This one is a must. From 1939 data.
nea ; that for Iowa farms, tut’:d were UT00 large. A lb
increase in uts would increase output only .05%.
) o sady also found marginal productivities per § of
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s "The use of the word "net" is

preferred in order to stress the fact that additional output will rarely be
produced efficiently by increasing the employment of one particular factor

while leaving all other outlays unchenged; as a rule, some other adjustments
will be appropriate. That "marginal productiv ty" refers regularly to a net
revenue product has been clear to economic theorists for over fifty years."
Cites Marshall, Principles, 8th ed, p. 521: "the net product. . is the net

increase in the money value of . . ., total output after allowing for incidental
expenses."
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"A difference between alternative cost and the value of the marginal
/ product in any firm or industry is ppoof of inefficiency, and the
magnitude of the difference is a clue to the extent of the inefficiency,"

JI "Efficiency he defines as actual output / maximum output, from given
resources,

He's very good, pp. 101 ff., on efficiency, and alternative costs,

eaves suspicion that his concept of alternative costs is a little crude,
He mentions using resources in other industries, lMore feasible alternatives
may often be, I would say, using them by other plants in this industry;
or using them better by same plant. This last is especially necessary
re forestry problem, e.g.
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p. 117 In defining mp, Stizler lets other factors, which are fixed,

be fixed in quantity, but adaptable in form, Thus, adding 11lth ditech
digeer with constant capital, can have 11 shovels, costing same as 1(
original shovels. (But this makes it a long run concept, no? And if that,
why not let quantity of others vary as well as form? Actually, what I
have done in chap. 3 is unify solution of proportions and scale, and
take artificiality from it. Let all vary. One might define at least

3 different MP concepts: 1, other factors fixed in form and quantity; 2,
others factors fixed in quantity, not form; 3, others variable in both
form and quantity. (4, others variable in quantity, not form).
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Leg. lePherson, W.W., "Economie “oncepts and &nalysis of Costs" JFE

33: 195
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Stigler, Production & Vistribution Theories. Obviously unsympathetic to
VMarshall, re "net product", But a, doesn't really say what Marbkhall

was talking about; b, concerns distribution & BEuler's theorem, not problems
such as I'm especially concerned with right now; ¢, is after various

quirks of Markkddl, not essential to present matter . Marshall was
struggling vs. mp theory somehow, by insisting that should let other
factors vary, & Stigler doesn't like this

p. 356 Stigler concludes that "Marshall's net and marginal products
are identical", This means Marshall's use of the terms, that is all,
From quotes, it does indeed seem that when Marshall wrote "net product"
he meant increased product from one more unit; and at first he subtracted
some associated costs, and later did not. Sticler's conclusions refers
only to Marshall's terminology, which has some odd quirks and lack of
clear definition. In no way implies that general concepts of net and
marginal are identical,
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Cobb-Douglas functions, classified inputs into 5 groups:
Crovland, labor, workstock and equipment, productive livestock and feed,
and eurrent operat ng expenses.

They must have

Note there is no separate buildings category.
No wonder they conclude these farms don't

8519, p. 8.

inecluded it with "eropland".
mueh need more "eropland" !

Find basic description of "Cobb-Douglas functions".



vobb=Fouglas” lunctlions, says (Uleon, Iollow a partieular equation,

with parameters to be filled in from observation. Ueriving from

Douglas dlscovery in the '30s that many actual functions more or less
followed tils form. Using it subsequently I judge involves & considerable

& priori assumption that functions follow this form. Al so, what is
independent variable?
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Pounds of P,0s5 Per Acre
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Figure 1. Isocline-isoquant map indicating least cost combinations of nutrients. Dashed lines
are ridge lines.

cussed by Doll?, Heady and Pesek*, Mason®, and Stemberger¢. Also,
Hildreth™ has used a maximum likelihood technique to estimate
crop response to fertilizer.

When presenting isoquant and isocline maps, it is often in-
formative to depict ridge lines. Ridge lines define the limits of
substitution between the nutrients, e.g. the limits beyond which
yield cannot be maintained at a given level by replacing one nu-
trient with the other. Beyond the ridge lines, both nutrients must
be added to maintain or increase the yield level. Ridge lines can be

derived by setting % = 0 and by solving for N at various
levels of P, and by setting % =0 and solving for P at

various levels of N. Ridge lines predicted by the quadratic equa-
tion presented by Tolton et al. are shown in Figure 1.

3J. P. Doll “Evaluation of Alternative Algebraic Forms for Production Functions.” Un-
published Ph.D. Thesis, Iowa State College, Ames.

4E. O. Heady and J. T. Pesek “Some Methodological Considerations in the Iowa-TVA
Research Project on Economics of Fertilizer Use” in ic and Technical Analysis of Fer-
tilizer Innovations and Resource Use (ed. E. L. Baum, E. O. Heady, J. T. Pesek & C. G. Hil-
dreth) Iowa State College Press, Ames 1957, pp. 158-166.

5D. D. Mason “Functional Models and Experimental Designs for Characterizing Response
Curves and Surfaces” in Methodological Procedures in the Economic Analysis of Fertilizer
Data}zs(eg. E. L. Baum, E. O. Heady & John Blackmore) Iowa State College Press, Ames 1956,
pp. -98.

6A. P. Stemberger Economic Implications of Using Alternative Production Functions for
{SZXGDrelsssi'l?\z Corn-Nitrogen Production Relationships North Carolina Agr. Expt. Sta. Tech. Bul.
, 1957.

7C. G. Hildreth “Point Estimates of Ordinates of Concave Functions’” Journal of the
American Statistical Association Vol. 49, 1954, pp. 598-619.

e

By setting f% =0 and bblP =0 and solving them si-
multaneously, the input rates at which the predicted maximum

yield occurs are obtained. This nutrient combination also defines
the point on the input plane where all isoclines, including ridge
lines, converge. This point for the data under consideration is
shown in Figure 1; the maximum predicted yield of 35.08 bushels
of barley per acre occurs when P,O; and N are applied at 25.85
and 67.68 pounds per acre, respectively.

The experiment from which the barley yields were derived was
replicated 10 times. Fertilizer experiments in which regression
analysis is to be used can be conducted utilizing more rates or com-
binations of rates of the fertilizer nutrients with a reduction in
the number of replications. Box® and triple cube® designs are now
being used in fertilizer response studies. These designs reduce
the number of treatment combinations and experimental plots nec-
essary for conducting factorial experiments with 2 or 3 variables.
Also, regression equations permitting economic analyses of the
fertilizer rates can readily be fitted to the data from these designs.
The Box design reduces the number of treatment combinations of
a 5 x b x b factorial experiment from 125 to 15 treatments per
replication. Using the triple cube, a production surface of a
5 x 5 x 5 factorial can be estimated with 31 treatment combina-
tions. Such designs can conserve research resources used in con-
ducting fertilizer experiments in a given field, greenhouse, or
laboratory experiment.

The capital position of the farmer and the cost of applying fer-
tilizer should be considered. Under an unlimited capital position it
would be desirable to apply the rates of fertilizer specified by the
maximum profit position. However, under a limited capital posi-
tion lower rates should be applied. A method concerning this lat-
ter problem has recently been developed by Pesek and Heady®. It
provides a means of estimating the lowest rate of fertilization that
should be recommended to a farmer. The lowest rate is stated to

8R. J. Hader, M. E. Harward, D. D. Mason, and D. P. Moore “An Investigation of Some
of the Relationships Between Copper, Iron, and Molybdenum in the Growth and Nutrition of
Lettuce: 1I. Experimental_ Design and Statistical Methods for Characterizing the Response
Surface’” Soil Science Society of America Proceedings Vol. 21, 1957, pp. 59-64.

X 9T. E. Tramel “A Suggested Procedure for Agronomic-Economic Fertilizer Experiments’
1n5Econom1c and Technical Analysis of Fertilizer Innovations and Resource Use op. cit., pp. 168-
176.

10 John Pesek and E. O. Heady “Using Data on Crop Response to Fertilizers to Calculate

Rates Resulting in Highest Returns on Investments in Fertilizer and its Application” Soil
Science Society of America Proceedings Vol. 22, 1958, in press.
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be the rate which returns the highest net return per dollar invested
considering prices and the cost of fertilizer application.

Finally, the inherent errors of experimentation should be fully
recognized. The predictions of economic optima are point esti-
mates of unknown reliability. Confidence limits for such esti-
mates define the degree of reliability of the estimates and should
be included in an analysis of experimental data.

Mo

(Reprinted from Canadian Journal of Agricultural Economics,
Vol. VI, No. 1, 1958)

NOTE ON PHYSICAL AND ECONOMIC RELATIONSHIPS
INVOLVED IN FERTILIZER USE'

ROBERT D. MUNSON and JOHN P. DOLL2

OLTON, Gilson, and Hedlin’s article deals with the economics

of fertilizer use, a subject in which there is growing interest.

Because it may be used as a model for future agronomic-economic

research, we would like to clarify a portion of their analysis and

provide further information which may be useful in planning and
conducting such research.

The isocline and isoquant map presented in their paper could
lead the reader to an erroneous conclusion concerning the shape of
isoclines derived from a quadratic equation. As explained in their
article, isocline equations are obtained by equating the marginal
rate of substitution to the inverse of the price ratio of the fertilizer
nutrients. When this is done for their equation

Y = 16.4643 4 0.8114P -+ 0.2389N — 0.0208P2 — 0.0025N? —
0.0039NP, the resulting isocline equation is:

oY

oN dP  0.2389 — 0.0050N + 0.0039P Pn
= — = === (1
oY dN  0.8114 — 0.0416P + 0.0039N Pp

oP

This equation can be simplified further by solving for N as a func-
tion of P and the price ratio or by solving for P as a function of
N and the price ratio. However, it can be seen from examination
of isocline equation (1) that the relationship between the variables
is linear. Therefore, the quadratic equation presented in the arti-
cle must predict linear isoclines which pass through the nutrient
axes and converge at the point of maximum yield. The isoclines
in Figure 1, derived from their equation, show this relationship.

However, there are functions which predict curved isoclines.
These functions might include cubic terms, square root terms, or
other transformations of the original variables. Problems involved
in selecting functions for use in fertilizer research have been dis-

1By Tolton, Gilson & Hedlin. This Journal Vol. V, No. 2, 1957,
2Tennessee Valley Authority




Knetsch, Jack L., and Parks, W.L. '"Interpreting Results of Irrigation
Experiments -- a Progress Report." TVA Report N° T 59-1 AE. Knoxville,

Response of yields to fertilizer (nitrogen) plus water, latter
measured negatively as drought. Production isoquants result, also
give results as regression equation. Show yields respond to water
a good deal, mores: at higher levels of fertilizer. The isoquants

appear quite useful in this case. g
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Knetsch, Jack L., and Smallshaw, Jjmes. "The Occurrence of Drought in
the Tennessee Valley." TVA, June 1958

They analyzed data from sample plots thruout Valley, and weather
statiens, computed probability of so many days of drought per season.
Also of cousecutive drou ht.

Probability of drought increased toward west, despite avera e rain-
fall not increasing.

Defined drought as days on which soil moisture in root zone had fallen
to zero.

Don't do much else with it.



Heady, Earl 0., and Shaw, Russell. RESOURCE RETURNS AND PRODUCTIVITY COEFFICIENTS
IN SELECTED FARMING AREAS OF IOWA, MONTANA, AND ALABAMA. Ia. AES Research Bul.
No. 425, April 1955

P. 355 1In Ala. sample, for example, returns to labor and capital are very
low on certain "low-labor" farms, but operator can afford to use them anyway,
because he is not paying its mp for land, therefore "a portion of the marginal
product of land can be used to reward capital services and labor."

Worth further study -- and quoting sometime
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