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CHAPTER I
INTRODUCTION

Purpose and Relevance of the Study

To guide the Michigan farmer, This study was undertaken pri=

marily as part of a research program designed to help farmers as they
seek to adjust to a world whose dominant characteristic is change.
More specifically, its purpose is to help the Michigan dairy farmer
assess his cost position and ability to supply milk relative to produc-
ers from neighboring states. Combined with other studies, this analysis
enasbles the Michigan dairy farmer more adequately to size up his situa-
tion with respect to the future. It can serve as a guide in adjusting
Present operations to meet changing conditions.

To augment consumer well being. Beyond guidance to the individ-

ual producer, the present study may serve indirectly to augment consumer
well-being. The chammeling of milk from the farm to the consumer has
become heavily burdened with more or less restrictive institutionsl
rrangements in recent decades. Federai Milk Marketing Orders have
dltered the distribution of the right to produce milk within the ¢
economy., If the administrators of these programs can have better ine
formation on how the amount of milk supplied will vary in response to
Price changes, they can more competently recommend price adjustment,

thereby making both the consumer and producer better offs



A price support program for dairy products has been instituted
since World War II with an apparent malallocation of consumption and
resources leading to large surpluses of butter in government ware-
houses, This study, combined with others designed to appraise the
demand side of the problem, and more fully the supply side, will en-
able price support programs to be developed that are more efficient in
their allocation of resources,

To illustrate the use of theory in analyzing a problems A third

purpose of the study was to illustrate the use of theory in analyzing
a problem. Experimental and other data compiled at this and other
institutions are combined with the classical static theory developed
and elaborated since the time of Adam Smith and with a techmique de-
veloped by James A. Wellsl at the University of Kentucky. Use of this
technique produces marginal cost curves for several representative
firms in the Detroit milk shed., These are then aggregated into a milk
shed supply curve through the use of proportions derived from a mail
survey conducted in the Spring of 19532, The result is an estimate of
the supply curve for fluid milk in the area under study, assuming that
the number of producers and size of herd does not increase, that the
quality of cow remains constant and that prices of variable inputs re-
main constant.

1 Wells, J. A., "A Technique for Synthesizing Cost of Production
Data - With Special Reference to Dairy Enterprises in Green and Taylor
Counties of Kentucky," (unpublished Masterts thesis, Department of Farm
Economics, University of Kentucky, 1951),

2 See specimens in Appendix A.



Description of Michigan Agriculture in Relation to
the Detroit Milk Shed

Importance of dairying as an enterprise in the States Michigan,

as a state, ranks ninth in the number of milk cows and heifers on hand
as of Jamary 1, 19533, Some form of dairying is the predominant type
of farming in the state, other alternatives being beef cattle, sheep,
swine, specialized vegetable or fruit farms, and some crop farms. The
relative importance of the different types is indicated by Table I.

TABLE I

VALUE OF FARM SALES, BY PRODUCTS, MICHIGAN,1949

u
|

Thousands
Product of dollars
Crops
Fruits and nuts 30,600
Vegetables 17,497
Horticultural specialties 15,994
All other crops 120,578
Livestock and livestock products
Dairy 1h3,115
Poultry and poultry products L1,215
All other livestock and
livestock products 101,581
Forest products
All forest products 3,031
Total value of products sold L73,612

SOURCE: Michigan Agricultural Statistics, May,
1953, Pe h9c

3 Michigan Agricultural Statistics, May, 1953, p. 5.




For further information as to the importance of dairying in

Michigan, see Table II,

TABLE II
NUMBER OF FARMS, BY TYPE OF FARM, MICHIGAN, 1949

Type of farm Number Percent
Cash-grain 15,037 9e7
Other field crops 1,995 1.3
Vegetable 2,545 1.6
Fruit and nut L, 710 3.0
Dairy 45,729 29.h
Poultry 5,268 30’4
Livestock other than dairy
and poultry 10,777 6.9
General, primarily crops 1,990 1.3
General, primarily livestock 5,993 3.8
General, crop and livestock 11,195 Te2
Miscellaneous and unclassified 50, 350 3.2
A1l Farms 155,589 100.0

—— ene—

SOURCEs Michigan Agricultural Statistics, May, 1953,
Pe (o

For the relative importance of cash receipts from dairying,

8ee Table III.



TABLE III

CASH FARM RECEIPTS FROM SALES OF DAIRY PRODUCTS COMPARED
WITH TOTAL CASH RECEIPTS FROM FARM MARKETINGS AND
TOTAL STATE INCOME (INCOME PAYMENTS TO INDIVIDUALS),

MICHIGAN, 1951

il

Cash farm receipts from sales

of dairy products 198,830,000 dollars
Total cash receipts from farm

marketings 725,272,000 dollars
Income payments to individ-

uals 11,352,000,000 dollars
Ratio of cash dairy receipts

to total cash farm receipts 27.4 percent
Ratio of cash dairy receipts

to total income payments 1.75 percent

SOURCE:s Michigan Agricultural Statistics, May, 1953,
Pe 11.

FPeed production in the state. Corn, winter wheat, oats, barley,

and soybeans were the principal feed grains grown on Michigan farms in
1952, Production and disposition figures are given in Table IV for
the feed grains and hay.

Winter wheatv and soybeans are principally cash crops while cornm,
oats, barley and hay are produced for use as feed. Of the 1,698,000
acres of corn grown in Michigan in 1952, 83.5 percent was utilized for
grainy 12.4 percent for silage; and 3.4 percent for hogging down,
grazing and forage.h Total corn silage production for the state was

b 1b1d, p. 19.



TABLE IV

PRODUCTION AND FARM DISPOSITION OF SELECTED CROPS-MICHIGAN, 1952

e —————————
———

Produc=
Crop tion Used on farm where grown Sold
Farm
house=
Seed Feed hold
Thousands
Corn = bushels 83,200 - 67,759 9 15,432
Winter wheat «
bushels 36,440 2,289 5,830 37 28,28)
Oats « bushels 50,786 - L3,168 - 7,618
Barley - bushels 2,552 - 1,991 - 561
Soybeans - bushels 1,7L8 105 52 —-— 1,591

A1l hay - tons 3,538 - 3,131 - Lo7

— —

SOURCE: Michigan Agricultural Statistics, May, 1953, pe. 18e

2,071,000 tons.s No specific figures were available on the breakdown
of hay production into kinds, other than that 39.3 percent of the farms
in Michigan reported some acreage of alfalfa cut for hay and 387 per-
cent reported some acreage of clover-timothy cut for hay in 1950.6

Description of The Detroit Milk Shed

This thesis is directly concerned with fluid milk production in
the Detroit milk shede Having described Michigan agriculture and the

S Ihid, Pe 19,
6 Ibid’ Pe 17.






7
importance of dairying in the state as a setting or background, a more
detailed description of the conditions under which fluid milk is pro-
duced for the Detroit market follows.

Locations In 1952, the milk shed for the Detroit market en-
compassed approximately two-thirds ot the lower peninsula, Approximately
70 percent of the milk cows in the state were concentrated in this areas !
Within this geographic area, though, many producers shipped to local
markets such as Lansing, Muskegon, Bay City, and Midland, rather than
to Detroit. The approximate boundaries of these smaller milk sheds are
indicated in Figure 1,

Production conditionse In order to set up representative firms

for purposes of deriving the marginal cost curves, information was
needed as to herd size, type of barn, and quality ot cow, Secondary
Ssources of data did not supply information of this nature, so a mail
survey was taken of producers in the Detroit milk shede

Results of the questionnaire in describing conditions under
which fluid milk is produced for the Detroit market are summarized in
Table V.

The marginal cost curves which were constructed for each of these
representative conditions of production were weighted according to the
indicated percentages in aggregating the composite supply curve. (See
Chapter IV).

7 Ibid’ Pe 8
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Kind of cattle found, Holstein is the predominant breed of dairy

cow in the area under consideration. These cows are large in size and
for purposes of calculating feed and other imputs, an average weight of
1,200 pounds is assumed. The quality of these cows is indicated in
Table V.

Type of feed feds Feed fed to dairy cattle varies considerably
between farms. Hay consists of alfalfa, red clover, brome, and timothy,
grown separately or in mixtures, Pasture consists of the same forage
crops plus blue grass, the pasture season lasting approximately 150 dayse.
The grain ration for the most part is made up of corn and cob meal,
shelled corn, oats, and soybean meal, Silage is essentially all corn

. 81lage although increasing amounts of grass silage are being used,



CHAPTER II

RESUME! OF TECHNICAL LITERATURE AND FRAMEWCRK
FOR THE PROBLEM

Resume! of Relevant Literature

According to Mighell and Blackl two procedures have been followed
in the past in attempts at supply curve determination. The first of
these = the historical-statistical procedure = consists of correlating
prices and the amount produced over a period of years in the past,
glving consideration to other important variables that may have in-
fluenced this relationship.

Probably the first study along these lines dealing with dairy
production was made in the Twin Cities market by Emil Rauchenstein in
1926,2 A little later, Ezekiel, Rauchenstein, and Wells did similar
work for the Bureau of Agricultural Economics in material that was

published in 1932.3

1 Mighell, Re Le, and Black, Je. De, Interregional Competition
in Agriculture, Harvard University Press, Cambridge, Massachusetts,

s Pe .

2 Ibid, Pe 7ho

3 Ezekiel, M., Rauchenstein, E., and Wells, O, V., Farmers!
Reimonse to Price in the Production of Market Milk (Processed),
ted States Department of Agriculture, Bureau of Agricultural
Economics, (Washington, 1932).
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A simdlar analysis in the Richmond area of Vermont by A. R. Gans
and M, Ezekisl also gave significant results.’" But when John M. Gassels

in his 8tudy of Fluid Milk Prices published in 1937 repeated the Vermont

analysis using the period 1921 - 1931, in contrast with the years 1917
to 1925 used by Ezekiel, he obtained results with little or no signie
ficance.? A repetition of the Twin Cities study mede by Paul Quintus
in the early 1930tz gave results much like those of Cassols'.6

Further analysis of the Vermont data by Cassels and Malenbaum
showed that most of the correlation occurred in the earlier y.ara."
Finally, Steward Johnson repeated the Vermont analysis including the
whole period from 1917 to 1937 and came out with results substantially
the same as those of Cassels'.® The conclusion that Black reaches is
that a short period of years is not likely to furnish an adequate his-
torical sample, and that if a long period of years is included, the
results are likely to be out of date and no longer fit the current
situation.?

b wighel1, R, L., and Hlack, J. De, Ope €ite, Pe The
5 Itdd, pe The
6 Ibid, p. 75.
7 Ibid, pe 75
8 midg, p. 7.
9 moid, pe T5.
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It appears that a historical trend must be established to get
valid results, and that by the time this trend has been established, it
is no longer applicable. A partial solution to this problem can be
found by setting up a model with an equation explaining each one of these
factors. These equations are then solved simultaneously to secure more
valid results.l0

In the usual analysis of responses of milk preduction to prices
of milk, such as those previously mentioned, account has been takemn
also of the price of feed, usually in the form of a ratio of milk to
feed prices. The supply curves obtained in such cases are supply curves,
though, in the sense of partial equilibrium analysis, because the effect
of the changing cost is removed. In an area where the dairy herds are
mostly fed on forage and grain grown for that purpose, milk prices
alone can be used in the analysis, unless some other enterprise, like
hogs, is a strong competitor for the grain.

The second approach to the problem is called the operating-unit
or case method, by means of which attempts have been made to construct
supply curves by determining the amount which individual producers can
most advantageously produce at different levels of prices.

There are two methods usable in this form of analysis. The
first of these methods is typified by Mighell and Black'sll analyeis

e ———————8

10 Johnson, G. L., has indicated the possibility of doing this im

@ published criticism of Kighell and Black's book. (The Journal ef Political
Economy, The University of Chicago Press, Chicago, Il1IInoIs, p. 1B8L.J, ., .

1 op. cit., Mighell and Black, p. Lé.




i

and consists of estimating or constructing a budget of the expenses and
receipts for the entire farm business with several alternative or-
ganrdisations, This is done for what is considered to be a representative
farm under three different price structures to determine the individual
response to price changes. The composite schedule for the area under
consideration is then found by a simple multiplication operatione.

A second method is the one used in this studyes A survey is taken
of the area under consideration to determine the composition of the
aggregate of producers with respect to scale of operation, type of barn,
and quality of cows. From the information so gained typical dairy
enterprises are constructed, for each of which a marginal cost curve
for a specified length of run is determined from experimental data
through a budget process. This givea the individual response to price
changes within that planning spane

These individual responses are then aggregated according to the

proportions dictated by the survey into the composite supply curve,

Conceptual Framework for the Problem

At this point, a rather complete elaboration of the relevant
theory to be used is appropriate.
Selection of relevant theory. Economic theory has been divided

and classified in many ways. One of these classifications follows:

Statics Dynaxdcs
Micro-statics Micro~-dynamics

Macro-statics Macro=dynanmics
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In addition to being general - applying to the analysis of both
the firmm and the consumer - this classification admits the possibility
of showing the inter-relationships between the various sections.

A static analysis at the micro-economic level under conditions
of perfect competition provides an appropriate initial framework from
vhich useful concepts can be developed for guidance in working out the
proeblem, A micro-economic approach is taken because the firm is the
primary economic unit being analyzed. The supply curve estimate is an
aggregate of individual supply curves.

Static analysis is used masinly because it provides a rather fully
developed, yet simple, theory of the firm. If more fully developed a
dynamic analysis would provide answers that the present analysis cannot,
such as how the entrepreneur responds in the presence of imperfect
imowledge about prices, weather, production responses, and marketing
programs, to msntion only a few such items.

If a dynamic theory of this nature were more fully developed it
would approximate the real world more closely than static theory. Since
such theory is not developed adequately, certain assumptions have to
be made with the realization f.hat the resultant theory only roughly ap=-
proximates reality. This is the condition into which all empirical
work eventually falls, ditferences being only matters of degree.

Perfect competition is assumed because this does approximate
conditions in the area under study, Each individual producer is assumed
80 small relative to the aggregate that he cannot significantly influence
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the price of either his factors of production or the product he sells.
The demand curves he faces when buying his variable tactors of pro-
duction are perfectly elastic, that is, no matter how much he buys,
within the limits set by his fixed factors, the prices of the variable
inputs remain substantially the same, This also applies when he is
selling his product. There tends to be one price and no matter how
small or how large his output, the price remains the same.

Certain inmputs that are fixed for the firm but variable between
enterprises have to be priced, too, Examples of these are silage;
pasture and labor. Inputs of this nature can be priced at their on=-
farm opportunity costs.

If the firm is in a state of equilibrium, the input that is
fixed for the tirm but variable between enterprises, will be allocated
smong those enterprises so that MFC ® MVP for each enterprise and its
MFC in one enterprise will be its MVP in an alternative use. In order
for one more unit of one of these inmputs to be used in the dairy enter-

prise, it must be paid at least the on=farm opportunity cost which is

"the MVP sacrificed by diverting it from an alternative enterprise., If

there are no on-farm alternatives other than the dairy enterprise, an
additional unit of the input applied to it camnot be valued higher than
its respective MVP so long as the imput is a fixed asset for the firm.

Assumptions needed to secure the selected system, Because finite

minds are not capable of handling a theory which would reproduce exactly
the infinitely complex conditions of the real world, certain simplifying
assumptions have to be made., This is not a criticism of theory. In part
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it is a justification for ite The human mind is finite. The real
world exists in infinmite dimensions. The only way the finite mind can
grasp the infiniteness of the real world is to make simplifying as-
sumptions and cllwsifications.12

In addition, it is necessary to have a set of concepts in which
there are N variables and for which there are N consistent, non-dupli-
cating relationships. When these conditions are satisfied we have a
unique explanation for each ot the internally determined variables.
In solving such a system for any one ot the internally determined
variables, given the -va.lues of the exogenous variables and the relations
between the endogenous ones, a unique, single valued magnitude is as-
certained. The law of diminishing returns, assumptions of perfect
competition, and the assumption of a rational stage ot production assure
us of having such a set of concepts,

The following assumptions are needed to satisfy these conditions
for a static analysis at the micro-economic level for a dairy fam in
the Detroit milk shed:

l. The production functions are fixed as they existed between
October 1, 1951 and September 30, 1952.

2. Certain of the resources are fixed for the firm and industry
in this way:

a, All assets for the tirmm are fixed except for those
associated with the length of run in which the feeding
level and associated inputs are variable,

12 gnight, F. H., Risk, Uncertainty and Profit, Houghton Mifflin
and Company, Boston and New York, 1921, p. 207.
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be Those assets which spell out the size of the industry
are fixed except for those associated with that short
length of run in which the feeding level and associated
4ssets are variable.

3. Those resources associated with the changing feeding level
such as hay, labor, milk cans, and salt are not fixed in
total quantity, but can be purchased or disposed oif at the
going market ratesor the on farm opportunity cost.

Lhe The institutional make-up of the milk shed is assumed
constant for the period under consideration.

a. There will be no change in the Federal Milk Marketing
Order,

be There will be no production controls other than those
embodied in institutions existing October 1, 1951,

ce The regulations regarding health and sanitation will be
constant,

S The farmers in operating their businesses act in a rational
manner.,

6. The farmer as an individual has perfect knowledge and fore-
sight.

Te The farmer in operating his business seeks to maximize his
profits.

8. There are N firms in the market, where N is a very large
number,

9« The product = milk - is homogensous; the elasticity of sub-
stitution between one firm's product and the products of the
remaining N-1 firms producing milk is infinite.

10« The cross-elasticity of demand between the firm's price and
the sales of the other N-l firms (conceived as a unit) is
£0X0,

11, Certain of the factors of production - corn, oats, salt,
soybean cil meal, corn crushing service, electricity, hay,
and milk cans are assumed to be perfectly elastic in supply
and are priced at their off-farm opportunity cost.
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12, Other factors - pasture, silage, and labor = which are fixed
for the firm but variable between enterprises, are priced at
their on-farm opportunity costs. (A specific treatment of
these is given later in the paper.)

13 The farmer buys and sells his factors free of coercion in
a free or open market.

The body of theory which is to serve as a conceptual framework
has been selected and the assumptions necessary to assure an identified
system have been spelled out. The conceptual framework can now be de=-
veleped, starting with an analysis of relevant production functions and
carrying it through the derivation of the marginal cost curves to their
aggregation into a supply curve for the area and farms under study.

Production functions, Production can be conceived of as a

functional relationship between the factors of production and output.
Symbolically this would be presented thusly: Y = f(Xj,Xp,+eesX,), Where
Y stands for output and Xj,eeee,X, stands for the factors of production.
The f signifies that output depends in some definite way on the fac-
tors of production,

The theory of the production function can be found in one of
several college theory books, such as, Stigler'3, Bouldingllt or Weintraubl5,

13 stigler, G. J., The Theory of Pri
s Ge Jo, The ce, The Macmillian Company
New York, New York, 1950, pp.-T-9£O -5, ’

1 poulding, K. E., Ec &2%.1 is,
s K¢ E., Economic sis, Harper and Brothers, New
Iork’ HW Iork’ 19'-‘8’ pp. E;B - 509, l - 709. ’

15 Weintrsub, S., Pri ry,
y Sey ce Theo Pitman Publishing Corporation
New York, New York, ppe 52 = 70e ’
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and will not be developed in detail here., The theory is most easily
envisioned when output (Y) is conceived to be a function of two vari-
able imputs, X] and Xp, with Xg,eeee,X fined. Plotting Xj on the
ordinate axis of a Cartesian coordinate and X5 on the abscissas, out-
put is conceived of as rising from the surface of the coordinate in a
third dimension. Points of equal elevation can be indicated by contour
1ines much as is done on a regular surface map. These contour lines
comecting points of equal height are called isoproduct lines, and are
1llustrated in Figure 2.

|

™~

}isoproduct contours

quadrant boundaries

h—

~ scale line

. budget lines
x5

Figure 2 Production surface for three variable
analysj.SQ
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The significant portion of this diagram is the area within which
a rational entrepreneur would operate. This area of rationality can
be delineated by drawing in isoclines, which comnect points on each
isoproduct curve at which a tangent is parallel to either the ordinate
or abscissa axise Within these isoclines the MPP's of both Xj and Xp
are positive,

Two problems of economic choice exist within this area of ration-
ality. The isoproduct contours indicate that a given output can be
produced by alternative combinations of the two inputse Which combina-
tions to use becomes a problem of economic choice and the criteria
employed in making the selection is the minimum cost combinatione

This is determined by superimposing budget lines on the isopro=-
duct map (Figure 2). These lines indicate the different combinations
of the two imputs which can be purchased for a given outlay of fundse
The optimum combination is indicated at the point of tangency between
the isoproduct line and the budget lines (Proof that this is the mini-
mum cost combination can be found in any of the suggested referencess)
A 1ine connecting these points of tangency will indicate the optimum
combinations as output is expanded, and is called the scale line or
expansion pathe

This brings us to the second of our problems of economic choicej
that is, the optimum output to produce, Further production is pro-
fitable as long as the revenue from one further unit of production is
greater than the cost of securing that greater output. Skipping the

Production function where output is a function ot Xj and Xp combined
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according to the scale line and going direct to the related cost curves,
maximm profits are secured when MC 3 P, Combining the inputs as dic-
tated by the scale line, output is expanded until this point is reached.

Derivation of the cost curves. Of the traditional set of cost

curves that is derived for the firm in the short run, only one is
germane to the present anelysis, Since in the short run it is to the
producer!s interest to carry production to the point where marginal cost
equals price, his short run MC curve will also be his rational short-
run supply curve relating price and quantity supplied. Thus, this cost
curve is the fundamental curve for the present analysis.

The "ghort-run® is taken to be a period long enough to permit
of any desired change of output technologically possible without al-
tering the scale of plant, but which is not long enough to permit of
anyy adjustment of scale of plant,

For this problem, the relevant length of run :I@/ in which feed
and its associated inputs are variable. (See Chapte or a further
discussion of this,) All other inputs are fixed and are part of the
*"plant®, All costs to the firm can then arbitrarily be classified into
two groups - those which are necessarily fixed in amount and whose
magrd tude delineate the scale of the plant, and those which are freely
Variable and change with changes in output, This latter group are vari-
able in their aggregate amount as output varles, as well as in their
amount per unit of product,
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Marginal cost is defined as the additional costs necessary to
produce one additional unit of output., As total fixed costs remain
constant, only variable costs enter into marginal costs, Total vari-
able costs are defined as the sum of the total variable costs necessary
40 secure a given output, Total variable costs divided by the respective
output to give a per unit value i8 average variable costs, Marginal
wariable and marginal costs are synonomous.

Dollars
M2

Output

Figure 3, Marginal cost curve for the firm
in the short run,
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The marginal cost curve for a firm is illustrated in Figure 3.
It is typically U-shaped as a result of the law of diminishing retums.16

Theorstical presentations often indicate that only variable costs
are important in decision making once the commitments for fixed costs
have been made, Such presentations indicate that production can be
maintained in the short run so long as average variable costs are covered,
and further, that losses are mimimized by this continued operation.

However, if the price becomes so low that the earning power of
the fixed asset becomes less than its salvage value, the fixed asset
will be solds This may well occur at a price that is still more than
covering average variable costs. When this takes piace, a longer length
of run 18 entered into and the cost computations for the previous length
of run are not applicable,

The supply curve for the firm, then, consists of the marginal
cost curve of the firm above the level of the average variable costs,
unless the earning power of the fixed assets become less than their
salvage value, In this case, the short Trun supply curve does not ex-
tend down to the average variable cost curve, but stops at this point
vhere the planning span involves a longer length of run.

The supply curve for the industry in a given length of run is
simply the sum of the abscissa of the individual marginal cost (= ine
dividual supply) curves for that length of rum,

16 1bid, pp. 75 = 76



25

Discussion of the length of run considered and the respective

characteristics of the dairy enterprise. A large number of productive

agents are used in the dairy enterprise, Various lengths of run17 or
planning spans can be identitied by dividing these inputs into a fixed
and variable classification. Typically, three lengths of run can be
identified with respect to the dairy enterprise,

The short rune The short run ia that planning span in which

most of the factors of production are fixeds The level at which the

cows are fed and the combination in which roughage and concentrates are
fed is variable, and in addition some other minor imputs and small por-
tions of other inputs essociated with the feeding level are variable,

The intermediate length of run. In a somewhat longer length of

run, the dadryman can vary some of the factors fixed in the short run,
This planning span is called the intermediate length of run, and with-
in this span the dairyman may increase or decrease the size and
quality of the herd by changing the breeding program or by purchasing
and selling cows. Certain portions of equipment and labor associated
with varying herd size and quality of cow are also varisble. An upper
limit on herd size is imposed by barn space.

17 A word of explanation relative to the concept of length of run
is appropriate at this time. This is not strictly a time concept, but
involves planning and the associated decisions with respect to varying
the specified factors of production mentioned above. The length of run
is determined by the planning span one is considering when commitments
are made, If a variation in feeding level is contemplated, it is a
short run phenomenon. If a variation in barn size is being considered,
it is a long run phenomenon.
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The long run. A still longer length of run can be conceived of

in which all factors of production are variable, Buildings and land are
variable in this length of run and conceivably management could be vari-
able, for with the passing of time, the farmer could undergo a learning
process and increase his managerial skill. Whether managemsnt could be
increased in proportion to the other factors is debatable.

These are only three examples of an 1nﬁ.ni£e nmumber of lengths
of run possible, They are rather arbitrary, but somewhat meaningful
in referring to lengths of run in which farmers usually plane.

Length of run considered in this study. In this study, only the

short run is selected for consideration. The level at which the cows
are fed and the combination of roughage and concentrates is variable,
That part of labor associated with the feeding level will be variable,
Additionsal milk cans will be needed to handle the increased milk re-
sulting from a higher level of feeding., A small amount of electricity
will also be variable as the milking time increases and the volume of
milk to cool is changed.

A1l other factors of production are assumed fixed. The sigze of
herd is constant, and land is fixed. For the milk shed, the number of
herds is fixed at 12,223,

Weaknesses and Advantages of the Proposed Method

Wealknesses of the proposed methode The proposed method of analysis
has several innate weaknesses, One of these involves input prices and



27

the problem of partial equilibrium analysis. It is assumed for purposes
of the study that the price for each of the inputs remains constant,
although for any of the inputs in the economy as a whole it is obvious
that price is a function ot the amount used. This problem is partially
circumvented for items with a national market such as corn, oats, soy-
bean oil meal, milk cans and salt, by the fact that we are dealing with
the production in only one of the areas in which the commodity is proe
duced in the total economy. The relationship between the price and the
quantity used in the Detroit milk shed is probably slight, then, if it
exists at all, because the use under consideration is only part of a
much larger market,

The problem is more acute for those imputs that are fixed in
supply either locally or on an individual farm basis, but varisble
within the individual farm between enterprises, such as labor, hay,
silage and pasturage. Here the price very definitely is a function of

the quantity used. This problem is partially solwved by holding the
quantity of silage and pasture used constant at all of the feeding
levels, Labor and hay cannot be held constant as the level of feeding
changes, though, 8o they must be given special treatment. A discussion
of the method used is found in a later chapter,

A second weakness of the study is that it makes no direct al-
lowance for events of an episodic nature. It is assumed that there are
a definite number of producers, and that they continue to produce
throughout the period under consideration. In reality many events will

occur to eliminate some producers from the market, such as fires,
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epidemic diseases, hail storms, wars and crop failures, These occur-
rences are of a random nature and are in no way connected with the
market situation. Indirectly, events of this nature are taken into
consideration when adjusting the final curve as discussed in Chapter IV.

A third weakness is the inherent lack of accuracy implied by any
sampling process, in addition to the bilas resulting from sampling a
special group of the total population with a mail questionnaire. It
was impossible to secure a list of addresses of all the producers in
the Detroit market to which to send the questionnaire. The Michigan
Milk Producers! Association were wvery cooperative, however, in allowing
the author access to their address list, from which two 10 percent
random samples were drawn, Members of the Association make up approxi-
mately 85 percent of the shippers in the shed, there probably being an
upward bias in the sample toward the larger and more efficient pro-
ducers as a result, This is indicated by the daily deliveries for eash
group in September of 1952, The members had an average daily delivery
of 324.8 pounds as compared to 292.2 pounds for the non-members and
319.7 pounds average for the total shippers.

Another sample bias is the one that is indigenous to a mail
questionnaire. Again it is probably only the larger, more efficient
producers that respond, although we have no estimate of the descrepancy
in this case. A 50 percent response was secured after sending one re-
minder letter,
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A correction is made for these biases after the shape of the
composite curve has been determined by shifting the entire curve later-
ally to force it through the actual production for the period of time
being considered.

 Advantages of the proposed methode An advantage of this study

is that it is orgamized around a meamingful theoretical framework and
is based on factual evidence derived from experiments, surveys, and tims
and motion studies., Theoretical and empirical procedures are teamed
together for the attack on the problem, It considers the fesponses of
the individual producer to price changes and aggregates them into the
composite supply curve.

Another advantage that stems directly from the consideration of
the individual producer is the increased validity of the aggregation
process, The supply curve will not be restricted to a straight line
relationship, nor will it be burdened with the deficiencies associated
with aggregating regreésion coefficients, It will be a lateral sum-
mation of the individual supply responses, and as such, transcends many
of the wealkmesses of the traditional aggregation processe.

The historical-statistical procedure presupposes that producers
will react in the future much in the same way that they have in the
past. This precludes the possibility of a changing technology, chang-
ing tastes, and changing alternative opportunities. The proposed method
specifies that for the given cost structure, the supply response will be

as indicated, Changing the cost structure will result in a different
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supply response, There is not a projection over a time period for which

there is not supporting evidence as is done in the historical-gtatistical
method. Wold and Jureen have pointed out the lack of wvalidity involved
in predicting from a regression coefficient beyond the limits of the
data,18

This method considerably increases the accuracy over that achieved
by Mighel and Black's process. Contimious responses are ascertained
rather than just the three or four alternatives proposed in their studye.
This results in increased validity over the range of the supply curve.
Increased accuracy also comes from having ten representative enter-
prises for each of which a marginal cost curve is computed. These
curves are then weighted according to their respective occurrence in the
mlk shed. This is considerably more accurate than setting up one typi=-
cal enterprise for which three or four alternative situations are bud-
geted,

18 wo1d, H ysis,
s He, and Jureen, L., Demand Analysis, John Wiley and Sons






CHAPTER III

THE COMPUTATION OF THE COST CURVES FOR THE
REYRESENTATIVE DATRY ENTERPRISES
As indicated in Chapter I and II, a marginal cost curve is
required for each of ten representative dairy enterprises. This
chapter describes (1) how the physical input-output data were secured
and (2) the method of computing the marginal cost curves.

Determining the Physical Input-Output Relationships

Feed, For the length of run with which we are concerned, feed
is the major variasble factor of production. The input-output relation-
ships used for deriving the cost figures in this study are based on a
;:omhinétion of secondary experimental data, survey data, and judgement.

Milk production in this length of run is generally conceived to
be a function of varying quantities of roughage and concentrates and
necessary changes in associated inputs such as labor, minor equipment,
and electricity, combined with such fixed factors as the cow, the
quality of her feed, the management ability of the farm operator, and
the climate, If one abstracts from the changes in the associated in-
puts such as labor, minor equipment, electricity, the economic analysis
for this length of run involves the traditional three-variable analysis
referred to in Chapter II. The problems of choice involve the com=
bination in which to feed the roughage and concentrates and the amount
to feed the cow,
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The range over which the total digestible nutrient intake of a
particular cow can be varied has two limitations. Physically, the
total digestible nutrients intake must be at least enough to satisfy
the maintenance requirements of the cowe Economically it must be at
least enough to equate the average physical product and the marginal
physical product, As a maximum the total digestible nutrient intake
is limited by the concentrate limit of the cow. In an economic sense
this would be where the marginal physical product has decreased to
zeroe The economizing principle is rationally applied within this
rangee.

Cost curves are derived logically from the production function
with the imputs combined as dictated by the scale line. The deter=
mination of the optimum combination of the two inputs, roughage and
concentrates, present a special problem in the case of the dairy cow.
Current thought among dairy specialists is that it is econom:!.ca]: to
£111 a cow's stomach either with roughages or with roughages and

coneentrates.l Under the normal range of price relationships the price

1 In a rather new textbook, the following statement was found
in a section discussing balancing rations: "The cows should be fed
all the roughage that they will clean up®™ H. G. Henderson, Carl W.
Larson, and Fred S. Putney, Dairy Cattle Feeding and Management
(third edition, New York, John Wiley and Sons, Inc., 1957; s De 123,
Professor Morrison gives the following paragraph related to this
subject, "Good milk production cannot be secured unless cows have an
abundance of feede When concentrates are so high in price in com-
parison with roughage that it is wise to feed less concentrates than
normal, special care must be taken to keep the cows filled up with high-
quality roughage. Otherwise, production will be seriously reduced.”
Frank B. Morrison, Feed and Feeding (21st edition, Ithaca, New York,
The Morrison Publishing Company, 1948), pe. 678. This only refers to
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of total digestible nutrients from roughage is such that the farmer can
buy three pounds at an outlay which would buy only two pounds or less
total digestible nutrients from concentrates. Under these conditions
the price line probably touches its highest product contour at the
roughage base line, A consideration of the current thought of the dairy
specialists combined with the normal range of price relationships seems
to imply that the scale line should go out the roughage axis until it
reaches the stomach limit line. Thereafter, total digestible nutrient
intake can be expanded only by substituting, at varying rates, high
valued digestible nutrients from concentrates for low wvalued digestible
nutrients from roughage,

It was originally decided that a ration consisting of 100 per-
cent roughage should be the lowest level of feeding to consider in
the study. Although this assumption is later dropped for the higher
quality cows, the assumption is used here for the sake of logical de=-
velopment. Conceptually, it would seem that additional milk production
could be secured from this point on only at a higher marginal cost per
unit, because a high cost feed, concentration, would be substituted for
& low cost feed, hay. Cost computations are to be made for six levels
of feeding ranging from 100 percent of the total digestible nutrients

good quality roughage, but he indicates that if a cow is worth keeping
at all, she 1s more profitable if fed liberally. The United States
Department of Agriculture Techmical Bulletin Number 815 on input-output
relationships in milk production also utilizes this idea. In this ex=-
tensive study, one of the two series of feeding experiments was made by
feeding grain at specified rates in addition to all the roughage the
cows would consume,
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from roughage to one supplying 50 percent of the total digestible nutrients

from roughage and 50 percent from concentrates. The method of arriving
at the physical quantities and the implications of the results follow;

Feed input-output relationships were wanted for four quality cows.
By converting the milk produced per cow as ascertained by the survey ine
to four-percent fat=corrected-milk, it was observed that the amount of
milk produced by each quality of cow compared quite closely at the lily
level of grain feeding with the four qualities of cows for which input-
output relationships were plotted in United States Department of Agri-
culture Technical Bulletin 815.2 (The average anmal production per
cow figures that we acquired from the mail survey were assumed to be
the result of a lil rate of feeding - a usual rate recommended and fol=
lowed over much of the state of Michigan,) These input-ocutput re-
lations were therefore taken as the basic data for this cost study.

Cows in the Detroit milk shed get their total digestible nutrients
from a combination of concentrates, hay, pasture, and silage. To avoid
the problem of pricing the inputs silage and pasture which are fixed
for the farm, it was decided to hold these factors constant over the

range of the feeding vxu-j.at.ion:.3 The level of feeding is raised by

2 Jensen, E., et al, Input-Output Relationships in Milk Pro-
duction, Technical Bulletin Number nited States Department of
ure, Washington, D.C., May, 19’:2, Pe L2e

3 For most Detroit milk shed dairy farms, the dairy cow is the
main forage consuming amimal on the farm, Silage and pasture are
often fixed assets for the dairy enterprise, the farmer being moti=-
vated neither to buy more nor sell any of his present supply.






35
adjusting the amounts of hay dowmward and increasing the consumption

of grain from the level at which the ration consists of 100 percent
roughage, The total digestible nutrient intake can be increased only
by increasing the amount of concentrates fed and reducing the quantity
of hay fed under the conditions of the problem,

Experimental data were available to indicate approximately the
proportions in which hay and grain substitute for each other along the
stomach 1limit line. Such information is indicated by the manner in
which total digestible nutrient intake increased as the level of grain
feeding was raised in the experiments reported in United States De-
partment of Agriculture Technical Bulletin 815.1 In order to estimate
this increase in total digestible nutrient intake as grain is substituted
for hay along the stomach limit line, a smooth curve was fitted to the
data in Bulletin 8155 relating grain consumption and total digestible
mtrients consumed per year for each quality of cow. These curves
were then adjusted up or down for the difference in quality between the
cows in this study and those in Bulletin 815.° See Figures li, 5, 6 and
Te

As an example, using that quality of cow which had an annual

average production of 5,133 pounds of milk at the 1:li level of feeding

4 1b1d, p. L3.
5 Ibid, pe U3.

6 Tbid, p. L2.
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to correspond with the low stations poor cows,7 was estimated that
1,283 pounds of grain would result in a total digestible nutrient intake
of 4,977 pounds. This is found by reading from the input-output curve
for low stations = poor cows, the total digestible nutrients necessary
to produce 5,133 pounds of milk and adding to it the maintenance re-
quirement for a 1,200 pound cow = of 3,394 pounds of total digestible
nui'.x'.i.enﬂl:s.8

This rate of total digestible nutrient intake was plotted against
its respective grain intake on the graph for that quality of cow. This
point was found to be above the line fitted to the data reported in
Technical Bulletin 815, so a second line was drawn through the point
parallel to the first line, This was the curve from which the total
digestible nutrient intake was estimated as grain is substituted for
hay in the ration. This was done for each of the quality of cows.

(The slope of the curve for the high quality cow was decreased slightly
in order to keep from increasing the consumption of grain and hay
simltaneously to secure sufficient total digestible nutrients.)

At this stage the curve represented the range covered in the
experiment. An extension of the curve was needed to carry the re-
lationship down to the level of feeding at which 100 percent of the
nutrients are being supplied by roughage == this tentatively being the

7 Tbid, pp. L2 - L3.

8 Morrison, F. B., Feeds and Feeding, The Morri
s Fe Bey and son Publishing
Company, Ithaca, New York, 1950, pe 11L7e
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lowest level of feeding in the study. Experimental data indicate that
cows fed no grain will produce approximately 80 percent as much milk
as when fed at a 116 grain-milk ratio.? The curve was extended to the
left until a level of grain feeding of 1:6 was reacheds The total
digestible nutrient needed to produce 80 percent as much milk and main=
tain the cow was ascertained, and the intersection point on the
ordinate axis was then located. The curve from this point to the 116
point was dram so that total digestible nutrients would be increasing
at an increasing rate with beginning increments of graine A study by
Rndmnvindicates a similar awareness of an extremely high rate of
substitution of grain for hay for these initial increments of grain to

a 100 percent roughage ration.lo

g Mosely, Te W., Stuart, Duncan, and Graves, R. R., Dairy Work
at the Huntly, Montana, Field Stations, Huntly, Montana, 19T8-1§2’7,
United States Department of Agriculture Technical Bulletin 116, 19293
Sherwood, De He, and Dean, He Ko, Feeding Alfalfa Hay Alone and With
Concentrates to Dairy Cows, Oregon Agricultural Experiment Station
Bulletin 380, 19L0; Headley, Fo B., The Economics of Feeding Alfalfa
%and Grain to Holstein Cows, Nevada Agricultural Experiment Station
etin 1IN0, 19303 Graves, Re R., Bateman, George Q., Shephard, Je Be,
and Caine, George B., Milk and Butterfat Production by Dairy Cows
on Four Different Planes of Feeding, United States Department of
Agriculture, Technical Bulletin '7275, 1940«

10 Redman, J. C., "Economic Consideration of Grain-Roughage
Substitution in Feeding for Milk Production?, unpublished Ph.D. thesis,
University of Kentucky, 1951, pe 103, Published as a Journal Article
"Economic Aspects of Feeding for Milk Production", Journal of Farm
Economics, Volume XXXIV, August, 1952, ppe 333 = 345.
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These relationships between concentrates and total digestible
mutrient intake were then used to determine the amount of grain in the
ration at each of the feeding levels for each of the four quality of
cows, Hay was adjusted dowrward accordingly while pasture and silage
were held constant, Input (feed) - output (milk) tables are given for
each of the four quality of cows in Appendix B, Tables I, II, III, and
Iv,

The rate of substitution of grain for hay is quite variable over
the range considered. For the initial increments from the 100 percent
roughage ration, there was the aforementioned high rate of substitution
of grain for haye Then as additional grain is added, the rate of sub-
stitution of grain for hay approaches gzero as grain consumption is in-
creased with very little decrease in hay consumption, 1ndicating an
almost vertical stomach limit line. Still more grain added to the
ration begins again to substitute for hay at successively higher rates
until the stomach 1limit line becomes almost horizontal. This appears
contrary to findings of Hoglund,l1l Morrison,12 and Wells,13 tut it is

1 Hoglund, C. R. and Wright, K. T., Reducing Dairy Costs en
Michigan Farms, Michigan Agricultural Experiment Station, East
5 Mchigan and United States Department of Agriculture, Washington
1952, p. 17.

12 op, cit., Morrison, p. 676.

13 Wells, Jo. Aey "A Technique for Synthesizing Cost of Production
Data - With Special Reference to Dairy Enterprises in Green and Taylor
Counties of Kentucky", unpublished Master's thesis, Department of Farm
Economics, Unmiversity of Kentucky, 1951, p. 38.
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consistent with work done by Redman.lh at the University of Kentucky and

part of the data presented in Technical Bulletin 815.15

Hoglund in his work at Michigan State College hzs used a con=-
stantly increasing rate of substitution along the stomach limit line
ranging from .15 for the first increments of grain up to .99 for the
last increments. This appears to be an inadequate 2llowance for the
rate of substitution for the first increment of graine. Further, it
does not reflect the low rate of substitution existing where the stomach
limit line is almost verticale.

Morrison assumes a changing rate from between 6 to <8 while
Wells uses a rate from between .5 and .7. Redman, though, in deline-
ating‘the stomach 1limit line, found them to be shaped as suggested by
this study. The data in Technical Bulletin 815 for different quality
cows reflect the substitution rates ascertained earlier in this study.
However, when lumping all the data together, the authors of Technical
Bulletin 815 arrived at an Maverage" rate of substitution of between
5 and «7.

The results of this study are based on the experimental data
presented in Technical Bulletin 815 for the ditferent quality cows.
When lumping all the cows together to get an "average" rate of sube

stitution Jensen, et. ale., no longer were dealing with a single

]'h 20 c_i_t_o, PP 100, 122.

15 @- C_i_tlo, Pe ,43.
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production function, but were combining segments of functions for a
mumber of cows into an inter-cow function. The fallacious results
that arise from combining points from unlike functions have been
pointed ocut by Bronfenbrenner16 and Reder,17

Other feed imputs must be considered also., Investigation showed
that vitamins and minerals supplied in the ration were sutficient at all
levels with the exception of salt. It became an associated variable
with the feeding level, and the amount needed to be supplied at each
feeding level for each ot the quality cows is given in Appendix B,

Table V, These amounts are based on recormendations of Morriscnl® of
a minimmm requirement of .75 ounce daily per 1000 pounds live weight,
plus 3 ounce in addition for each 10 pounds of milk produced.

Labor, Certain portions of labor are associated with the level
of feeding and hence must be included in the variable and marginal costs
for this length of run. In computing these inputs, data were taken
from cost studies conducted in the Detroit milk shedl? and in addition
from work simplification studies made at this and other instihltions.zo

16 Bronfembremner, M., "Production Functions Cobb-Douglas, Inter-
firm, Intrafirm", Econometrica, Volume 12, January, 194k, pp 35 = Lle

17 Reder, M. W., "An Alternative Interpretation of the Cobb-
Dang;.;a F\ﬁtion", Econometrica, Volume 12, July-October, 1943,
pp 2 - 204,

18 op, cit., p. 683,

19 Unpublished data, Agricultural Experiment Station, Michigan
State College, 1952,

. 20 Brewn, L. H., "A Comparative Analysis of Stanchion and Milking
Parlor Barns", Work Simplification News Letter, Purdue Work Simplification
Laboratory, Issus No. % (Lafayette, Indiana: Agricultural Hall Anmnex),
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From the cost study, base quantities were determined at the l:k
level of grain feedj.ng for each of the quality of cows under the given
conditions of herd size and type of barme. These figures which were
given in terms of hours required per cow per year, were then broken down
into jobs for each of the respective herds according to the relative
importance of each job as ascertained in work simplification studies.

Only certain portions of the labor are variable with the level
of feeding. As a result the jobs were divided into those that vary
with the level of feeding and those that do not vary with the level of
feeding. Only those portions that are variable for this specific length
of run are included in the computation of the cost curves.

Rates of doing the several Jjobs that vary with the feeding level
were estimated for each of the sizes of herd and the different types
of barns., These rates were based on a per hundred pounds of feed fed
or per hundred pounds of milk handled -~ whichever operation the job
entailed, For the pen-type barn with an average herd size of 16.4

July, 1948, ppe 9 = 18; Lowry, B. H., "Labor, Equipment and Building
Costs in Dairy Farming with Special Reference to Work Methods" (Un-
published Master's thesis, Department of Farm Economics, University of
Kentucky, 1949), ppe 49 = 59, and 75 = 943 Wells, J. A., "A Technique
for Synthesizing Cost of Production Data = With Special Reference to
Dairy Enterprises in Green and Taylor Counties of Kentucky", (Un-
published Master's Thesis, Department of Farm Economics, University of
gen;uckg, 1951), pe 67; Brown, L. H,, Cargill, B. F., and Bookhout,

L ] 9

Pen-type Dairy B . Michigan Agricultural Experiment Station
Special Buig%n §3§, T%@p. 28 = 29,
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cows, the rates of doing the jobs were quite similar to the rates for
doing the same jobs in the stanchion barns for a herd size of 22,6
cowge The same rates were therefore used in each instance.

Using these rates, the labor input was estimated for each of the
levels of feeding for each of the qualities of cow. The results are pro=
sented in Appendix Tables VI and XV along with the rates of doing the
respective jobs for each of the herd sizes, presented in Appendix Table
XIvl,

These inputs are only estimates of the labor used on Detroit milk
shed dairy farms, Labor used varies quite widely among farms and pro=-
bably on the same farm in different seasons of the year. The results
are thought to be fairly accurate, though, because the base quantities
are determined by actual data taken from the Detroit milk shed farms.

Milk cans, As the level of feeding is raised and more milk is
produced on an anmual basis, additional milk cans are needed to handle
the daily deliveries. Average daily deliveries were estimated at the
various feeding levels for each of the representative enterprises and
the additional cans needed was determineds This number was multiplied
by two to follow practices in Michigan where the milk hauler makes only
oné stop at a farm per da&. An annual charge was estimated on the basis
of a five year 1life for the canse This charge was evenly distributed
over the various feeding levels.

Electricitys As the level of feeding is raised and more milk
is produced, additional electricity is used, This results from increased
mlking machine eperation and milk cooling,
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Electrical appliances on several typical dairy enterprises were

metered by the Michigan State Agricultural Engineering Department as
part of a demonstration in 1952, Although the rate varied considerably
between different farms, these studies showed that additional milk could
be cooled at the rate of 98 kilowatt hours per hundred pounds of mdilk,
The electrical power used by the milking machine in milking an addition-
&l hundred pounds ot milk could be done at the rate of 0836 kilowatt
hours. The results of applying these rates to the additional milk
produced at the higher levels of feeding is presented in Appendix

Table XVII.

These averages may not be representative as power requirements
vary considerably between conditions, The data do indicate, however,
something of the magnitude of electricity costs, and as such costs
make up such a small part of the total variable costs, rather large
proportional errors would not significantly influence the marginal
cost computations and the supply curve,

Feed grinding, As the level of feeding is raised another as-

sociated variable is the cost of grinding the additional concentrates.
A large proportion of the producers in the Detroit milk shed have their
feed ground either by taking it to a local elevator or by having it
custom ground at the farm. Comsequently, it seemed reasonable to use
custom rates in establishing the charge.
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A study on custom work 1;n Michigan made by Vary21 indicated that
the most common charge for grinding feed was ten cents per bage It is
estimated that a bag holds approximately eighty pounds. The cost,
based on this charge, at each feeding level for each of the different
herds is presented in Appendix Table XVIII.
Mamre credit, The manure of the dairy animal has value to the

farmer and as such is a credit for the dairy enterprise. It acts to
lower both the variable and marginal cost of producing milk as it is
associated with the feeding level, The amount of fertilizer elements
returned to the soil is determined partially by the composition of the
feed fed to the animals and partially by the manner in which the manure
is handled.

The composition of the hay used in this study was such that a
hundred pounds of it contained 1.8115 pounds of nitrogen, 2L pounds
of phosphorus, and 1,9697 pounds of potassiume A hundred pounds of
the grain mixture contained 2,58 pounds of mitrogen, 346 pounds of
phosphorus, and .64 pounds of potassiume These figures are based on
the average composition of feed as indicated in Morrison's Feeds and
Feeding.22

Because of the richness of milk in mitrogen and phosphorus,
vhen dairy cows producing a good yield of milk are fed the usual types

2l Vary, K. Ae, Rates for Custom Work in Michigan, 1952 and
1953,. Extension Folder F=-16l1, Michigan State College Cooperative
nsion Service,

22 Morrison, Op. cit., pp 1086 - 1131.
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of rations, they will excrete in feces and urine only about 70 percent

of the nitrogen in their ration and 63 percent of the phosphorus. The

proportion of potassium is considerably higher, being about 86 percent.23
 Morrison indicates that under proper management not over 25 to

30 percent of the nitrogen and practically none of the phosphorus and

potassium are loat.zh In this study, a 30 percent loss was assumed for

nitrogen and a five percent loss for the phosphorus and potassium under

the conditions of the stanchion barms. As somewhat more nitrogen can

be saved with a pen~type barn, it was assumed that eighty percent of

the nitrogen excreted could be returned to the fields,

In computing the manurial credit to the dairy enterprise, the
amount of the fertilizer elements fed to the cows at each feeding level
was estimated on the basis of the aforementioned data on feed composi-
tion. The amount excreted by the animal was estimated and from this
the amount reaching the fields, Results are presented in Appendix Table
I1x.

In addition to the amounts of plant food it furnishes, farm
manure also has other beneficial effects, including the addition of
organic matter to the soil, the presence of certain acids that help to
dissolve otherwise insoluble plant foods, and the great number of
various kinds of bacteria that it contains. While the value of these

23 1bid, p. 6hl.
24 1044, p. 64B.
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latter mentioned qualities is not measurable, it is assumed sufficient
to offset the cost of spreading and hauling the manure, The total
value of the fértilizer elements reaching the fields was therefore

credited to the dairy enterprise,

Pricing of the Factors of Production

The inputs were valued at their on-farm prices, Due to their
heterogenecus uses, differences in marketability, and different sources,
prices were arrived at in several ways. A description of the method
of pricing for each input follows.

Inputs with little or no seasonal variation in price or use.

Milk cans, stock salt, nitrogen, phosphorus, potassium, electricity,
and soybean eil meal have little or no seasonal variation in price,
Consequently, a straight average of the average quarterly prices as
secured from the Michigan Agricultural Statisticians office is usede.

These are at-farm quotations,

Inputs with seasonal variations in price and use. Both the use
and value of feed grains and hsy vary seasonally. In arriving at the }
annual average price, an allowance for this was made by taking avaragei
monthly prices and weighting them by months according to their estinaﬁd
use in the dairy enterprise, For corn and oats, a nine percent wei'ght;
ing was used for October through April and a 7.4 percent weighting was
used for May threugh September, For the shelled corn, seven cents per
bushel was charged for shelling.
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The average monthly prices for hay were weighted at 15 percent
for November through March and 12.5 percent for October and April. It
was assumed that little or no hay was fed through the remainder of the

yeare
Labor - an asset that is often fixed for the farm but variable

between enterprises. The pricing of labor, as earlier mentioned, pre-

sents one of the more ditficult problems of the study. For the in-
dividual Michigan farm, labor is often considered to be a fixed asset,
which implies its earming power is less than opportunity cost and
greater than its oft-farm disposable Value.zs Under these conditions,
the farm manager is motivated neither to buy more of it nor to market
some of it in an off-farm alternative opportunity.

For the dairy enterprise, however, labor often has to be charged
at its on=farm opportumity cost or its marginal value product in al-
ternative uses on the farm, As the intensity of feeding is changed
and the amount of milk produced changes, the amount of labor varies and
mst be priced. However, as an asset that is often fixed for the farm
as a whole, it can be priced at its earming power in dairy or in an
alternative enterprise. If a firm is in a state of equilibrium, the
labor imput is allocated among enterprises so that MFC = MVP for each
enterprise and its MFC in one enterprise will be its MVP in an alterna-
tive use, In order for one more unit of labor to be used in the dairy

25 pradford, L. A., and John
s Le Aoy son, G. L., Farm Management Analysis,
John Wiley and Sons, Inc., New York, 1953, p. 321
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enterprise, it must be paid at least the on-farm opportunity cost which
is the MVP sacrificed by diverting it from an alternative enterprise.
If there are no on-farm alternatives other than the dairy enterprise,
an additional unit of labor applied to it can not be valued higher
than the MVP of labor so long as labor is a fixed asset as previously
defined,

Computations for dairy farms in Ingham County as made by Wagley’
and modified by Johnson estimate the MVP of labor at 67 cents per day.
As this study has been criticized for underestimating the earning power
of labor, a comparison was made with data presented in the Farm Busi=
ness Analysis report for Area 527 by Michigan State College and also
with data from a study made by Paul Wilkes.28 The results are indicated
in Table VI,

Dues to the nature of the computations it is impossible to esti-
mate the earning power of labor at the margin by methods used in pre-
paring the Area 5 report and the study made by Wilkes.

There is, however, a high degree of consistency among the dif-
ferent studies for gross income per PMIU and labor income per PMWU, the
evidence suggesting that the Johmson-Wagley estimate of the MVP is not
too low,

26 Wagley, R V., "Marginal Productivities of Investments and Ex-
penditures, Selected Ingham County Farms, 1952", unpublished Master's
Thesis, Department of Agricultural Economics, Michigan State College, 1953.

27 Farm Business Analysis Report for Area 5, Agricultural Experiment
Station, Michigan State College, 1952,

28 Wilkes, P,, unpublished computations, Michigan State College, 1953,
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TABLE VI

GROSS INCOME, LABOR INCOME, AND ESTIMATED MARGINAL
VALUE PRODUCTIVITY OF LABCR ON SELECTED MICHIGAN

FARMS, 1952
Wagley Area S Wilkes
(Dollars) (Dollars) (Dollars)

Gross incoms/PMWU* 26,86¢ 22,18 25.47
Estimated MVP/day <67 — —
Labor income/PMVU 7.29% 5.56 6,22

SOURCE: Refer to footnotes 26, 27 and 28 this Chapter.
#Productive Man Work Unit.

#¥0ross income/day, actually d(gross income
5('.[5'51'5
N
#Labor income per day, actually d(g_(riozs income) - £, Pu ad'fﬁ'»

where the its are inputs other than labor,

For purposes of this study, however, we would not be justified
in pricing labor at a value of 67 cents per day. The dairy enterprise
competes directly throughout the year with other farm enterprises.
During the height of the planting season or during the height of the
haying season the cows still have to be milked., At these times the MVP
of labor is probsbly significantly higher than its MVP for the year as

a whole. This would seem to Justify our placing a higher value om it

than the evidence would seem to indiecate.
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An estimate of fifty cents per hour is used, it being realiszed
that there is little or no empirical evidence to substantiate such a
value, It is considerably below the going wage rate, this being Justi-
fied by the fixed nature of the labor asset and its low estimated
earning power., It is above the value at the margin for the above given
reason.

The prices used in computing the cost curves are found in Table
XX, Appendix B.

Computation of the Cost Curves

The physical quantities of each of the imputs associated with
that length of run in which feed is variable have been computed. Prices
for each of these inputs to the farmer have been established from vari-
ous sources.

As pointed out in Chapter II, marginal costs are determined by
the cost of the imputs which can be varied within a specific length of
ran. Variable costs?’ are found by multiplying the input quantities
by their respective prices at each feeding level, This gives the total
cost of each imput at each feeding level, These costs are then summed
at each feeding level to determine the total variable costs?? associated

with the length of run in which feed and associated inmputs are variable,

29 Less than total variable costs in some instances, but the
difference is a constant and does not influence marginal costs for this
length of run.
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It was pointed out in an earlier section that the fertiliser
elements returned to the farm in the form of manure were a credit to
the dairy enterprise. The physical quantities of these nutrients at
each feeding level are multiplied by their respective prices to de-
termine their credit to the farmes The value of this credit is then
subtracted from the total costs at each feeding level and the total
variable costs chargeable to the dairy enterprise are determined.

The problem is to determine the marginal cost of producing an
additional 100 pounds of milk, As the feeding level is raised changes
ocour in two factors. Total variable costs are increasing, and at
the same time, milk production is increasing. Dividing the increase
in total variable costs from one level of feeding to the next higher
level by the increase in milk production, in hundreds of pounds, that
resulted from those additional costs, gave the marginal cost per 100
pounds of milk, The resulting figure is an average marginal cost per
hundred pounds of milk for going from one level ot feeding to the next
higher level, The vaﬂaﬂe and marginal costs at each level of feeding
for each of the typical herds are presented in Appendix B, Tables XXI =
Ixx,

In drawing the curves, the milk production at each level of
feeding was plotted on the horisontal axis. Midway between the
quantity produced at each feeding level the average marginal cost of
going from one level of feeding to the next higher level was plotted.
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A smooth curve was fitted to these points for each of the typical herds.
The results are presented in Figures 8 through 17.

For the lowest quality cows, the marginal cost curve is contin-
ually rising over the range plotted. For the other three quality of
cows the marginal costs first decrease with heavier feeding levels and
then increase., The significance of this is discussed in the next
section.

For all the curves there is a considerable range over which the
curves are only gradually rising. Beyond a certain level, however,
the marginal cost of producing milk rapidly rises. For the higher
quality cows, this range of rapidly rising marginal costs is not
reached, even at the highest level of feeding. It was desired to
know the marginal costs of producing milk up to a cost ot six dollars
per hundred, so the curves for these high quality of cows was extended
up to this amount. As the extension was not very large in either of
the three cases, it detracts little from the accuracy ot the pre-
diction curve,

It is significant to point out that for the length of rum in
which only feed and associated inputs are variable, herd size has very
little impact on the marginal costs of producing milk, A discussion
of the reasons for this is given in Chapter V,
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Economic Significance of These Curves for Purposes of
Aggregating the Supply Curve

As was mentioned earlier, it was originally thought that the 100
percent roughage level of feeding would secure the lowest cost per
hundred weight of producing the milk, Wells, in computing marginal
cost curves for milk production over this same length of run in certain
areas of Kentucky found this to be the case, and the feeding recom-
mendations of the dairy specialists, as earlier mentioned, also seem
to imply this.

In computing the curves this was tfound not to be the case for
high quality cows. For the three high quality cows in this study, the
marginal cost of prodncing additional milk actually decreased as the
initial increments ot grain were added along the stomach limit level to
the 100 percent roughage rations This indicates that for these quali-
ties of cows, the scale line does not go out the roughage axis and up
the stomach 1limit 1line, but actually leaves the roughage axis before
reaching the stomach 1imit 1line for all roughage and meets the stomach
limit 1ine at some combination of grain and roughage, See¢ Figure 18,

In searching the literature it was found that Redman achieved
sixdlar results in his studies at Kentucky.”® The explanation for the
phenomenon appears to be that the marginal physical product of total
digestible nutrients is very high as the initial increments of grain
replace large quantities of roughage.

% op, cit., p. 100, 122,
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’\stomach limit line

scale line under
normal price re-
lationships

roughage

Figure 18.

Production surface for the dairy cew,
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Though the marginal factor cost at this time is increasing too,
because as pointed out previously, a high cost source of digestible
matrients is being substituted for a low cost source, total digestible
mtrients may increase very little. If marginal costs are found by
dividing marginal factor cost by marginal physical product, the lower
marginal cost, then results from a high marginal physical product of
total digestible mutrients along the initial segment of the stomach
limit line. However, marginal cost rises with further additions of
grain to the ration because of the diminishing marginal physical pro-
ductivity of total digestible mutrients as grain loses its ability to
replace large quantities ot roughage.

This ability to utilize grain in producing milk at a lower
marginal cost appears to be related to the quality of the cow. For
the lowest quality of cows in this study, the marginal cost was lewest
at the 100 percent roughage level of feeding. Wells, in his study at
Kentucky in which his marginal costs were lowest at the 100 percent
roughage level of feeding had even lower quality cows, so this work
is consistent with his results.

Selection of the Relevant Portions of the Hasginal Cost Curves

Te reiterate what has been written previously, the relevant por-
tions of the marginal cost curves for each of the typical herds are the
firms' rational short-run supply curves, indicating the quantity of milk
they will supply at alternative prices. As the firm attempts to maximisze
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profit it will adjust its output toward the point where marginal cost
is equal to the price of the producte For each producer, changing
prices call forth changing quantities of output, then and the firm's
marginal cost curve indicates this relation between price and the
quantity supplied by each firm - given the cost structure and imput
prices,

Determining the relevant portion of the marginal cost curve pre-
sents a special problem due to the unique shape of those curves identi-
fied with the three high qualities of cows. Static neo-marshallian
theory commonly indicates that the portion of the marginal cost curve
above its intersection with the average variable cost curve is the
supply curve of the firm in the short run. This appears to be logical
and straight forward from an abstract theoretical standpoint but has to
be further developed when applying theory to cost problems., An ex~
tension of theory has to be made in determiming what portion of the
marginal cost curve is the dairyman's rational supply curve and to cover
conversion of fixed assets to variable assets,

For the three highest qualities of cows the marginal cost curve
first drops and then rises, even though the data indicate that average
variable costs are rising, As was pointed out in the previous section
this is because the inputs were not combined according to the scale line
over this lower range, If the curves had been recomputed with the in=-
puts combined as dictated by the scale line, the marginal cost curve
would have increased continually over the range of the cénpntationa along

with the average variable costse
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Preliminary work by Denio Caul3l here at Michigan State College
indicates that if the price of milk drops below a minimum level on the
marginal cost curve corresponding roughly to the point of difficulty on
the stomach limit line, the cow's earning power becomes so low that she
will be disposed of at salvage value,32 The length of run in which herd
size is variable is beyond the scope of this thesise As stated previously,
this is an analysis for that length of run in which feed is variable,
Thus, to compute the supply response below this minimum price level would
entail consideration of a longer length of run, Therefore, the composite
supply curve will be computed only from that portion of the marginal cost
curves of the firm that is to the right of the minimm level,

The minimum price for which & supply response can be ascertained
for all of the ten herds is two dollars and forty centse, The composite
supply curve will therefore be estimated over the range from two dollars

and forty cents up to and including six dollars per hundredweight of milk,

31 Caul, Denio, a tentative Master's thesis on estimating the value
of various quality of cows,

32 This is based on a definition of a fixed asset as presented by
Bradford and Johnson, Bradford, L, A. and Johnson, G« Le, Farm Management
Anal%s, John Wiley and Sons, Ince, New York, pe 321le¢ They state that
market conditions ordinarily impose upper and lower limits on variations
in the worth of a fixed asset, If the earning power, (marginal value pro=-
duct) of an asset becomes greater than its opportunity cost, it becomes
advantageous to add more of it. If this earning power drops below the
salvage value of the asset, it becomes advantageous to sell ite If the
marginal value product of any asset is not within these limits, it is no
longer fixed for the firm and becomes a variable assets




CHAPTER IV

THE COMPUTATION AND EXPLaNATIZN CF THE COMPOSITE
SUPPLY CURVE

Aggregating Micro Into Macro-Responses

An average of 12,223 producers shipped milk to the Detroit mar-
ket in the fiscal year under consideration, The number of these
producers estimated to be represented by each of the ten typical enter=
prises is given in Table VII, This breakdown is based on the results
of the mail questionnaire sent to the ﬁxembers of the Michigan Milk
Producers! Association,

The estimated response of each of the ten typical enterprises
at prices of two dollars and forty cents, two dollars and fifty cents
and upward by fifty cent intervals to the six dollar level was multi-
plied by the number of similar enterprises in the milk shed. These
results were then summed at each price level to get the composite
response for the entire market area, The resultant supply curve is

presented in Figure 19,

Adjusting the Composite Supply Curve

The shape of this supply curve, being based on the experimental
production functions from the four qualities of cows and the relative

importance of each quality of cow in the market, should be quite valid
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for four percent milke To make use of the curve for predicting pur-
.poses, the snape of the curve must be altered by presenting it in terms
of 3,68 percent milk and shifting it laterally to adjust for the bias
toward large producers that resulted from sampling a special group of
producers with a mail questionnaire, Further, in using the curve for
any year other than the base year, adjustments for year to year changes
in number of producers, herd size, quality of cow, and input prices must
be made,

Adjusting the curve to present butterfat contente The inpute

output relationships used in deriving the individual marginal cost

curves were in terms of four percent fat corrected milk, Data of the
Michigan Milk Producers! Association indicated that for the fiscal year
under consideration, the weighted average butterfat content of the

milk produced was 3,68 percent butterfat, The poduction figures as
ascertained from the mil questionnaire were therefore converted from
3.68 percent to four percent fat corrected milk for purposes of analysis,
The composite curve as presented in the last section was in terms of
milk with this fat content,

To be useful for predicting purposes the curve must be converted
back to 3.68 percent milk, This was done by taking the quantity pro-
duced at each of the specified prices used in locating the curve, and
multiplying that quantity by four percent, This gives the butterfat
produced at each price, and the quantity of 3.68 percent milk can be
determined by dividing the pounds of butterfat by .0368s The resulting

curve is given in Figure 20,
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The shape of this curve is valid for the year under consideration,
If in the future the average butterfat content of the milk changes signie
ficantly, the curve can be converted to the new contents, Changes in the
average butterfat content of the milk are slow in being made, however,
unless there is a change from one breed to another,

Shifting the curve to correct for biass It was expected that the

unadjusted curve would indicate an excess of mroduction at each price
due to the twofold bias resulting from taking a mail sample of a special
group of producers, The respondents to any mail questionnaire are pro=-
bably the larger, more efficient, more conscientious producers. Their
herd size is probably la rger than average and their average production
per cow is probably greater than the average for the area,

The population used in drawing the sample was biased, too, as
indicated in Chapter II, The Questionnaire was sent only to members of
the Michigan Milk Producers! Association, Members of this organization
are probably larger and more efficient than the average producer in the
area as indicated by their average daily delivery of 32L4.8 pounds as come
pared to 29242 pounds for the non-members and 319.7 pounds average for
the total shippers,

These two factors would cause production to be overestimated at
each price level, No measure of the exact magnitude of these blases is
available, but an alternate metnod of adjusting for them is presented
below,

The shape of the curve as it is given in Figure 20 is probably

quite valid, as pointed out earlier, because it is based on the
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production functions and proportion each function contributes to
the composite response. Therefore, the curve can be corrected for bias
by locating a point based on the actual production for the period
October 1, 1951 to September 30, 1952, and the average price for the
year preceeding the periodl and shifting the curve laterally2 to pass
through this points The result of doing this is given in Figure 21,
This is the aggregate supply curve for fluid milk in the Detroit milk
shed for the period from October 1, 1951 to September 30, 1952, It is
based on the given cost structure and the given mumber of mr oducers,

Adjusting the composite supply curve for year to year changes

in number of cows, quality of cows, and input prices. Three adjustments

should be made in using the curve for year to year prediction purposes,
In the first place, the curve will shift vertically in response to a
change in the cost structure on which the curve is based, If the

variable costs of producing milk rise, the curve will move upward,

1 Comparisons were made between prices and production over a
six year period, Comparing the reported production for a given year
and the corresponding average price indicates that there is a much
closer correlation between the price in the preceeding year and the pro-
duction in the current year than between the current price and the
current productione This indicates that farmers base their expected
price of milk on past experience,

2 ) lateral shift is used because the cost structure remains the
same. The bias is the result of a greater production at each cost
level., Holding the cost constant, and reducing the production at each
level would involve only a lateral shift in the curve,
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indicating that less milk will be proauced at each price. If the
variable costs decrease, the curve will shift downward, indicating that
more milk will be produced at each price,

The curve can be adjusted to some measure of the change in costs
and reasonably accurate predictions made, Over the range of the indivi-
dual cost curves included in the composite curve, concentrates make up
the major portion of marginal costs. In addition to being the most
important single cost, it is the cost item that is most likely to vary
in price from year to years As a result, the change in the cost of a
hundred pounds of concentrates is a useful guide in deciding how much
and in which airections (up or down, vertically) to shift the curve,

The percentage that concentrate cost is of the total variable

costs at three points on the cost curve is indicated in Table VIII.

TABLE VIII

PERCENTAGE CYNCENTRATE COST IS OF TOTAL VARIATLE
COSTS AT 'THREE POINTS ON THE MaRGINAL COST CURVES,
DETROIT MILK SHED, OCTOBER 1, 1951 - SEPTEMBER 30, 1952

Percent concentrate
cost is of total

Marginal cost# variable cost
2450 58422
L.00 71438
5450 75473

#Dollars per hundredweight,
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These percentages were found by straight line interpolation be=-
tween points on the marginal cost curves for each of the representative
enterprises, The percentages were then averaged by weighting the re-
sults for eacn kind of herd according to the relative importance of that
kind of herd in the marketo, The results indicate that the curve does
not shift parallel, but has a larger response to cnanging costs towards
the high cost end than towards the low cost end,

The United States Department of Agriculture published estimates
for the United States of the cost of a hundred pounds of concentrate 3
For the period for wnich the supply curve is estimated, the cost of
a hundred pounds of grain was three dollars and seventy four oents.h
This iﬁ a more expensive ration than was used in making the computations
but is readily available and, hence, serves as a practical basis for
quickly computing the results of a change in input price,

To determine how much to shift the curve, the percentage change
in cost per lindred pounds of the ration is multiplied by the percentage
importance of the grain in the total costs at the several levels to
establish the percentage change in costes This percentage at each of the
several levels is multiplied by the cost at that level and the result
is the amount, in cents, that the curve has to be shifted at each of the

three levels,

3 Rations Fed to Dairy Cows, United States Department of Agri-
culture, Bureau of Agricultural Economics, Washington, D, Ce

L Ibid, January, 1953, p.2e



As an illustration, a prediction of the amount of milk produced
in 1953 was made. The cost of a hundred pounds of grain ration dropped
to three dollars and forth-three cents - an 8.28 percent decrease since
1952. Multiplying this by the relative importance of grain in the
variable costs at two dollars and fifty cents, four dollars, and five
dollars and fifty cent levels, it was found that the curve should be
lowered L4.82 percent at the two dollar and fifty cent level, 5.91 per-
cent at the four dollar level and 6.27 percent at the five dollar and
fifty cent level. These involve shifts of 12 cents, 23 cents, and 3L
cents respectively. These points are plotted and the curve shifted
so as to be drawn through them. See Figure 22.

Using the average blend price of the previous year, 1952, it is
estimated that the milk production will be 1,438 million pounds. This
assumes that the producing ability of the cows has remained constant
and that the number of producers and the size of the herds have re-
mained constant. Thus, the estimate still must be adjusted to allow for
changes in these three things to be accurate.

Milk production per cow has increased rather steadily over a
long period of years.® Over the 8 year period from 19LL to 1952 the
average production per cow in Michigan increased 2.50 percent per
year. This change in production ability has varied from year to year,
but for purposes of prediction, a trend may be used unless a more

accurate figure is known. Judgment can be used in estimating what

5 Milk Production on Farms, Bureau of Agricultural Economics,
United States Department of Agriculture, 1953.
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this change will be from year to year if it varies considerably from
this trend.

Multiplying 1,438 million by 2.50 percent indicates a thirty-six
million increase in the estimate due to an increase in the production
ability per cow. This is added to the 1,433 million pounds to secure
an estimate of 1,474 million pounds.

A change in the number of producers or a change in the &verage
size of the herd would be indicated by a change in the number of cows
and heifers two years old and over kept for milk, and the number of
heifers one to two years old being kept for milk cows. The change in
number of cows kept for milk in Michigan from January 1, 1952 to Jan-
uary 1, 1953 was an increase of 6.15 percent.® |

The nuwber of heifers one to two years old being kept for milk
cows increased 5.81 percent over the same period. It was decided to
consider only half of this increase in the number of heifers as con-
tributing to an increase in milk production because probably only about

half of them will come into production in that period. Therefore,

averaging these increases, it was estimated that the number of milk cows

in the area increased by 6.03 percent during the period under consideration.
The estimate of 1,474 million pounds of milk based en an in-

creased production capacity for the cows must be increased by this

6 January 1, 1952 was used as a base, because figures are not

given for October 1, 1951. Since eight of the 12 months are in 1952,
it is felt that the difference would not be significant,
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amount, then, assuming the new cows are of the higher producing ability.
The result is an estimated fluid milk production for 1353 of 1,563
million pounds. The curve is adjusted laterally to pass through this
point. (A lateral movement is used because there is no change in
input prices.) See Figure 23. Actual production for that period was
1,591 million pounds, giving an error of prediction of 1.76 percent.

There was an actual change in production from 1952 to 1953 ef
206 million pounds of milk or an increase of 14.8 percent. Eighty-
six and four tenths of this increase in production was predicted.

As further illustration, the production for 1951 was estimated
at 1,337 million pounds by using the same kind of adjustments, except
that the average capacity of the cows was increased from the 1951 base,
(See adjusted curve in Figure 2L.) Actual reported production for 1951
was 1,340 million pounds - a predicting error of 22 percent.

The decrease in production from 1952 back to 1951 was 3.3 percent.
The direction of this change was predicted in addition to 93.5 of its
magnitude. This is more accurate than the prediction for 1953 from a
1952 base.

As a word of caution, it should be pointed out that a high degree
of accuracy cannot be expected year after year. Deviations of an un-
explained nature do occur, and in addition, the factor used in adjusting
the curve makes up afound 75 percent, as a maximum, of the total varia-
ble costs. Wide variations in the prices of other inputs could affect

the curve, the productive ability of the cows may change by a greater
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or less amount in response to unusual circumstances, and the weather
may vary widely, causing the quality of the pasture to significantly
influence the prediction in any one year. However, shifting the base
continually from one year to the next would reduce the cumulative
importance of these phenomenon by constantly correcting for them.

There is evidence to indicate that as the number of cows in the
area decreases significantly, the prediction is less valide Aa
attempt to estimate the production in 1950, when there were about
ten percent more cows in the area, on the basis of the 1951 - 1952
base resulted in an approximate error of ten percent. The estimated
production was greater in magnitude than the quantity that was
actually produced.

A possible explanation for this is that as the number of cows
decreased, the low producers were culled, leaving only the higher
producing cows, and significantly raising the average production per
cow. As a result, the average production ability of the cow probab-
1y increased more than the 2.50 percent per year from 1950 to 1951,

As a check, the curve was adjusted to a 1950 base, and an attempt
was made to predict the production in 1951, In this case the esti-
mated production for 1951 was below the actual production by 9.L
percent. This indicates that the improvement in production was
greater than expected, and had this been adjusted for, the prediction
would have been more accurate.

Economic judgment of this and other factors must be considered

when doing all outlook or predicting work. It is felt that if all



[-.2]

a
*T$6T ‘Poys NI 3Tod390 ‘YT peqosadod jey jusdxad go°¢ ‘T I0F eamd Arddng °f2 eandtd

AT/ Jo spunod Jo SUOTTTWH
009°T 005°T oon‘t 00E‘T 002°T 00T‘T 000°1
i )

T _ r T _ éwv

7

1961 TS6T 203

JoJ uoyponpoad pegdodey — > ~ € ——uomjonpoxd pejoTpelg 00N
1 (]

- 80“

— OO.W

00°L

\\ L

sxeTToq



89
factors are considered, and that if the curve is annmually adjusted for

what is known about changes in production ability, number of cows, and
changes in costs, reasonably accurate estimates can be obtained ever
a period of years. Several suggestions for additional research to ir-

prove the accuracy of predictions will be presented in the next chapter,



CHAPTER V

Significance and Implications of the Results

The results of this study are significant in three broad areas,
In terms of a semi-macro type of analysis, the supply curve estimates
have implications for the operation of price support programs and fed-
eral milk marketing orders. In terms of micro-analysis, the marginal
cost data are potentially useful guides for the individual producer
seeking to lower his costs in the face of a cost-price squeeze., Third
and lastly = both the supply curve and marginal cost estimates are use=
ful in analyzing the position of the milk producer in the Detroit area

with respect to interregional competition,

The Semi-Macro Analysis

Controlling production for the operation of a price support

programe Since World War II a price support program has been in exist-
ence, An apparent assumption behind a pri ce support program is that
the equilibrium price determined in a free market for a product is too
low to provide the farmer with a "fair® income. Therefore, at times,
the support prices are often established above the equilibrium level,
On the basis of static Marshalliam economics, this results in male
allocation of resources and over-production of the commodity as well as
higher incomes for the producers concerneds

In the case of price supports for dairy products, large quantities

of butter have been put in government storage and means of reducing these
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stocks have been sought, It has been sugsested, as a remedy, that milk
production be controlled by restricting herd sizes for the individual
producer, This study indicawes uihat production control based on this
policy would be only partially effective in reducing the supply of
milk, The supply curve indicates that for the snort lengtn of run in
which feed is the only variable, milk production can be varied from
1,000 million pounds to 1,500 million pounds in the Detroit milk shed
in response to price changes from two dollars and forty cents to six
dollars per hundred weight, In aadition, there is always the possibility
of moving into thie longer lengta of run in which tne producer can shift
from one production function to another by changing to a higner quality
of cow., On many farms production could be doubled by the simple ex-
pedient of replacing the low quality cows with cows of high inherent
producing ability,. |

Beyond the fact that production controls based on restricted herd
size for the individual producer are ineffective in controlling milk
production, is the danger of freezing herd sizes at inefficient levelse
The cost stuaies by caull and Wells? indicate that increasing herd size
is very effective in reducing average total costse

Federal milk marketing orderse, Producers in a fluid milk area

have practically no bargaining power as individuals wihen dealing with

1 op. cit., Cauls

2 Ope cite, Wellse
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milk handlerse, Their problem is further complicated by the fact that
all milk produced in a fluid milk shed is not used for fluid purposes,
Some part, and tne proportion varies with the season, is used for cream
and mamufactured products which bring a lower return than that used as
fluid milk,

Federal milk marketing orders have been instituted, in part, to
balance the bargaining power of the producer and the handler and to
price raw milk so as to equate supply with demand, This study indicates
that milk production is quite responsive to price changes. Uslng the
composite curve as a guide, the price necessary to call forth a given
production from a given dairy cow population can be estimated, Pro=
cedures for adjusting for year to year changes in cow population, in=
herent production ability, and input prices are also available,

Sucn estimates can reduce the economic waste resulting when re-
sources are guided into the wrong channels of productions When this
happens the consumer suffers from not having his wants properly satis=
fied , the producer from low incomes, and the taxpayer from high taxes,
Proper allocation of resources increases the aggregative well=being
in the economy by maximizing consumer satisfactlons and producer ine
comes within a given distribution of wants, preferences, and desires,

Interregional competitione Most factors influencing the location

of production can be lumped under the two headings of supply and demande

This study has dealt with some of tne factors under the former headinge
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When considering supply, all of the things that affect the pro-
duction costs and the quantities of milk that farmers will produce at
each price should be included. The composite supply curve for the area
gives an indication of the @ antity response, while the marginal cost
curves for the firms give an indication of some of the factors af-
fecting cost of production. They do not give the entire cost situation,
though, for only variable costs are included in marginal costse

That production costs are important in determining the location
of production can be illustrated by the proauction of processlmilk in
Michigan and Kentucky for distribution in New York and New QOrleans,
Milk is produced this distance from market only because it can be pro-
duced and put on the New York and New Orleans markets at a lower aver=
age cost per unit than production areas closer to the markets can,

This may be because of the low opportunity costs for the production re-
sources rather than a specific efficlency of productions Nevertheless,
the milk has to be put on the market at a lower cost than competing
areas can in order for these distant areas to stay in production,

The milk producers in the Detroit milk shed probably will not
have to deal with other areas putting fluid milk on the Detroit market
cheaper than they can, Their problem will be to deal witn processed
milk producers in neighboring states who can put processed milk on the
distant markets, such as New York and New Orleans, at a lower cost than
the Michigan producer cans, Once these distant markets are gone for the
local producers their only alternative is to sell their milk on the

Detroit market - unless they go into alternative production opportunities,
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To the extent that tnis excess milk is put on the Detroit market with
an unchanged demand pattern, the blend price will be lowered, reducing
the income of the producers already in the market,

This pressure to lower prices in the Detroit market is partly
counter-balanced by an increasing demand in the Detroit area for fluid
milk, This market is growing, and as a result, attracting processed
milk producers in the shed to change over to fluid milk production,

Processed milk and fluid milk are produced under different cost
structures, Fluid milk costs more per hundred weight to produce than
processed milk, It is produced in the near proximity of large markets
because of its bulky nature and tne high cost of transporting it from
the farm to the citye Neighboring areas, even though they may be able
to produce the milk cheaper, cannot compete on the Detroit market for
fluid milk because of the high transportation costse

In the production of process milk, transportation costs are
considerably reduced because tine milk is mrocessed close to the farm
and a lsss.bulky product is shipped to the market, It is in this area
that local producers are likely to meet the most competition, directly
and indirectly, particularly with respect to distant markets such as
New York and New Orleans,

In order accurately to estimate the competitive position Sf the
farmers in this area, supply curves for other areas must be compared
with the one from this area, However, partial information about the
relative position of producers in an area can be estimated from its

supply curve alone,



95

With the cost structure and input prices as they existed during
the 1952 fiscal year, producers in the Detroit milk shed could compete
profitably with other areas down to a cost of production of two dollars
and forty cents per hundred weight, For instance, if producers in
Kentucky could put fluid milk on the Detroit market at a cost of three
dollars when Detroit producers were getting three dollars and fifty cents,
the producers in the local area could continue operation by cutting back
production so as to reduce their marginal costs. They would then be able
to meet the Kentucky competition,

If other areas could put the milk on the Detroit market at a
lower cost than two dollars and forty cents per hundred weight, some
of the producers in the Detroit milk shed would no longer be able to
compete, even in the snort run, with the quality of cows, input prices,
and cost structure existing in 1952, They would have to either cease
poduction or reorganize their operation with respect to quality of
cows, A discussion of the needed adjustments will be presented in the
next sectione

It should be pointed out that the ability of fammers in the Michie
gan area to compete with neighboring areas, particularly to tne south,
hinges on the low opportunity costs for the fixed assets in the area,
Dairy farming requires an abundance of forage production. Climatic
and soil conditions in Michigan are such that over much of the state
forage production is the only alternative., This becomes a fixed asset
for the farmm due to the low opportunity cost, and the only way the far-

mer can profitably utilize it is to produce milk or beef. At the present
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time dairy seems to have a comparative advantage over beef herds due to
the extensive type of operation required with beef, Most farms are small
and beef herds would not supply a large enough source of incomes,

The farmer's flexibility is decreased even more after he has cam-
mitted himself in longer lengths of run to such things as specialized
dairy barns and equipment, These factors, combined with the distance
of industry, combine to lower the opportunity cost of labor, too. It
becomes a fixed asset, then, and milk production is the only way of
utilizing it,

Opportunities for alternative uses of the resources may arise
in the future, and if milk can be put on the Detroit market at a lower
cost from neighboring areas, research may be required to develop these
al ternatives or to raise the earning power of the resources in their
present uses For the present, though, milk is produced in the Michigan
area not so much because it has a comparative advantage, but because‘by
producing milk the resources are utilized so as to minimize tneir com=

parative disadvantagee

The Micro Analysis

The contribution that this.study makes to farm management ine
volves the marginal cost of producing milk by the firm and how it is
affected by tne quality of the cowe Tais section presents a discussion
of the alternatives onpen to tne individual producer if it is desired

to lower the marginal costs of production,
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The nature of tne individual marginal cost curves indicate tnat
one way of lowering costs is to snift to higher quality cowse With the
given cost structure, the marginal cost of producing milk can be re-
duced to one dollar and ninety-two cents per hundred weight by producing
milk with cows that average 10,120 pounds of four percent fat corrected
milk when fed one pound of grain to four pounds of milk,

The data also indicates that so long as the producer has to cover
only variable costs, size of herd does not greatly affect the ability
of farmers to withstand competition from other areas, Wells3 found
similar results in his cost study at Kentucky, but by computing costs
for longer lengths of run, he found that when tne planning span was long
enough to require the covering of average total costs, the small herds
became vulnerable first,

Tne explanation seems to be that for the length of run in which
only feed is variable, the associated variable cost of labor makes up
such a small part of the total variable costs that it has no effect on
the marginal cost of production, In longer lengths of run in which the
entire saving in labor per cow can be considered as herd size is vari-
able, it does give the larger producer a competitive advantace,

Logically, it would seem that as neighboring areas were able to
put milk on the Detroit market at a lower cost, the producers with
the low quality of cow would be squeezed out of production firste. How=-

ever, due to the nature of the cost curves for the lowest quality

3 0_2. EH., Wells, p. 52.
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of cow considered, producers with this kind of cows have two alter-
natives,

So long as their marginal value productivity does not become
less than salvage value, they can cut back production and produce at
a lower marginal coste When doing this, the aforementioned work of
Caul indicates they no longer cover fixed costs, but in the short run
they need only cover variable costs so long as the capitalized value
of the marginal value productivity of tne cow plus her discounted
salvage value is greater than her present salvage value,

As a second alternative, it may be that the marginal value
productivity of tne cow would become less tnan her salvage value when
production is cut backe. If this happens, the longer length of run in
which herd size is variacle is entered into and tne producer sells the
cow to stop his losses on her, However, he may be able to resume pro=-
fitable production of milk by replacing the low quality cows with high
Quality cows,

In considering cost-price squeezes, it is not known exactly at
what price the producers with the lowest Qality of cow would be unable
to compete, for this price depends to a considerable extent on the
disposal value of the cows However, logically it would seem that these
producers will be the first to either drop out of milk production en=-
tirely or replace their low quality cows with higher quality cows,

For the individual producer, converting to higher quality cows

is often impossible due to lack of resources. In this case they will
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shift to alternate income opportunities or else begin to mark down
the income of some of their other assets. Caul's work indicates pro-
ducers with 7,332 pound cows could produce profitably in the short run
at 1952 costs, as long as the price for milk is above two cdollars and
thirty cents per hundred weighte If the price drops below this, they
logically dispose of their cows and go into alternative income opportun-
ities or else replace their cows with higher quality cows. If these
producers are unable to replace their cows with higher quality cows and
have no altvernative production opportunities, they, too, may write down
the income to their fixed factors and contimue to produce, In this case,
they would follow the scale line to get lower marginal costs than com-
puted for this study by reducing the feeding level to less than stomach
capacitys No indication of their production response or costs at these
levels of the stomach 1limit line is given in this study because ade=
quate experimental data are unavailable,

Within the limits of this study, the next lowest marginal cost
of production can be secured by going to the cow with an inherent pro=
duction ability of 8,350 pounds of four percent fat-corrected milk,

AN ‘
The costs for this quality of cow were computed on the basis of a pen

type barn, but since labor appears to te insignificantlht the minimum v
points on the marginal cost curves, the quality of the cow is tie de=

ciding factor in lowering the marginal costs of producing the milke
. ~N

_ o
The data indicate that under the given conditions, producers with this
quality of cow could reduce marginal costs to a minimum of one dollar

&nd ninety-eight cents per hundred weight by reducing the level of
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grain feeding and could continue to produce in the snort run as long
as price was above this level,

If competition drives price down lower yet, the producer has the
same alternatives he had with the lower quality cows, By shifting to
cows of a still higher production ability of 10,120 pounds of four per=
cent fat-corredted milk, the marginal costs can be reduced to a minimum
of one dollar and ninety-two cents per mundred weight. If ne is unable
to shift to cows of this higher quality, he too can lower the return
to his fixed factors and feed at less than the stomach limit with the
lower quality cowss

If the milk can be put on the Detroit market for a lower mar=-
ginal cost than this, it will no longer be profitable for milk to be
produced in the Detroit milk shed under the given cost conditionse
New technology will have to lower the cost of production if continued
production is desirable or the producers will have to write down the
income to their fixed factorse In the meantime, other surces of in-

come may have become more profitables

Suggestions for Additional Research

Problems encountered in the course of tnis study have pointed
up the need for additional research in several areas, A discussion of
these proposals followsg,

Input-output studiess The inability to compute the costs with

inputs combined as dictated by the scale line below certain minimum levels

pointed up the need for this kind of researcn. Studies are needed to
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delineate isoproduct lines with grain and roughage as variable inputs
for several qualities of cowse Then when the scale line no longer fol-
lows the stomach limit line, the optimum combinations can be estimated
by price relationshipse The need for research of this nature has also
been pointed out in a report prepared by the North Central Farm Manage-
ment Research Committee.h

Cost computations for other lengths of run, Studies are needed

to determmine the various costs when herd size is variaole and when barn
size is variable, Combining these studies with the present one would
permit the compilation of a general treatise on the economics of milk
production in Michigan, Studies of this nature may indicate ways of
increasing the earning power of assets that are fixed on many farms in
the area, (At the present time Ed Jones, here at Michigan State College,
is studying the entry and exit of firms from the market,)

Adjustments to risk and uncertainty. A knowledge of the way

farmers react to changing conditions will enable more accurate pre-
dictions to be made for outlook purposes. This study shows that even
in short lengths of run the farmer has considerable flexibility in
adjusting his output to cnanging conditions, The extent to which far-
mers base their present operations on future expectations will de=-

termine whether production will be above or below tne predicted amount,

b Feed-Milk Relationships in Dairying, a report prepared by the
North Central Farm Management Research Committee, January, 195ke
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(Albert Halter and Glenn Johnson, here at Michigan State Ccllege, are
currently working in cooperation with the North Central Farm Management
Research Committee on a study to determine how farmers react in the face
of risks and uncertai nty,)

How do producers enter and leave the market, Difficulty was en-

coumtered in predicting future production when there was a sudden

change in the number of cows in the area, A study is needed to determine
the extent to which the average production per cow is raised by the cul=-
ling effect of reducing the cow population, The answer lies partly in
the data presented herein, and partly in determining at what level it

is no longer profitable to keep a cow. The material in this thesis 1s
inadequate to accurately estimate the change, but it does indicate that
the low producers are the first to be culled. (It was pointed out pre-
viously that 8 study is currently under way to find a partial solution
to this problems)

Converting the curve to an aggregate indexs If the individual

cost items could be converted to indexes, and an aggregate index based
on these individual indices could be developed, the outlook work could
be greatly expedited, and possibly made more accurate by including the

changes in all cost items,
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Uses of the Data Synthesized in tnis Thesis

data synthesized in this study have use in five broad

The input-output relationships are useful in cost studies
of practically any nature,

Irnproving the effectiveness of production controlse
Improving the effeztiveness of milk marketing orders,
Estimating the position of local producers with respect to
interregional competition,

Studies such as Caul's in which he is estimating the value

of various guality cows under changing conditions,



CHAPTER VI
SUMMARY AND CONCLUSIONS

The purpose of this study was to estimate a supply curve for
fluid milk in the Detroit milk shed for the length of run in which only
feed and its associated inputs are variable, This was accomplished by
synthesizing the short run marginal cost curves for typical firms in
the industry and aggregating these curves into an aggregate snort run
supply curve,

A mail survey was taken of the producers in the milk shed to
detexrmine the conditions under which fluid milk was produced with res-
pPect to herd size, average production per cow, and type of barn, The
results of this survey were classified so as to have ten typical herds
representing production conditions in the area,

A marginal cost curve was computed for each of these ten herds
by wusing a budget process and utilizing various o urces of secondary
data. In the short run, milk production for the farm is varied by
changing the level of feeding, which involves the substitution of grain
foxr roughage. The basic input-output relationship for constructing the
marginal cost curves considers grain and roughage as inputs and milk as
2 product, Certain other inputs svch as salt, minor equipment, various
Portions of labor, and electricity, are varied with the level of feeding
and must be considered alsoe The relevant relationship involved not

only feed, tnen, but feed and its associated variable inputs,
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On the assumption that the cows were fed all the hay tney were
able +to eat, six alternative levels of grain feeding were postulated,
These ranged froﬁ a ration containing no grain to one in which fifty
percent of the total digestible nutrients were derived from grain. For
each of these levels the pnysical quantities of the various inputs and
also the amount of milk produced were determined. These quantities were
multiplied by their respective prices and the results summed in order
to determine the variable cost of producing milk in this short la._th
of run,

From this information the marginal cost of proaucing an addi-
tional hundred pounds of milk was determined by dividing the change in
variable costs from one level of feeding to the next by the change in
mill production, The marginal cost so determined was an average mar=
ginal cost over the range from one feeding level to the next higher
level, Wwhen these costs are plotted and a smooth curve fitted to them,
the curve does give an estimate of the marginal cost of each unit of
output,

From the marginal cost curve for each of the typical herds, the
Quantity of milk each producer would supply at prices ranging from two
doll ars and forty cents per hundared to six dollars per hundred was de=
termined, The Quantity at each price was multiplied by the number of
Producers represented by that typical herd, This was done for each of
the typical herds and the resulting production at each price was summed
to get the agzrepgate supply response for all of the producers in the

Detroiy shede
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The shape of this supply curve has important policy implications,
but its value could be increased immeasurably if the curve could be used
to predict milk production from one year to the nexte A change in input
prices, a change in the number of milk cows, and a change in the average
production per cow are the three most important variables causing the
curve to becrme out of date, Adjusting the curve from year to year to
allow for changes in these variables makes the supply curve quite
usable for predicting year to year changes in milk productione

A consideration of both the individual marginal cost curves and
the aggregate supply curve leads to the following general conclusions:

ls In the length of run in which only feed and associated
inputs are variable, the production of fluid milk can be varied from
1,000 million pounds to 1,500 million pounds in response to price changes
from two dollars and forty cents per hundred to six dollars per hundred,

2¢ Production controls based on restricting the herd size of
the individual producer will be only partially effective in controlling
the production of fluid milk,

3¢ The production of fluid milk can be regulated by adjusting
the price of milk and the cost of the inputs used in producing ite

le From a farm management standpoint, the marginal cost of
producing milk can be significantly lowered by keeping high quality cows,

S5e Producers in the Detroit milk shed can cut back on the level
of feeding and reduce marginal costs in the face of a cost-price squeeze
so long as the discounted capitalized value of the marginal value pro=

ductivity stream of the cow in milk production plus the discounted
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salvage value of the cow wnen discarded in the future does not become
less than her present salvage value,

6s Producers do operate in a rational manner and adjust their
moduction in response to price relationshipse This is indicated by
the ability to accurately prredict the production of milk from the supply
curve,

7« From a methodological aspect, the study shows that tradi-
tional economic theory can be combined with results of primary experi-

mental work and modifications of the theory to solve practical problemse
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MICHIGAN STATE CCULIEGE

East Lansing

‘epartment of Agricultural Economics

Dear Producers:

In connection with a research project at the Michigan
Agricultural Experiment Station, it is very important that
we have some simple information about your dairy operation.
This information will be used to help determine the potential
supply of milk from the Detroit milk shed.

Enclosed is a self-addressed, stamped card on which you
can conveniently check the information requested.

Your cooperation will be appreciated and will contribute
to the productivity of your experiment station.

Sincerely,

George E. Schuh
Graduate Assistant
Michigan State College

GES/tn
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During the period Oct. 1, 1951 to Sept. 30, 1952.

Did you have a pen-type barn
or & stanchion-type barn

What was the average number of cows you were milking
during this period?

If it is convenient for you, we would like to know the
total pounds of milk produced on your farm between
Oct. 1, 1951 and Sept. 30, 1952 lbs,

If this information is not available, send the card
back with the other information requested. It in
itself is quite valuable.
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MICHIGAN STATE CCULLEGE

East Lansing

rtment of Agricultural Economics July 23, 1953

Dear Producer:

Several weeks ago you received a letter requesting some
information that would contribute to the work of your sxperiment
station. Some of the replies have been slow in coming in.

In case you have lost or misplaced the reply card, we are

enclosing another card. If you have not mailed in your reply, we
would greatly appreciate your doing so, now.

Appreciatively yours,

George E. Schuh

GES/tn
Enc.
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TABLE V

SALTL USED PER COW ANNUALLY AT DIFFERENT FEEDING IEVELS, FOUR QUAL~-
ITY OF COWS, DETROIT MIIK SHED, OCTOBER 1, 1951 - SEPTEMBER 30, 1952,

Feeding level Average Production Capacity of Cow
(percent TDN 5133 1332 8350 10,120
from roughage)  pounds? pounds? pounds? pounds?
Pounds
100 26.6 3043 31.3 33.4
90 28.1 31.6 32,6 3L.8
80 3063 33.8 3Le9 37.1
70 32.3 35.8 37.2 39.9
60 33.9 37.4 39.1 L2.7
50 3kl 38.2 L0.2 L5.2
1

These amounts are based on a requirement of .75 ounce of salt daily
per 1000 pound live weight, plus .3 eunce in addition for each 10
pounds of milk produced. Morrison, F. B., Feeds and Feeding, The
Morrison Publishing Company, Ithaca, New York, 1950.

2 Mese quantities are the production per cow when fed at the rate of
ene pound of grain to four pounds of milk.
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TABLE XIX
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FERTILIZER ELEMENTS REACHING FIELDS FROM MANURE, VARIOUS QUALITY COWS,
DETROIT MILK SHED, OCTOBER 1, 1951 - SEPTEMBER 30, 1952

E:Eg:cii;{ wd _  Fooding Lovel [Fercent TDN fron roughuge)
Pounds
5,133
N 31.76 33.71 h2.2l 5L.25 66.18 70.80
P 5.1, 5eL7 6.87 8.8l 10.80 11.57
K 53.56 L6.97 L9.23 53480 SL.80 LL.SL
7,332
N LL.28 50.38 61402 73.09 86.L9 9he23
P 7.17 8,17 9.92 11.90 14.10 15.38
K TL.68 73.11 76.58 78.8L 79.5k4 70.21
8,350 .
N L7.85 52.68 63.32 77.81 96453 111449
P 6,78 7.L8 9.00 11,08 13.77 15.92
K 70.61 66,1k 68.34 72.25 77.03 73.59
10,120 |
N L7.77 51.27 59.99 72.37 90.42 112,65
P 7.73 8.31 9.75 11,78 . 7h 18.38
K 80.57 The53 75.05 78.02 8L.20 90,01

S0URCE: Synthesized from secondary data based on the composition

of feeds and the percentage reaching the fields as indicated
by Morrison, F. B., Feeds and Feeding, The Morrison Publishing
Company, Ithaca, New York, 1950,

shkmount of L percent fat-corrected milk produced when fed one pound of
grain to four pounds of milk.






TABLE XX

PRICES USED IN THIS THESIS

139

Item Unit Price
Shelled corm3 70 pounds $1.69
Corn and cob? 70 pounds 1.62
Oats? 32 pounds «83
Soybean oil meall 100 pounds 5.58
Grain rationl 100 pounds 3.04
Milk cansl 10 gallen can 10.62
Stock saltl 100 pounds 1.k2
Hay® 100 pounds 1.06
M trogenlt pound .13
l’lflosphc)ro'.:.s1 pound 09
Potassium! pound o 06
Shelling corr® bushel 07
Crushing cornd® bag «10
Electricityl killowatt hour .028
Labor? hour «50




° lho

1 Fer these inputs with 1little or no seasonal variation in price or use,
the average of the average quarterly price as secured from the
Michigan Agricultural Statisticiant's Office is used.

2 The average monthly price is weighted according to estimated
use in the dairy enterprise; a nine percent weighting for October
through April, and a 7.4 percent weighting for May through September.

3 A seven cent charge per bushel is added to the cost of a bushel of
corn and cob meal to cover shelling charges.

L Based on a grain ration made up of LO percent corn and cob meal,
20 percent shelled corn, 20 percent oats, and 20 percent soybean
¢il meal.

5 Hay consists of 30 percent alfalfa, 20 percent red clover, 37.5 per-
cent brome, and 12.5 percent timothy. The average monthly prices for
hay were weighted at 15 percent for November through March and 12.5
percent for October and April.

6 Based on usual custom charges in Michigan; Vary, K.A., "Rates for
Custom Work in Michigan, 1952 and1953," Extension Folder F-161,
M.S.C. Cooperative Extension Service.

7 Based on the approximate on-farm opportunity cost on Michigan dairy
farms.



*ITTw Jo spunod anoJ 04 uyexd Jo punod euo peJ ueyuM NTTH PejoeIJod-qey spunod €€Tég 1

mm *sTs8Y} STU3} UT pendmod wiep AISpuodes WOJIF POZISOUIUAS tHOUNOS
meé L€ éLez é8°1 Lt ——— uwMMMMvaM“w“wmaz
96°L82°T QT°260°T TN°QT8 €L°€ELS 0L°06€ L6°LL2 89800 oTqeTIeA 0N
M°L01 T8°90T  €6°t6 . ¢€2°Sl S8°€9 8L*N9 47POIO eanueN
LE°S6E'T  66°Q6T°T  NE*OTS 96°8%9 ss*nan sleane 7805 eTqeTIeA TE10]
0N 00°1 0g°¢t Ls°€ TE°€ e 4TeS
sg°® ag° S8 sg° s8° ———— sued NTIN
fLesL 08°89 25°8S ARFA| 02°€€ 28°12 J0qeT
6L°NET 00°tee nLe0se 60°152 €6°852 €L°NTE Ley
29° 02°2 19°2 g8°2 69°1 —— £370T1900TH
95°LE N9°ge TO* 6T 0T° 1T g6°n —— SuTputad peed
OL°TTL‘T 05°0.8 T8°LLS SE°LEE 6€°TST — seqRI3u80U0)

sxeTToq
09 ol og 08 00T

AnoY_Aq PeT1ddng NQJ JO 3uedIed) {eAe] suipeed

sqnduy eTqetxep

*2S61 ‘Of YIERAIAAS = TSET ‘T ¥IEOINO ‘CFHS YWTIN ITOMIEA ‘YTIIN J0 SaNnod ¢ €€1°S
FOVUEAY ‘NYVE NOIHONVIS ‘G MOD €°Q@ ‘TIIVIUVA SINANI QAIVIDOSSY ONV ¥HAd ‘SISO TIGVIUVA

IXX TI9vVL



”~



1l2

*JTtu Jo spunod anoj 04 uyea? jo punod euo peJ ueym Y[TW pejoetrod-qey spunod €C1¢S 1
°gseo} STY] ul peyndmod vlep AIBpuOO8sS WOXJ POZTSOYIUAS $HJUNOS

95°6 g9°¢ £Lee 06°T 8sl°1 ——

S TeM peJpuny
xed 1800 TeuTdIEN

88°886°T  $9°689°T 0L°8S2°T  T19°988 8T°109 rA Rkl §3800 STQETIEA 90N
16°991 00°991 8g8° 2t 26°911 £2°66 69°00T

28°9ST2  S9°9MR'T  QS°TON‘T  €S°€00°T 0Ol Zr°28s

1TPeI) sanuen

3800 STCETIEA TE10]

ydnoy Aq payTddng NI JOo Jueoded) [9Ae] Juipeed

0€°*9 22°9 T6°s 95°s ST°S g8 °n 1TeS
oLt (YA oLt 0L°T oLt —— Sued NTTN
éM°not 2L 68 29°el 86°6S Stesh 66°€€ Joqe]
67°602  MI°GNE  L2*6BE  92°06€  €M*0M  Se26eN !
96° ALY S0°N ghn N6z ———— Lq70173900TH
LE°gS 0s°M ns°62 TAdA L{Ad) ————— Butrputad peeJ
TSLLT  s6°esEfT - MoA wmw_ . \ﬁm.ﬁm som.mmm ————- 8eqeJ3uUe5uo)
=25= saeTTOq
LWﬂ ey oL o o8 QL sanduT eTqETIeA

*2s61 ‘o€ YIARAIAES - TS6T ‘T HIGOL00 ‘CFHS YTIN II0WIFT ‘YIIN J0 SaNnod €€T°S

IIXX 19Vl

SOVYIAY ‘NUvd NOIHONVIS nmmm R0D 6°2T ‘TIGVIUVA SINANI QAIVIDOSSY QNV QHEI ‘SIS0O TIGVIUVA



113

*JTtu Jo spunod anoy X0y utexd Jo punod euo pey usym JTTW pajoelxod-qey spunod €CT‘S T
*gTs0Yq STY3 ut poqndmod wvqwp Alepuodes uwoxJ pezisdyauls

$A0UNOS

0€°¢ 59°¢ nLee 88T 9L°T ——=
T2°8SME  99°2€6°2  9L°g6T2  QO°SMST  2L°gMO‘T  95°€nL
81°262 TL*062 2€°052 €8°M02 S8 €Lt 6€°9lt
69°0SL°E  LE°€22E  QO°EMMZ  TESNL'T  LS°2e2‘T  $6°616
Mo TT 68°01 9€°0T el*é 20°6 99°8
S5 ss°2 ss°2 sg°e 55°2 ————
0€°LST LL*STT T4l €A 0€°Lé €0°5L ne*ns
00°L9¢ 26°609 Sl°289 0L°€89 €050l qT°lSs
89°1 86°S ot°l s8°L 9T°S
92°20T L6°LL al*1s z2eo¢ 95° €1 ——
98°80T‘E  62°0LE T  2€°€LST  lS°816 zeeem -
saeTrod

U3 ToM pedpuny
Jeod 4809 Teuildaen

$7500 9TQRTJIRA 98N
3TpPeJId eJnusl

4809 8TQBTJIRA TB30]

4T®S
Sued NTTA
JoqeT
Koy

£9ToLI300TH
3utputan peed

£94B8I3USOUO)

09

Om

.Nmmﬁ ‘o€ MMmﬁmHmmm - 1861 T MMmoaoo ‘QFHS YTIN IIOMIFA ‘YTIN J0 mmz:om
FOVYIAY ‘NYVE NOIHONVIS ‘QMTH MOD 9°22 ‘FIGVINVA SINANI QHEIVIOOSSY NV QFAd mamoo TTHVIUVA

IIIXX TI9VL

npach 9TqeTIBA

€€T’s



*JYTTW JO spunod ancy ¢4 utead Jo punod auo paJ usuyM NTTW pajcalxoo=4eJ spunod g€€€)

1

®sTsayy STU3 UT pendwod ejep Arepuodss woxy pezisayjulq 3FOUNOS

g1°n Geen [ Z2€°2 £l°2 e qu3TeM paJgpuny
Jad 3500 TeuTSael
98°0T9*T  6E°9NE’T  19°SCO‘T  2.°3%L 9LeEns 69°6.L€ 89500 OTGQETI2A 98N
ALk 9% et T0°L2T 6€°TTT 18°96 €€*06 4TPaI0 BInUER
86°QSL T SR°eN'T  99°29T‘T  TT*088 £9°0119 zzeoln 1800 oTqeTJeA Te3o]
0s°*n e 22N 66°¢ €L¢ LS°€ 1TeS
s9° se°® a8 ag* a8 ~eene sued NTTU
g€°6Q 6R° 61, 91*$9 {0 £ e Le o€ L2 J0Qe]
85*85e L2*2s¢ ST9n¢ g€ 1oN TT* 601 SE*6En LeH
96° €1°¢ 05°¢ gR®2 6L°T ————-- £ T0TIICATH
AR gheee ™eee 82°€T g6°s -=—--- ZuTpuTas paad
00°09€°T SQ°9TO‘T  92°T99 TLocon €L°19T ————— £87BI3U30UCY)
B ettt - § -2 i {10 s e — e
09 09 0L _02 06 00T syndul sTQeTIEA

(e8eysncy £q patrddng NOJ JO qUa0I8d) TGA] SUTPaad

*256T €0Of WIABTIATS = TS6T T ¥IGOIOO ‘aIHS WITH ITCHIZA “¥IIW 4G sarncd 1 2€€°€L
CYHTAY NUYE NCIHONVLIS qued MO €°Q STIavIvvA SuOdNI CIIVIOUSSY @Y ¥3d ‘SIS TIGVIMYA

ATXX FT1dYL



~




eyrTw Jo spunod Jnoy 03 utexl Jo punod auo pay usyMm NTTW pajoaaaoo=-qeJ spunod 2Eg€)
*sTsayq STUL UT poyndwodo ejep LIepuocoss woxy pazfEayjulg

T
$304NCs

ot'g oE'm 2ot G 2T ——— aFen pamu
wo.om:qN; SR°€L0‘T  99°96S°T  8LSRTT  68°%6€R 08°585 83500 @TqeTJes 9eN
gz*oee L6°eee ™ L6T ARSI 95°0ST ge*ont 3TPaIO 8anuUEK
06°0TL 2  29%062f2 60°NEL'T  o06°gse’T  SN°066 8T°92L 1500 9TqeTIeA TEICL
66°9 $8°9 95°9 02°9 6L*S §5°s 3TeS
s8° se* sg°® s8* s8° —————- sueo NTTH
¢nN°91T T16°501 28°88 28°0L hsees meec Joqe]
P9°TON  TSUANS  STP009  SMUe9  MTSET T2y AeH
6Nt 1 €241 50°n gty 9.%¢ —— £yT0TI309TH
€5°69 €6*1S ggene 19°02 62°6 ———— Sutputad pead
NLeETT 2 ON®0Qs‘T  €8°8S0°T  9N°L29 9€°28¢ —————— §89B19U80U0Y
-=-s18TTOd ——
09 QQ 0L (0]¢] Q& 0CT

(s3eysnoy Aq payTddng NGL JO qus0uad) Teae] Jutpasd

sqandul eTqefdep

AXX TIVL

*256T ‘0f WEGHTIIAS = TG6T T ¥Y¥EGI00 ‘@Ers YWIIN IICUIZC *YIIN SANACd ¢ €
moéwé.z%mzﬁmoi%.Q%mzoam.ﬁ.Smﬁm..s&Eﬁqﬁ,uuﬁm,weﬁ;mi:&ms

€L
TIEVIYYA



oo oag . ¢ . I3 - . ——————
. - . . . ——————
. . v . « T
. - . v . - A4
. . ) . . .
. ) . « .«  mmm— -
. . . . . .
. ¢ A 3 . 3 . C L3 .

o . . . . . .
. I8 . 13 . e - . (3 . .
. o « - - : . . - wl.

.




*NTFTw Jo spunod anoJ 09 utead Jo punod euo peJ ueym NTTW pelroaroo-1wvy spunod 2€€¢) 1
*@1sey3 STy} UT pegndwod eqep AIepuodes woxy pegTssyjuAs IOUNNS

ot°g L2 00°€ 62°C €L°2z — umemwnouM“w“wuaa
ML°SeEN  26°2T9°€  62°28L°C  S8°L90°z  l9°29M‘T  MI°LIO‘T 99800 OTQETIBA 30K
gecon S9°06€  gg°gie  oc°toe  eL°t9z M SNz 1TPeIO eamueq
Ln*geL M LS°€00°M  MTe@IT’E  STLEZ?  §9°92L°T  80°€92°T 1500 OTQETIEA Te30]
gz et 00°2t 6N Tt 98°01 9T 0T 2L°6 ITeS
ss°e s5°e ss*e as*e ss°2 sued NTIN
n0°281 61191 95°6€T Sneett gT°Ng 02°8S L
90°f0L 61°6€6 ZN°TSOT 20°TOTT‘T  S6°E€TIT‘T  9T°S6T°T £ey
29°2 6L°S 60°L a8l 18°N —— f101TIy00TH
18°12T 80°16 20°19 oT9f Lzt —— Butputa3 peed
M°EOLE  LL°B9L‘2  TO°SSBT  92°660°T  l9°N6h J— 869817U0U0)
sIeTToQ
Q9 09 oL 08 0 001 sqnduy eTqeTIEA

adeydnoy Aq per11ddng NAJ JO quUeoJad) [9Ae7] JUTpeed

*256T ‘0€ WAANALJAS - TSET ‘T WIHOIO0 ‘QAMS WTIIN IIOULAA YIIN 40 SONAnd ¢ 2€€°L
FOVYAAY ‘NUVE NOIHONVIS ‘TuTH OO 9°22 ‘TIAVIUVA SINANI QAIVIDOSSY ANV @dEd ‘SIS0D TIAVIUYA

IAXX T1aVyY






W7

*JTT® Jo spunod anoy o4 utexd jo punod euo peJ usyMm NTIW peqoarod qeJ spunod OSE ‘g T

*s1seyy STU3 UT peyndwoo eqep Arepuodes WOIJ PezTSIYULS  $AJUNOS
£8°9 18°€ 95°2 g6°1 15°2 —— uwmwwwﬂouM“MMMMaa
26°202°€  9L°055°C  @N*SE8‘T €6 TLET  €2°NL6 £0°189 £1800 OTQETIRA 96N
T9°€EE 26°T0¢ €€°€92 €5°g12 €L°88T TS° 18T 9TPeIO eanuey
€5°9€S°C  89°258°C  T8°GET‘Z  9N°lBST  96°29T n5°298 1800 OTqETJIEA TB30]

LE"6 21%6 99°8 ey 65°L CE 3Tes
ss°e S5°2 sse S5°2 sse — sueo NTTN
LO°MNET 06°8TT 25°96 g6°LL 18°29 92°S¢ JoqeT
ssezns 86°699 26°269 €5°LoL nLezel 00°028 Loy
ng°2 91°S 96°s L6°S gn € — £q1011300TH
T9°06 61°59 eneen T0°Se L2°11 ————— 3utputad peey
NGNSL2  BLUTBET  8L°682°T  0€°09L 2sene —— £078I9U80UO)
sIeTrOq
09 0L 08 08 00T ganduy eTqeTIEA

*€S6T ‘0f WIAWAIATS - TS6T ‘I yAG0I00 ‘TUHS WIIW IIOHIFA ¥TIN 40 SANNOd ¢ 0SES

938ydnoy Aq paFrddng NOJ JO jueoJsJ) [OAd Suipeed

FOVUIAY ‘NYVE FdAL NId ‘QUIH MOD M°*9T ‘WIAVINVA SINANI QRLVIDOSSY NV Q3¥d ‘SISOD FTIVIYVA

ITAXX ATdVL



.
. . -

. . - -

» . - - -

. . .

. . .

. . ‘ - -

o . .

. ¢ . .

. . . . .
. ¢ . .

. . ———




18

*JTru Jo spunod anoy 04 uyexd Jo punod uo peJy usym NTTH peydexIodo-q4ey spunod 02T ‘OT 1

———

*87120U3 ST} UT poqndwod eqep LIepuodes WOIJ PeETseyluAS  :FJUNOS
Len 96°2 92°2 né*t ane —— uwmmwmnooﬂmwuu .
0T*6L8°T 08°SON‘T TM*T€0‘T  2n*09l 26°156 25601 §1800 TQUTLIEA 3ON
0T°08T  05°051 Ml 5zt 66601 59°06 18 4TpeI0 s.muel
02°650°2  0€°9SS°T  STLST‘T  18°698 LS°€59 56°908 3800 STQEBT.IBA TEIO]
£e*s €0°S oL*f Len ot*f né e 3TES
olL*1 (JAR olL°1 oL°T ol°t sued> NTIN
S€°0TT 20°88 Né°L9 ge°1s 2L € 05°62 I0Q¥T
S€°SS¢ 02°9L€ 0T°29¢€ €L°S6€ 62°L1N TS ELN Aoy
22°¢ gLt L9°¢ 9T°€ 6L°1 ———— £97010900TH
2n*os nmene 02°ze LT°€T 20°9 —— Butputrd peod
€8°2€5°T  €T°IMO‘T M6*ML9  €MtooN  S6°e T 0 ——— 809833U00U0D

sxeTTod
H@o%&p %ﬁ&mw NGZ 30 pmwroho& Toies “Futpeed 2oL S3ndul oTqSTIEA

—
s—— —

2861 ‘0f WIARAIIAS - TS6T ‘T WWEOIO0 “GEHS YWIIM IIOHWIZA ‘YIIN JO SONNOd ¢ 0ZT°0T
FOVYEAV ‘NUYE NOIHONVIS ‘QHTH MOD €°¢ ‘TTAVIUVA SINANI QIIVIOOSSV ONV QHAS ‘SISOD TTAVIHVA

IIIAXX T14Vl



L9

*}T1tw Jo spunod anoJ 04 utexd Jo punod euo pey ueuym YTTW pajoettod 38F spunod OZT 0T 1

*gTsoy} STU} UT peyndmod eEp AIPpUOI9S WOIJ POZTSOUIUAS

140UN0S

TE°N T6°2 222 €6°1 2ne —— uwwmmw“wuwnm“wmaz
g0°L88°2  69°T9T‘2  €5°88S°T  60°MLI‘T 61°958 01°0€9 83500 8TqETJIRA 90N

26°6L2 T6°€E2 €N 961 10°0L1 2€ €St M 1St 3TPeIO eanueq
66°99T‘E  09°S6€°2  96°€QLT  OT'MMET  TS°600°T  MS° T8l 4800 oTqETIEA TBYOL
g82°g €8l Te°l 08°9 LE*9 29 Tes
ss°e ss°e 8s°2 mee ss°e —— sued NTIR
OT°g€T S9°CTT  MI'T6 §6° 1L 09°5$ QN 6€ ZoqeT
62°255 0L*N8s 9 °€65 so°st9 95°8"M9 nEesel Ley
T0°S L8°s ss°s 06°1 gL*2 ———— £370T1308TR
LE*glL ns°€s 15°N& Lneoz SE°6 — Butputad peej
6€°29€°2  9M°LZ9‘T  MO°EMO‘T  SE€°229 o€°nge —_— §67eI]U6U0Y

szeT 1o
0S 09 0l 09 06 00T sqnduy eTqeTIBA

(@3eydnoy Aq petIddng NOJ JO juedled) 18Ae] ZuTpesd

*2S6T ‘Of YFWAIIAS - TS6T ‘T WAGOLO0 ‘QAHS WIIN IICHIZA ‘YTIN JO SANNOd ¢ 02T°0T
FOVYIAY ‘NYVE NOIHONYVIS ‘CHEH MOD £°2T ‘TTAYIYVA SINANI QIAIVIDOSSY ANV QHEd ‘SISOD TTAVIUVA

XIXX {9V

-~



150

*jTTu Jo spunod anoy o3 utexd Jo punod euo paJ usym N[TW pajosatods-qey spunod OZT ‘0T 1

°s1e9yy SsTY) uy poqnduwod Byep AIBpuoo3ds WoXJ pozrsouruslsS $ADOUNOS

CER 06°2 FACAE 616°1 e — nwmmwwnocm“m“mmaz
ST*0€0°S  82°99L°E  98°99Lfz  65°9M0°2  69°26M°T  L6°960°T 3800 OTQRTJIBA 30N

6€°06T  T8°60M  gf'ene  G8-lée  63°89¢  e€°99¢ 1TpeIo eanueR
N5°025°S  60°8LTN  M2CTITTIE  MU°MNE‘Z  82°TOL‘T  62°29¢°1 4800 oTQETIEA TE}0]

05°1T 2L €T 082t 26T 91°TT 2leo1 3TeS
se*n se*n LT A sen q2°n ————— sued NTTR
g€ 91M°081T LL°STL n6° STl 82°06 92°29 J0q¥1
85°L96 9E°M20‘T  TN® OMO‘T  MS°LIO‘T M2°9€T‘T  TE°682°T Loy
8L°8 €z°01 2L6 63°8 L8°n —— £37011900TT
0£°LET 6L°€6 91°09 Lg°s¢ gE9T *  m——-- 3utputad peej
LLoELT™  22°158‘2  S9°LE8°T  €£°060°T  OT°g6N —— §838I3U80UODH

synduy eTqetIBA

+2561 ‘0€ WHENILIAS - TS6T ‘T ¥9E0I00 ‘TEHS WIIM ITOMIAA “YIIM SaNnod ¢ 02T1°0T
FOVHIAY ‘NUVd NOTHONVIS ‘QUAH MOD 9°22 ‘¥IGVIUVA SINANI QAIVIOOSSY ANV QIHd “SISOD TTEVIUVA

XXX T19YL



fah i

faAme.ﬂ
e W2 gy~

i

!- e

| AN

k_r N b

I,

_..f‘tj

1




MICHIGAN STATE UNIV. LIBRARIE

!I\llW»IllllIIIHIl!IIIIHHIWIIIIPIHIIIIIHIIVIIMIHVI

00134216



