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SUMMARY

This study is an application of continuous capital
and variable price programming to an analysis of
the farm supply of milk and cream. Sioux County,
[owa, was selected as the region to be studied because
of its varied farming programs and the importance
of dairy production in the area. The 160-acre farm
selected for consideration is typical of the soil type,
farm size, livestock and c¢ropping programs, farm
machinery and building facilities for the locale.

The basie enterprises considered are five dairy
activities, five cattle feeding enterprises, spring and
fall hog farrowing systems, a supplementary poultry
enterprise and five crop rotation systems with four
levels of fertilization. (‘ream production, grade B
milk in cans and in bulk, and grade A milk in cans
and in bulk are the dairy activities assumed feasible
for producers in the area. (In this bulletin manu-
facturing grade milk is referred to as such or as
erade B milk.)

The initial plans in this study are restricted to
the resources available to the typical farmer. These
resource restrictions include 135 acres of rotated
land, 17 acres of permanent pasture, 390 hours of
operator’s labor for each of June, July and August
and 260 hours for each of the remaining months,
housing for 200 poultry, 15 litters of spring and fall
pigs and 30 dairy cows. Some of these restrictions
are relaxed in later phases of the analysis.

All prices used in the study except the dairy prices
are projected estimates for Towa, 1960. The dairy
prices used in the fixed price programs are aver-
age market prices for the products in the Sioux Coun-
ty marketing area.

One objective of the study was to evaluate linear
programming as a tool for the analysis of the supply
of agricultural products. The experience of this
present study shows that linear programming is a
useful tool for the investigation of supply.

Answers to four general questions were sought in
the analyses of the five dairy activities. These questions
are: (1) How do variations in the operating capital
level affect the number of dairy cows included in
the optimum plans? (2) What changes in dairy cow
numbers occur as the prices of the dairy enterprises
are varied? (3) How do simultaneous variations
in hog and milk prices affect the optimum plans?
(4) What changes occur in the optimum plans as
certain changes are made in the price of corn and in
the availability of labor and hog housing ?

As the level of operating capital rises, the size of
the dairy herd kept for cream increases and then
decreases.  The level of operating capital has no in-
fluence on the number of dairy cows kept for grade
B milk production in cans beyond the $10,640 level,
where the maximum herd size is reached. Fall and
spring labor restrictions prevent further expansion
of these two dairy enterprises. The other three dairy
enterprises, however, continue to expand as the cap-
ital level increases.

At high ecapital levels, bulk milk production per-
mits a larger dairy operation than does can milk
production. The assumed saving in labor for the

bulk tank operation permits this expansion over the
can operation. At low capital levels, can production
involves a larger dairy enterprise. The capital in-
tensive bulk operation exhausts the small capital
supply at a smaller herd size than does can produc-
tion. At ecach capital level, the net inecome with a
orade A operation exceeds the net income with a grade
B or cream operation. Above the $11,000 capital
level, bulk production of grade A milk or grade B
milk is more profitable than can production of the
same grade. The differences in net income among
the various types of operation are positively related
to the level of operating capital.

The size of the bulk milk premiums required to
maintain a given volume of production depends on the
level of operating capital, with much larger premiums
required at low capital levels. The required price
differential for grade A milk over grade B milk is
the same at all capital levels studied.

The linear programming analysis results in stepped
supply funections. Smoothing these curves indicates
that the supply of milk or eream is generally highly
clastic at low dairy prices and quite inelastic at high
prices. In a few cases elasticity constantly decreases
as price rises; in most cases, however, it falls, rises
and then falls again. In some cases, elasticity fluetu-
ates sharply within a relatively small price range.

At a given price, price elasticity usually varies as
the level of operating capital varies.

The price level at which dairying goes out of the
optimum plans is lower at higher capital levels. Ap-
parently, once a producer is set up for milk produec-
tion, it takes lower prices to squeeze him out of
dairy production as his capital level increases.

Spring labor is the most restrictive resource for
dairy production. At high levels of investment, fall
labor and, less frequently, hay and corn supplies be-
come limitational.

Grade A milk production in bulk is the only dairy
enterprise that ecan compete successfully for the
limited resources when unlimited hog housing is
available and average prices are used. Grade A in
bulk enters the optimum plans only at the high cap-
ital levels. When variable hog and dairy prices are
considered with unlimited hog housing facilities,
cream production is not included in the optimum
plans for any realistic eream price. The negative re-
lationship between the price of hogs and milk out-
put is clearly exhibited when hog price variations
are considered with grade A milk production. Milk
supply is quite elastic with respect to hog prices.

The results of the analyses with a labor-hiring ac-
tivity suggest the following generalizations: (1) The
availability of hired labor has little effect on the
optimum farm organization except at the higher
capital levels. (2) At these higher capital levels,
the dairy enterprise is increased; the cattle feeding
enterprise is decreased, if included in the plan with
no hired labor; and the hog enterprises remain about
the same.

Twenty-cent increases and decreases in the price
of corn from $1.30 per bushel were considered for
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grade A milk production in cans with unlimited hog
housing facilities. The corn price of $1.50 results
in a decrease in hog production and an increase in
the dairy herd over the $1.30 corn-price situation.
The plans with the corn price of $1.10 are almost
identical with the plans for a price of $1.30. Factors
other than price of corn—hay and labor supply—
combine to prevent further increases in the already
large investments in hogs.

This study shows that the inflexibility of agri-
cultural production as product prices fluctuate is
not inconsistent with profit maximization. The prices
of some commodities may vary widely without chang-
ing the optimum enterprise combination. Small
production changes are sometimes associated with
different optimum plans as prices change. In many
situations the income lost by adopting a suboptimum
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plan is almost negligible. This suggests that dairy
output may not be responsive to price changes even
in those situations in which the smoothed supply
curves based on optimum farm plans are elastic. They
also support the position that the current period’s
dairy output is an important variable in predicting
the next period’s output.

This bulletin presents partial results of the linear
programming analyses. More complete detail can
be found in a Technical Appendix available from the
senior author. This appendix contains: (a) basic data
used in constructing the input-output coefficients,
(b) the complete optimum plans for each situation
studied and (¢) tables showing income losses suffered
by operating at various suboptimum plans.



An Application of Linear Programming

to the Study of Supply Responses in Dairying:

BY (GrorGE W. Liapp axp Eppie V. KASLEY

SCOPE OF STUDY

Inadequate knowledge about the supply response
of agricultural products has hampered the formula-
tion of a sound mnational agricultural price and mar-
keting program. Without a more adequate under-
standing of supply, agricultural economists cannot
fully evaluate the effects of various agricultural pro-
grams on the volume of production and consump-
tion, on the incomes of producers and on the welfare
of society.

Previous work in dairy supply response is not
adequate to meet the current production and mar-
keting problems in dairying. Many of these studies
were made in specialized dairy areas and conse-
quently do not apply to those areas where farmers
have many possible alternative enterprises (10, 14,
25.) Many studies made before World War II cannot
be applied to present-day conditions because of tech-
nological advances (2,10,14,20,26). Most of these
studies have been restricted in scope—estimating out-
put per cow or total output from a few variables
selected from a long list of pertinent variables.

Recent developments in the application of activity
analysis to agricultural research suggest that this
technique has promising possibilities for the study of
supply response. It permits analyzing the effects of
several factors which have hitherto received scant at-
tention.  In addition, an activity analysis study of
supply develops much information that can be of use
in farm management.

The objectives of this study are to investigate the
applicability of linear programming to the study of
agricultural supply and to obtain quantitative in-
formation on the effects of various factors on the
farm production of dairy produects.

FARM SITUATION STUDIED

Sioux County, Towa, was selected as the area to
be studied because of its varied farming programs.
This diversified pattern of farming extends into

1Project 1318, Iowa Agricultural and Home Economics Experiment Sta-
tion. The authors gratefully acknowledge the help received from Wilfred
Candler, John Pesek, Ross Baumann, Sheldon Williams and Paul L.
Kelley, who contributed data, ideas, encouragement and constructive criti-
cism.

This report is one of a series of coordinated studies of dairy marketing
problems in the Northern Great Plains. These studies have been made by
various states cooperating in the North Central Regional Committee on
Dairy Marketing Research (NCM-12) and financed partly by regional re-
search funds. The Plains States subcommittee, consisting of representatives
on the regional committee from North Dakota, South Dakota, Nebraska,
Kansas and Iowa, has had primary responsibility for this research.

southwestern Minnesota and southeastern South Da-
kota. It is believed that this area approximates the
types of farming characteristic of large areas of the
Plains States. Since the estimation of the profit-
ability of different dairy enterprises relative to other
farm enterprises is the main task of this study, Sioux
County’s selection is further justified, as a sub-
stantial quantity of both eream and whole milk is
produced there.

The Galva-Primghar-Sae, Marcus-Primghar-Sac
and Moody soil types are characteristic of this area.
Soil analysts recommend high nitrogen-phosphate
combinations for successful fertilization on most soils
in this area, while potash is seldom needed (27). Ac-
cording to the 1954 agricultural census (28), the av-
erage farm size for the county was approximately
166 acres. Cattle and hog production, cream and
whole milk production, and poultry raising were the
enterprises with the highest value of products sold, in
the order outlined. Corn, oats, hay and soybeans
dominate the crop enterprises.

Plans in this study are restricted by the resources
available to the typical farmer in the Sioux County
area. The farm selected for consideration is typical of
the soil type, farm size, livestock and cropping pro-
gram, farm machinery and building facilities in the
area. It is assumed that the farmer has an estab-
lished farming business and has certain fixed re-
sources at his disposal. These resources include land,
machinery and buildings. Since the average farm
size is 166 acres, 160-acre farms were selected for
analysis.  The farm studied is typical of 160-acre
farms in this area, having 135 acres devoted to crops
and rotated pasture, 17 acres to permanent pasture
and 8 acres to farmsteads, roads and fences.

The service buildings on the farm consist of
adequate housing for 200 hens, grain and hay stor-
age facilities, a dairy barn which can house up to
30 dairy cows, and adequate space for 15 litters of
spring and 15 litters of fall pigs. The machinery
and equipment for these quantities of livestock repre-
sent part of the existing stock of capital, along with
the buildings, land and livestock found on the typi-
cal 160-acre farm. It is assumed that the capital in
livestock and supplies can be converted to forms al-
lowing reorganization and reinvestment, bhut that
capital in buildings, land and machinery will be
retained in these forms even for new farm plans. The
grain and hay storage facilities are adequate to handle
the production from the cropland. The dairy barn
is such that the necessary facilities can be provided
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when a shift is made from selling cream to selling
whole milk or when additional space is needed for an
expanded hog enterprise.

The farm studied is owner-operated, and the la-
bor available is that of one operator, plus additional
family labor during the months of June, July and
August. Total hours assumed available are 390 hours
for each of the three summer months and 260 hours
for each of the remaining months. This available la-
bor is utilized for all competitive livestock and erop-
ping programs. In addition there are 200 hours of
annual labor available for a supplementary poultry
enterprise.

The annual cash outlay is used for the purchase of
fertilizer, seed, protein supplement for livestock,
taxes, fuel and oil, power use, annual veterinary ex-
penses, building and equipment repair, depreciation,
and other variable expenses associated with the farm
operations. Operating capital is the operator’s cash,
bank deposits and other liquid assets which are used
to pay these expenses.

Prices Usep

All prices, except the milk prices, used for the fixed
price programs are projected estimates for Iowa, 1960,
made by the United States Department of Agricul-
ture. The base milk prices are 1956 average prices
for the local Sioux County markets. In various
phases of the analysis the dairy, hog and corn prices
are varied. The fixed base prices are given in
Orazem (24).

ALTERNATIVE ENTERPRISES

The enterprises to be considered are five dairy
enterprises, five cattle feeder plans, spring and fall
hog farrowing systems, a poultry enterprise and five
crop rotation plans with four different fertilizer
levels.  All these enterprises compete freely for
the available resources, except poultry, which com-
petes for capital and feed only.

Besides the livestock and crop enterprises, which
are described in the following paragraphs, milk sell-
ing and hog selling activities are included in the
analysis. These selling activities are of special in-
terest in this study of supply response. For con-
venient reference, table 1 lists all of the activities.

DAIRY ENTERPRISES

Five dairy enterprises are considered feasible for
farmers in Sioux County. Farmers in this area may
produce either cream, manufacturing milk (some-
times referred to here as grade B milk) in cans or
in bulk, or grade A milk in cans or in bulk. The
average productive life of the cows in each enterprise
is 4 to 5 years. The annual replacement stock for
each cow is one-third of a cow, one-third of a 1-year-
old heifer and one-fourth of a 2-year-old heifer.
Net returns include the value of the dairy stock sold.

Cream production. This enterprise includes cows
of medium producing capacity on fair permanent
pasture with average management,
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TABLE 1. LIST OF ACTIVITIES OR ENTERPRISES INCLUDED IN
THE STUDY.
Enterprise AR o
Activity or enterprise

number

..Cream production

..Grade B milk production in cans
..Grade B milk production in bulk
..Grade A milk production in cans
~Grade A milk production in bulk

....Short-fed yearlings
.Drylot-fed yearlings
.Drylot-fed steer calves
.Beet cow-calf enterprise
.Spring-farrowed hogs

Fall-farrowed hogs

| ) TN VS SE S| CCOMM;
Pa7 CCOMM.
Pag CCOMM;

Pag..... airy selling activity
Pso Hog selling activity
Pgy

.Labor hiring activity

Each cow is fed 43 bushels of corn and corn
equivalent, 5.5 tons of hay and hay equivalent, and
160 pounds of soybean meal. The average produec-
tion of each cow is 275 pounds of butterfat, 5,000
pounds of skimmilk, and the meat sold as beef. Feed
costs and net returns are calculated on a per cow
basis. Net returns for the enterprise reflect the mar-
ket value of the butterfat and the meat plus the
feed value of the skimmilk.

Grade B wmilk production wn cans. The annual
production capacity of each cow is 8,000 pounds of
3.5-percent grade B milk. The same feeding prac-
tices are followed for grade B milk production as
for eream production.

Grade B milk production in bulk. This enterprise
consists of average management and medium pro-
ducing cows whose milk is handled with a bulk-tank
setup. Kach cow produces 8,100 pounds of 3.5-per-
cent milk annually, an assumed savings of about 1
percent over the can operation.? The equipment
necessary for this enterprise is the same as for the
can enterprise except that a bulk tank replaces cans,
rack and a milk cooler, and a pipeline installation is
added.

Grade A milk production in cans. Above-average
management is assumed for this enterprise, where
greater care is given to sanitation and feeding prac-
tices of the herd. Each cow is fed 47 bushels of
corn and corn equivalent, 5.7 tons of hay and hay
equivalent and 280 pounds of soybean meal. The
annual production per cow is 9,000 pounds.

Grade A wilk production in bulk. In this enter-
prise, all of the necessary equipment for marketing

2Some studies have suggested that the savings for a bulk operation are
not over 1 percent of the total production from a can operation (6, 23);
hence the 100-pound increase between the can and bulk operation.



milk in ecans is replaced with a bulk tank and a
pipeline installation. Above-average cows produce
9,100 pounds of milk annually. The same feeding
practices as outlined for the grade A milk enterprise
are followed here.

BEEF CATTLE ENTERPRISES WITH AVERAGE MANAGEMENT

The beef cattle enterprises considered feasible for
Sioux County are short-fed yearlings, medium year-
lings fed in drylot, choice steer calves fed on drylot
and a beef cow-calf enterprise.

Short-fed yearlings. This enterprise consists of
medium yearlings bought in November and sold in
May and another group bought in May and sold
the following November, at an average weight gain
of 370 pounds. The yearlings, purchased in Novem-
ber at an average weight of 670 pounds, are put on
a moderately high grain ration as soon as possible
and are marketed the following May. The second
lot of yearlings are purchased in May, put on pas-
ture and a moderate grain ration, and sold the fol-
lowing November. Market weight averages 1,040
pounds per head.

Medium yearlings, fed in drylot. The yearlings,
purchased in November at approximately 610 pounds,
are sold the following September at 1,070 pounds
after being wintered primarily on roughage and put
on full feed in early summer. The ration includes
55 bushels of grain and 200 pounds of protein.

Choice steer calves, fed on drylot. The purchase
weight of the steer calves is 430 pounds. They are
bought in Oectober and sold the following August at
980 pounds. The same feeding practice is followed
as in the case of drylot-fed yearlings except that a
greater amount of grain is necessary.

Beef cow-calf enterprise. The beef cow is used
mainly to produce 1,000-pound calves for sale. A 90-
pereent calf erop is assumed with replacement of the
cow every 8 years; 150 pounds of cull cow and
750 pounds of calf are sold per cow each year. The
ration includes 46 bushels of corn, 6.82 tons of hay
and 178 pounds of supplement.

HOG ENTERPRISES WITH AVERAGE MANAGEMENT

Spring and fall farrowing of hogs are considered
in this study. All data are calculated on a per litter
basis. For both systems it is assumed that 7.8 pigs
are weaned, 5 percent are lost and 6.5 pigs are sold
at a market weight of 220 pounds. One gilt is kept
from each litter for farrowing in the following year.

Spring hogs. In this system, pigs are farrowed
in April, fed out in pasture, and marketed in October.
Each litter consumes 110 bushels of corn, 520 pounds
of protein supplement and 0.7 ton of hay and hay
equivalent. Pork sold per litter, including a 300-
pound sow, averages approximately 1,730 pounds.

Fall hogs. In this system, pigs are farrowed in
October, fed out in drylot and marketed in April at
220 pounds. The amount of pork sold per litter
is the same as in the spring farrowing. A decline in
net return from the spring crop is due to the feeding
of more corn and protein supplement.

POULTRY ENTERPRISE

This is a supplementary farm laying flock and is
replaced with new stock each year. It utilizes only
the homemaker’s kbor; therefore, it does not com-
pete with the other enterprises for labor. It does
compete, however, for capital and feed resources.
The average annual production per bird is 15 dozen
eggs and 4.87 pounds of meat. An average of 1.73
sexed chicks per hen must be purchased each year
for potential laying. The mortality rates for hens
and chicks are estimated at 15 and 10 percent, re-
spectively.

CROP ENTERPRISES?®

The following rotations are considered feasible for
farmers in Sioux County: corn-oats (CO), corn-
corn-oats  (CCO), corn-soybeans-corn-oats-meadow
(CShCOM), corn-corn-oats-meadow (CCOM), and
corn-corn-oats-meadow-meadow. (CCOMM). Four
levels of fertilization are considered in this study for
each rotation: (a) no fertilizer, denoted by the sub-
seript zero, (b) 25 pounds of available nitrogen, de-
noted by the subseript 1, (e) 50 pounds of available
nitrogen, denoted by the subseript 2, and (d) 80
pounds of available nitrogen, denoted by the sub-
seript 3. For example, a CCOM, is a corn-corn-oats-
meadow rotation, with 50 pounds of available nitro-
gen. Hence, there are 20 crop alternatives, five ro-
tations with four different fertility levels.

ANALYTICAL PROCEDURE

This study used the eontinuous capital and variable
price modifications of the simplex method of linear
programming (7, 8). The logic and technique of
linear programming have been adequately dealt with
in the literature (3, 4, 9, 12, 13, 17). Several applica-
tions of the method have been made to farm adjust-
ment and planning problems (5,16,18,22, 24).

For the details of the two computational pro-
cedures used here see Candler (7, 8). Some com-
putational economy in the simultaneous use of these
two procedures can be achieved in the following
way. Set up the matrix for variable pricing but
apply the continuous capital procedure first to ob-
tain the capital optimum programs. Variable pric-
ing may then be applied at any of these capital
optimums. For any other capital level of interest,
choose the capital optimum just before the level
of interest. By adding the difference between the
optimum and the desired levels of capital to the
capital supply of the optimum program, a new plan
is brought in at the desired capital level. For ex-
ample, if a capital optimum is $8,530 and a desired
capital level is $9,000, simply add $470 to the cap-
ital supply in the optimum plan and use the con-
tinuous capital eriteria to determine which activity
to introduce into the plan to obtain the $9,000
optimum.

3The feasible rotations, fertility estimates and production responses were
obtained from Dr. John Pesek, Department of Agronomy, Iowa State
College.
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TABLE 2. SITUATIONS ANALYZED.

Situation
number Situation Figure

1 Continuous capital for Py, Pg - Pag 1
2 Continuous capital for Py, Pg - Pog 1
3 Continuous capital for P 3, Pg - Png 1
4 Continuous capital for Py, Pg - Pog 2
5 Continuous capital for P5, Pg - Pog 2
6 Variable pricing for Py with Pg - Pu; for $6,000,

$9,000 and $15,000 capital levels 3
7 Vanable pricing for Py, with Pg - Pog for $6,000,

$9,000 and $12,000 uplhl levels 4
8 Variable pricing for Pg, with Pg - Pag for $9,000,

$12,000 and $15,000 capital Iewe]s 5
9 Variable pricing for P4 with Pg - Pog for 86,000,

$9,000 and $12,000 capital levels 6
10 Variable pricing for P with Pg - Pag for $9,000,

$12,000 and $15,000 capital levels 7
11 Continuous capital, relaxed hog restriction with

1, Pg - Pag

12 Continuous caplml, relaxed hog restriction with

Py, Pg - Pyg
15 Continuous capital, relaxed hog restriction for

5, Pg - Pag 2

14 Variable pricing fnr Py. P1p and P 11, relaxed hog

restriction with Pg - Pgo for $9,000 capital level 8
15 Variable pricing for P4, P1g and P 11, relaxed hog

restriction with Pg - P3g for $9,000 capital level 9
16 Variable pricing for P5, P1g and P 11, relaxed hog

restriction with Pg - P3g for $9,000 capital level 10
17 Continuous capital, restricted hng production with

Py, Pg - Pyy 1T
18 Continuous capltal relaxed hog restriction with

P4, Pg - P31 11

In this study the continuous ecapital procedure
was carried to the point at which operating capital
hecame mnonlimitational; i.e., to the point at which
further increases in the level of operating capital
caused no further change in the composition of out-
put. The variable price procedure was arbitrarily
stopped when unrealistically high dairy prices were
reached.

A number of factors were analyzed for their ef-
feect on dairy supply. They are operating capital,
price of dairy produects, hog prices, corn prices, hog
housing restrictions and the hiring of labor. The

<

situations analyzed are listed briefly in table 2.

RESULTS

Results of the linear programming analyses are
presented in figs. 1 to 11. Since interest in this
study focuses on dairy supply, only data on dairy
supply and income are generally presented. The in-
come figures presented have not been adjusted for
fixed costs. They are Z; - C; values obtained in the
matrix; Z; is the price received per unit of produet,
and C; is the average variable cost of production.
Deduction of machinery costs, real estate costs, per-
sonal property taxes, insurance and miscellaneous
fixed costs will adjust these figures to net returns.

RestricTED Hog HousiNg
CONTINUOUS CAPITAL

These results are presented in figs. 1 and 2. A
dairy herd for ercam production 1'oaohes its maximum
size at the lower capital levels, then yields to a cat-
tle feeding enterprise as the level of capital increases.
The capital level has no influence on d(m‘v COW
numbers kept for grade B milk production in cans
beyond the $10,640 level. As soon as these two dairy
enterprises reach their maximum sizes, the spring
labor supply is exhausted. The relative profitability
of other enterprises prevents dairying from drawing
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labor away from them for further expansion of the
dairy herd as the capital level increases. The other
three dairy enterprises studied continue to expand
even after the spring labor supply is exhausted, by
drawing resources away from the nondairy enter-
prises.  These three dairy enterprises have a higher
net return per unit of output than do eream and
erade B in cans. Grade A in bulk, which has the
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highest net return per unit, is the only one which
expands substantially after spring labor becomes
limitational.

With sufficient capital, bulk production permits
a larger herd size than ecan production. Spring
labor becomes limitational at a lower capital level
and with a smaller herd size for the can opera-
tions. The maximum herd sizes for the bulk opera-
tions are reached at higher capital levels than for
the can operations.

At each capital level, grade A bulk production
vields a larger net return than does grade B bulk
production. At capital levels below $11,000, the
average return to capital is highest for grade A in
cans; above this level, grade A in bulk has the
highest average return. At ecapital levels above
$11,000, grade B in bulk has a higher average return
to capital than grade B in cans.

The differences in income among the various situ-
ations are positively related to the level of operating
capital. At the $6,000 level, the difference in in-
come between cream production and either of the
egrade A techniques is $400, from which must also
be deducted any cost of transfer; grade B produc-
tion yields less net income than cream production.
At the higher capital levels the difference between
the income-capital curves is wider. At the $14,000
capital level, for instance, the income difference be-
tween grade A in bulk and eream is $2,900. This
income difference is $1,800 when grade A in cans is
considered ; $800 when grade B in bulk and $500
when grade B in cans is considered.

VARIABLE DAIRY PRICES

The results from the variable pricing modification

of the simplex method are presented in figs. 3
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through 7. For all dairy enterprises except grade
B in bulk, there is an inverse relationship between
the capital level and the price at which dairying
goes out of the optimum plan. The relationship is
clearest for grade A produection in cans. For the
others, the price at which dairying goes out is lower
for intermediate and high capital levels than for low
capital levels. At the intermediate and high capital
levels, when dairying does enter the optimum plan,
it enters with larger herd sizes.

For every dairy enterprise, the price at which
dairy goes out of the optimum plan is the same
for at least two capital levels. In the case of grade

. “These are logarithmic charts to facilitate visual comparison of elasti-
cities. As an aid in making these comparisons, three constant elasticity
curves are drawn in the lower left-hand corner of each graph,
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B in bulk, this price is the same for all three capital or indeterminate (at the corners). The are elas-

levels; for grade A in bulk, the border price for the
third capital level differs from the border price for
the other two by only 1 cent; for eream, by only 4
cents.

Fifteen combinations of capital level and dairy
enterprises are analyzed.” In all cases except two
(ecream at the $6,000 capital level and grade A in
cans at the $6,000 level), the largest increase in herd
size takes place between plan zero, the no-dairy plan,
and plan 1. In four plans (these two and grade A
im bulk at the $9,000 and $15,000 levels), the num-
ber of dairy cows in plan 1 is less than half as
great as the number in the final plan. For these
two grade A plans, the number of dairy cows in plan
1 is 46 percent of the number in the final plan.
For the other 11 plans, the number of cows in
plan 1 equals or exceeds 50 percent of the number
in the final plan. These results indicate that, at low
dairy prices, both the single farm dairy supply
curve and the total supply curve for an area are
highly price responsive.

At the lower ecapital levels, capital is the lim-
itational resource which restriets the expansion of
the dairy enterprise. At the higher capital levels,
especially in combination with the higher prices,
spring and fall labor are the limiting resources.

The concept of supply elasticity is not useful
in connection with these curves since the point
elasticity is zero (on the vertical segments of the
supply curve), infinite (on the horizontal segments)

5An analysis was run for grade B in bulk at the $6,000 capital level.
The plans obtained had only four or five cows at the highest prices. It is
reasonable to assume, however, that the expense of instaﬁing a bulk tank
would make it unprofitable to operate with such small herd sizes.
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ticity varies from zero to nearly infinity. It seems
worthwhile to attempt to obtain some measure of
supply elasticity for these curves for purposes of
comparison even though the measures are arbitrary.

We might suppose that each dairy enterprise-
capital level combination studied here is a repre-
sentative firm for a group of fairly homogeneous

firms.  We might further assume that aggregating
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the supply ecurves for these firms and dividing by
the number of firms would give a smooth curve whose
general characteristics are those of a smooth curve
drawn through the stepped supply curves determined
by linear programming. Having stated these two as-
sumptions, it is necessary to specify the way in which
the characteristies of the stepped supply curve de-
termine the characteristics of the smooth curve. One
reasonable procedure is to suppose that the average
curve so obtained is the smooth curve drawn through
the midpoints of the vertical segments and the mid-
points of the horizontal segments (Method 1). Al-
ternatively, one could fit least squares regressions
to these same points. Some experimenting indi-
cated that the curves obtained by this latter method
are substantially the same as those obtained by con-
neeting the midpoints of the horizontal segments
with smooth curves (Method 1I).

Because of the arbitrary nature of any criteria
that might be used, the expense of calculating least
squares curves was avoided by using Method I and
free-hand Method II. The smoothed curves shown
in figs. 3 through 7 are those fitted graphically by
Method 1. From a visual analysis it appears that
these curves give a reasonably good fit, with the
possible exception of the curves for the intermediate
and high capital levels for grade A in bulk and the
intermediate capital level for grade A in ecans.
The eclasticity for each of these three curves is
changing rapidly at the base price.

Table 3 shows the elasticity for each curve at the
base price, determined graphically from the Method
I curves and the Method IT curves. If the previously
deseribed process of obtaining a smooth curve by
averaging a total supply curve is valid, the Method T
curves seem to be superior to the Method IT curves
on grounds of logic and consistency. In many in-
stanees there are substantial differences between the
elasticities given by the two methods. It is hoped
that continuing work in this field can lead to clearer
criteria. for drawing the smoothed supply curves.

The smoothed curves in figs. 4 to 7 give some
idea as to the impact of bulk milk handling in a
market. Comparing optimum volumes of can and
bulk production :

1. At the $9,000 capital level, can production of
egrade B milk exceeds bulk production at each price,
but the price elasticities are approximately equal.

2. At this same capital level, can production of
grade A milk exceeds bulk production and the elas-
ticities are again approximately equal at each price
except in the neighborhood of the base price.

3. At the $12,000 capital level, bulk supply and
its elasticity successively exceed, fall short of, and

exceed can supply and ean supply elasticity as
prices rise. The differences, however, are fairly
small.

4. At this capital level, can supply of grade A
milk falls somewhat short of bulk supply at all rele-
rant prices; can supply elasticity is equal to or
slightly higher than bulk supply elasticity except
around the base price.

TABLE 3. ESTIMATED SUPPLY ELASTICITIES AT BASE PRICES.

Elasticity
Base price Capital level Method 1 Method II

$0.67 % 6,000 2.1 1.6
9,000 0.3 0.7

15,000 1.0 2.0

2.70 6,000 1.0 1.7
9.000 0.4 0.4

12,000 0.5 0.8

2.70 9,000 0.2 0.2
12,000 0.2 1.1

15,000 1.1 1.2

4.05 6,000 1.3 3.3
9,000 1.0 2.6

12,000 1.3 1.3

4.05 9.000 0.8 1.9
12,000 1.3 1.3

15,000 1.2 05

5. At and above the $15,000 capital level, bulk
supply of grade B milk exceeds can supply, and
bulk supply elasticity exceeds can supply elasticity.

6. At and above $15,000, bulk supply of grade A
milk substantially exceeds can supply at each price,
but bulk and can supply elasticities are about equal
at each price.

The relationship between the optimum volumes of
bulk milk and can milk production varies with the
level of operating capital because of the saving in
labor for the bulk operation with a pipeline installa-
tion over the can operation and because of the
larger operating capital requirement per cow for
bulk production.

U~xvuimitep Hoe HousiNg

analyses assumed available hog
housing facilities could handle no more than 15
litters of spring pigs or 15 litters of fall pigs. How-
ever, 15 litters is an average for Sioux County 160-
acre farms (28). not necessarily a maximum. In
many of the previous plans, hog housing was a
limitational resource for spring pigs. In the con-
tinuous capital analyses, it was limitational in the
programs for eream and grade B in cans at every
capital level. 1In the grade A in bulk programs
hog housing was limitational at every capital
level but the highest. In the wvariable pricing
programs it was generally limitational at all
dairy prices for the lowest levels of operating cap-
ital and at all but the higher dairy prices for the
other two levels of operating capital.

The previous

Some analyses were made in which unlimited hog
housing was available. A farmer might obtain the
effeet of unlimited housing if he used the loose hous-
ing system for dairy cattle (11). This system of-
fers a highly flexible arrangement that can be easily
converted to housing for other types of livestock if
not used by the dairy herd.

CONTINUOUS CAPITAL

The optimum plans for grade A bulk milk produe-
tion are presented in fig. 2. With unlimited hog
housing facilities and average hog and dairy prices,
crecam and grade A can production are eliminated
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from the optimum farm organization, and net in-
comes are substantially increased. The limited hay
(which includes the pasture equivalent of hay), corn
and labor supplies are consumed by large invest-
ments in hog production. Even the volume of grade
A bulk production is substantially smaller than
formerly except at the highest capital levels.

VARIABLE PRICES FOR HOGS AND DAIRY

Optimum plans with variable hog and dairy prices
are presented in figs. 8, 9 and 10. At a hog price
of $16, no cream is sold until butterfat reaches a
price of $1.45. The production of grade A milk
enters the optimum plan when the ratio of dairy
to hog prices is about 30 percent. Grade A pro-

duction is highly sensitive to variations in hog
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Fig. 8. Stepped supply function for cream as a function of hog price
when cream is 67 cents per pound of fat.
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prices. Cream production is highly responsive to hog
price changes when this price reaches low levels. In
fact, dairy production seems to be more responsive to
hog price changes than to dairy price changes. Rela-
tively small hog price changes are sufficient to
change dairy herd size from zero to 12 or so.

ConTiNnvoUs (‘ArrraL WiTH A LABOR-HIRING
ACTIVITY

Spring and fall labor became limitational in so
many of the programs that it was decided to explore
the effects of adding a labor-hiring activity to the
matrix. The wage rate used is $1.04 per hour, which
was the average monthly wage rate without room
and board for spring labor in Towa in 1956. The
results are presented in fig. 11.
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RESTRICTED HOG HOUSING, CREAM PRODUCTION

In the absence of a labor-hiring activity, the spring
labor supply is exhausted at a capital level of $8,193.
Labor hiring alters the optimum plans only at higher
capital levels, where cerecam production, which is a
high labor-consuming enterprise, expands sharply.

UNLIMITED HOG HOUSING, GRADE A MILK IN CANS

In the absence of a labor-hiring activity, the spring
labor supply is exhausted at a capital level of $8,229
and the fall labor supply is exhausted at a level of
$11,218. The addition of a labor-hiring activity has
little effect on the optimum plans until the $8,500
capital level. Beyond this level it inereases the number
of hog litters slightly in a few plans; it increases the
number of dairy cows in the final capital optimum
by 7.

Any conclusions reached from only two analyses
are highly tentative. These two analyses do have two
points in common, however. The availability of hired
labor has little effect on the optimum farm organiza-
tion except at the higher capital levels. At these
levels the dairy enterprise is increased.

ConTiNvous Carrrarn, WiTH UNRESTRICTED
HoaG PropuctioN AND CHANGES IN
THE ('ORN PRICE

Twenty-cent increases and decreases in the price
of corn from the bhase price were considered in an
analysis of grade A milk production in cans. The
increase of 20 cents had a negligible effect on the
optimum plans at the lower capital levels. The
greatest effect was at the highest capital level of
$11,789, where dairy herd size reached 17 and hog
production was eliminated. The 20-cent decrease
in the price of corn had a negligible effect at every
apital level. Factors other than price—hay and
corn requirements and spring and fall labor restrie-
tions—combine to prevent increases in the already
large investments in hog production.

INcoME Losses From AporTiNG
SUBOPTIMUM PLANS

The farm plans presented previously are those
plans which farmers operating under the conditions
imposed in this study would follow if they de-
sired to maximize profits and had complete and
certain knowledge. Farmers’ actual reactions to price
changes involve at least two elements: (1) The
price elasticity of supply assuming profit maximiza-
tion in the presence of perfect knowledge and cer-
tainty (optimum plan elasticity). (2) The income
lost by mnot maximizing profits because of the ex-
istence of other motives, imperfect knowledge and
uncertainty. A new plan adopted in response to
a price change may require greater or smaller labor
inputs, once established. In most cases changing
the farm organization will require added work during
the transition period; certainly it will require added
managerial effort. It seems worthwhile to con-
sider how much income a farmer will lose if he

remains with a plan which is optimum with one
set of prices, even though prices change sufficiently
to cause a different plan to become optimum.

These income losses were computed for all plans
presented in figs. 3 through 7. The main features of
the income loss data were the same in each case. To
avoid excessive detail, only one table of income losses
is presented here—table 4.°* Obviously, the optimum
plan for a given price situation must give a higher
mcome than a suboptimum plan, so the income dif-
ference is given as the loss in income from remain-
ing with a given plan under various price conditions.
Let n be the number of dairy price ranges for a
given capital level with a given dairy enterprise.
There are then n different optimum plans. Each
plan is optimum for one price range and suboptimum
for n—1 price ranges. For each capital level the
income loss section of a table contains n rows num-
hered from O to n—I1 and n columns numbered
likewise. Two numbers appear in the i-th row and
the j-th column; call the first a;; and the second
bi;. These two numbers represent, respectively, the
minimum and maximum income losses if plan i is
optimum and plan j is adopted for i > j, and the
maximum and minimum losses, respectively, for
i < j. TFor example, considering the $9,000 capital
level, if plan 3 is optimum and plan 2 is adopted,
the income loss ranges from 0(=as,) at a price of
$3.75 to $13 (=bhs,) at a price of $4.10. Net income
anges from $8,962 at the lower price to $9,194
(=%9,207—%13) at the higher price. (Note that at
the border price of $3.75 both plans are optimum.)
It plan 2 is optimum and plan 3 is adopted, the in-
come loss ranges from 0(=h,;) at a price of $3.75
to $262 (=a,;) at a price of $2.24; net income varies
from $7,707 (=$7,969—%$262) to $8,962.

One of the striking points is the number of rela-
tively small income losses, even with relatively large
changes in dairy price and in optimum herd size.

If optimum plan elasticity is high and income loss
is also high, farmers will probably be quite respon-
sive to price changes. TIf both are small, they will
probably be quite unresponsive. TIf one is high and
the other low, it is reasonable to expect that they will
again be unresponsive to price changes. If we con-
sider price changes of the magnitude usually ex-
perienced Thistorically and look at the smoothed
curves in figs. 3 through 7 in conjunction with the
income loss data, it is evident that the second situa-
tion is the most common one.

Almost all cases in which hoth are high occur in
the lower price ranges when plan zero is adopted
while some other plan is optimum. The optimum
plan elasticity is generally high in the lower price
ranges and by, and b., are often quite large. On the
other hand, if plan zero is optimum and some other
plan is adopted, we commonly have the third situa-
tion—high optimum plan elasticity and low in-
come loss. The income losses hy; are often quite
small even with large herd sizes in plan j. Out of
15 cases, a,0 > b, in 12 and a,, < by, in 3. Together
these suggest that a price increase from price level

$The method of computing income losses from suboptimum plans is
explained in the Appendix.

465



']lg
cl .
i]lclli.ea?(;
in de-e,e i
ive ice tav
fectl rie ‘fee
Cttea o .
ite ile less o
u ‘h ‘h rp ea
W ¢ : 1
e q mnu iohe in ‘ron
ill b 'ingye I Illgo) s 11 11v
ri -]-\, D. Q. t SS all]
\",.1- I in at lo r 1
P, da wi iryi tiol‘1 (i me gene ‘her
r in P, da itua inco is 1w Tl-
0 g " it n 18 a
> ]_)C‘C‘OIT Sl 11,*—’»”3
o IltO P, tO qu the il ~111_1+1.n11111u]ri0“ln(‘olﬂilll 1q
P, ers or m ith I a axir opt fo uch i At
farm P ther ts “via“?e n 3 i t'l‘onfl s b‘”’the bulk
1.0" .-S‘r) 1€ S : £ : i
rrg‘;cﬂwonrli { that *whe?w%l s 3 b
in .‘C"O‘,. 1 n to i ) y ;
S 1 his aris WS kil *iﬂluf a' S; a;e- .rade, nd I‘lceti"(
o H T p ho 1 ax 0 se A o a p..p )
on m S 1 143 t a ca S fe se
SR COlL n lay 1 Ou ,ﬁc. 1 7ith i*zt a of reas
3;:‘0‘\\' - A latl'(;lo IJ] th?nb -i]] 4’0 n rw r ai, tha](\gs (de(‘ldll("
=3 onm it ‘i t>al. n ; u ‘0 s - 0
ad ;Lllot‘;r tl:)p“]]hi*" i Jor  hfle Jth““ill Doprl‘e\- pr .
Pm i . ja ] e s W ‘ il‘- P
RS - rea 18 > bi al y p V a 1a ha
Qupeus 1 ns, i+1‘+1 ” gel‘ st ]O‘vetioll ‘eas dall' he f ne of
"ié?‘ o SOd al’ai’ 111]t5ugge to duc deOIl'()l‘ by t 'll('OIber re
Z i n . es § S P rodu ) 1 m 0
< a re r S 1 )i m p d e I m )
w Leor ‘he r Its e - \ u e th nu es
P Pl " ila su Wy irv [+ t st ing ,
< 5 nER o 2 imil 1es n e all'vill bs i gges 1at um a‘lnl'allgehe
& " e Si se To1 y W Tl SUg ¢ 4 1m h e th n
= o = The; e 1 Sing P, ‘me 0 S ns t m 1c in 101
- T e si ey Iso a op 0 )r_hl f1 .
S el 1‘(’as(l'ea ko LAy is als “]ethe s frle I\\“t se duc
N~ ,.(-\‘r (5 Yy ) N e .' l vk. Sl n V ‘/a‘ il
E rég\r — o 11111 I).%z;l‘ th llesls ’P}S:an he li)n SOeS- ill(-li, I)I'(:)th(:
= & - rot { e T t rease air, n ice.
b & $EIA tiloll’ 4 hypo l,fe‘welthaﬂlber' ill(‘lepr]t(:l da Ig pr
& r\‘cw 2 t 1S 2 ai- ) n : h )_,1'.1 i .
o 2 " his S u e a to P; 1811 i ty
7 = \:-r-—a T <, g les n rie at n 0 Tis g o y
& e s i}1avlfl 13 um S py’ tth OPi t-itn Dﬁllast P,
. re? lJi*'1 WS tin S a-ke]' fi?. m 5 W hat g e om om
% R o fl-o“, o op ]ille." li oSS e fro ses t iing fr fr
5 £3° | ~ o airy he ecli 15“ les ase reas ot eas nt nt
o © @52 o ! da . tt\' d lt] ave res ine fa iner eme eme
cc\r, © v o a " " QS,’ il (x(. ” v o1 ve v
2 & | 49 - BEZ S i s'“cl-allgwl]l.ic“ diclt" "heth" g L
< ’ AN | " g0 TRRZ ela e 1A1 n ast s, v hﬂt.sa
,.-\,,_,,‘:\ ,.2-—"‘ =] = "1¢ I)l+ a } eld ge D‘ t t‘l X S
;5: :';"r’. : i:rN Ngz\ j < pr to han es, ra?{q(‘t S0 ffee LTS qult\
= 2 —e i 50 : ) PeS 38
AR 5] % S {’i;ﬂ‘ralﬁesﬁ,@ P o igh i
T 2 s Soa S o ice - d m 2
o K e T .](}.1 av an B 1 i imp
o g 5o eF g3 P11 1n 14 a as E ec /il my d
o = o ” i° 3 gz2 ]\\‘lthi IIPi‘.,\’e : F TH ! ,sel.ltll N 1'a]1in11.telh
. : » g~ | REES e B ill h: S O plectl" ene a atio 4
= & oe 5 5""-' aj- e /1 S e se 1 g n o ua en
z £ e == i betw 1 W TION ha‘hi-\‘ anc re o Slt-ls't d-
> g ; 2 3 -4 P“L" AT S T e & ing 1‘1'fi1l
= < e Ac\gf"‘ to a [l 10 tion 4 ne he.\ 'mi ssa T rk
% ] o o~ =28 Ot L sec ,qe"'.fjca s t fa eces late wo .
$5 2 : S K N 1
£ g ~2 35 * BR - o IMP ing ;llal':igﬂled inl(‘are It Otiricalgra‘;‘v
- R 2= Rt in ve 1“1" sed n ine: 1 P
Z g = ®° i o : The d 0 ‘esu 5 0 s m " a F 111 iona e ol-
< g o 8B 228 g ine tlle‘le-@ fh.:ol‘ dy f g &
= : - 2% A “REdER B obtael of f t}?:ﬂal"ﬂlﬂ lllp(‘\']hll-e Sﬂ:ion 3 reila“dair“'
= s : 2 i B 2|« som ns o f.'.lﬂo to mo lica' al]'oll al
S g = = Iga = S tio ro liz: jecet at P Vv t1 ion
= E oo ,oz‘ﬁfz s ca nll)e]e‘f‘ ub']((l thl(‘r allust f,li('allatl
& = S i = - £ u 23 d s e ager | C , in
& i £ ° 188 8 n e 1d = o n apl g G 04
2 S g 2338 k: th“‘.iﬂ‘ - ]‘2 bras of an lating ETIN ses o-
5 R feay REY »;,;:;,‘9?”—- 5 tativ It to‘l\'“lh il rmu [ARKE cac}la“(.-
~ 3 :"" DZH' o g alys 1 or Y ’
. & 5 S. ad al) St fo ! n t du
a = SR\ ing: a an B2 ; a u 0 t
Z o= SREE | will 1 B in ATRY , ”‘,itholp“. ren
< ARAs CTaR »aer'f'— s wi o t.}lll" ful D: hO“ly W ma]diffe the
s " 8F e 2irZE z|2 ing i "OR 5 sh en il :
: \ . " R 2853 g lllla“(;l\' " e o lans W‘dfioll'“'ithes lzlff“ci
5 cEea Lgy ,r~~z’~ = e arl 02 ) : il it
;;5 "~ © ‘g‘-:"q(nc i et 0\85 2 icies. PL, ta, ma.y (’Onﬂocl Cd In SES "8
= ssg e s ':c\c € 1¢ Im n S ise as €. 're- he tio on
Z EEE TS @;;ﬁ,,;: imu ices Tl s ,ng.hl 1g na et :
£ | :,-\,_,- ~ ..,;\r;_.n- h:rh:,\_ peion - m Y 1p .]19* hd i h lal du n
& ! 35:-~”- e cg%ﬁc:” 2|8 pt ety nte ot s el 0 at Xp ro t a
© ' £eg a so ‘S.:""\‘:H ‘ng g e o du n e SO £ lces lllt" lyv € ’ p es at-
a ::\-\_:‘12 ,\85%‘; & .%S;Ef_,,; 5 Th ITOC nur e SO I)r].lal) 011-‘ibleers sugg n p
E I "'-'_' irv;‘-:\;—-':- Acg&"’.g::” E i('h }Ol)ll s ar as aval 'OI1 )OSS,' rm Ve ctio
5o Reggl ‘3%2” 3 wh he ges 18 ¢ a eti 8 i bo du
E o\"f'g.'g‘:' = ,\‘Z:E R oo [ -ﬂgt(.]lallbl)lil]d th rodu re - Ofted 3£. IO
s ~c5;°= _:’;’5.; RANT g . 1 an ) 5 al ity 1te 0
= ?Sw Va;_52H e g tion num i d_l_y Iultb,i})‘ll esel e
E e 55 e Cf e o1& tu rie dai "es lex pr ibil
& s e e 53 ° op p ‘-f es i
o ar iy ,\;og'r-;\ o6 -Z‘.°..r 2 ™m m se m Se flex
2 98 2 °°£,’:-m°‘ R ,ng?ef T o timu Theted analy in
O Eu ~ Sz ﬁ_,.:’;.“,,n"' ) ) .. 110 v he
Z £t % 995 el {’év@‘iong'l o
] OE' or-og :r"\'\.\? = ,\;'\‘55.:"" N ns. 1
m g & \c:-: e "':'3..«('“ v e TS SO1
2 % 82358 3575 ©| & Sattel b
= < B 335 38 e her
= ;’,;;2*"1 383s3 i § of
; & i e 3 w :
& g 2 SRire cw
5 P = . 8
o ey 3
7 -9 o0 “
(@ g Sme o »
2 . 3 7 S
2 g5 S
<u.y = o
=t 5 @
2l I
() ?.'T, o
=i
. C_U vy
e <9
o S
)
<
=

466



terns: the small income loss suffered by the farmer
if he continues his previous enterprise combination

even though price changes have made that combina-"*

tion suboptimum and another combination optimum.
In some cases, farmers may feel that the income lost
by not adjusting their operation is so small it is not
worthwhile to make the change in farm organization.
In other cases, the income gained by shifting from
a suboptimum plan to an optimum plan (which equals
the income lost by not shifting) may be imperceptible
to the operator because of its small size.

Let us suppose that the income gained by shifting
to the optimum plan must exceed 2 percent of the
net income earned by remaining with the suboptimum
plan before the farmer will change his operations.
By using the data on income losses, the effects on
the supply curve can be determined. As an illustra-
tion, consider the $12,000 capital level in table 4; the
results are shown in fig. 12, where the solid line is
the supply curve from fig. 7 and the dotted lines
represent price changes necessary to cause the farmer
to change his farm plans under the previous as-
sumption. For example, if the farmer has adopted
plan 2, which is optimum for the price range of
$3.49 to $4.06, and has 14 dairy cows, the price can
rise to $5.41, where plan 5 with 19 cows is optimum,
before the income lost by not changing his farm or-
ganization amounts to 2 percent of the suboptimum
income he earns with plan 2 at this price of $5.41.
Liikewise, the price can fall to $1.93 before the in-
come loss amounts to 2 percent of his income earned
at that price from plan 2.7

TActually, the price can fall below $1.93. Not havingrcomputed in-
come losses at dairy prices of zero, it is not possible to find the exact
price below $1.93 at which the 2-percent level is reached.
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Fig. 12. Suboptimum supply curves for grade A in bulk at the $12,000
capital level.

Suppose the eurrent price is $4.08 and suppose

ithat the operator was in an equilibrium position last

‘year. His current herd size is indicated by that one
of the vertical dotted lines passing through $4.08
which indicates his optimum herd size last year. Thus
current dairy herd size could vary between 13 and
19 cows—19 percent above or below optimum out-
put—depending upon his preceding operations.

Figure 12 can also be used to study variation In
current herd size at other prices. The same compu-
tations could be performed for other capital levels
and other enterprises. This one example, however,
suffices to illustrate the point. Similar results would
be found from other computations. These results
show that the current year’'s level of production is
an important factor in the determination of future
]_(;vols of production.

The results suggest that the length of time farmers
believe a certain price situation will last and the
strength of their belief may be just as important
as the level of prices in determining the supply of
dairy products. If a price change makes a farmer’s
present farm organization suboptimum, his decision
on changing his farm plan is related to the expected
duration of the new prices and the strength of that
expectation. He is more apt to adjust his operations
to avoid an annual income loss if he strongly believes
the new price structure to be fairly permanent than
if he believes it to be temporary or helieves that
prices are just as likely to return soon to their
former levels as to remain at present levels. It
would be expected that the element of certainty of
duration would play a more important role in his
decision if the annual income loss were small than if
it were large. The small size of many of the sub-
optimum income losses, therefore, suggests that a
program aimed at increasing or decreasing dairy
production should place as much emphasis on the
certainty of the new relative price levels as on the
magnitude of those levels.

The amount of operating capital influences the
optimum volume of dairy production and the type
of dairy enterprise. This analysis suggests that a
significant part of the variation among farms and
among areas in volume of dairy production can be
explained by differences in the amount of operating
capital farmers possess. The impact of bulk milk
handling on milk supply in a market will also depend
on the level of operating capital. At the $9,000 capi-
tal level, a shift from can to bulk production of
either manufacturing milk or grade A milk must be
accompanied by substantial premium payments if
the farmer’s optimum herd size and net income are
to be maintained. If base prices prevail for can
milk—$2.70 and $4.05, respectively—the bulk milk
honus must be in the neighborhood of 50 cents for
grade A milk and 60 to 70 cents for manufacturing
milk. These premiums will maintain optimum herd
size at their previous levels and will maintain or in-
crease the net income of producers. At a capital level
of $12,000, the optimum herd size will remain the
same even if the bulk producer receives a 10- to 30-
cent lower price than the can producer, if prices for
can milk are at their base level. (At somewhat higher
prices for grade B milk in cans, a premium will be
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required to maintain optimum production levels.)
Net income will be nearly maintained at previous
levels even after these price reductions. At and
above the $15,000 capital level, the optimum herd
size for grade A milk production would be main-
tained even il the bulk producer received $1.20 less
for his milk; the optimum herd size for manufactur-
ing milk production would remain the same in the
face of a 30-cent price decline.

Although the capital level affects the size of the
hulk milk premium required to maintain production,
the capital level has little effect on the necessary
price differential of grade A over grade B milk. At
each capital level, with can or bulk handling, if the
orade B price is $2.70, the grade A price must be
in the neighborhood of $3.80 to $4.00 to maintain
orade A production at the same level as grade B
production.

Feed prices are commonly included as an im-
portant variable in the prediction of supply. Pres-
ent results suggest that variations in feed prices
may affect only those farmers with large volumes
ol operating capital. Even for them, the effect may
be small and in the opposite direction from what one
would expect.  The effect of the 20-cent corn price
increase was te leave dairy production unaffected
or to increase it. In a diversitfied farming area,
where Tarmers erow much of their feed, the volume
of feed production may be just as important as the
prices paid for purchased feed. In this study, the
available supplies of hay and hay equivalent and
corn and corn equivalent are related to the size of
the dairy enterprise.

The importance of labor in dairy production is
emphasized by the number of times family labor is
a limiting resource in the optimum plans and by
the effect of adding labor hiring as an activity. The
results show that dairy output is a function of the
available family labor supply as well as of the cost
of hired labor. But they also show that the availa-
hility of hired labor affects only the dairy produec-
tion of farmers possessing large amounts of operat-
ing capital.

The optimum level of dairy production seems to
be more responsive to hog price changes than to
dairy price changes, suggesting that in a hog pro-
ducing area, the level of hog prices may be more
important than the level of dairy prices in determin-
ing dairy production. Past levels of hog produc-
tion are also relevant because of the relationship
between current dairy production and availability
of hog housing. As the amount of hog housing
rises, optimum levels of dairy production fall sharply.

IMPLICATIONS FOR DAIRY SUPPLY ANALYSIS

[verything in the preceding section is, of course,
pertinent to the analysis of supply. Certain other
aspects need to be brought out in their relationship
to supply analysis. Certain hypotheses have been
advanced by agricultural economists as explanations
of the inflexibility of farmers’ production patterns.
Among them are the suggestions that (a) farmers
are not primarily motivated by profit maximization
and (b)--eertain technical relationships within the
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farm firm prevent the farmer from readily adjust-
ing to price changes (16, page 675.) Within the
framework of the linear programming model, the
analysis reveals that inflexibility of dairy output is
consistent with profit maximization and with (b).
The causes of inflexibility mentioned previously em-
phasize the importance of distinguishing between
immediate and delayed, or short-run and long-run,
responses in supply analysis and lend empirical sup-
port to the use of lagged production as an indepen-
dent variable.

Dynamic elements may also be important for other
reasons.  Within the linear programming frame-
work, teed production is determined simultaneously
with dairy production and other livestock produc-
tion. In actual operations, their values may be
determined by a sequence of separate but interrelated
decisions rather than by several simultaneous de-
cisions.  In this case dynamic elements are intro-
duced into the relationship between dairy and other
livestock production and between dairy and feed
production.  Dynamic factors are also introduced
by the relationship between dairy production and
the amount of available dairy and hog housing and
cquipment, the latter having been determined by
decisions made in the past.

Another conclusion to be drawn from this study
is that it is not surprising that our quantitative
knowledge about dairy supply is in an unsatisfactory
state in spite of the number of competent people
who have studied it. Even this limited study shows
the multiplicity of forees affecting dairy production
in a diversified farming area. It also shows that many
of them do not affect it in any easily quantified
manner. For example, the variable price and con-
tinuous capital analyses indicate that the relation-
ship between dairy price and dairy production can-
not be adequately represented by an equation that
is linear or linear in the logarithms. The price elas-
ticity varies with the dairy price level and also with
the level of operating capital. Thus, instead of us-
ing an equation such as

Q = aPPKc

to estimate supply response it might be more appro-
priate to use an equation such as

Q = aPObP+K)Kd

where Q is quantity of output, P is output price
and K is level of operating capital. Hog produc-
tion furnishes another example. With unlimited
hog housing, hog production expands sharply until
the hay or corn supply is exhausted. The large in-
vestments in the hog enterprise either block out
the dairy enterprise completely or reduce dairy
production, depending on the relative prices for hogs
and dairy products. It follows then that the price
ol hogs is an important factor in determining the
supply of dairy products in the competitive livestock
area of the grain belt. The variable price analyses
sugeest that the relationship between hog prices
and dairy production may be quite difficult to find
empirically. The relationship® is quite close” within



a small range of hog prices; above and below this
small range there is no relationship. The previous
analysis of suboptimum income losses also indicated
the possibility that farmers respond differently to a
price increase than to a price decrease. Such asym-
metry would make it difficult to measure the relation-
ship between dairy price and dairy output.

LIMITATIONS

This study shares with other empirical studies the
limitations arising from the nature of the four basic
assumptions of linear programming: (1) constant
returns, (2) additive processes, (3) finite number of
processes and (4) fixed supplies of certain factors
(12, 13, 21). The question of the reality of (1) is
especially pertinent. Interwoven with the task of
obtaining adequate input-output coefficients is the
task of handling those enterprises whose input-
output relationships are not linear. With the usual
assumption of linear input-output relationships, the
problem is simply to maximize these linear functions
subject to the resource restrictions.

However, there are many situations where these
relationships may be nonlinear. This is particularly
evident when the relationship between capital or
labor, for example, and dairy output is considered.

[f the relationship is one of decreasing returns
to the inputs as shown in fig. 13 the problem can be
handled in a linear programming model by approxi-
mating llw relationship with a series of linear seg-

ments. Iach linear segment becomes a separate ac-
tivity in the matrix. The function of y = f(x) is ap-
proximated by the function y’ = f (x). The function

y' = f (x) can be embodied in the model, as segment
a (as shown in fig. 13) has a higher return Thdll seg-
ment b and 111\(\\ ise b has a higher return than seg-
ment c.

Nonlinearities that correspond to increasing re-
turns to the inputs as shown in fig. 14 present greater
(omplwmom Each successive segment of the fune-

tion y” = (x) has a greater slope than the one
preceding. 'l‘his relationship is not consistent with
P
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Fig. 14. Increasing returns to Input X.

the maximizing procedure of linear programming;
therefore, the function y” = f(x) cannot be readily
incorporated into the usual simplex model. 1f the seg-
ments are considered as separate activities in the
matrix, segment ¢ would obviously enter the solution
first, prohibiting the entrance of either a or h. With
the entrance of ¢, the model would then proceed as if
constant returns existed.

An attempt might be made to approximate
v = f(x) by drawing the straight line, OP, from
the origin. Activity y would then enter the final plan
at, say, point T, at level O, with an input of X,.
An output of O, requires an input of x,’, however;
an input of X, is sufficient to produce only O,.

To circumvent the problem created by the increas-
ing returns situation, we limited the dairy activity
to only one segment of the curve by setting up each
enterprise for the upper limit of a given herd size
range. For example, segment a in fig. 14 may rep-
resent dairy production from 0 to 15 cows. The
coefficients, then, are computed for a herd size of
15 and the equipment restrictions are specified so as
to prevent the herd size from going above 15. It is
true, then, that the bias in the results varies inversely
with the size of the herd for each technique. This
procedure has the obvious shortcoming of not con-
sidering the entire range of production possibilities,
but it does permit the consideration of possible in-
creasing returns situations in the linear programming
model.

Dairy production is expressed solely in terms of
the number of dairy cows, a constant ratio existing
between total output and the number of dairy cows
Dairy production can also be inereased or dee 1'edse<l
by changing the levels of feeding as prices fluctuate.
A number of dairy processes reflecting various levels
of feeding could be included in a linear program-
ming model, if the necessary coefficients were known.
The present procedure is justified if the milk pro-
duction funection is sufficiently close to being linear
that dairy price changes cause little change in opti-
mum feeding levels. Another factor, which is probably
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not as important, is the possibility of buying different
quality cows in response to price changes without
changing the size of the herd. This study considers,
however, only the change in the size of the dairy
herd as a determinant of supply.

The analysis in this study assumes the goal of
profit maximization. Because of the presence of
uncertainty, actual farm operations under a given
set of conditions may deviate from the optima ob-
tained in this study for that set of conditions. For
example, farmers with facilities for housing a large
number of hogs may have fewer hogs and more dairy
cattle than the plans in this study in order to reduce
income variability. This study also assumes that the
capital invested in livestock and livestock supplies
can be converted to other forms and that liquid capi-
tal can be invested in any form in any enterprise.
There may be cases in which a finance agency will
lend money for use in some enterprise(s) but not in
other enterprise(s), and borrowed capital cannot be
substituted for operator-owned capital in the first
enterprise(s) to free operator-owned capital for use
in the second enterprises(s). Then it would be
necessary to have separate capital input items for
the two groups of enterprises.

Most marketing and policy questions require some
concept of an aggregate supply relationship for a
region or an area. This would require the aggrega-
tion of the supply functions for all the individual
firms in the area. Besides knowing the supply fune-
tions for a 160-acre farm under various resource
restrictions, we would also have to know these rela-
tionships for, say, 100-, 200-, and 320-acre farms, and
the numbers of farms in each of these group sizes. This
study considers only the single firm analysis, but ad-
ditional inquiry will be concerned with an extension
of the analysis to derive an aggregate funection.

This bulletin, being concerned only with the supply
aspects of linear programming, contains no discus-
sion of the farm management implications of the
results. One problem that arises in applying linear
programming results to farm management is the
composition effect: What is profitable for one or
a few farmers to do may not be profitable for all
farmers to do. If linear programming can he ex-
tended to the derivation of aggregate supply curves,
this problem may be solved. Ageregate supply, before
and after a large number of farmers made a par-
ticular change in their operations. could be com-
pared with aggregate demand to determine the ef-
fect of the change on farm prices. Then it could be
determined whether farmers as a group would bhe
better or worse off if they made the change.

This analysis implies an infinite marginal rate
of substitution of income for leisure up to a point
(given by the labor restriction) and a zero marginal
rate of substitution beyond that point. The labor
restrictions used here represent the best available
estimates of the hours of work typical farmers actu-
ally put into their farm operations. It is quite pos-
sible that the marginal rate of substitution of in-
come for leisure of many farmers is somewhere be-
tween these two extremes and decreases with in-
creasing income. In this event, a larger increase in
income will be required to induce an operator to ex-
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pand his operations by a certain amount when his
income is high than when it is low.

Some of the optimum plans are impractical be-
cause of the smal] size of operations involved. Some
call for 126 acres in one rotation and only 9 in another
rotation; some call for two beef cows and others tfor
two litters of pigs. In the few cases in which optimum
plans do contain small-scale operations, the matrix
was not recalculated, blocking out these operations.
The reason is that the small operations involved such
a small proportion of total resources, the remainder
of the plan would be expected to change very little.

USEFULNESS OF LINEAR PROGRAMMING
FOR SUPPLY ANALYSIS

One objective of the study was to investicate the
usefulness of linear programming as a tool for the
analysis of the supply of farm products. In research
in economics many problems arise which do not arise
in the physical sciences because the physical sei-
entists can perform controlled experiments in the
laboratory. Linear programming can serve as the
cconomist’s laboratory in the analysis of supply. In
the real world, many forces operate to determine the
volume of milk and cream produced. For a number
of reasons, it is difficult or impossible to analyze the
effects of many of these forees.

Iconomists often use statistical methods in place of
controlled laboratory experiments. Because of the mul-
tiplicity of forees affecting dairy production, the ex-
pense of collecting and analyzing data, and the lim-
ited number of observations available from time series
data, a great deal of aggregation is required to carry
out the statistical analyses. For example, an index of
other livestock prices is used. It is entirely possible
that the response of dairy production to poultry price
change differs substantially from the response to a
hog price change, which in turn differs from the
response to a beef price change.

Variations in many of the forces affecting dairy
production are correlated with each other, giving
rise to the problem of multicollinearity in statistical
analyses. For some of the variables affecting dairy
output, for example, level of operating capital and
amount of hog housing available, data are not avail-
able and the expense of collecting adequate data
would be great.

The linear programming method avoids some of
these problems. The separate effects of many varia-
bles can be analyzed under rigidly specified condi-
tions ; their effects can be analyzed singly or in various
combinations. Interrelationships among various forces
can be closely serutinized. Many things which would
be studied if laboratory experimentation were pos-
sible can be studied with linear programming.

Linear programming does not eliminate the need
for statistical analysis of data dealing with actual
farm operations; the two supplement each other.
The first can show how farmers would hehave, given
certain specifically defined assumptions, conditions
and objectives; the second can show how farmers
actually behave under rather general (and more or
less accurately measured) conditions.



Linear programming will not reach its greatest ef-
feetiveness in the area of supply until it can be used
to derive aggregate supply curves. When that stage
is reached, data may have to be collected from
farmers on various variables such as hog housing,
operating capital and available family labor. At
this stage, one of the advantages of the linear pro-
gramming method—avoidance of the cost of collect-
ing and analyzing volumes of data—scems to disap-
pear. It is not eliminated. however. The linear
programming analvses will have already shown which
variables are relevant and which are not. It is al-
most certain that the acquisition of this same knowl-
edee through the statistical procedure would have

resulted in the collection of data on, and the analysis
of, variables which are not significant. Thus there
will still be economies in data collection.

Of course, the data used in the linear program-
ming analyses do "not flow without cost or limit
from the mind of an omniscient investigator; they
must be collected. Some of the data, however, are
already available from agronomists, animal husbandry
specialists, engineers, ete. Some are available from
farm records and census reports. Other data need
not be collected at all; they can be left free for
analysis, as was done in this study with dairy and
hog prices, operating capital level and hog housing
restrictions.
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APPENDIX. METHOD OF COMPUTING INCOME LOSSES FROM SUBOPTIMUM PLANS.

L

1T1.

472

Tncome loss from a suboptimum plan without
dairying (plan zero).

1. Since the changes in dairy prices will not
affect the income of this suboptimum plan,
simply subtract the income for plan zero
from the income for each optimum plan.

2. This difference in income will represent the
loss that results from adopting plan zero if
some other plan is optimum.

Tncome loss from a suboptimum plan with dairy-
ing.

1. Multiply the difference in the dairy prices
for the suboptimum and the optimum plan
by the dairy production of the suboptimum
plan: APy X dairy production = addi-
tional income. APy will be positive if the
number of the optimum plan exceeds the
number of the suboptimum plan and nega-

tive if the number of the optimum plan is
less than the number of the suboptimum
plan.  Any prices appropriate to the two
plans may be used; in this study, border
prices were used.

2. Add the additional income to the income
of the suboptimum plan: Income of sub-

optimum plan - additional income = new
income.
3. Loss in income = income of the optimum

plan minus the new income.

Applying this procedure to the optimum plan data
in table 4 will not yield exactly the income losses
shown in this table. Some of the optimum plans
contained a fractional number of dairy cows, whereas
the dairy cow numbers in table 4 (and in figs. 3 to
7) have been rounded to the nearest whole number.
The income losses were computed from the un-
rounded data.



