|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

Journalof Cooperative:

CopyrightNationalCouncilof FarmersCooperativesDuplicationis permittedfor academior
researclhpurposesut notfor commerciaburposesPermissioris herebygrantedfor the
redistributionof this materialoverelectronicnetworkssolong asthisitem s redistributedn full

andwith appropriatecreditgivento theauthorandcopyrightholder.All otherrightsreserved.



Processing Costs, Labor
Efficiency, and Economies
of Size in Cooperatively
Owned Fluid Milk Plants

Cameron S. Thraen, David E. Hahn, and James B. Roof
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20 million quarts. By 1980, 45 percent of the cooperatives processed more
than 20 million quarts, accounting for 95 percent of total cooperative fluid
milk volume (Stafford and Roof).

Supermarket chains integrating vertically backward to fluid milk pro-
cessing increased the number of their plants 71 percent between 1964
and 1979 (Roof, p. 3). Food chains and wholesalers have recognized the
potential savings that can be achieved by vertical integration. These sav-
ings come about through more efficient technology, the ability to tailor
plant size to market needs, and efficiency in product distribution. This
integration has put pressure on competing cooperatives and proprietary
milk handlers, many of which operate plants designed and built in the
1950s and 1960s, to achieve maximum operating efficiencies and lower
per-unit costs of production and product distribution.

Vertical integration forward into processing by dairy cooperatives and
horizontal expansion by cooperatives already involved in processing is oc-
curring for a number of reasons. Among them are to strengthen market
share, to diversify the employment of cooperative assets to reduce cyclical
movements in margins and losses, to acquire markets for members’ in-
creasing raw milk supplies, and to earn higher margins than available
from other types of marketing activities. Vertical integration also occurs
as the result of mergers among cooperatives and as a means of recovering
bad debts by acquiring debtors’ assets.

Recent structural changes in the fluid milk processing sector also stem
from an interest among cooperatives in forming joint venture operations
in which a cooperative jointly operates and manages a fluid milk plant
with a proprietary firm or another cooperative. Interest in joint ventures
comes as a response to increasing pressure to operate existing plants at
or near capacity. Given high fixed and quasi-fixed operating costs, short-
falls in plant capacity utilization can increase per-unit product costs sig-
nificantly. Also, combining management skills and pooling market share
can lead to potentially lower per-unit operating costs.

A central cost component of the processing business is plant operating
costs. Cooperatively owned fluid milk processing plants employ widely vary-
ing levels of technology, resulting in wide variations in capital costs. Al-
though similar technological levels may be employed among plants, the
ages of their capital equipment can be quite different, also resulting in
differences in capital costs. In addition, unit labor costs and individual
plant labor efficiency can vary significantly. An older plant with depreciated
equipment but efficient labor use management may be able to achieve
short-run unit costs equal to a very modern plant with new equipment.

Past studies of operating cost economies in the milk processing industry
have been based on cost data collected from a sample of operating plants
or on engineered synthetic plants of various sizes and types utilizing tech-
nical coefficients and factor prices. A series of cost studies using the sample
plant approach has been reported by Jones (1981, 1983) and Lasley, Jones,
and Sitzman. Examples of engineered or synthesized processing cost stud-
ies include Devino, Bradfield, Mengel, and Webster; and Fischer, Ham-
mond, and Hardie. Both types of studies document the existence of declining

unit costs with larger capacity plants.
This paper reports on research undertaken to increase our knowledge
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of the cost-volume relationship experienced by cooperatively owned fluid
milk processing plants. Cooperatively owned plants were used in this study
to provide a detailed cost-volume analysis to cooperative firms and plant
managers. Although past studies have provided cost analyses of fluid milk
plants, they have not focused directly on plants owned and managed by
cooperatives. There is no presumption that cooperative plants are any more
or less efficient than their noncooperative counterparts. However, data
from plants owned and managed by cooperative firms should be of greater
interest to cooperative management than analyses of milk plants in gen-
eral. In addition, past studies have not explicitly provided an estimate of
the economies-of-size coefficient relating total plant costs to volume over
a range of plant sizes.'

Objectives and Procedures

The objectives of this study were to: (1) develop a detailed total and unit
cost analysis based on a selected sample of well-managed fluid milk plants
with a representative range of operating volumes; (2) evaluate labor use
efficiency on a gallons-per-labor-hour basis for the participating plants;
and (3) provide a summary of the cost-volume relationship as measured
by the economies-of-size coefficient.

In the study, the plant activities of: (1) receiving/processing, (2) packaging,
(3) cooler/loadout, (4) maintenance, and (5) supervision were considered.
The activities of farm assembly and product distribution were not included.
Although these activities are important to total plant profitability, this
study focused exclusively on those cost factors associated with processing
raw fluid milk into a packaged consumer item.

Each plant in the study was visited, and management was interviewed
about the operating features of the plant. These visits provided an under-
standing of the general operation of the plant and any unique features
that might affect plant volumes and/or accounting costs. Monthly financial
and labor use statements were obtained for one operating year for each of
the plants. The data collected from each plant were for a consecutive 12-
month period between January 1983 and April 1986.2 These data per-
mitted an examination and comparison of plant capacity utilization, labor
usage, and cost fluctuations during the recorded operating year.

The specific steps of the study were: (1) 19 plants of varying age, tech-
nology, and capacity were initially selected, of which 4 plants were removed
due to data procurement difficulties; (2) each plant was visited to gain a
general understanding of the plant layout, management style, and unique
operating features; (3) monthly plant operating statements were obtained,
cost account items were standardized across plants and operating periods,
labor hour usage by plant function was obtained, and summary cost and
labor tables were prepared for each plant; (4) average operating cost for
each expense category was calculated for each plant’s operating year; (5) labor
efficiency ratios were calculated for each plant and compared against the
average by size group and plant function; and (6) average monthly plant
data were used to estimate the economies of plant size after adjusting for
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Each plant was asked to provide expense and volume data in a stan-
dardized format that was designed in consultation with a number of co-
operating plant managers. Data were provided on the number of regular
and overtime hours worked by direct wage laborers, total direct and in-
direct wage expense, supervisory salary and benefits expense, plant energy
consumption and expense, plant operating materials expense, rent and
depreciation expenses, and other operating expenses. All data were based
on monthly operating totals. Data on the volume of milk processed were
standardized for bulk shipments and interplant transfers. A detailed break-
down of milk processed by package size also was available for 9 of the 15
plants.

Product Flow in a Fluid Milk Plant

Plant operation, input use, and expense categories can be illustrated by
figure 1, which represents a simplified overview of product flow through
a typical fluid milk “white” plant. Processing functions within the plant
are described as: (1) the receiving and processing function, (2) the pack-
aging function, and (3) the cooler and loadout function. The receiving and
processing function consists of the operations of the milk receiving bay
and the separation, pasteurization, and homogenization processes. The
packaging function consists of the flow of product from the storage tanks
into the packaged item. This typically includes the filling of milk cartons,
bottles, jugs, and/or bags and the stacking and casing of the packaged
product. The cooler and loadout function consists of the operation of the
cooler or cold storage room and the preparation of the various fluid milk
items for distribution. Packaged milk is moved from the filling area to
refrigerated storage and onto trucks for distribution.

In a typical fluid milk processing plant, cooled milk flows from the re-
ceiving bay to raw milk storage tanks. From storage, milk is pasteurized
by the application of a high-temperature/short-time (HTST) process and
pumped through the separator. This process allows the product to be
blended to the desired fat percentage. Excess milk fat is stored for further
processing and/or bulk distribution. The blended fluid milk is then sent
to the homogenizer and onto pasteurized storage tanks. From these tanks,
the milk is pumped to the filling machines for packaging. Then the pack-
aged milk is cased and moved to the cooler for storage. From the cooler,
the cased product is organized and loaded out to delivery trucks for dis-
tribution.

Additional functions involved in the operation of a fluid plant include
maintenance and general labor and indirect labor in the form of supervi-
sors and clerical and office workers. Although the plants selected for this
study primarily process milk, some of the plants processed other items.
In those cases, an effort was made to exclude direct and indirect labor,
supervisor, packaging, and other costs not related to the processing of
fluid milk.3

Cost Data

Table 1 reports the mean average cost per gallon of processing fluid milk
and the range of these costs in the sample plants for each of the individual
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Figure 1.—Milk Flow in a Typical Fluid Processing Plant 5 Table 1.—Mean and Range of Average Costs Per Gallon of Fluid Milk
X for Selected Account Items, Unadjusted Data®
)
;l Range
l Cost Item Mean Minimum Maximum
R t
Sto?::;e 6' ' Dollars
Receiving Labor:
A Direct Labor 0.067 0.049 0.083
1 Supervisory/Indirect Labor 0.011 0.002 0.014
Ra ) Fringe Benefits 0.022 0.011 0.033
e m—— Y = Total Labor 0.099 0.062 0.129
Storage \
Energy:
, ). Electricity 0.014 0.004 0.020
. Pasteurization 1 Fuel 0.009 0.004 0.019
> ik Total Energy 0.023 0.008 0.038
Separator l
g Water and Sewer 0.004 0.0001 0.007
: Plant Packaging Supplies 0.137 0.0931 0.205
' Other Plant Supplies 0.012 0.0043 0.022
g Repairs and Maintenance 0.015 0.0058 0.025
i Depreciation 0.018 0.0076 0.031
: Taxes, Insurance, and Fees 0.004 0.0003 0.007
i Other Expenses 0.005 0.0002 0.009
I Total Other 0.195 0.111 0.307
] i
f Total Cost Per Gallon 0.317 0.253 0.429

aFigures are based on each plant's average monthly costs during its operating year. Data are unadjusted for differences
in labor rates and fringe benefits.

Homogenizer

cost categories. The data in this table are based on unadjusted actual
expenses incurred by the plants. Direct labor averaged 6.7 cents per pro-
cessed gallon with a range of 4.9 to 8.3 cents. Energy averaged 2.3 cents
per gallon with a range of 0.8 to 3.8 cents. Packaging supplies averaged
13.7 cents with a range of 9.31 to 20.5 cents.

Adjusted costs per gallon of fluid milk are grouped by relative average
monthly plant volume in table 2. Average unit cost figures are presented
for five size groups. Group A consists of the smallest plants, with an average
monthly volume of 388,295 gallons. Group E represents the largest plants,
with an average monthly volume of 2,512,825 gallons. Labor costs in table
2 were adjusted to reflect the average total cost per labor hour for the 15
plants, including both direct and indirect labor expenses and total fringe
benefits. This adjustment was necessary because of the wide variation in
labor rates and fringe benefits paid by plants and the fact that labor rates
are not likely to be independent of the location and volume of the plants
(Ling, p. 9).

Total processing cost per gallon among the five plant size groups ranged
from 26.5 cents for the largest plants to 37.4 cents for the smallest plants.
The smallest plants processed only 15.5 percent of the volume of the largest
plants and had a 41.1 percent higher average unit cost. A significant part

Packaging

Cooler

Loadout
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and cooler/loadout functions. In many plants, the maintenance function
is provided by direct labor within the plant. In other cases, maintenance
is performed by hiring an outside firm or firms to perform the services.

Labor is the second largest individual cost item for each of the five plant
groups. This item, including total fringe benefits, averaged 37.5 percent
of total cost per gallon of milk processed for all plants. Table 3 reports the
average wage rate, the ratio of average fringe benefits to total wages and
salaries, labor productivity per hour of direct labor, plant productivity in
gallons per total labor dollar, and total direct labor for the average plant
and each of the five plant size groups.*

The average wage rate across all plants was $13.69 per labor hour. The
wage rate rose as the average monthly volume increased from group to
group. The group consisting of the smallest plants had the lowest average
wage rate, which was $9.11 per labor hour. The average wage rate was
$14.68 per hour for the largest plants. The average ratio of fringe benefits
to total wages and salaries was 28.5 percent with a range of only 27.3
percent to 28.7 percent.

It is not surprising that the average wage rate increases with average
monthly plant volume. The largest plants were geographically located in
or near metropolitan or urban centers, while the smaller plants tended to
be located in less urban areas. Because greater employment opportunities
exist in urban areas, basic wage rates are likely to be higher than in rural
areas.

Table 3.—Labor Costs and Productivity by Plant Size Group

Plant Size Group
Item A B C D E Average

Dollars Per Hour
Average Wage Rate?

9.11 9.32 9.54 12.65 14.68 13.69

Percent

Average Fringe Benefits to

Total Wages and Salaries® 27.8 28.6 27.3 28.7 27.7 28.5
Gallons

Productivity Per Hour of

Direct Labor 118 117 141 177 173 120

Productivity Per Dollar of

Total Labor 9.25 8.28 10.00 9.356 8.58 8.80
Hours

Total Direct Labor

(Including Overtime)® 3,317 5,341 7,046 8.920 14,700 8,878

2Including all plant labor except supervisor labor.
PFringe benefits divided by direct plant wagcs
“Excluding supervisor hours.
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Labor Productivity

Average productivity per hour of direct labor was 120 gallons of milk
with a range of 117 to 173 gallons. This measure of productivity generally
increased from group to group as average monthly volume increased. Av-
erage productivity per dollar of total labor was 8.80 gallons with a range
of 8.28 to 10.00 gallons. This measure of productivity does not appear to
have been directly related to average monthly plant volume because of the
variation in wage rates and fringe benefits.

Table 4 reports the average volume of milk processed per labor hour for
each of the three general processing functions: (1) receiving and processing
of raw fluid milk, (2) packaging of processed fluid milk, and (3) the cooler
and loadout operations. In receiving and processing raw fluid milk, the
average volume of milk processed per labor hour ranged from 670 gallons
for the smallest plants to 2,109 gallons for the largest plants. In the cooler
and loadout operations, the average volume of milk processed per labor
hour ranged from 118 gallons to 177 gallons, generally increasing from
group to group as average monthly plant volume rose. In packaging pro-
cessed fluid milk, the average volume of milk processed per labor hour
ranged from 397 to 957 gallons. Packaging was the only processing func-
tion for which it appeared there was no direct relationship between pro-
ductivity and average monthly plant volume.

The increasing throughput per labor hour as plant volume increases
suggests that larger plants maintain higher capital-to-labor ratios than
smaller plants. Whether or not this shift toward more capital is econom-
ically more efficient depends on the relative prices of capital and labor
inputs. Total labor cost averaged $14.68 per hour for the largest plants,
compared with $9.11 per hour for the smallest plants. Data from table 2
on the cost items most closely associated with the use of capital services,
such as repairs and maintenance, depreciation, and energy use, suggest
that the larger plants are at least as efficient as the smaller plants. The
per-unit costs for these items decline with larger plant volume. The largest
plants’ average expense for these items was 4.7 cents per gallon, compared
with 6.6 cents per gallon for the smallest plants.

Table 4.—Average Monthly Labor Productivity by Plant Size Group
and Function

Plant Size Group

Plant Processing Function A B C D E

: Gallons Per Labor Hour
Receiving/Processing 670 779 1,181 1,107 2,109
Packaging 473 397 957 606 583
Cooler/Loadout 384 364 602 459 468
Plant Average 118 117 141 177 173
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Economies of Size

One objective of this study was to explore the economies of plant size as
indicated by the data from the 15 sample plants. It is important to keep
in mind the distinction between economies (diseconomies) of plant size
and similar economies (diseconomies) of scale (Debertin, pp. 151-58).
“Economies of scale” refers to the behavior of total cost as plant output or
volume is varied with all inputs increased in equal proportion and all factor
input prices constant. These are not very reasonable assumptions when
working with data from plants of differing capital maturity and manage-
ment practices and objectives. Although the sample of 15 plants reflects a
range of plant processing volumes and associated costs, it is apparent that
the levels of capital and labor used in these plants do not meet the con-
ditions necessary to provide an estimate of the economies-of-scale coeffi-
cient (Silberberg, pp. 303-5).°

“Economies of size” is an alternative, less restrictive (albeit more general)
concept relating plant volume to total plant processing cost. Capital, labor,
and raw materials are recognized as not being combined in equal ratios
across all plants. For example, it is clear from the sample of plants surveyed
that as larger and newer plants are put into operation, a primary goal is
to increase the level of automated capital for materials and product han-
dling. Automatic casers replace manual labor, and sophisticated comput-
erized finished product handling systems replace manual labor in the cooler
and on the loadout dock.

The economies-of-size concept relates to the behavior of cost and plant
volume and is a measure of the degree of curvature of total cost to plant
volume inherent in the sample data. Total costs that do not increase as
fast as volume can reflect both physical economies of scale and pecuniary
economies. The production technology may be such that doubling all in-
puts more than doubles output. Pecuniary economies exist when larger
plants are able to purchase inputs at a lower unit cost than smaller volume
plants. The economies-of-size concept generally does not permit separation
of these two effects and, as such, restricts the generality of the conclusions
drawn from the data sample.®

Economies of size were estimated from the data on all 15 plants using
average monthly total cost and processed volume. The functional relation-
ship between total cost per unit and plant volume used to estimate the
economies of size was specified as a multiplicative function of the form:

C, = AVO ey (i=1,...,15) (1)

where C, is the average monthly total operating cost and V; is the average
monthly volume for the i*? plant and u; is the stochastic disturbance term
assumed to be normally distributed with zero mean and constant vari-
ance.” Taking the natural logarithm of both sides of equation (1) yields an
equation linear in the parameters A and (b+1):

In(Cy) = In(A) + (b+1)In(V) + u, (i=1,...,15) (2)
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Rearranging equation (2) and applying the quotient rule for logarithms
yields the per-unit cost equation for fluid milk processing:

In(C/V,) = InfA) + b-In(V) + u; (i=1,...,15) (3)

An estimate of the coefficient (b+ 1) in (2) measures the percentage change
in total cost due to a 1 percent change in plant volume. The parameter b
is the economies-of-size coefficient and represents the percentage change
in per-unit cost due to a 1 percent change in volume.

The parameters in equation (2) were estimated by ordinary least squares
regression applied to the logarithms of the data. The estimated total cost
schedule derived from equation (2) and individual plant observations are
presented in figure 2. Most of the observations fall within the 95 percent
confidence interval with the exception of those plants clustered at about
the one million gallon per month level. These plants exhibit a relatively
larger disparity in total cost for their size group than do the other plants.

Table 5 reports the estimated ordinary least squares equation and the
derived per-unit economies-of-size coefficient b. This value indicates the
percentage change in the average cost per gallon for a 1 percent change
in average monthly plant volume. The estimated economies-of-size coef-
ficient b is —0.162, which indicates that, on the average, a 10 percent
increase in average monthly plant volume is accompanied by a 1.62 percent
decline in processing cost per gallon.®

The derived relationship between per-unit cost and volume is presented
in figure 3. Increases in average monthly plant volume result in more
efficient capital and labor utilization and lower per-unit costs of processing
fluid milk. As an example of the use of the economies-of-size coefficient,
a 10 percent increase in plant volume from the sample average of 1.06
million gallons per month results in an estimated 1.62 percent reduction
in cost per gallon. The estimated cost per gallon at the sample average is
31.0¢. Reducing this by 1.62 percent would lower cost per gallon by 0.5¢.
Total cost reduction would be $5,830 per month and $69,960 per operating
year.

Table 5.—Estimated Relationship Between Adjusted Total Processing
Cost and Plant Volume?

C; = 1.09249 + 0.838 YV,
(1.29) (13.58)
R2 = .93

Durbin-Watson Statistic = 1.7
Standard Error of Estimate = 0.156
Economies-of-Size Coefficient b = —0.162

at.ratios in parentheses.




Figure 2.—Ordinary Least Squares Regression of Total Adjusted Processing Cost on Gallons Processed
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Figure 3.—Derived Cost Per Gallon of Fluid Milk
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Summary

This study was conducted to provide an economic analysis of the costs
and labor efficiencies in processing fluid milk. The plants included in the
study were owned and managed by cooperatives. The data sample consisted
of 15 fluid milk plants that reported cost and volume data on a monthly
basis over a 12-month operating period. In all cases, the data collected and
used in the analysis were carefully reviewed by plant management before
the final stages of the analysis were conducted.

The 15 plants were combined into five groups based on average monthly
volume. An analysis of the direct and indirect costs per gallon of processed
fluid milk was conducted using average monthly data for these groups. In
general, larger plants enjoy uniformly lower costs per gallon for labor, en-
ergy, capital maintenance and repairs, and packaging materials. This re-
duction in unit price results from efficiencies in the use of plant labor and
capital. Because the data were drawn from existing plants, it is not possible
to separate the efficiency gains into those arising from the physical nature
of the processing technology and those attributable to pecuniary gains.

From the data on all 15 plants, the economies-of-size coefficient for direct
processing of fluid milk was estimated to be —0.162. Although there is
substantial variability in the per-unit processing cost across plants, it is
clear that these costs are lower for the larger volume plants. Total pro-
cessing costs do not increase in direct proportion to plant volume. This
suggests that there will continue to be economic pressures to gradually
integrate fluid milk processing and to serve given geographic markets with
fewer and larger processing plants. This most likely will come about by the
elimination of older, less efficient plants and replacement of these plants
with large, more capital-intensive plants designed to serve a large market.
Although this study did not consider the economies of raw milk assembly
or route distribution, it is unlikely there would be sufficient diseconomies
in these activities to alter this conclusion.

This study supports past research on the nature of processing economies
but is subject to limitations. The number of cooperating firms is being
increased to provide more data on the cost distribution for the larger-
volume plants currently operating in the industry. The number of plants
in each size group also is being increased. This should help reduce the
variation in per-unit costs relative to plant group size. In addition, plant
cost behavior over time is being addressed. The availability of operating
costs over a consecutive number of operating years will help provide es-
timates of the economies of scale inherent in the industry as well as econ-
omies of size.

Notes

1. Economic theory suggests the existence of a “long-run” average cost schedule
or curve (LACS) that indicates the minimum average cost that could be obtained
at any given plant volume. Precise statistical estimation of this unobserved LACS
from empirical cross-section data on plant costs and volumes is difficult. Specific
assumptions about the true underlying production technology and the competitive
behavior of factor markets must be made before the LACS can be specified and
estimated. The relationship estimated in this study reflects only the relationship
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between total processing costs and the volume of milk processed. This curve is
useful for interplant cost comparisons for similar capacity plants. It is not as useful
for plant comparisons across highly dissimilar plant capacities.

2. Although desirable, it was not possible to obtain cost and labor schedules
from all plants for the same consecutive 12-month period. Operating years for
individual plants varied, and it was judged important not to break the operating
year across plants. The largest group of plants reported on the operating year of
October 1983 through September 1984. Data for those plants that reported on an
operating year prior to or after this period were adjusted for inflation using the
producer price index for finished foods.

3. Products processed in addition to fluid milk generally did not exceed 8 to 10
percent of monthly volume and consisted of various juices and specialty products
confined to certain months of the year. If a plant processed 10 percent of its volume
as juice in a given month, direct and indirect costs were reduced by 10 percent.
Although it would be preferable to have an exact measure of the costs associated
with processing other fluid products, discussion with plant management suggested
that using volume was a reasonable way to delineate these costs.

4. The average wage rate includes overtime and fringe benefits and is divided
by total direct and indirect plant hours. Total wage and salary expense is defined
as the sum of all direct and indirect wages and salaries paid relative to the fluid
milk operation in a particular plant. Fringe benefits include vacation, health and
comprehensive insurance, and payroll taxes.

5. The necessary conditions are that each plant must be governed by the same
underlying production technology and face the same prices for all inputs and that
a larger (smaller) plant volume (scale) can be thought of as a constant factor input
ratio expansion (contraction) of any other plant in the sample.

6. The assumption of constant factor prices or, equivalently, perfectly compet-
itive markets for factor inputs ensures that the economies-of-scale coefficient mea-
sures only physical, and not pecuniary, returns to scale. It is possible to demonstrate
that if the markets for factor inputs are imperfectly competitive, total cost is a
function of output only and the economies-of-size coefficient measures both phys-
ical and pecuniary returns (Beattie and Taylor, p. 149).

7. The form chosen for this study was selected because it represents a functional
form that can be derived from the application of the economic principle of duality
under the assumption of a Cobb-Douglas production technology and imperfect
factor markets. Other forms for the cost function include reciprocals of plant vol-
ume and possibly an additional measure of plant capacity (Smith; Griliches). How-
ever, functional forms that include other variables such as plant capacity measures
generally imply underlying production technologies that are not well-understood
or violate basic assumptions of physical and economic processes.

8. The economies-of-size coefficient applies to small changes in plant volume
and should be interpreted with this in mind. It should not be used as a measure
of the potential cost advantage from large changes in plant volume.
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