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ABSTRACT

This study incorporated 101 accounting cost records from 1978

and 1980 to explore economies of size in Tennessee Livestock Auction

Markets. Specific objectives of the thesis were: (1) To describe

existing LAM operations in Tennessee; (2) To determine the typical

cost structure of various size categories of auctions to identify

major factors of firm efficiency; (3) To determine the current rates

of return to market operators; (4) To identify the relationship

between specific costs of operation and market size as indicated by

animal marketing units handled; and (5) To estimate a long run average

cost function for the industry to determine whether economies of size

exist in Tennessee auctions.

Results of the cost analysis indicated that average total cost

(ATC) generally declined up to the intermediate sizes of auctions,

where they rose again. Following these increases, costs again declined

through the largest volume levels. The two-year average total cost

for all markets was $5.12. The largest component of average total

cost was salaries, comprising 50 percent of ATC. The group of auctions

with the lowest salaries expense puring both years also incurred the

lowest ATC. Insurance comprised 7 percent of ATC, the second-largest

component, while utilities represented the third-largest expense, 6

percent of ATC.

Land value and total fixed assets were the only asset values which

were related to market volume. The smallest markets reported the

lowest values for both categories during 1978 and 1980, but the largest

values were not consistent with market size. No relationship existed

between size of market and any category of liabilities or net worth.
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Selling commissions, which are collected on each head of livestock

sold, were the main source of revenue for auctions in both years. A

distinct cost-size relationship existed for both total gross returns

and total net returns. In both years, total gross returns and total

net returns were lowest for the smallest markets and highest for the

largest firms.

A long run average total cost (LRATC) function for the Tennessee

livestock auction market industry was estimated by the Ordinary Least

Squares (OLS) approach and the Minimum Absolute Deviations (MAD) method.

The OLS method estimated the LRATC function by a regression of ATC

against volume, indicating expected short run average cost conditions.

The MAD approach fitted a frontier function, or envelope curve, to

the bottom of the point scatter of ATC plotted against volume. This

method thus provided a more appealing theoretical estimate of the

LRATC function.

The OLS function indicated that 80 percent of the economies of

size were exhausted at a volume of 30,000 A.M.U.'s, while the frontier

function exhibited 80 percent of cost economies achieved at 15,000

A.M.U.'s. Thus, the theoretically correct frontier function indicated

that smaller auction markets may capture a significant portion of the

available economies of size. The OLS estimate indicates that markets

must expand output to a larger size, 30,000 A.M.U.'s, to achieve most

of the available cost economies. During 1980, 50 percent of the LAM's

operating in Tennessee handled volumes less than 18,000 A.M.U.'s. The

frontier function estimate thus appears to more accurately describe

the Tennessee LAM industry, and may be the more appropriate LRATC esti

mate for Tennessee auction markets.
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CHAPTER I

THE PROBLEM AND OBJECTIVES OF THE STUDY

I. INTRODUCTION

The livestock marketing system has experienced immense growth

and technological change during its development. Within the past two

hundred years, new marketing techniques have led to an increasingly

efficient system, as market entities strived to improve their economic

position in the expanding livestock industry. As the number of live

stock marketed commercially has increased through the years, new and

more convenient marketing channels have developed to meet these demands.

One of the earliest methods of marketing livestock was that of

droving herds to market. Producers would not attempt to find a buyer

for their livestock until the drive was completed. Drives to market

declined, however, as rail transportation developed in the Midwest

during the late 1800's. Buyers were also sent into the countryside

to purchase livestock, but no permanent markets were established. The

first livestock commission firm, which represented producers for a

fee, was established in 1857 (34, p. 15).

Following the Civil War, central terminal markets became popular

in Midwestern packing centers. The first terminal market was established

in 1865 in Chicago. Terminal markets became popular under conditions

in which production was located far from slaughter and where long

distance hauls were required (34, p. 14).
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Also following the Civil War, stockyards were established by

private industries, packers, and railroads in major packing centers.

Holding pens were provided at the yards, offering producers a location

to end their drives and sell their livestock. Often, especially at

yards operated by railroad companies, cattle could be carried directly

into the packing center on the company's rail cars and then taken to

the stockyard facilities (34, p. 19).

Terminal markets, cattle drives, and country buyers all declined

in importance in the early 1900's, however, while cooperative selling

agencies were being formed at terminal markets. Producers were dis

satisfied with their current marketing alternatives. Factors which

led to this dissatisfaction included: (1) less-than-carload freight

rates that individual farmers found prohibitive; (2) complaints of

low market prices; and (3) the suspicion that dealer operating margins

were unjustifiably wide. Farmers cooperated at terminal markets to

gather large lots of livestock to achieve carload freight rates.

Cooperative agencies, however, did not solve as many marketing problems

as had been hoped (34, p. 22).

Auction markets were beginning to become popular at this time,

and they have played an increasingly important role in the agricultural

marketing process since the early 1900's. The first auction began

operation in 1836, when several Ohio stockmen organized a market to

import purebred English cattle to sell at auction (34, p. 14).



II. AUCTION MARKETS IN THE U.S.

Improvements in communications, roads, and truck transportation

were several factors which contributed to the early growth of livestock

auction markets. During the 1930's, the number of auction markets

increased rapidly, due to the Depression, drought, and subsequent sales

of large numbers of livestock. These new auctions were popular with

farmers because transportation and selling costs were reduced as markets

developed closer to farms (34, p. 235).

The total number of auction markets in the U.S. has declined

recently. After reaching a peak of 2500 markets in 1952, (9, p. 256)

market numbers had fallen to 1,862 in 1979 (31, p. 5). The southeastern

states, however, continued to increase market numbers following 1952,

and auctions have become the major location for ownership transfer of

livestock in the South (12, p. 5). Tennessee markets have followed this

pattern of growth also, rising from 62 markets in 1955 to 74 markets

in 1970 (17, p. 6).

III. AUCTION MARKETS IN TENNESSEE

Perhaps due to the adverse effects of rising inflation and interest

rates, and a reduction in livestock herd numbers, only 63 auctions in

Tennessee were registered with the U.S.D.A. Packers and Stockyards

Administration in 1980 (33). In addition, 154 independent dealers and

order buyers, 23 bonded packers, and one terminal market were listed

for Tennessee (25). Therefore, a total of 241 recognized livestock

marketing channels were operating in the state during 1980.



Thirty-two fewer Tennessee marketing agencies were registered in

1980 than in 1970, with e,leven fewer auctions in operation. The decline

in agents parallels the decrease in the total number of livestock sold

through auctions in the State, which fell from 1.8 million head in 1970

(17, p. 6) to 1.4 million head in 1980. During 1980, approximately

722,000 cattle, 233,000 calves, 414,000 hogs, and 3400 sheep were sold

through Tennessee auctions (28).

Auction markets are particularly vital to the Tennessee livestock

industry, and they provide a central sales location for much of the

livestock sold in the State. In 1980, 38.9% of the cattle purchased

by packers in Tennessee were sold through auctions, while 41.6% were

purchased through direct dealers, and 19.5% were purchased at terminal

markets. Auctions are the third most important source of hogs purchased

by packers in Tennessee. In 1980, 14.3% of the hogs bought by packers

in the State were purchased at auctions. The number of sheep and goats

marketed commercially in Tennessee is very small (32).

IV. AUCTION MARKET ACTIVITY

Although auction markets have increased in number and importance

since their introduction in the early part of the century, their

characteristics and methods of operation have changed very little

through the years. Auctions continue to provide a central location for

producers to assemble livestock being offered for sale to prospective

buyers. Livestock is sold to the highest bidder through a competitive

bidding process conducted by an auctioneer, whose responsibility is to

obtain the greatest price possible for the animals being sold (34, p. 241)
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Markets charge a fee to producers for the services which are

provided. Fees may be charged on a percentage basis of total sale

value, on a per head basis, or on a combination of these two methods.

These fees, or commissions, represent the main source of auction market

income, and may be adjusted according to the species of livestock, sex,

weight, type of animal, or selling price. Additional fees may be

collected for special services or those not normally required, such

as animal storage, hay and feed, or weighing when not being sold.

Commissions paid by consignors provide for the services of selling,

weighing, feeding, yardage, and inspection (34, p. 241). Some markets

may conduct dealer operations for additional income or participate in

market support activity. Market support activity consists of the

auction operator purchasing livestock on the auction market to assure

a market and to support prices which may otherwise be too low to continue

attracting desired volume.

To perform these services, auctions must have stockyard facilities,

animal receiving facilities, and investment capital (34, p. 241).

Considerable costs of operation can be incurred in providing these

facilities.

Auction market costs of operation can generally be classified into

two categories: fixed costs and variable costs. Fixed costs include

those expenses which do not vary with the level of output (19), or in

this case volume of livestock handled. Insurance, depreciation, taxes

(other than income taxes), and license or bond premiians are typical

fixed costs incurred by auctions.
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Variable costs change as output changes (19). An increase in

output causes variable costs to rise also, since greater output requires

larger amounts of variable resources. Examples of variable costs are:

labor costs, utilities, supplies, repairs and maintenance, and rental

costs.

Many auction markets operate only one sale day per week, with

facilities remaining idle for the remainder of the week. Because the

number of sale consignments varies widely, both seasonally and annually,

auction capacity may be underutilized for much of the year. Plants

are often built to handle the largest expected per sale volume, yet

this capacity may only be utilized during the peak fall season. Thus,

not only may auction facilities be used inefficiently, but labor and

other resources may remain underutilized for much of the year as well

(34, p. 256).

Such inefficient resource utilization has led to excessive

operating expenses for many auctions. These high costs must be

absorbed by some segment of the marketing system. High costs incurred

by auction operators may lead to increased tariff rates. These

higher tariffs then increase the production costs of farmers who

produce and sell livestock at auctions. If production costs become

too high, farmers may limit the quantity of livestock produced. A

decrease in production would reduce the supply of meat available, and

this may lead to higher meat prices for consumers. The actual effects

upon consumers of inefficient market operations depend upon the

elasticity of demand and supply of meat.
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Auction operation is further complicated by the competition markets

encounter in obtaining livestock and buyers. Markets must compete with

other auctions in attracting a sufficient volume of livestock to offer

to buyers. Consignors to small-volume auctions are often penalized by

buyers who are unable to purchase enough similar animals to make a

truckload. Buyers may stop attending sales when sufficient livestock

are not offered for sale. This leads to insufficient buyer competition

present at sales to give consignors competitive prices for their live

stock. When prices fall, farmers change markets, and per unit costs

rise as auction volume falls. Many small markets discover that "volume

attracts buyers and buyers attract consignments" (34, p. 256).

V. STATEMENT OF THE PROBLEM

Recent research indicates that many auctions continue to exist

despite incurring high costs and utilizing inefficient operating

methods. In many areas, an excessive number of markets are so con

centrated geographically that it is impossible for any one of them to

be efficient. According to Williams and Stout, as long as the present

number of auctions remains so large, efficiency will continue to be

low since no auction can attract a satisfactory volume (34, p. 254).

A study of Tennessee auction markets in 1970 by Hicks and Badenhop

concluded that "Tennessee has too many markets to develop an efficient,

low-cost livestock auction system" (17, p. 24). By estimating the

costs of transportation and market operation, they determined the

optimum size, number, and location of markets in the state. To create
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a more efficient market system, Hicks and Badenhop recommended that

the then current number of 74 auctions be reduced to a maximum of 35,

with 18 the preferred number (17).

By 1980, however, auction market numbers had not been reduced

significantly, with 63 livestock markets still in operation. Of these,

34 markets sold less than 20,000 head of livestock, 18 markets sold

20,000-50,000 head, and only 6 auctions handled more than 50,000 head

of livestock. Thus, small markets comprised 59 percent of all auctions,

yet they handled only 24 percent of the livestock sold through auctions.

Intermediate-sized markets, 31 percent of the total number of auctions,

sold 40 percent of all livestock, and large markets accounted for only

10 percent of the market population, yet sold 36 percent of all live

stock sold through auctions (28).

Based upon these data in Tennessee, auctions would appear to be

an area where the efficiency of the total marketing system could be

improved. Little research has been conducted concerning the relation

ship between operating costs and volume of livestock handled by varying-

sized markets in Tennessee. No research has been conducted within the

past decade to compare the efficiency of small markets with large

markets. Economies of size may not be realized by many small auctions.

The existence of these many small auctions may prevent larger markets

from receiving the full benefit of the economies available if fewer

markets existed. Per unit costs may remain excessively high because

of low volimie and inefficient resource use.



VI. REVIEW OF LITERATURE

Researchers during the past 30 years have studied the relationship

between operating costs of livestock auction markets and the size of

the market to determine the efficiency of the marketing system. Several

predominant characteristics of auction markets have emerged from these

studies.

Numerous studies indicate the problem of an excess number of

auctions. Wootan and McNeely discovered that market costs in Texas

auctions could be lowered if fewer firms existed (36). Ohio researchers

found that eight times as many markets operate in Ohio as are needed if

all firms operated at optimum output (16) . Hicks and Badenhop reported

that Tennessee has too many auctions for an efficient market system to

exist (17).

Because too many markets are in operation to support the volume of

livestock handled, numerous small markets have evolved. A certain

minimum amount of volume is required for a market to operate at a profit

able level. Newberg reported that markets in the North Central region

should handle a minimum of 15,000 marketing units per year to operate

efficiently, but the majority of auctions studied in that region of

the U.S. handled a low volume of livestock. Markets with a volume of

less than 15,000 animal marketing units per year represented 53 percent

of all observations, yet only 23.6 percent of the total volume of the

auctions sampled was handled through these small markets. Auctions

with annual volume greater than 30,000 marketing units represented only

one-sixth of all observations, but they handled nearly 40 percent of
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the total volume of livestock sold (25). Miller recommended that Ohio

auction markets should hapdle more than 25,000 marketing units per

year to achieve operating efficiency (23). A study of Kansas markets

indicated that the twelve largest auctions commanded only 37 percent

of the total market share (2). Grinnell and Shuffett reported that

those Kentucky auctions having an annual gross income of less than

$60,000 could reduce unit costs by increasing the volume of livestock

handled (14).

Researchers have discovered that certain costs incurred by auction

markets consistently represent a larger proportion of total costs than

do other costs. Grinnell and Shuffett reported that the largest

variable cost to Kentucky market operators was labor costs, accounting

for 48 percent of all firms' costs over an average five-year period

(14). Grimes and Cramer indicated that labor costs comprised more

than 50 percent of total costs for smaller auctions, and more than 45

percent of all costs for larger markets in Missouri. Advertising was

the second largest cost item for all but the smallest markets in

Missouri (13). North Dakota markets also incurred high labor costs,

with labor representing 42 percent of all costs and being the largest

cash expenditure. Publicity and public relations was also the second

largest expense for these markets (22). According to Stoddard, small

auction markets are characterized by their inefficient use of labor,

resulting in high labor costs (27).

The conclusion reached by previous researchers is that larger

auctions incur lower per unit costs than do smaller markets, at least

up to a certain size of market. This condition is known as economies
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of size, which exist when smaller plants (which are operating at their

most efficient volume) incur higher unit costs than large plants which

also are handling their most efficient volume (A). As a general rule,

a firm's costs of production will decline when capacity and volume of

the plant are increased (34) . Theoretically, costs will begin to

increase at some level of output, but this reversal is usually not

encountered in empirical studies.

Auction market research results confirm the existence of economies

of size. Newberg reported a decrease in costs per animal as auction

volume increased to 20,000 animal marketing units per year, but costs

began to stabilize after that size of plant was reached for markets

in the North Central region (25). Grimes and Cramer indicated that

explicit and implicit costs in Missouri auctions declined as sales

volume rose (13). Large auctions in North Dakota also reported lower

costs than smaller markets up to annual sales of 30,000 marketing units

per year, but there was little cost savings beyond that volume (22).

Wilson and Kuehn reported a decrease in West Virginia market costs as

firm size increased (35). Similar results were indicated in Kentucky

and Kansas auction markets as well (14, 2).

VII. OBJECTIVES

The purpose of this study is to conduct a cost analysis of Tennessee

livestock auction markets to determine the degree of operational effi

ciency. The objectives are:

(1) To describe existing livestock auction market operations in

Tennessee.
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(2) To determine the typical cost structure of various size

categories of auctions to identify major factors of firm

efficiency.

(3) To determine the current rates of return to market operators.

(A) To identify the relationship between specific costs of

operation and market size as indicated by animal marketing

units handled.

(5) To estimate a long run average cost function for the industry

to determine whether economies of size exist in Tennessee

auctions.



CHAPTER II

METHODOLOGY

I. METHODS OF COST ANALYSIS

Two methods of cost analysis were available in examining the cost

structure of Tennessee livestock auction markets, the economic-engineer

ing approach and the statistical accounting method. The economic-

engineering method is based upon the premise that marketing efficiency

depends upon operations being performed by economic units of the most

efficient design and size. Through synthetic construction, physical

input-output relationships must be converted to cost estimates.

Emphasis is placed upon the separate determination of the physical

relationships for each operation. Once input-output relationships

have been formulated for individual operations using the economic-

engineering method, costs of hypothetical plants may be determined as

easily as those of existing plants. This information may be used to

determine the optimal size and number of firms for an industry (3, 14).

The economic-engineering method is useful because more details of

plant organization are available after a least-cost type of plant has

been identified. Data requirements, however, are great because detailed

time and motion analyses of the production of each product or service

(using each available production process, at alternate rates of output

for each of several plants differing in size) must be developed. The

expense of this research may become prohibitive. Also, statistical

measurements of reliability are not available. The results obtained

13
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using this method can only be checked for accuracy by comparing results

with alternative sources of information (3, 14, 20).

The statistical accounting approach uses the cost accounting

records of existing firms as data for developing cost relationships.

Reliable cost records must be obtained from firms operating at various

levels of output over a common period of time.

With the statistical method, cost functions may be derived from

accounting data in either of two ways. The first is to obtain historical

cost-output data of a single plant that, over time, has not altered

plant size or technology, but has had a varied rate of output. Short

run cost functions may be developed using this data, and long run cost

functions may also be estimated if plant size has varied (11, 20). The

second form is to obtain a stratified sample of firms of various sizes,

each using the same accounting method and technology. The historical

record of costs and output of each sample firm is treated as one obser

vation. These data are used to determine average per unit costs, and

a regression equation may be fitted to these data to estimate a long

run average total cost function (20).

The statistical accounting method offers the advantages of lower

cost of data collection and preparation, and may provide statistical

measurements of reliability. A cost analysis based on accounting data

may produce a useful estimate of the economies of size present in an

industry, or the variation in relative efficiency among firms. For

these reasons, the statistical accounting method was employed in this

study of Tennessee markets.
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Cross-section data used in the statistical accounting method will

provide observations over a wide range of volume levels necessary for

long-run analysis. Data may be obtained for a relatively large number

of firms for a given time period, which is required for analysis of

long-run costs. Cross-section or stratified sample data is more appro

priate for an industry which is technologically stable, such as the

livestock auction market industry.

Use of stratified sample data may be improved by including multi-

period observations from each sample firm. The likelihood that firms

within the sample are operating near capacity and with least-cost methods

is greater when the firm's least—unit cost observation is selected from

a time series of observations (14).

II. MEASUREMENT OF OUTPUT

In order to derive specific unit cost-volume relationships, the

firms under consideration must be grouped into size categories according

to some measure of output. Several output classification criteria may

be used, including! (1) gross income; (2) value of livestock handled;

(3) investment; and (4) animal marketing units.

Grouping auctions based on gross income gives a superficial indi

cation of market size, but this figure may include income from sources

other than the auction market itself. Feed account or market support

income may be included in gross income, and therefore this would not

be a consistent measure for all firms. Neither value of livestock

handled nor investment accurately reflects output of firms on a basis

suitable for comparison.
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Animal marketing units (A.M.U.) classification requires that

heterogeneous livestock species must be converted to the common unit

of measure, A.M.U. The cost of handling and selling each species

varies, and the proportion of different types of livestock sold varies

among all markets. Therefore, a unit of each species of livestock

must be expressed as equivalent to the other species. The standard

A.M.U. is defined by U.S.D.A. as one cow, one calf, three hogs, four

sheep, or one horse (27, p. 7). These values were determined by

equating the amount of pen space and handling costs for each type of

livestock (27, p. 5).

Grouping auctions by A.M.U. is a more appropriate measure of

output of the firm than the other approaches mentioned. The A.M.U.

provides an unbiased and accurate measure of actual firm output. Thus,

in this study auction market output was in A.M.U.'s, and markets were

grouped into size categories based upon this output measure.

III. ECONOMIC THEORY OF COST FUNCTIONS

A long run average total cost (LRATC) function is one of several

cost estimates which may be used to illustrate the quantitative

relationship between volume of livestock handled and operating costs

incurred by auction markets. Estimation of such an LRATC function may

indicate whether the Tennessee livestock auction market industry exhibits

economies of size. Cost functions for livestock auction markets are

expected to conform to accepted micro-economic theory.
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Although auction market activity occurs in the short run, long run

cost estimates must be made when a market considers entering the industry

or altering its current scale of operation (14, p. 46). The short run

is defined as the period of time during which the quantities of some,

but not all, inputs can be varied. The fixed inputs such as plant size

and major equipment determine a firm's scale of operation. Total fixed

cost will remain constant regardless of the rate of output because the

quantity of fixed inputs is constant.

Certain other inputs such as labor can vary in quantity in the

short run and are known as variable inputs. A short run cost estimate

for a firm represents unit costs for variations in the volume handled

which do not require change in the scale of plant (7, p. 388). Short

run costs are incorporated into long run cost estimates, because a

short run total cost curve corresponds to any given set of fixed inputs

(5, p. 145).

Average costs are determined by the ratio of cost to quantity of

output, or in this case, volume of livestock handled. Short run average

cost curves are drawn with a 'U'-shape, and the shapes are reflections

of the efficiency with which resources are used by each size firm

(34, p. 152). A discrete set of short run curves demonstrates that

each firm size possesses a certain set of volumes which can be produced

most economically by that size firm. If the additional plants which

are possible to build are added to the set of cost curves, then it

would be shown that one rate of output exists which each of the plants

can produce at least cost (5, p. 145).
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Short run average fixed cost (SRAFC), average variable cost (SRAVC),

and average total cost (SRATC), may be calculated and illustrated

graphically. Average fixed cost declines as output increases, since

the total fixed cost remains unchanged while quantity of output increases

(21, p. 170). Initially, SRAVC decreases as output rises, but higher

average variable costs result beyond a certain output. Total costs

represent the sum of fixed costs and variable costs. Average total

cost will decrease for those rates of output where both SRAFC and

SRAVC fall. Average total cost reaches a minimum at a higher output

than does AVC, since rises in SRAVC are more than offset by decreases

in SRAFC at lower outputs (21, p. 171).

The long run time horizon differs from the short run in that the

firm's long run production function is the only technological constraint

upon production decisions (5, p. 140). All inputs are variable so a

firm can vary its plant and equipment in any manner. The firm must

therefore determine the optimal stock of plant and output, as well as

the optimal rate of combining expendable input factors used in pro

duction (5, p. 140).

In the long run, the firm selects its "rates of utilization of

variable inputs and its stock of fixed inputs to enable it to maximize

profits by producing its chosen rate of output at the minimum possible

total cost" (5, p. 165). The minimum possible cost for a particular

rate of output is indicated by the firm's long run total cost function.

The long run average total cost (LRATC) function may be determined

for any level by dividing the long run total cost for a given output

by the volume of output (27, p. 97). This LRATC function, or planning
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curve, is the locus of points representing the least possible average

cost of producing a particular amount of output using the optimum input

combinations and plant size for that amount of output (27, p. 19). It

illustrates changes in average costs associated with changes in auction

market size.

The LRATC function is an 'envelope curve' to the short run average

cost curves. It is a continuous curve drawn tangent to the group of

SRATC functions, each representing a different scale of plant and

equipment (5, p. 155). The minimum point of the LRATC curve indicates

the least-cost, most efficient size of plant and plant output and

represents long run industry equilibrium.

The LRATC function, in theory, would decrease at a decreasing

rate over the small firm sizes and may or may not turn up for very

large sizes. The shape of the LRATC estimate is determined by economies

and diseconomies of size. Economies of size cause the LRATC function

to decline as output rises while diseconomies are indicated by a rising

LRATC. The relationship between LRATC and SRATC curves is illustrated

in Figure 1. The efficient firms' average cost and output are illus

trated by AC and Q respectively.

IV. METHODS USED TO ESTIMATE THE LONG RUN

AVERAGE TOTAL COST FUNCTION

Cost functions for livestock auction markets are expected to con

form to accepted micro—economic theory. With this conceptual background,

both the structure of economies of size and a least-cost firm size may

be determined by estimating a long run average total cost function (27).
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The ordinary least squares (OLS) method of regression is commonly

used in cost studies due to familiarity and low cost. This approach

uses cross-section data in a regression of total unit cost on output

to estimate the LRATC function.

The use of a frontier function to estimate an LRATC function has

been suggested as an alternative approach to the OLS method. Bressler

proposed that a frontier function may more accurately reflect the true

LRATC curve than that provided by a regression line. Miller and Nauhein

suggested that the solution to an economies of size study may be found

utilizing a minimized linear programming model. Hazell incorporated

the mean absolute deviation linear programming model as an alternative

to quadratic programming in formulating efficient farm plans. Other

work concerning the use of frontier functions has been conducted by

Farrell and Fieldhouse, Seitz, and Aigner and Chou (1, 8, 15, 23, 26).

In order to obtain an envelope curve fitted to the bottom of the

point scatter of unit cost plotted against volume, this study incorpor

ated the minimum absolute deviations (MAD) method using linear program

ming techniques (26). Minimization of the mean absolute deviation

between actual average total cost and estimated average total cost,

subject to the constraint that estimated average total cost be less

than or equal to actual average total cost, results in an envelope

function fitted to the bottom of the scatter diagram of individual firm

average total costs and volume.

Although the frontier function has not received widespread use

by researchers in estimating industry cost functions, this approach

may be a more appealing estimator of the LRATC function than the OLS
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method. The OLS method produces a function which indicates the mean

unit cost incurred on the average by markets of a certain size. However,

since the observations on cost actually represent firms operating at

various points along numerous short run average cost curves, the OLS

method actually produces a function showing expected short run average

cost at a series of volumes. This function must be above the envelope

LRATC assuming small errors of measurement in the observations. A

frontier function fitted to the lower extremes of the scatter of cost-

volume observations would more closely approach the theoretical notion

of an LRATC curve which is an envelope to the short run average cost

curves.

Although the frontier function more accurately resembles the

theoretical LRATC curve, measurement error may have a greater influence

on the results of this method than the OLS method. The frontier

function is constrained by the location of a few points at the lower

extreme of the scatter of average costs for any given volume. Thus,

errors in measurement in these few observations may have a disproportion

ately large impact on the estimated function.

Because both the OLS method and the frontier function method of

estimating an LRATC function may be useful in describing a long run

cost function, each of these approaches was utilized to estimate a

long run average total cost function for the Tennessee livestock auction

market industry.



23

V. MODELS USED TO ESTIMATE THE LONG RUN

AVERAGE TOTAL COST FUNCTION

Economic theory suggests a cost function which would decrease at

a decreasing rate. Four functional forms were hypothesized as potential

forms for the Tennessee auction market LRATC:

(1) Y = a + b^X + b2X^

(2) Y - . + bJ

(3) Ln Y = a + b^ Ln X

(4) Y . b + b J ^2

where; Y = Total cost per animal marketing unit (AMU)

X = Number of A.M.U.'s handled per year.

Equation (1) is a quadratic form. This describes a cost function

which is consistent with economic theory of the behavior of an LRATC

function. This estimate would decrease at a decreasing rate, reach a

minimum, and then increase at an increasing rate, that is, turn up at

the end.

Equations (2) and (3) exhibit asymptotic characteristics. As the

curves approach zero, they flatten out, but they never reverse their

slope. Equation (3), the log function, tends to modify the curve as

if the abscissas were compressed near zero, and stretched out in the

higher values. This function is either convex or concave from above

when b is positive, but if b is negative, the curve will always be

concave from above. Log curves nearly always become asymptotic, because

a log cannot be obtained from a negative number.
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Equation (4), a hyperbola, also becomes asymptotic as it approaches

both the X and Y axes, even if one or both variables are negative values.

This model utilizes the reciprocals of the independent variables of the

quadratic equation as independent variables.

Using the MAD method, a long run average cost function of the

form ~ ^l^i ^i

where: = Actual average total cost for market

= Volume (output) handled by market

E. = Random error term
1

may be estimated by constraining b^ + b^X^ ̂  Y^, that is ^ 0. Only

efficient firms will satisfy the equality, since the remainder of firms

produce at a cost above the frontier function.

Because an infinite set of b^ will satisfy the above condition,

an optimizing criterion must be imposed. Minimizing the linear sum of

the errors (E^) forces the estimated cost function to lie as near the

center of the scatter as possible, subject to b^ + b^X^ — ̂ i'
n

Expressing the term E E as a linear function of b + b X,, thei^l i O il

the programming problem is:

n n

Minimize: E E = E (Y ~ b + b X )
i=l ^ i=l ^ ^

Subject to: b- + b.X < Y
0 11—1

b. + b,X < Y
0 1 n — n
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Because the Y. term is constant for any specific observation, minimizing

n

E E, maximizes + b,X.. Thus Y. may be eliminated and the program-
1-1 ^ o il 1

ming problem becomes:

n n n n

Maximize: b. T, (1 ) + b Z (-1.) + b I (X ) + b T. (-X )
" i=l ^ ^ i=l ^ i=l ^ i=l

Subject to: b^ (1) + b^ (-1) + b^ (X^) + b^ (-X^) £ Y^
• 1 • • •
• » » •

• « • •

b- (1) + b, (-1) + b_ (X ) + b (-X ) < Y
0 1 z n i n — n

(bQ, b^, b^ 1 0).

The negative volume variables are included because linear program

ming does not allow negative activity levels. To allow the b coefficients

to be negative, the X^ terms were included once as positive and once as

negative.

To estimate the frontier function as accurately as possible, the

exact functional form specified will be the same as the OLS equation

which provides the best explanation of the variability in Y. No statisti

cal measures of significance are provided by the frontier function, so

the proper form of the function is crucial to correctly identifying the

LRATC estimate. Because the MAD approach incorporates the theoretical

envelope concept of an LRATC estimate. Because the MAD approach incor

porates the theoretical envelope concept of an LRATC, a properly-

specified frontier function may be preferred to the OLS estimate as the

true long run average cost estimate for Tennessee livestock auction

markets.
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VI. SOURCE OF DATA

Data for the cost analysis of Tennessee livestock auction markets

were gathered from the Packers and Stockyards Administration Form 130

for 1978 and 1980. All auctions in operation in Tennessee are required

to file this report annually with the P&SA, U.S.D.A., Memphis area.

The Form 130 is an annual report including a balance sheet of

assets and liabilities, reconciliation of net worth, summary of income

statements, a separate income statement for the auction activity,

detail of market support activity and dealer operations, and volume

of livestock handled during the year. Results of this study were based

upon figures derived from pages two through six of the nine-page report.

The 1980 Form was shortened to four pages, and all four pages were used.

The name and address of each auction operator was deleted from the

report to insure confidentiality of the accounting records.

A total of 118 Annual Reports of Tennessee auction markets were

collected from the Memphis office. Of these reports, 61 observations

were from 1978 and 57 were from 1980. After examining the data, how

ever, only 55 observations from 1978 and 46 from 1980 were used.

Several reports were deleted because they contained insufficient cost

data to be of use. Others were dropped from the study because of

incomplete information concerning the volume of livestock handled.

Other reports deleted represented markets which only conducted horse

sales. These data were not included because they did not reflect a

typical auction market operation. Some firms terminated business

operations during the year, thus reporting incomplete data. Several
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reports were deleted because Inconsistent accounting practices were

reflected.

Data from both 1978 and 1980 were combined to estimate the long

run average total cost function. The 1980 costs were deflated to 1978

dollars by the Index of Prices Paid by Farmers. This accounted for

inflationary rises in prices which could distort true cost comparisons

between 1978 and 1980 data (29, 30).

Markets were divided into seven size categories. Parameters of

these categories and the number of auctions in each category are shown

in Table 1.

VII. DETERMINATION OF SPECIFIC UNIT

COST-VOLUME RELATIONSHIPS

To identify key factors of firm efficiency in Tennessee livestock

auction markets, specific unit cost—volume relationships were derived

for the various size categories of auctions. By examining the composition

of the cost structure, inefficient areas of market operation may be

identified. These figures may also be compared to determine whether

larger markets incur lower costs than do smaller markets. Each of

these costs was expressed in per-unit figures by dividing the total

expense by the volume of livestock handled to yield the cost incurred

for each A.M.U. handled. For each size category, the mean, standard

deviation, and minimum and maximum values were determined. This infor

mation will aid in determining the existence of economies of size in

Tennessee auction market operations.
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Table 1. Number and Average Volume for Livestock Auction Markets by
Size Group, Tennessee, 1978 and 1980

Volume Handled

Per Year

1978
Number Average
of Volume

Markets Handled

1980
Number Average

of Volume

Markets Handled

(A.M.U.)

Less than 9,000

9,000 - 17,999

18,000 - 26,999

27,000 - 35,999

36,000 - 44,999

45,000 - 53,999

More than 54,000

7

15

13

4

5

7

4

(A.M.U.)

5,814

13,810

21,648

31,244

39,455

51,453

75,412

14

14

5

6

2

3

2

(A.M.U.)

5,840

13,115

20,892

32,276

40,711

46,046

69,702
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Expenses were classified as either fixed costs or variable costs.

Fixed costs were composed of: total depreciation, taxes (excluding

income taxes), other insurance, legal fees, interest, and licenses

and premiums. Variable costs included: unemployment insurance, salaries,

rent, utilities, travel and auto, advertising, supplies, bad debts,

trucking, maintenance, miscellaneous labor, and miscellaneous expenses.

Average fixed costs, average variable costs, and average total costs

were calculated for each year of operation, and also for the two years

combined. Average total costs were then used in estimating the LRATC

function based upon each individual operation.

Other characteristics of auctions and auction market ownership

were also determined. Group averages for each asset held, liability

incurred, net worth, or income source were found. These values may

describe any differences in investment, liabilities, net worth, or

profitability which may occur between small and large sizes of auction

markets.

Through examination of these specific unit cost-volume relation

ships, and through the estimation of a long run average total cost

function, the existence and magnitude of economies of size in the

industry may be identified.



 

 

CHAPTER III

DESCRIPTIVE ANALYSIS OF AUCTION MARKET OPERATIONS

I. COST ANALYSIS

The relationships between specific unit costs and volume were

examined to determine whether certain market sizes employ particular

types of resources more efficiently than others. By determining the

composition of operating costs for all markets, auction owners may

become aware of inefficiencies or areas for improvement in their own

operations. Results of these investigations are reported below:

Fixed Costs

Depreciation. Per unit depreciation costs include building,

equipment and machinery, and automobile depreciation charges. Gener

ally depreciation costs declined as market size increased, although

there were several exceptions during both years (Table 2). In 1978,

average costs fell from Group I through Group III, but Group IV firms

reported higher costs.^ Expenses for Groups V and VII continued the

pattern decline, although Group VI costs increased slightly. The

^Size groups defined as:
Size Group Animal Marketing Units Handled

I Less than 9,000
II '9,000-17,999
III 18,000-26,999
IV 27,000-35,999
V 36,000-44,999
VI 45,000-53,999
VII More than 54,000

30
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largest average depreciation charge was reported by Group I in 1978,

while Group VII firms incurred the lowest per unit cost.

During 1980, unit charges generally declined, although Groups

III and VI incurred somewhat higher costs than the other firms.

Groups I and VII again averaged the greatest and least costs per

unit, respectively. The average depreciation cost for all firms

during 1978 and during 1980 were $.134 and $.128, respectively, while

the two-year average charge was $.131. During 1978, unit deprecia

tion charges represented the third largest fixed cost, while in 1980

this was the fourth highest fixed expense. A complete summary of

depreciation charges is given in Table 2.

Insurance (Other than unemployment). Markets pay insurance premiums

for protection against theft, fire, liability for personal injury, and

injury to or death of livestock on market premisies, or enroute to and

from the auction. Insurance costs during both years declined from

Group I through IV, then increased for firms in Group V (Table 2). The

per unit insurance expense then fell through the remaining groups, with

Group VII paying the least amount for each year. The largest cost was

incurred by the smallest markets during 1978 and 1980, indicating that

cost economies exist for the larger markets in this study. The mean

insurance expense per unit in 1978 was $.257, rising to $.345 during

1980. Insurance ranked as the largest component of fixed costs for

firms during both years, comprising 35 percent of fixed expenses in

1980.

Interest. Per unit interest expenses were smallest for the

largest volume market groups, with intermediate-sized groups incurring
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the highest costs during both 1978 and 1980 (Table 2). In 1978, firms

in Group IV reported the greatest interest charge with Group VII markets

handling less than 27,000 A.M.U.'s annually achieved lower average

costs than did those firms with volume between 27,000 A.M.U.'s. The

average interest charge for all auctions in 1978 was $.10, the fourth-

largest fixed expense. During 1980, markets incurred an average per

unit cost of $14, with interest ranking as the third greatest portion

of fixed expenses.

Taxes (excluding income taxes). The per unit group tax costs did

not indicate a relationship between size of market and tax expenses

per A.M.U. handled. During 1978, Group V firms incurred the lowest

tax expense, while markets in Group VI reported the largest costs. In

1980, however, the largest per unit tax cost was incurred by Group V,

and the smallest tax expense was reported by the largest volume group.

Group VII. The 1978 average tax expense for all markets was $.137,

but this figure more than doubled to $.283 for the 1980 average tax

cost. During both years of operation, taxes were the second largest

component of fixed costs. Table 3 shows the per unit tax charges for

each volume category.

Licenses and Premiums. Licenses are purchased by auction markets in

order to operate, and certain employees such as weighmasters are re

quired to be bonded. Bonding requirements, which are based upon the

size of livestock receipts, guarantee sellers that they will receive

payment for any livestock which are consigned to the market. Per unit

costs for licenses and premiums declined as market size increased.
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although the costs were the smallest component of fixed costs during

both 1978 and 1980 (Table 3). The average unit cost in 1978 and 1980

was $.023.

Legal and Accounting Fees. These per unit fixed expenses were

lowest for the largest markets and highest for the smallest firms,

showing a definite cost-volume relationship (Table 3). During 1978,

legal fees fell from $.109 for Group I to $.009 for Group VII firms,

while in 1980, costs ranged from $.083 for Group I to $.009 for Group

VII. The average legal fee expenses in 1978 was $.048, and the 1980

group average was $.060. This was the fifth—largest fixed cost in

both years.

Total Fixed Costs. During 1978, the largest average total fixed

costs were reported by markets handling less than 9,000 A.M.U.'s

per year. The lowest costs were incurred by the largest size group,

handling more than 54,000 A.M.U.'s (Table 4). There was a significant

cost decrease realized by the large markets as costs fell from $1,120

for Group I to $.348 for Group VII. Firms in Group IV incurred the

second-largest fixed costs, suggesting that intermediate size markets

may be less efficient than either the very small or very large auctions,

These firms handling 45,000 to 54,000 A.M.U.'s have the large capacity

and thus incur higher fixed costs of operation to support a large

volume of livestock. By not handling as much volume as larger markets,

however, firms in these intermediate groups (IV and V) are at a cost

disadvantage compared to either larger of smaller markets.
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Table 4. Per Unit Fixed Costs, for Tennessee Livestock Auction
Markets, by Size Group, 1978 and 1980 (Actual Dollars
Per A.M.U.)

Size Std.

Year Group Mean Dev. Range

1978 I $1,120 .431 0.64—1.92

II 0.808 .370 0.18—1.35

III 0.529 .178 0.12—0.72

IV 0.949 .410 0.47—1.44

V 0.489 .232 0.25—0.79

VI 0.582 .250 0.18—0.80

VII 0.348 .216 0.15—0.63

All 0.701 .373 0.12—1.92

1980 I $1,261 .811 0.18—2.93

II 0.823 .339 0.22—1.59

III 1.162 .526 0.60—1.90

IV 0.787 .330 0.48—1.26

V 1.318 .435 1.01—1.63

VI 0.812 .053 0.76—0.87

VII 0.254 .018 0.24—0.27

All 0.984 .579 0.18—2.94

1978 & 1980 $0,830 .496 0.12—2.94
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The highest per unit cost during 1980 was reported by Group V,

$1,318, followed by Group I firms with a cost of $1,261. This pattern

is similar to that found in 1978, with intermediate size markets incur

ring costs as high or higher than the smallest firms. The lowest

cost reported by firms in 1980 was by Group VII, $.254. These facts

indicated that economies of size are realized by large markets in the

payment of fixed costs.

The composition of total fixed costs may be examined to identify

the large components of this expense. For all auctions in 1978 and

1980 combined, other insurance was the largest single fixed cost,

representing 36 percent of total fixed cost. Taxes were the second-

highest fixed cost, making up one-fourth of this cost category.

These two costs represent over two-thirds of the average fixed cost

figure. Because of the nature of fixed costs, these expenses do not

vary with the level of output, but remain constant in the short run

view of operation. Insurance is a required expense for any business,

and taxes also do not offer an alternative for decreasing costs. In

this aspect, auction markets have little opportunity to significantly

decrease unit fixed costs other than by increasing the level of output

over which these costs may be spread. Table 5 illustrates the percen

tage of fixed costs each component of cost contributes.

Variable Costs

Salaries. The salaries expense included both salaries of owners

and of employees. Salaries reported by markets during 1978 did not
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Table 5. Specific Unit Fixed Costs, Means, and Rank in Relation to
Total Fixed Costs, for Tennessee Livestock Auction Markets,
by Year, 1978 and 1980 (Actual Dollars per A.M.U.)

% of Standard

Year Cost Rank UTC Mean Deviation

1978 Other Insurance 1 37 $.257 .151

Taxes 2 20 .137 .111

Depreciation 3 19 .134 .165

Interest A 15 .103 .148

Legal Fees 5 7 .048 .099

Licenses/Premiums 6 2 .021 .038

Unit Fixed Costs $.701 .370

1980 Other Insurance 1 35 $.345 .216

Taxes 2 29 .283 .215

Interest 3 15 .144 .236

Depreciation 4 13 .128 .173

Legal Fees 5 6 .060 .072

Licenses/Premiums 6 2 .024 .072

Unit Fixed Costs $.908 .580
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exhibit economies of size (Table 6). The average unit salary cost

among small markets was lower than that incurred by large markets.

Some small unincorporated market owners may not receive a salary until

other expenses have been met, receiving any excess returns as a salary.

Thus, a salary expense may not be included in a small market's wage

expense. This omission will be reflected by a lower total salaries

cost. Larger markets, often incorporated, pay the operator a salary,

and thus the total wage compensation would be reflected in total salaries.

The smallest average per unit total salary cost during 1978 was

paid by Group III, while the largest salary expense was incurred by

firms in Group II (Table 6). Group I and Group VII had the second and

third lowest salaries expense, respectively.

During 1980, markets did exhibit economies of size with respect to

salaries expense. Group I auctions reported the largest unit salaries

cost, while markets in Group VII paid the lowest cost for the year.

Salaries declined from Group I through III, but Groups IV and V showed

increased costs. Expenses for Groups VI and VII then continued to

decline. Costs fell from a high of $3,712 to the low of $2,220 per

unit handled. During 1978 and 1980, the salaries expense was the

single largest variable cost incurred, comprising 60 percent of unit

total variable costs.

Unemployment Insurance. These insurance expenses tended to decline

as level of output increased. The largest cost in 1978, however, was

incurred by Group V firms $.114, while Group I followed with the second-

largest cost of $.008 (Table 6). The smallest unit cost was reported

by Group VI, $.017, and Group VII ranked next with a cost of $.032.
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Costs during 1980 were less related to firm size, with Group II

markets reporting the highest cost. Groups III, V, and VI did not

report any unemployment insurance cost. Group IV reported a cost of

only $.008, the lowest cost for 1980. This expense ranked as the tenth-

largest variable cost in 1978, and the eleventh-largest in 1980.

Utilities. Per unit utility costs decreased as firm size in

creased during 1978 and 1980 (Table 6). In 1978, Group I incurred the

largest utility expense, while Group VII firms reported the lowest

cost. Costs declined through Group III, and again for Groups V through

VII, But Group IV reported higher, rather than lower, costs. During

1980, Group I again incurred the largest per unit costs, and Group V

markets reported the smallest utility expense. This was the second

largest component of variable costs for both years of operation.

Travel and Auto. Expenses for travel and auto were not related

to volume of output, as they varied greatly during both years (Table

7). In 1978, the highest unit costs were reported by both the smallest

and largest size groups, with the intermediate size firms incurring

lower costs. The high cost incurred by Group VII may be related to

the amount of dealer operation activity which the firms were engaged in.

The smallest cost incurred in 1978 was by Group VI, $.034. During 1980,

Group III costs were the largest, while Group VII firms reported the

lowest travel and auto expenses. This cost represented the ninth-

largest component of variable costs in 1978, and the tenth-largest

in 1980.
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Advertising. Markets incur advertising costs through newspapers,

radio, television, handbills, and signs. Per unit advertising expenses

were lower for the larger size markets than they were for intermediate

or smaller firms during both years (Table 7). In 1978, Group V re

ported the greatest advertising expense, with Group VII paying the

smallest amount. Group IV firms in 1980 incurred the largest per

unit cost, while Groups V and VI reported the lowest cost. Advertising

expenses were the tenth-largest variable expense during both 1978 and

1980.

Supplies. The supplies expense included routine office supplies

(postage and stationary), yard supplies (weight tickets, receipt forms),

and veterinary supplies. Unit costs for supplies declined from a high

of $.282 by Group I firms to a low of $.044 for Group VII in 1980

(Table 7). No such economies were reported in 1978, however, as

costs rose from $.121 for Group I to $.159 for Group VII, with inter

mediate size markets incurring even higher costs. In 1978, Group I

incurred the lowers supplies expense, with Group IV paying the largest

per unit cost. This was the sixth-largest available cost in 1978 and

the seventh-largest in 1980. The two-year average unit expenses

was $.167.

Rent. There appeared to be no relationship between unit rental

costs and fiirm size during either year. The largest expense in 1978

was incurred by Group I, while Group IV firms paid the lowest rental

expense. The highest rental cost in 1980 was reported by Group IV,

however, and the lowest charge was by Group VI. The 1978 average
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rental expense of $.16 ranked as the fifth-largest variable cost,

and the 1980 average of $.32 was the fourth-largest such expense,

seen in Table 8.

Bad Debt. This expense was abnormally high for several size

groups in both 1978 and 1980, but this cost was not related to firm

size (Table 8). Bad debts are reflective of a market's effectiveness

in choosing good credit risks. During 1978, the highest bad debt

expense was reported by Group V, and Group VII reported the lowest

cost. In 1980, Group I firms had a bad debt expense of $.73, the

year's high. Groups VI and VII incurred the lowest cost, $.03,

although Groups III and V did not report a bad debt cost. In 1978,

bad debt expenses were the third-largest cost, and the fifth-largest

component in 1980.

Trucking. Trucking is provided for transporting livestock

purchased for market support. This expense was not found to be related

to market volume during either year (Table 9). The lowest cost in 1978

was paid by Groups I and III, while Group IV reported the highest

expense. During 1980, Group III and Group VI incurred the lowest and

highest costs, respectively. The two-year average trucking expense

was $.122, and this was the eighth-largest component of variable cost

during both years.

Miscellaneous Labor. Expenses for miscellaneous labor included

wages paid other than salaries of employees and owners. Also included

in this category were fees paid to auctioneers, veterinarians, contract
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labor, and services such as janitorial cleaning. This cost was not

related to the volume of livestock handled. Group VII firms incurred

the highest per unit cost in 1978, while Group III reported the

smallest expense (Table 9). During 1980, Groups I and V had the

largest cost, and Group II paid the lowest unit expense. There was

no pattern of consistent increases or decreases in costs for either

year. This cost represented the tenth-highest variable cost in 1978,

and the ninth-highest variable cost in 1980.

Miscellaneous Expenses. The miscellaneous expenses category in

cluded any other costs which were not previously accounted for. Such

costs as losses on dead livestock and grading and canning were included.

There was no relationship between miscellaneous costs and market size.

During 1978, Group VI firms incurred the lowest costs, while the largest

expenses were paid by Group IV markets (Table 9). The largest size

of markets. Group VII, reported the third lowest costs. Firms in

Group VI incurred the highest expenses in 1980, however, and Group V

markets reported the smallest expenses. During 1978, these costs

were the fourth-largest component of variable costs, and in 1980, the

third-highest variable expense. The two-year average cost was $.242.

Total Variable Costs. Average total variable costs per A.M.U.

for markets during 1978 varied from a low of $2,883 for Group III, to

the high of $4,073 for Group V (Table 10). Group VII, the largest

market size, reported the second-lowest variable cost, $3,166, followed

by Group VI with a cost of $3,292. Thus, the two largest volume groups

incurred the second and third lowest variable costs. This indicates
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Table 10. Per Unit Variable Costs for Tennessee Livestock Auction

Markets, by Size Group, 1978 and 1980 (Actual Dollars
Per A.M.!u.)

Size Std.

Year Group Mean Dev. Range

1978 I $3,434 1.070 1.58— 5.00

II 3.784 0.771 2.96— 5.48

III 2.883 0.754 2.05— 4.61

IV 3.984 1.061 2.84— 5.39

V 4.073 0.873 3.03— 5.03

VI 3.292 0.783 2.24— 4.60

VII 3.166 0.891 2.58— 4.47

All 3.460 0.902 1.58— 5.49

1980 I $7,350 3.433 3.17—16.25

II 4.277 0.903 2.97— 6.10

III 4.176 1.144 2.15— 4.90

IV 5.098 0.924 3.95— 6.44

V 4.189 0.481 3.85— 4.53

VI 4.868 0.921 3.98— 5.82

VII 3.122 0.821 2.53— 3.69

All 5.293 2.443 2.15—16.25

1978 & 1980 $4,294 1.992 1.58—16.25
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that some size advantage is possible at the largest volume levels, but

not at the intermediate size levels. The largest component of variable

cost in 1978 was salaries, comprising 60 percent followed by utilities

at 7 percent (Table 11). The average unit variable cost in that

year was $3,460.

During 1980, a similar cost-volume relationship was identified.

The largest variable cost was reported by Group I, $7,350, followed by

Group IV at $5,098. Group VII incurred the lowest unit variable cost of

$3,122, with Group III next at $4,176 and Group V at $4,189. Thus,

the largest size of markets realized reduced costs, but costs of small

and intermediate size firms varied, as the intermediate level markets

(Groups IV and V) reported higher costs than markets either slightly

smaller or larger. The largest component of variable costs in 1980

was, again, salaries representing 59 percent of these expenses. The

second-largest variable cost was utilities, at 7 percent. The average

per unit variable cost in 1980 was $5,293.

Average Total Cost. Composed of total fixed cost and total variable

cost, average total cost exhibited the same pattern as average variable

cost (Table 12). Per unit total costs declined up until the inter

mediate size markets, where they rose again. Costs declined through the

largest volumes of market size afterwards. The largest unit total cost

in 1978 was incurred by Group IV firms, $4,933. The lowest unit charge

was reported by Group III at $3,412, followed by Group VII, $3,514 and

Group VI, $3,874.

The 1980 results behaved in a similar manner. Group I incurred

the largest cost of $8,611. Costs fell, and then alternately rose
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Table 11. Specific Unit Variable Costs, Means, and Rank in Relation
to Total Variable Costs, for Tennessee Livestock Auction
Markets, by Year, 1978 and 1980 (Actual Dollars Per A.M.U.)

% of Standard
Year Cost Rank UTC Mean Deviation

1978 Salaries 1 60 $2.06A 0.669
Utilities 2 7 0.226 0.125
Bad Debt "5 6 0.218 0.A91
Miscellaneous A 5 0.170 0.186

Rent 5 5 0.161 0.3A5
Supplies 6 A 0.153 0.118

Maintenance 7 A 0.129 0.106
Trucking 8 2 0.08A 0.2A9
Travel and Auto 9 2 0.070 0.125
Advertising 10 2 0.063 0.063
Unemploj'ment Insurance 11 2 0.061 0.093
Miscellaneous Labor 11 2 0.061 0.116

Unit Variable Costs $3.A60 0.900

1980 Salaries 1 59 $3,121 1.178

Utilities 2 7 0.3A7 0.216

Miscellaneous 3 6 0.328 0.322
Rent A 6 0.323 0.631

Bad Debt 5 5 0.263 0.68A
Maintenance 6 A 0.219 0.298

Supplies 7 3 0.18A 0.236

Trucking 8 3 0.167 O.AOO

Miscellaneous Labor 9 2 0.12A 0.212

Advertising 10 2 0.101 0.119
Travel and Auto 11 2 0.100 0.198

Unemployment Insurance 12 .30 0.016 0.050

Unit Variable Costs $5,290 2.A40



Table 12. Per Unit Total Costs, for Tennessee Livestock Auction
Markets, by Size Group, 1978 and 1980 (Actual Dollars
Per A.M.U.)
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Size Std.

Year Group Mean Dev. Range

1978 I $4,553 1.218 2.32— 6.35

II 4.592 0.876 3.46— 6.26

III 3.412 0.840 2.35— 5.25

IV 4.933 1.349 3.31— 6.47

V 4.562 0.946 3.56— 5.82

VI 3.874 0.885 2.52— 5.40

VII 3.514 1.067 2.79— 5.10

All 4.160 1.070 2.32— 6.47

1980 I 8.611 3.692 3.50—16.97

II 5.099 1.024 3.48— 6.95

III 5.339 1.559 2.75— 6.80

IV 5.885 0.880 4.59— 6.95

V 5.507 0.916 4.86— 6.16

VI 5.679 0.895 4.79— 6.58

VII 3.366 0.839 2.77— 3.96

All 6.277 2.699 2.75—16.97

1978 & 1980 5.124 2.240 2.32—16.97



52

and declined between Groups III and VII. Group VII reported the lowest

charges, $3,366, while Group II firms incurred the second lowest unit

total cost. A significant cost advantage was thus realized by the

largest group of markets. Groups V and VI, although incurring costs

lower than those reported by the smallest market volumes, did not

achieve costs as low as those markets handling volumes between 9,000

A.M.U.'s and 27,000 A.M.U.'s.

These higher costs for markets in Groups V and VI may have led to

the decline in the number of auctions in these categories between 1978

and 1980. Reference to Table 1, page 27 indicates that the number of

markets in Group V fell from five in 1978 to two in 1980. The number

of auctions in Group VI declined also, from seven in 1978 to three in

1980. The number of firms in Group I, however, doubled between

1978 and 1980.

The structure of unit total cost, shown in Table 13, for all

auction markets in this study, indicates that salaries was the largest

component of costs. Representing 50 percent of unit total costs, this

variable input comprises a much larger proportion of total costs than

any other expense. Insurance ranked as the second-largest component

of average total cost, but it comprised only 7 percent of ATC.

Reference to Table 6 and Table 12 indicates that during 1978 and

1980, the size group which reported the lowest salaries expense per

unit also incurred the lowest average total cost. This confirms the

belief that utilizing labor more efficiently could significantly

decrease ATC for a market. As labor costs continue to rise, more

efficient organization and utilization of labor will become crucial

to livestock auction market profitability and survival.
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Table 13. Specific Unit Costs, Means, and Rank in Relation to Total
Costs, for All Tennessee Livestock Auction Markets, 1978
and 1980 (Actual Dollars Per A.M.U.)

Mean Unit Standard % of Total
Cost Category Rank Cost Deviation Costs

Salaries 1 $2,546 1.071 49.7
Insurance 2 0.338 0.199 6.6
Utilities 3 0.281 0.182 5.5
Miscellaneous A 0.242 0.267 4.7
Bad Debt 5 0.238 0.584 4.6
Rent 6 0.235 0.500 4.6
Taxes 7 0.204 0.181 4.0
Maintenance 8 0.170 0.219 3.3
Supplies 9 0.167 0.181 3.3
Depreciation 10 0.131 0.168 2.6
Interest 11 0.122 0.193 2.4
Trucking 12 0.122 0.327 2.4
Miscellaneous Labor 13 0.090 0.169 1.8
Travel and Auto 14 0.084 0.162 1.6
Advertising 15 0.080 0.094 1.6
Legal Fees 16 0.054 0.127 1.1
Licenses and Premiums 17 0.023 0.056 0.4

Total Costs $5,124
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Although insurance expenses are the second-largest component of

average total cost, these costs seem to offer less opportunity for

significant cost reductions in ATC. Because both unemployment insur

ance and other insurance are included in this category, fixed and

variable expenses are to be considered. Little opportunity may exist

to increase the efficiency with which insurance inputs are used.

Utilities and miscellaneous expenses also were ranked highly in

the composition of average total cost, although these represented

only 6 and 5 percent, respectively, of ATC. These variable costs

offer additional opportunity to reduce operating expenses by more

efficient use of utilities and a more consciencious awareness of

charges made to the miscellaneous account.

II. ASSET ANALYSIS

Several important categories of assets held by livestock auction

markets were also examined. In attempting to establish a relationship

between the actual dollar value of the asset and market output, useful

descriptive information concerning the various sizes of markets was

obtained.

Current Assets

Accounts Receivable. Group averages for total accounts receiv

able indicated that no relationship existed between auction market

volume and the value of this current asset. During 1978, the largest

auctions reported the smallest accounts receivable, and the smallest

auctions held the second-smallest account. Firms in Group III, hand

ling 18,000 to 26,999 A.M.U.'s, reported the largest receivable asset.
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For markets operating in 1980, Group V firms held the lowest value

of this account, while markets in Group II reported the largest value.

The average accounts receivable asset value in 1978 was $57,439, but

this figure increased to $66,417 for firms in 1980 (Table 23, Appendix).

Total Current Assets. This value included cash, inventories, mar

ketable securities, accounts receivable, notes receivable, and other

current assets. Market volume was not related to this asset except

for the smallest size group. Auctions in Group I reported the lowest

value of total current assets, while Group III firms held the largest.

During 1980, markets in Group I also had the smallest value, with

Group V reporting the greatest amount of current assets. The value of

total current assets rose from an average of $80,376 in 1978 to $89,186

during 1980 (Table 23, Appendix).

Fixed Assets

Land Value. The fixed asset of land value reflects the worth of

the property upon which the auction is located. Because the P&SA

Form 130 did not specify, the value reported may have been either the

current value or the purchase price of the land when it was obtained.

The land value of markets was consistent with the volume of live

stock handled for auctions in 1978, but not in 1980. The firms with

the least level of output reported the lowest land value in 1978 and

1980. Group VII, the largest size of markets, had the greatest value of

this fixed asset in 1978, but Group II firms reported the largest value

in 1980. The two-year average land value of markets was $16,171

(Table 23, Appendix).
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Depreciated Building Value. The method of depreciation used by

markets may vary, but the value reported by auctions was treated as

though these were comparable. Group I firms had the lowest value for

both years, which was consistent with the land value results. During

1978, markets in Group III reported the largest depreciated building

value, while Group VI firms had the largest value in 1980. The 1978

average for this fixed asset was $50,556, and this value had risen to

$53,285 by 1980 (Table 24, Appendix).

Total Fixed Assets. For markets operating in 1978, a direct

relationship existed between total fixed assets and the volume of

livestock handled. The lowest and highest values for total fixed

assets were reported by the smallest and largest sizes of markets.

During 1980, the smallest asset value was again held by Group I, but

the largest account was reported by firms in Group II. This was due

to Group II*s largest land value and second-largest depreciated

building value. The average total fixed asset value for all markets

in both years was $59,792 (Table 24, Appendix).

Total Assets. Although the value of all assets rose as market

volume increased, the largest amount of total assets owned was not

reported by the Group VII markets. During 1978 and 1980, Group I

firms held the lowest value of assets. Group III reported the largest

total assets in 1978, but a large portion of this value was in the

form of accounts receivable. In 1980, Group II markets had the

greatest asset value. Thus, the highest total assets figures were

reported by the two groups which also reported the largest accounts
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receivable value. This may indicate that these smaller auctions were

slower in collecting those accounts due them, or they may have been

more willing to extend credit to buyers than the markets of larger

size. The value of total assets increased from $137,042 in 1978 to

$141,270 in 1980 (Table 24, Appendix). Results for 1980, however,

did not include values for the Group VII markets, because these firms

did not include this information on the Form 130.

III. LIABILITIES ANALYSIS

Total Current Liabilities

The actual dollar value of liabilities represents total accounts

which are due and payable within one year. No relationship was found

between market volume and current liabilities. During 1978, firms

in Group II reported the lowest value, while Group III owed the largest

amount. Group IV reported the second-highest current debt, although this

situation changed in 1980, as Group IV incurred the lowest total value

for that year. Firms in Group II had the largest current liability

value in 1980. This liability rose from a 1978 average of $43,159

to $53,370 in 1980 (Table 25, Appendix).

Long Term Liabilities

The total value of this liability indicates mortgage payments or

other payments not due within the current year. The lowest of these

accounts was owed by Group I in 1978 and Group III reportej^ the largest

value. Group III also incurred the largest current liabilities in

that year. The same results were found in 1980, with Groups I and III
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reporting the least and greatest values. The overall average long

term liabilities due for-1978 and 1980 was $30,803 (Table 25, Appendix),

with the largest group of firms not reporting a value for the account.

IV. NET WORTH ANALYSIS

Total Net Worth

The actual dollar value of total net worth represents the dif

ference between total assets and total liabilities. Market volume

and total net worth were not related for either year of operation.

During 1978, Group V firms reported the greatest net worth value,

with Group I reporting the least worth. Group VII markets had the

second-lowest value. Group I reported the lowest net worth in 1980,

while Group III markets had the largest (Table 25, Appendix). The

average total net worth in 1978, $87,075, declined to $71,154 in 1980.

Group VII did not indicate a 1980 value for net worth.

Net worth was also examined by the components of preferred capital

stock, common capital stock, paid-in capital, and retained earnings for

incorporated firms, and owners' capital and undivided profits for unin

corporated markets. Results of this analysis are given in Table 26,

Appendix.

Common capital stock and retained earnings were the two forms of

net worth more commonly reported for corporations. Owners' capital

and undivided profits were both indicated by unincorporated markets.

Group VII did not include any values for the 1980 specific forms

of worth.



59

V. SOURCES OF REVENUE

Selling Coimnissions

The main source of revenue per A.M.U. for Tennessee auction markets

was from selling commissions collected when livestock is sold through

the sale. The amount of the commission varies with the species of

livestock, the selling price, weight or sex of the animal, and maybe a

percentage of the sale price, a fixed rate per head, or a combination

of these two methods.

Revenue per A.M.U. received from this source was the greatest

for Group I markets and the least for firms in Group V during 1978,

with a range of $3.82 to $5.A2 per A.M.U. (Table 14). Group VII re

ported the second-lowest per head commissions, indicating that the

smaller markets received a larger amount per A.M.U. sold. In 1980,

Group I again reported the largest selling commissions revenue, while

Group VII firms received the smallest per A.M.U. revenue.

Yardage

This was the second-largest component of auction market revenues.

Yardage receipts per A.M.U. were highest for Group V in 1978 and

lowest for Group IV (Table 14). In 1980, however. Group IV firms

received the largest returns from this source, while Group V reported

the lowest yardage receipts. There was no relationship between volume

and returns from yardage, but Group VII firms did not report income

from this source during either year. The average return for all firms

in both years as $0.37 per A.M.U.



Table 14. Gross Returns from Selling Commissions and Yardage for
Tennessee Livestock Auction Markets, by Group, 1978 and
1980 (Actual Dollars Per A.M.U.)
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Year

Selling Commissions Yardage
Size Std. Std.
Group Mean Dev. Mean Dev.

I 5.42 0.920 0.130 0.237
II 4.49 1.408 0.170 0.320
III 4.04 1.644 0.330 0.960
IV 4.97 0.634 0.010 0.020
V 3.82 0.868 0.860 1.045
VI 4.05 1.043 0.350 0.453
VII 3.89 1.090 0.000 0.000

All 4.38 1.315 0.264 0.626

I 7.10 2,030 0.310 0.496
II 4.91 1.560 0.630 1.428
III 5.95 2.240 0.200 0.438
IV 4.56 1.500 1.260 1.454
V 6.51 1.300 0.030 0.037
VI 5.03 1.040 0.320 0.550
VII 3.53 0.650 0.000 0.000

All 5.66 1.986 0.494 1.027

4.96 1.767 0.370 0.836

1978

1980

1978 & 1980
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Other Sources

Various other sources of revenue contributed to total auction

market receipts, including: buying commissions, other commissions, feed

account, rent, interest, and other sources. Of these, the largest

component was other sources. These sources of revenue are summarized

in Table 27, Appendix, but they did not contribute significantly to the

total returns of most auction markets.

VI. RETURNS TO LIVESTOCK AUCTION MARKET OPERATORS

Gross Returns

Gross returns represent total receipts collected by auctions from

the sources of revenue previously discussed, before operating costs

are paid. Total gorss returns earned by markets during 1978 were

highest for Group VII firms, $299,302, and lowest for Group I, $32,219

(Table 15). Auction size and gross receipts were thus directly re

lated in that year. The average gross return for all markets in 1978

was $122,858.

During 1980, the smallest auctions again reported the smallest

gross returns. Larger sizes of markets continued to receive higher

returns through Group VI, with Group VI grossing the largest amount.

$304,346. Group VII firms reported the next-largest receipts. The

average gross returns for 1980 firms was $118,002, declining 38 per

cent from 1978. The largest markets received the largest gross returns.

Net Returns

These returns are received by markets following payment of operat

ing costs. Auctions received total net returns between $1280 for
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Table 15. Average Gross Returns and Average Net Returns to Tennessee
Livestock Auction Market Operations, by Size Group, 1978
and 1980 (Actual Dollars)

Gross Returns Net Returns

Size Std. Std.

Year Group Mean Dev. Mean Dev.

1978 I 32,219 14,691 6,796 6,101
II 65,185 23,271 1,280 9,950
III 93,513 25,115 19,675 20,316
IV 155,529 14,714 17,227 27,141
V 189,348 33,418 9,372 16,176
VI 224,598 46,449 24,489 39,493
VII 299,302 127,973 26,603 13,463

All 122,858 88,777 13,017 21,271

1980 I 44,906 18,758 1,106 11,486
II 76,153 19,168 9,988 16,793
III 124,113 44,920 12,749 27,616
IV 205,745 47,241 14,819 21,394
V 237,747 12,835 10,057 36,514
VI 304,346 56,670 42,649 41,201
VII 244,840 74,221 7,312 7,409

All 118,002 88,368 10,232 121,081

1978 & 1980 120,646 88,181 11,749 21,125
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Group II and $26,603 for Group VII in 1978 (Table 15). These results

are similar to the gross returns values for that year. Groups I and

VI reported the second-lowest and highest returns, respectively, inci-

cating a relationship between market size and operating costs. The

average net return for firms in 1978 was $13,017.

Markets in Group 1 received the lowest returns during 1980, $1106,

while Group VI reported the largest net returns of $42,649. The two

extreme values of gross and net returns correspond directly. Groups

1 through IV also showed a direct relationship between size and net

returns, but results beyond these groups varied. Group 1 reported

the largest average total costs in 1980, and this combined with the

smallest gross returns, led to the low net returns for this level of

volume. Group Vll markets incurred the lowest average total costs in

1980, however, and these firms received the second-smallest net returns,

For markets operating in 1980, gross and net returns were related,

although average total cost and net returns were not. The 1980 firms

averaged a net return of $10,232, a decrease from the 1978 figure.

Measures of Return

Six ratios or measures of returns to various categories were

determined for the markets. These allow for comparison of the returns

or profitability of alternate sizes of auction market operation.

Gross Returns per Dollar of Net Worth. This figure indicates

the return to capital stock, retained earnings, or undivided profits.

There was no relationship between market volume and the value of this

ratio (Table 16). Returns varied widely among groups. During 1978,
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Groups V and II had the greatest gross returns per dollar of net worth.

Group I firms reported the lowest return. During 1980, Group 11

returned the largest amount, while the lowest value was reported by

Group 111. The average return in 1978 and 1980 was $5.52.

Gross Returns per Dollar of Total Assets. This ratio shows the

total returns earned by the market for each dollar of asset, and a

higher ratio indicates higher returns to assets. Firms in Group V

returned the largest amount per dollar of assets during 1978, $6.87,

and the lowest return was reported by Group 1, $1.24 (Table 16).

The average return in 1978 was $2.09.

During 1980, Group IV returned the year's highest value of $7.15,

with Group 11 yielding the lowest value of $1.19. The 1980 average

ratio was $2.27. These results were too varied to conclude that output

and returns per dollar of asset are related.

Gross Returns per A.M.U. Sold. This average reflects the total

return received per A.M.U. handled. A definite relationship existed

between volume and per head returns, as the smallest markets earned

the largest returns and large markets earned the smallest returns in

both years (Table 16). During 1978, Group I firms received the high

of $5.70 while Group Vll reported the low return of $3.88. These

same results were obtained in 1980, with the range of returns between

$3.48 and $8.19. All markets averaged $5.55 gross return per A.M.U.

in 1978 and 1980.
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Net Returns per Dollar of Net Worth, The net ratios were calcu

lated after operating expenses were deducted. These may be more

revealing indicators of firm efficiency. Group VII firms yielded the

largest return in 1978, $.51, with Group II reporting the lowest value,

-$.21 (Table 17). During 1980, however. Group II markets returned the

year's high of $1.00. Group III firms had a return to net worth of $.81.

These results indicate that net returns per dollar of net worth vary

considerably from year to year, with volume playing little role in

the size of the net return. The two-year average net return to net

worth was $.23.

Net Returns per Dollar of Total Assets. The actual yield on each

dollar invested in the market is given by this ratio. Firms in Group I

returned the largest amount in 1978, $.38, and Group II markets had a

negative yield of $.05 for the year's low value (Table 17). During

1980, Group VI markets returned $.16 for the highest amount, and the

lowest return was -$.07 by Group I. These figures show an inconsistency,

as Group I returned the largest value in 1978 but the lowest value in

1980. The average return per dollar of assets was $.11.

Net Returns per A.M.U. Sold. There was no relationship between

volume and net returns per A.M.U. handled (Table 17). During 1978,

Group I had the highest return, $1.12, while Group II reported the low

value of $.09. In 1980, Group VI firms returned the largest value,

$.93, and the lowest return was from Group I, $.04. The overall net

return for 1978 and 1980 was $.49.
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VII. SUMMARY OF RESULTS

Results of the cost analysis for 1978 indicate that significant

decreases in average fixed cost occurred as firm size increased from

Group I to Group VII. In 1980, the largest AFC was reported by Group

V, while the largest markets again incurred the lowest average fixed

cost. Other insurance was the largest component of AFC, comprising

36 percent, followed by taxes at 25 percent.

Some cost-size advantage existed with average variable cost at

the largest volume levels, but not at intermediate sizes. Salaries

was the single largest variable expense representing 60 percent. The

two-year average variable cost was $4.33 per A.M.U. (1978 dollars).

Average total cost generally declined up to the intermediate

sizes of auctions, where they rose again. Following these increases,

costs again declined through the largest volume levels. The two-year

ATC was $5.12. Markets in the intermediate size groups incurred

higher costs on the average than either smaller or larger markets.

This may have led to the decline in number of auctions in size groups

V and VI between 1978 and 1980, while the number of smallest markets

doubled between the two years.

The largest component of ATC was salaries, comprising 50 percent

of ATC. The group with the lowest salaries expense in both years also

incurred the lowest ATC.

Land value and total fixed assets were the only asset values which

were related to market volume. The smallest markets reported the

lowest values for both categories during 1978 and 1980, but the largest

values were not consistent with market size. Total assets were related
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to the accounts receivable value. The smallest markets also reported

the lowest total assets.

There was no relationship between size of market and any cate

gory of liabilities or net worth. This lack of relationship existed

for both 1978 and 1980.

Selling commissions, which are collected on each head of livestock

sold, were the main source of revenue for auctions in both years. The

lowest per A.M.U. revenues from this source were received by the larger

markets, with the smallest Group I firms reporting the largest per

A.M.U. commissions from sales in each year. Yardage was the second-

largest source of revenue, although there was no relationship between

size and yardage per A.M.U.

A distinct cost-size relationship existed for both total gross

returns and total net returns. In both years, total gross returns and

total net returns were lowest for the smallest markets and highest

for the largest firms. Gross returns per A.M.U. sold and market size

were definitely related, however. The smallest markets received the

largest amount of return per A.M.U. sold and the largest firms received

the least gross returns per A.M.U. No relationship existed between

net returns per A.M.U. sold and market size, or between market size

and gross returns per dollar of net worth or per dollar of total assets.



CHAPTER IV

ESTIMATION OF COST FUNCTIONS

The four functional forms previously described were used in

regressions of average fixed cost against volume, average variable

cost against volume, and average total cost against volume. Obser

vations from 1978 and 1980 (deflated) were combined into one data set.

1. AVERAGE FIXED COST FUNCTION

Regression results from the four models are shown in Table 18.

The overall regression for Model (1) was significant at the 0.99

probability level. The b^ estimate was significant at the 0.95 level,

but the estimate was not significantly different from zero. The

signs on the estimates of b^ and conformed to those expected from

economic theory. This model produced the lowest coefficient of deter-

2
mination (R ).

Model (2) produced overall regression results and a b^ estimate

which were significant at the 0.99 level. The coefficient of deter

mination was larger than that received from the previous model, indi

cating improved explanation of the variance in Y. Model (3) gave

results similar to those produced by Model (2) for the entire model

and the b^^ estimate.

Model (4) yielded highly significant overall regression results

and a b^ estimate (0.99 level), but the second explanatory variable,

"2, was not significant at the 0.95 level. This model was chosen as

70



Table 18. Unit Fixed Cost Functions for Tennessee Livestock Auction

Markets, 1978 and 1980

Parameter Estimates

Model

71

(1) Y = a + b^X + b^X' 1.203 -2.118E-5

(0.763E-5)
1.486E-10

(9.9715E-11)
.174

(2) ,624 2459.523

(458.458
.225

(3) In Y = a + b^ InX 2.825

(4) Y = a + b^ I + b^ ̂ 2 -527

-.32613

(.067)

4415.637

(1261.615)
-4182411.352

(2516419.92)

.198

.246
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the appropriate average fixed cost (AFC) function representing the

Tennessee livestock auction market industry because it yielded the

largest coefficient of determination of any model used.

Average fixed cost and volume were inversely related (Table 4,

page 35). Average fixed cost per A.M.U. declined most rapidly as

auction volume rose to 30,000 A.M.U.'s, with 79 percent of the cost

economies realized at this volume (Table 19). The AFC function is

shown in Figure 2.

II. AVERAGE VARIABLE COST FUNCTION

Model (1) produced an overall regression which was significant

at the 0.99 level and an estimate of significant at the 0.95 level

for average variable cost (AVC), as shown in Table 20. The lowest
2

coefficient of determination (R ) was received from this model.

The Model (2) b^ estimate and total regression were significant
2

at the 0.99 level, with a larger R . Model (3) also yielded a b^

estimate significant at the 0.99 level, although the coefficient of

determination was lower than the previous model.

Model (4) again provided the largest coefficient of determination.

This model was selected as the AVC estimate for auction markets in

Tennessee.

Along the AVC function estimated by Model (4), substantial decreases

in average variable cost per A.M.U. occurred in auction operations up

to an output level of 30,000 A.M.U.'s. At this volume level, 80 percent

of the economies of size were captured. This is consistent with the

AFC results, and indicates that markets operating below 30,000 A.M.U.'s
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Table 19. Cost Economies Realized Along Average Fixed Cost and Average
Variable Cost Functions for Tennessee Livestock Auction

Markets, 1978 and 1980, Estimated by Ordinary Least Squares

Volume

Percent of Cost Economies Realized

Average Fixed Cost Average Variable Cost^
(A.M.U.) (%) (%)

3,000 34 41

5,000 43 47

10,000 57 60

20,000 71 73

30,000 79 80

40,000 82 84

50,000 85 87

60,000 88 89

Percent cost economies realized was defined as the difference

between estimated average fixed cost (AFC) at the minimum observed
volume and estimated AFC at the volume under consideration, divided
by the difference between estimated AFC at the minimum observed
volume and estimated AFC as the asymptotic minimum of the function

AFC . , - AFC , .
mm.vol. vol.1

AFC - AFC
min.vol. asympt.min.

Percent cost economies realized was defined as the difference

between estimated average variable cost (AVC) at the minimum observed
volume and estimated AVC at the volume under consideration, divided
by the difference between estimated AVC at the minimum observed
volume and estimated AVC at the asymptotic minimum of the function

AVC . , - AVC , .
min.vol. vol.1

AVC
min.vol.

- AVC
asympt.min.
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Table 20. Unit Variable Cost Functions for Tennessee Livestock Auction
Markets, 1978 and 1980

Parameter Estimates

Model a b^ b^

(1) Y = a + b^X + b2X^ 5.796 -9.912E-5 -9.912E-10 .127
(0.315E-5) (0.315E-5)

(2) Y = a + b, V 3.591 8400.233 — .163
1 X

(1913.233

(3) In Y = a + b In X 2.958 -.161 — .133
(.041)

(4) Y = a + b^ + b^2 2.892 22548.860 -30251490.67 .232
(5115.226) (10202841.927)
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are most capable of reducing operating costs by expanding volume. This

is a realistic objective,, as 68 of the observations sold less than

27,000 A.M.U.'s during 1978 and 1980. Table 19 shows the cost economies

captured at various output levels, and Table 10, page 47, indicates

that AVC varied inversely with output. The AVC function for Tennessee

livestock auction markets is illustrated in Figure 3.

III. LONG RUN AVERAGE TOTAL COST FUNCTION

Ordinary Least Squares Estimation

Model (1) gave total regression results significant at the 0.99

confidence level, but the b^ and b^ estimates were significant only at

the 0.95 level (Table 21). The signs of the coefficients were consistent

with expected signs from economic theory. This model provided the

least explanation of variability in average total cost (ATC).

Model (2) produced a b^ estimate and overall regression results

which were significant at the 0.99 level. The amount of variability

explained by this model increased above Model (1). Model (3) yielded

a lower coefficient of determination, but b^ and the entire regression

model were also significant at the 0.99 level.

The Model (4) overall regression was significant at the 0.99 level,

but the bj^ and estimates were significant at the 0.95 level. The

largest coefficient of determination was provided by this model. The

estimate given by Model (4) was selected as the ordinary least squares

method LRATC function for the Tennessee livestock auction market

industry because it provided the largest coefficient of determination.
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Table 21. Long Run Average Total Cost Functions for Tennessee Livestock
Auction Markets, 1978 and 1980

Parameter Estimates

Model a

Ordinary Least Squares Estimates

(1) Y = a + b^X + b2X^ 6.998 -.0001203 1.105E-9 .164
(.0000347) (0.453E-9)

(2) Y = a + b^ ̂  4.215 10859.756 ~ .215
(2084.052)

(3) In Y = a + b In X 3.426 -.19062 ~ .193
(.03919)

(4) Y = a + b + b "2 3.420 26964.497 -34433902.026 .286
^ (5547.660) (11065375.041)

MAD Estimate of Frontier Function

(4) Y = a + b, ̂  + b, 2.050 7929.66 -5749146.97
IX 2
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Minimum Absolute Deviation Estimation

The objective function used in estimating the frontier function

estimate of LRATC was of the Model (4) form. The linear programming

problem was:

Ti 1 ti .. n ..
Maximize: b^n (1) + b^n (-1) + b^ i: x ^3 ^ ^ ^4 ^

1=1 i 1=1 i 1=1 i

" -1

X=1 1

subject to: (1) + (-1) + b^ i + b3 + b^ + bj ̂

bo "l "2 f ̂  "3 ̂  ̂ ̂  "5 ̂ 2 i \
n n n n

Results of the linear programming solution are shown in Table 21

and Figure 4. If measurement error did not lead to misestimation of

the frontier function, this LRATC estimate represents the minimal

operating expenses obtainable at various given levels of output.

Comparison of OLS and MAD Estimates

The OLS approach describes the mean current cost conditions of

Tennessee markets at one point in time. It yields a cost estimate of

expected SRATC conditions over a range of volumes and this approach

indicates where opportunities exist for cost reductions in existing

average market operations. The OLS function may overestimate the range

over which economies of size occur in the long run, since firms may be

operating at some level along their individual SRATC curves other than

the tangency point with the envelope curve. The OLS LRATC function

only represents the average costs obtainable by various levels of
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output, not the minimal operating costs which may be possible in long

run operations. Thus, the OLS approach should not be considered an

accurate long run estimator of available cost economies.

The frontier function provides a more theoretically appealing

LRATC estimate for the industry because it embodies the envelope con

cept to the various SRATC curves. In the long run, markets are free

to enter and leave the industry, and existing firms can make long run

adjustments in market operation such as capital improvements to alter

capacity. The frontier function thus illustrates the minimal obtainable

cost level for various volume levels in the long run, rather than

simply reflecting changes along SRATC functions as the OLS method does.

The results of the OLS estimate indicate that economies of size

exist in Tennessee livestock auction markets, with the LRATC function

declining substantially at volume levels up to 30,000 A.M.U.'s Beyond

that level of output, the function begins to flatten, with the average

market handling a volume less than 30,000 A.M.U.'s in a position to

attain the greatest decline in average total cost by increasing volume.

At this level of output, auctions achieve 80 percent of the economies

of size which may be realized along the OLS function (Table 22). The

elasticity of cost with respect to volume declines from -0.37 at a

volume of 7500 A.M.U.'s to -0.19 at 30,000 A.M.U.'s.

Results from the frontier function also show that economies of

size exist in the industry, although most cost economies are realized

at one half the volume level compared to the OLS function. Along the

frontier function, increased market volume leads to the greatest

economies realized by those markets handling volume less than 15,000
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A.M.U.'s is -0.19, compared to -0.30 along the OLS estimate at the

same volume.

Of the auctions included in this study, 67 percent handled less

than 27,000 A.M.U.'s. Assuming the OLS function to be the appropriate

estimate of the LRATC, over two-thirds of the existing industry captures

less than 80 percent of the available economies of size. Auctions

could increase efficiency and substantially reduce operating costs by

expanding output to 30,000 A.M.U.'s.

The frontier function estimate, however, appears to more accurately

reflect observed industry behavior. Those auction markets operating

at volumes less than 18,000 A.M.U.'s comprised 50 percent of the obser

vations. The fact that one half of the industry operates at smaller

volume levels suggests that operators are unaware of the cost decreases

available by expanding volume to 30,000 A.M.U.'s, or they have dis

covered that they are unable to attain significant cost economies by

operating markets of expanded volume. If auction operators felt that

costs would be reduced by increasing output, as indicated by the OLS

function, then the number of smaller markets would be expected to

decline over time. The larger and more efficient markets would force

the smallest, least efficient firms out of business by attracting

volume away from the smaller competitors.

The number of markets handling less than 9,000 A.M.U.'s, however,

doubled from 7 to 14 between 1978 and 1980 (Table 1) rather than declined.

Auctions with volume between 18,000 and 26,999 A.M.U.'s declined in

number from 13 to 5 from 1978 to 1980. If the OLS estimate of the LRATC

function accurately describes long run market behavior, then the number



84

of markets handling volume between 18,000 and 26,999 A.M.U.'s should

increase rather than decrease. This decline in intermediate-sized

markets, however, may have been influenced by the cattle cycle and the

decline in A.M.U.'s handled by auction markets in Tennessee between

1978 and 1980.

Although the frontier function provides a more appropriate theoret

ical estimation of the LRATC than the OLS estimate, the survival of so

many small markets may be influenced by factors other than those con

sidered by this study. Related factors such as transportation costs

should be a topic for future research when evaluating the efficiency

of Tennessee livestock auction markets.

For practical evaluation of Tennessee livestock auction market

performance and efficiency at the present time, the OLS estimate would

provide the needed descriptive information. Under the current operating

conditions, auctions handling under 30,000 A.M.U.'s may expand volume

to this capacity and realize a significant portion of the available

economies of size. This function may overestimate the long run economies

available, however, because average SRATC conditions are reflected by

the OLS method.

Since 50 percent of the auctions operated at volumes less than

18,000 A.M.U.'s, the frontier function appeared to describe actual

industry behavior more appropriately than did the OLS estimate. If

volume must be expanded to 30,000 A.M.U.'s for markets to operate

efficiently, as shown by the OLS LRATC estimate, then the Tennessee

livestock auction market industry is operating inefficiently. Over 60

percent of the firms in 1978 and 1980 operated at volume levels below
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30,000 A.M.U.'s. If the OLS function were correct, it would indicate

that these markets would have to expand output significantly to remain

in business. Fewer small markets would continue to operate in the

future because of the high costs estimated by the OLS function, as

operators attempt to increase volume and capture the economies avail

able along this estimated curve.

The increase in number of markets handling less than 9,000 A.M.U.'s

per year between 1978 and 1980, however, does not reflect this antici

pated increase in volume. Obviously, operators do not feel that the

reductions in cost achieved by expanding output to 30,000 A.M.U.'s are

not applicable to their markets, or that the economies are overestimated,

The frontier function estimate, where 80 percent of the economies are

achieved at 15,000 A.M.U.'s, reflects the Tennessee livestock auction

market industry behavior more accurately than the OLS function does.

Despite previous research, the results of this study indicate that most

(80 percent) of the available economies of size may be realized by

auction markets with volume levels at 15,000 A.M.U.'s.



CHAPTER V

SUMMARY, CONCLUSIONS, AND IMPLICATIONS

I. SUMMARY

Previous research has Indicated that livestock auction market

operations typically incur lower per unit costs as the level of output

is increased, and significant economies of size may be achieved by

expanding volume. However, too many markets often exist in a given

geographic area for a firm to handle a level of volume large enough

to capture a great portion of these available economies. A 1970 study

by Hicks and Badenhop reported that the Tennessee livestock auction

market industry was characterized by too many markets for efficient

operation to be realized (17).

Although more than one-half of the auction markets operating in

Tennessee during 1980 handled fewer than 18,000 animal marketing units

(A.M.U.), only 24 percent of the livestock sold passed through these

small markets. Little research has been performed recently to determine

whether these markets are too small to achieve economies of size, or

at what level of volume markets in Tennessee may achieve the bulk of

available cost economies.

The objectives of this study of Tennessee livestock auction markets

were: (1) To describe existing livestock auction markets in Tennessee;

(2) To determine the typical cost structure of various size categories

of auctions to identify major factors of firm efficiency; (3) To deter

mine current rates of return to market operators; (4) To identify the

86
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relationship between specific costs of operation and market size; (5)

To estimate a long run average cost curve for the industry to determine

whether economies of size exist in Tennessee auctions.

To achieve these objectives, auctions were grouped according to

the volume of livestock handled measured in animal marketing units.

The A.M.U. system developed by U.S.D.A. relates pen space required by

various species to handling costs. Cost and volume data were obtained

from the 1978 and 1980 Packers and Stockyards Administration Form 130.

Costs for firms in 1980 were deflated by the Index of Prices Paid by

Farmers, and 101 observations were included in the study.

In order to satisfy the first and third objectives, relevant group

means were calculated. Information taken from Form 130 was used to

determine asset values per A.M.U., liability values per A.M.U., and

net worth values per A.M.U. Data from the income statement portion of

the form was included in calculating returns to these accounts.

The second and fourth objectives were achieved by calculating group

means for twelve specific operating costs. These costs were also cate

gorized as fixed costs, variable costs, average fixed costs, average

variable costs, and average total costs.

Estimation of a long run average total cost curve (LRATC) for the

Tennessee livestock auction market industry was achieved through two

methods. A multiple regression model was estimated by regressing

average total cost against volume. The model selected as the ordinary

least squares estimate of the LRATC was:

ATC = 3.419 + 26,964.497 ̂  - 34,433,902 ̂ 2
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A frontier function was also fitted to the bottom of the scatter

diagram as an estimate of the LRATC. The equation for this estimate

was:

ATC = 2.05 + 7,929.66 j - 5,749,146.80 ̂ 2

II. CONCLUSIONS

Average total costs for each size group of markets for the 1978

and 1980 data combined ranged from $3.46 for Group VII firms to $7.26

for markets in Group I. Thus, economies of size were observed in the

extreme volume groups. Individual yearly data indicated that the

intermediate size firms (Groups IV and V) incurred ATC as high or

higher than costs of smaller markets.

The largest single component of the average total cost, $5.12 for

all markets in 1978 and 1980 combined, was salaries expense. This cost

comprised 50 percent of ATC. During 1978, smaller markets employed

labor more efficiently, while the larger firms incurred the lowest

salaries expense in 1980. Thus, no consistent pattern was found

relating salaries costs to market volume, but labor was identified as

the primary source of high operating costs. Inefficient labor utili

zation was found to be a cause of inefficient market operation in

previous research, and significant cost advantages may be obtained by

small and intermediate markets in Tennessee also by employing labor

more efficiently.

The other large components of average total cost were insurance,

6.6 percent, and utilities, 5.5 percent. Fixed costs of insurance may

be more difficult to reduce than salaries costs. Certain utility costs

will continue to rise in the future, and efficient use will be necessary.



89

The OLS estimate of the LRATC function provided the mean description

of cost conditions for existing livestock auction markets in Tennessee.

Because the "average" method of estimating an LRATC by OLS only reflects

movements along various SRATC curves of firms, this cost function does

not necessarily reflect those auction capacities which may be most

efficient in the long run. Firms may make adjustments in capacity or

other changes in operations to reduce costs in the long run. This

function does not represent such least-cost adjustments which could be

made by each volume level. The OLS function will lie above the frontier

function because of the average estimation used. Thus, the range of

volumes over which economies of size are important may be exaggerated

in the long run.

The frontier function estimate of an LRATC function provided a

more appealing theoretical cost estimate. Because this approach incor

porates an envelope curve fitted to the bottom of the cost observations,

the frontier function estimate will represent the minimal cost levels

attainable at given levels of volume. Changes in capacity are therefore

considered when estimating the frontier function, as markets may be

expected to alter volume towards the least-cost output, or where signif

icant economies of size may be attained. This function is thus a

better estimator of possible long run economies of size.

The frontier function LRATC estimate declines more rapidly and

flattens out at lower volumes compared to the OLS estimate. The OLS

function indicated that 80 percent of the cost economies were realized

at an output level of 30,000 A.M.U.'s. The frontier function, however,

indicated that 80 percent of the available economies were captured at

15,000 A.M.U.'s.
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When making recommendations for the future concerning efficient

market size, the frontier function would be the more accurate estimator

of available cost economies. This theoretically correct approach more

closely defines a true LRATC than does the OLS estimate. The envelope

concept employed by the frontier function creates a more appealing long

run ATC estimate of the Tennessee livestock auction market industry,

describing the observed behavior of the industry in 1978 and 1980.

III. IMPLICATIONS

Because many researchers in the past have estimated a long run

cost function for auction markets using the OLS approach, possible

economies of size may have been exaggerated. The results of this

study indicate that the level of volume required to achieve significant

cost decreases may not be as large as once believed. The continued

existence of small markets in Tennessee tends to support this conclusion.

The number of markets in the study declined from 55 in 1978 to 46

in 1980. If the number of livestock jnarketed in the state declines,

additional markets may be forced to discontinue operations.

An alternative for operators could be to combine several small

markets. This would expand volume so that markets may capture economies

of size necessary to remain efficient. This may only transfer costs,

however, as transportation costs for those selling livestock would

increase. These sellers may then be forced to improve their marketing

efforts and discover better market alternatives.

Efficient labor utilization must become a top priority for market

operators, although this may be a difficult task. To attract and
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maintain good employees through the entire year, excess labor may be

required during periods of low volume even while this practice may not

seem to be the most efficient.

The improvement and use of electronic marketing systems may become

a factor in Tennessee auction markets in the future. Farmers selling

livestock through private video sales could lead to a further decline

in volume of livestock handled at auctions. As these alternative

methods of marketing become more refined and desirable to farmers,

auction markets will be forced to become as efficient as possible to

remain competitive.

The results of this study indicate that the smaller volume markets

play a substantial role in the Tennessee livestock auction market

industry. The efficiency with which particular resources are utilized

may determine cost economies achieved as strongly as a certain level

of volume itself may. Future research should concentrate upon the

existence or disappearance of these many small firms. Also, markets

reactions to continued inflation and lower levels of output may be

monitored to predict future industry behavior. In order for auctions

to maintain their primary role in the Tennessee livestock industry,

market operators must strive to reduce costs while serving the needs

of their customers.
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Table 29. Number of A.M.U.'s Handled Through Market Support
Activity, by Tennessee Livestock Auction Markets,
by Size Group, 1978 and 1980

104

1978 1980

Size

Group Mean

Std.

Dev. Mean

Std.

Dev.

I 207 392 157 219

II 281 625 133 164

III 250 310 1,137 2,157

IV 87 173 164 199

V 3,226 3,925 813 1,150

VI 283 589 878 1,520

VII 1,198 1,877 1,131 1,599

All 585 1,514 375 885

1978 & 1980 489 1,265

Table 30. Number of A.M.U.'s Handled Through Dealer Operations,
by Tennessee Livestock Auction Markets, by Size Group,
1978 and 1980

1978 1980

Size Std. Std.

Group Mean Dev. Mean Dev.

I 290 675 735 2,171

II 852 2,838 10,945 35,077

III 10,014 32,211 2,131 4,681

IV 1,645 1,911 136 208

V 3,346 6,817 — —

VI 598 912 5,562 8,634

VII 1,418 2,835 ~

All 3,239 15,874 4,167 19,625

1978 & 1980 3,662 17,596
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Table 31. Average Number of Sale Days Per Year, for Tennessee
Livestock Auction Markets, by Size Group, 1978 and
1980

Size Group 1978 1980

I 50 52

II 51 53

III 52 52

IV 52 72

V 62 91

VI 67 52

VII 102 128

All 58 60

1978 & 1980 59

Table 32. Average Gross Value of Livestock Sold, by Tennessee
Livestock Auction Markets, by Size Group, 1978 and
1980 (Actual Dollars)

Size Group 1978 1980
I  $ 1,245,508 $ 1,704,177
II 2,714,734 3,693,920
III 4,464,044 5,535,312
IV 7,237,633 9,868,664
V  8,748,713 12,184,315
VI 12,298,040 14,823,011
VII 13,407,570 10,398,238

All 5,816,051 5,480,349

1978 & 1980 $5,663,157
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