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CHAPTER I
INTRODUCTION
Problem Statement

Widespread expansion in storage facilities of country grain
elevators has occurred in recent decades in the United States, This
trend has existed in conjunction with improved techmology in the grain
farming regions. Technological advancements have been made in planting
and harvesting grain, The development of improved plant varieties, the
rotation of crops, and the general adoption of fertilizers in grain pro-
duction have increased per acre yields, A direct result of these ad-
vancements has been an increase in total production of grain,

Specifically, this study was concerned with only a limited segment
of the vast rise in grain production and grain storage capacity. The
geographical region under analysis was restricted to the major grain
producing area in Oklahoma, The type of storage faéility considered was
elevator storage located at country points fhroughout the wheat produc-
ing area of Oklahoma,

Oklahoma country elevators were characterized by: (1) a situation
of overcapacity relative to grain Suppliesl and (2) a situation in which
the elevators had several years of useful life remaining., Consequently,
scale modifications were not expected in the near future, Wheat supply

variations of a permanent or semi-permanent nature can alter the level



of permanent labor costs in addition to altering many of the other costs
of handling wheat by these elevators, The impact of these variations

upon total handling costs leads to the objective of this study,
Objective

The previous background information suggests the possibility of
yarying supplies of grain handled by country elevators. Accordingly,
the primary objective was to determine the handling costs incurred by
all-grain elevators of different capacities at alternative levels of
grain handled. Capacity was defined to be the rated storage capacity or
maximum capacity with no turning space, Each elevator model in the
study was considered to be a single-unit model, The elevators were lo-
cated in the wheat producing area of northwestern Oklahoma,
Specifically, the varying levels of grain handled were both above
and below 1962 levels, Consideration of these variations in the volume
of grain handled included only those of a permanent or semi-permanent
nature, i,e,, primarily those due to government programs. Therefore,
temporary unpredictable changes in crop production and elevator grain
handling volume were not under consideration, The main reasoh for this /-
approach was to permit full-time labor costs to vary. Unpredictable
and temporary variations in the volume of grain handled do not result / .-
in a high degree of full-time labor variation. The importance of labor
as an expense will become more evident in a later discussion concerning
the size of the cost components in country grain elevator operatioms,
Variations in handling volume are primarily from the short-run

viewpoint in the analysis, "The short run is a time period so short



that the firm is'unable'to vary the quantities of some resources used.”l

In this study, management and elevator storage capacity were considered
to be fixed resources,

A fundamental reason for considering capacity as fixed was an
attempt to depict reality. The useful life of an elevator can encompass

several decades, Therefore, capacity alterations, especially in a down-

’
ward direction, would not be expected for several years. Notation
should also be made at this point that most of the concrete elevators
have been erected within the past three decades, These elevators have
many years of usefulness remaining.,

Achievement of the primary objective necessitates variations in
grain handling volume, The current situation of a production surplus
of wheat could result in more stringent controls upon wheat production,
A consequence of this action would be a reduction in the quantity of
grain handled by country elevators, However, the possibility of expand-
ed wheat production should not be neglected., In the event that govern-
mental controls were removed, the possibility of increased production
could easily occur, 1In fact? the increase could greatly exceed the
increases that have occurred in recent years when goéernmental controls
on production have been in effect, An increase in wheat production
would result in an increased handling volume.

Emphasis has been made that government programs are the initiating

source of the production variations to be considered here, This stress

lRichard H, Leftwich, The Price System and Resource Allocation
(rev, ed,, New York, 1960), p. 139,

&



is made only to convey the impression that the change in the production
level is a sudden one that will be prolonged for several years, Such an
approach is in contrast to: (i) technological alterations which will
have gradual effects upon total production levels in an area, or (2) un-
predictable fluctuations in production explained by seasonal, climatic,

and disease variations.
Sources of Data

Several publications and individuals were consulted during the
course of the study., The primary reason for using both previous research
plus personal interviews and correspondence was to depict input com-
ponents for the grain handling function more accurately than if only one

method were chosen,

Published Information

Two groups of published information were consulted. Each group was
used for a particular purpose,

One group was a series of research studies on cost-volume relation-
ships for country elevators in various geographical regions of the
United States., The purpose of examining these studies was to gain an
insight into the makeup of the total costs for handling grain., Since
each study assumed either a specific level of sideline sales volume or
constant short-run total costs, many of the cost figures were not direct-
ly applicable to the costs that would be incurred in an all-grain
handling operation. Consequently, the actual amounts of the cost com-

ponents were not obtained from these studies, Only a classification



and discussion of the costs inveplved in handling grain was achieved
through an inspection of these geographical research analyses,

The other group of published information examined was a selection
of elevator audits, Files in the Department of Agricultural Economics
at Oklahoma State University include annual audits for the majority of
the cooperative grain elevators in the stafe° Many of these audits
have been received for several years,

Due to the heterogeneity of these firms with respect to the various
sources of their revenues, the amounts of the costs showm in the audits
were not used, Instead the audits were examined to gain a rough approxi-
mation of the relative importance of the cost components in country
grain elevator operations without regard to the level of handling,

storage, or sideline activities,

Personal Interview with Elevator Personnel

Oklahoma cooperative elevators were divided into ten capacity
groups, These groups ranged in size from rated capacities near 100,000
bushels through rated capacities in excess of 1,000,000 bushels, Interim
groups were in multiples of 100,000 bushels,.

Subsequently, a manager was interviewed from one firm in each group.
These managers were chosen with the assistance of staff members from the
Department of Agricultural Economics and the Extension Service, There
was no attempt to select managers on a random basis, Criteria for selec-
tion were number of years of service as an elevator manager and the
extent to which the manager would be expected to cooperate with an inter-

vviewer, Permanent and seasonal labor costs were the costs of concern in

these interviews,



Consultation with Agricultural Specialists

A final source of data included agricultural engineers, elevator
construction contractors, businessmen engaged in the sale or use of
resource inputs common to elevator handling operations, and other indi-
viduals with a knowledge of the country elevator economy, These
individuals were consulted to gain current and accurate estimates of
the cost components for each model, At the time of the study some of
the cost components were not fully or efficiently utilized, Also,
elevator operators did not have a complete knowledge of optimum cost

levels for many of the costs.
Description of the Area

The ten elevators whose managers were interviewed are located in
the northwest section of Oklahoma, To avoid identification of the
individual firms interviewed only theilr county location is described,
Eight counties are represented., Blaine and Grant counties each had
two of the elevators while one elevator was located in each of the
following counties: Alfalfa, Custer, Garfield, Kay, Kingfisher, and
Noble, Figure 1 shows the location of the firms interviewed.

A recent study notes that the northwest and north-central areas
of Oklahoma include the specialized wheat-producing counties°2 The
eight counties listed above and shown in Figure 1, with the possible

exception of Cyster County, are encompassed within these two areas,

2John J. Klein, et al., The Oklahoma Economy, Economic Research
Series No, 1 (Stillwater, 1963), p. 50.
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The relative importance of these eight counties in the Oklahoma
wheat economy can be seen by a ranking of these counties upon the basis
of wheat production, Table I shows this ranking during a recent seven-
year period, Out of the 77 counties in the state, the lowest ranking
county in the eight-county grouping was never below the rank of nine-
teenth from 1955 through 1961. There was only one year, 1955, when less
than four of the selected eight counties failed to rank in the top six

wheat~producing counties in Cklahoma,

TABLE I

STATE RANKING OF EIGHT SELECTED COUNTIES IN WHEAT PRODUCTION,
OKLAHOMA, 1955-1961

Year and Rank

County 1955 1956 1957 1958 1959 1960 1961
Alfalfa 9 4 3 4 . 3 5 A
Blaine 14 11 10 15 10 14 11
Custer 18 10 6 13 - 12 15 16
Garfield 4 1 2 3 2 1 3
Grant 3 2 1 2 1 2 2
Kay 2 3 4 5 5 4 6
Kingfisher 12 5 9 8 ) 6 7 7
Noble 15 13 14 19 15 16 18

Source: OQklahoma Agriculture, State Board of ‘Agriculture and Statisti-
cal Reporting Service, United States Department of Agriculture,
Annual Issues,

Wheat production accounts for a large proportion of the aggregate

production of wheat, corn, oats, barley, and grain sorghum in these



eight counties. In the 1957-1961 period, wheat represented 73 percent

of the average annual amount of this aggregaté production in these
counties.3 The quantities of these five grains moVing to country
elevators constituted the major amount of grain handled by elevators,

The latter four graims are feed grains and, consequently, were expected
to be consumed in large quantities at the point of production, Therefore,
the amount of wheat handled by elevators relative to these four feed
grains in the counties should have exceeded 73 percent, This tendency

is indicated from the results of interviews with ten elevator managers

in these counties, These ten inverviews indicated that the average amount
of wheat relative to the total bushels of all grains handled by the
elevators ranged from a high of 100 percent to a low of 66 percent, Only
two of these firms estimated the ratio to be under 80 percent, The

above percentages indicate the importance of wheat in country elevator
operations in the wheat production areas of Oklahoma,

The supply of commercial storage space in the eight counties
accounted for a large pfoportion of the state total. In 1961 a total of
45 percent of off-farm storage capacity was located in these eight
counties (Table II), Terminal storage in Garfield County resulted in
this high percentage, However, the fact that the seven counties,
excluding Garfield, had 15 percent of Oklahoma off-farm grain storage
space shows the import of country elevator stdrage capacity in these

counties upon the grain storage economy, With the exception of Noble

3Computed from annual crop reports issued by Oklahoma Crop and
Livestock Reporting Service, Office of the Agricultural Statistician,
Oklahoma City, Oklahoma,
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TABLE II

RELATIVE IMPORTANCE OF OFF-FARM GRAIN STORAGE CAPACITY
IN EIGHT SELECTED COUNTIES: OKLAHOMA, 1961

Off-Farm Storage Capacity

County _ , | {Percent of State Total)
Alfalfa 2
Blaine 3
Custer 2
Garfield 30
Grant _ 2
KRay 3
Kingfisher 2
Noble 21
Total of Eight Counties _ — » 45

Source: Commercial Grain Warehouses in Oklahoma, Extension Service,
Oklahoma State University (Stillwater, January 1, 1961).

County, all of the eight counties in Table II had at least two percent
of the total amount of commercial Oklahoma storage space,

Based upon the above production and capacity data, the eight
counties appear to be representative of the wheat producing area in
Oklahoma, GConsequently, as discussed in detail later, ten elevator
managers in these counties were interviewed for estimates of labor costs

attributable to the grain handling function,



CHAPTER II
CHARACTERISTICS OF THE OKLAHOMA GRAIN ECONOMY

The importance of wheat production in Oklahoma will be discussed in
this chapter, Subsequently, the relationship between wheat supplies and
the amount of storage space in Qklahoma will be presented, The posgsi-
bility of more rigid production and marketing controls will be emphasized.
Finally, several observations will be made regarding the relevance of
the objective of the study to firm and governmental decision-making.

Relative Importance of Wheat Prodﬁction
In Oklahpoma Agriculture

Wheat production in Oklahoma has demonstrated an upward trend.
Figure 2 shows this movement in production over a 27-year pericd. While
annual production has been somewhat erratic, the peaks in production
have progressively climbed to new heights. The lowest production in 1955
occurred simultaneoysly with the highest number of acres abandoned in
the 1952-1961 period. Adverse weather conditions were the major determi-
nant of this apex in apondoned acreage.

Recently, wheat yields have been nearly twice as gfeat as the yields
in the 1935-1957 period. The fluctuations in yields on a harvested
acreage basis are depicted in Figure 3. Basically, the variations are

due to changing weather conditions and insect damage,

11
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Applied technplogical improvements have occupied a major role in
increasing the per acre wheat yields, Higher yieldiﬁg varieties have
been developed as have varieties which are resistant to various pests,

A simultapeous movement with the increase in wheat yields has been
a decline in harvested acreage since the late 1940's., This acreage
decline has occurred during a period of time when wheat yields were
rising. Wheat acreage harvested is shown in Figure 4. Seeded wheat
ecreage in Oklahoma decreased during the 1950's when contrasted with
the higher seeded acreage in the 1940'3.2 Wheat acreage allotments and
marketing quotas were two factors responsible for this decline in seeded
and harvested acreage, [In the 26-year period beginning in 1938 and
ending in 1963, acreage allotments for wheat were in effect 16 years
while marketing quotas were in effect 12 years.3

Several crops are grown in Oklahoma in addition to wheat, The com-
ponent of these crops which can be handled in grain elevators includes:
grain sorghum, barley, oats, soybeans, and corn, In 1961, the value of
wheat‘production in Oklahoma was second only to cattle and calves, Dur-
ing the same year, of the six crops mentioned above, wheat production

was valued at approximately twelve times its nearest rival, sorghum for

1The‘Whe‘at Situation, AMS, U, S. Department of Agriculture, Feb, 1959,

p. 30.
2Agrlcultural Statistics, U, S. Department of Agriculture (Selected
Issues)

3Status of acreage allotments and marketing quotas, 1938 through 1959,

Adlowe L, Larson and Nellis A, Briscoe, Some Effects of Wheat Policy on

the Oklahoma Wheat Marketing Industry, Oklahoma Agricultural Experiment
Station Bul, B-521 (Stillwater, 1959), p. 24. Status of acreage allotments,
1960, The Wheat Sltuatlon ERS, U, §. Department of Agriculture, June, 1962,
p. 27 'Status of acreage allotmentg 1961 through 1963, and marketing quotas,
1960 through 1963, The Wheat Sltuatlon ERS, U. S. Department of Agriculture,
Aug,, 1962, pp. 22 and 19, respectlvely,
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grain. 1In 1961, wheat production on a total buéhel basis exceeded its
closest rival, barley, by almost sixfold.”

Fifteen year averages of the value of production and of the total
production of the primary grains handled in Oklahoma grain elevators
are shown in Table III. Wheat occupied the dominant position in both

physical and monetary units.

TABLE III

PRINCIPAL CROPS HANDLED IN GRAIN ELEVATORS, TOTAL PRODUCTION, AND
VALUE OF PRODUCTION: OKLAHOMA, 1947-1961 AVERAGE

Total a Value of
Crop , ‘ _Production Production
‘ ‘ - -1,000 Bushels- -1,000 Dollars-

‘Wheat 79,412 154,966

(69) 7

Grain Sorghum 12,822 13,418
(11) (7

Barley 6,014 5,024
(3) )

Oats 13,697 10,370
(12) (3)

Soybeans 849 1,771
(1) (1)

Corn 1,768 16,823
) (8)

Total _ 114,562 202 .372

®Numbers in parentheses are percentages of the totals,

Source: Oklahoma Agriculture, State Board of Agriculture and Statisti-
cal Reporting Service, U. S. Department of Agriculture, Annual
Issues,

4Oklahoma Agriculture, 1962, State Board of Agriculture and Statisti-
cal Reporting Service, U. S. Department of Agriculture, pp. 98 and 104-107,
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The above bgckground information on wheat production and the
relative importance of wheat production to that of other grains grown
in Oklahoma constitute the basic reasons for concentrating the analysis
upon wheat, While several érains other than wheat are grown throﬁghout
Oklahoma, the fact that wheat accounts for the highest percentage of
total production and total value of production demonstrates the import-
ance of wheat in Oklahoma country elevator operations,

A further point merits attention at this stage of the discussion,
Notwithstanding the importance of production estimates in approximating
the relative significance of various grains moving into country elevators,
farmer grain sales data portray this relative significance to a more
exacting degree. Sales disposition of grain indicates the relative
importance of the major grains in their movement to country elevators.
In Table IV, wheat is noted to account for 78 percent of the total farm
sales of six principal croﬁs handled by elevators, Grain sorghum,
accounting for nine percent, is a distant second, The fact that wheat
is primarily used for food purposes accounts for the high percentage of
of f-farm wheat sales relative to other grains, A study by Meinken
indicated that 85 to 90 percent of the wheat crop is sold from farms and
becomes part of the commercial supply. Food uses account for nearly 50
percent of commercial utilization while the remaining percent is composed

of usage in feed, seed, industrial purposes, and e::ports.5

5Kenneth W. Meinken, The Demand and Price Structure for Wheat,
U. S, Department of Agriculture Technical Bul, No. 1136 (Washington,
1955), p. 5.
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- TABLE TV

FARM SALES OF PRINCIPAL CROPS HANDLED IN OKLAHOMA GRAIN ELEVATORS,
; -1955~1961 AVERAGE

Percent of

Crop Farm Sales Total

- - | =1,000 Bushels-~ S B ’
Wheat 547,767 78
Grain Sorghum 64,648 9
Barley 41,540 6
Oats 28,752 4
Soybeans 9,163 1
Corn (for grain) 12,301 2
Total ’ ‘ o417y — 100

Source:  QOklahoma Agriculture, 1962, State Board of Agriculture and
Statistical Reporting Service, U, 8, Department of Agricul-
ture, pp., 111-112, ;

Elements of Storage Capacity

bff-farm Storége
In an effort to faqilipaue the handling and storage of increased wheat
supplies, the amount of storage space has expanded, For example, during
the first half of 1954 there were 47 firms that erected over 14 million
bushels of new storage space,6 Several flat warehouse facilities were built
in early 1959.7 Elevator managers interviewed in the summer of 1963 indica-
ted that wheat accounted for 75 to 100 percent of their total grain stored,.
Reqeﬁt trends concerning the structure of the Oklahoma grain
storage industry are shown in Table V.8 While the number of firms in~

creased by only 11 percent, total capacity of these firms rese by 80

%0k1ahoma Agriculture, 1954, State Board of Agriculture and AMS,
U. S, Department of Agriculture, p. 11,

7Oklahoma Agriculture, 1959, State Board of Agriculture and AMS,
U, S. Department of Agriculture, p, 73,

8Jim E, Smith, Secretary-Treasurer of the Oklahoma Grain and Feed .
Dealers Association in a letter written April 23, 1963, stated that the firms
listed in the Directory of the Association comprised 95 percent of the total
number of cooperative and independent grain elevators in Oklahoma, Emphasis
should be made that the percentage is only an estimate.
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percent from 1957 to 1963, Consequently, growth in storage space appears
to be explained more by expansion of existing facilities than by_forma;
tion of new firms, Some consolidation of existing firms could have taken
place, In Table V, the decline in the total number of firms from 1957

to 1958, and the concurrent increase in total capacity demonstrate the

possibility of consolidation,

TABLE V

OKLAHOMA OFF-FARM STORAGE: NUMBER OF FIRMS AND CAPACITY, 1957-1963

1957 1958 1959 1960 1961 1962 1963

'Total Number
of Firms 429 426 439 508 484 485 474

Total Capacity 143,349 146,100 164,385 232,907 228,542 259,481 257,703
(1,000 Bushels)

Source: Oklahoma Grain and Feed Dealers Association Official Directory,
Annual Issues

The estimated capacity of off-farm commercial grain storage facili-
ties in Oklahoma has risen from 96,157,000 bushels in 1951 to 255,000,000
bushels on January 1, 1963.9 This is a 165 percent increase, These
amounts do not include storage owned by Commodity Credit Corporation.
Oklahoma grain storage space in 1942 was only 42,000,000 bushels.,10
At the time of the study, the Commodity Credit Corporation did not own
any storage space in Oklahoma, The Commodity Credit Corporation owned
storage in Oklahoma was never very large. In recent years this storage

space has been sold to private firms or transferred out of Oklahoma.11

9The Wheat Situation, AMS, U, S. Department of Agriculture, August,
1958, p. 33; The Wheat Sltuatlon ERS, U. S. Department of Agriculture
April 1963, p, 32,

10Adlowe L. Larson, "Adjustments Facing Grain Storage Operators,'
Oklahoma Current Farm Economics 35 (1962), p. 39.

11Conversation with Marvin Munger, Chief, Price Support Section,
ASCS, U. S. Department of Agriculture, Stlllwater Oklahoma,
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On-farm Storage

On-farm sﬁoragg space in QOklahoma, in contrast to the above comments
pertaining to off-farm storage facilities? has followed a different
pattern,12 Utilization of on-farm storage in Oklahoma has decreased
since the 1950's, At the time of the study, less than ten percent of
Oklahoma wheat was stored on farms, A basic reason for this low percent
is related to the amount of risk involved. Oklahoma wheat is harvested
during a warm period of the year, If excess moisture exists during the
harvest, then the possibility of wheat spoilage will be high, Insect
damage under moist conditions can result in additional grain damage,
Producers desire to shift these risks by transferring their grain direct-
ly from the field to the country elevator points,

The fact that most of the wheat crop is sold from farms for food,
feed, seed, industrial purposes, and exports also results in the storage
of only small amounts of wheat on farms, Since wheat production in
Oklahoma accounted for nearly 70 percent of the total production of the
six primary grains raised in the state that were handled by elevators,
the incentive for off~farm storage is emphasized further,

Another incentive to farmers to store their grain in off-farm
positions was the patronage payment which they received when their grain
was stored in cooperative elevators, The high proportion of cooperative
elevators in Oklahoma rendered this especially important.

Additionally, the advent of the self-propelled combine has created

a desire by farmers tq move their grain directly to the local elevator.

121he following discussion concerning the amount and use of on-farm
storage space in Oklahoma is adapted from a conversation with James R,
Enix, Oklahoma State University Extension Wheat Marketing Specialist,
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The purchase of this type 6£ combine and the employment of "custom
harvesters'" have re§ul;ed in a shorter harvest span, The consequent
need for hired trucking would result in little or no cost reduction if
producers were to hire their grain moved to on-farm storage facilities
as opposed to truck hauls by the producers to a country elevator point,

While the ufilization of on-farm storage has declined, the amount
of potential storage located on farms is undetermined, In 1954, cn-farm‘
storage facilities were estimated to be 40,000,000 bushels. The
present capacity of this type of storage is difficult to ascertain,
Howgver, the following point appears clear: Much of the on-farm storage
in Oklahoma has alternative uses, For example, the storage facility
possibly can be used as a machine shed, Consequently, the abundance of
storage facilities with alternative uses located on Oklahoma farms re-
sults in less pressure upon grain producers to use their storage space
.for stofing grain only,

\ Assuming that the 40,000?000 bushel capacity figure for Oklahoma
on-farm storage space did exist on January 1, 1963, then on-farm
facilities would account for only 14 percent of total off-farm plus on-
farm storage in the state, The decline in the use of on-farm storage
discussed above accentuates the small role of this form of storage in
the Oklahoma grain economy,

Previous research indicates that actions by farmers to decrease
their usage of on-farm storage space have been economically correct,
A study of the comparative costs of storing Oklahoma grain in on-farm
versus off-farm positions was made in 1950, The results of the analysis

indicated that off-farm storage costs were lower than the costs of
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storing on the farm, This conclusion was true for both new on-farm

storage facilities and previously constructed farm storage space_.13

Effects of Incentives for Elevator Construction

Government incentive programs for elevatoxr construction have
occﬁpied a major role in the increase of off-farm storage capacity,
These programs were designed to encourage the construction of additional
facilities for storing grain, Specific features of the programs included:
(1) occupancy contracts, (2) accelerated amortization, and (3) storage
and handling agreemgnts,l4

Occupancy contracts wefe initiated formally in August, 1953, The
acceptance of new contracts was terminated on August 20, 1954, A termi-
nation followed by a reopening occurred during the period between these
two dates.15

Three plans existed under the occupancy conﬁract program, They
included:

Plan 1 - Occupancy of 75 percent of the total bin capacity of the
facility for the first three years and 40 percent of such total bin
. capacity for an additional two years for a totél of five years,

Plan 2 - Occupancy of 60 perqent'of the total bin capacity of the

facilities for five years.

13Adlowe L, Larson et al,, Comparative Costs of Grain Storage On
Farms and In Elevators Oklahoma Agricultural Experiment Station, Bul,
B-349 (Stlllwater 1950)

14Geoffrey S. Shepherd, Allen B, Richards, and John T, Wilkin, Some
Effects of Federal Graln Storage Programs on Grain Storage Capac1ty,
Grain Stocks and Country Elevator Operatlons North Central Regicmal Pub,
No. 114 (Lafayette, Indiana, 1960), pp. 4-6.

151bid., p. 5.
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Plén_3 - Occppapcy of 50 percent of the tofal bin capacity of the
facilities for six years.16

For any one of the trio of alterpative plans, Commodity Credit
Corporation would utilize the facilities of elevators constructed under
occupancy contracts,

The second incentive, accelerated amortization, "allowed ware-
housemen to construct grain storage facilities and depreciate these
facilities for income tax puvrposes over a five-year (60 month) pe_riod."17
However, this incentive was only in effect for a limited time span,
Only construction completed dﬁring the peried 1953 through 1956 was
eligible for rapid amortizationq18

The final government incentive focused upon the rates for storage
and handling of Commodity Credit Corporation grain by individual warehouse-
men, Examination of elevator audits revealed that storage rates for wheat
were ,047 cents per bushel per day for annual audits with fiscal years
ending in the year prior to June 30, 1960. This is an annual rate of
$ ,17155 per bushel,

A decrease in this incentive has occurred with the downward re-
vision of storage rates on grain stored for Commodity Credit Corporation,
Effective June 30, 1960, these storage rates for wheat on a commingled
basis were lowered to 0,37 cents per bushel per day or $ ,13505 per

19

bushel per year, These lower rates are currently in effect,

164114,

Y Ibid,
Brbid,

15chedule of Rates, 1960 Supplement to Uniform Grain Storage Agree-
ment,’Commodity Stabilization Service, CCC, U, S, Department of Agricul-
ture, May 17, 1960,
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Consultation with elevator managérs and goverﬁment wﬁeat specialists
disclosed that an annual storage rate decline of 6ver 3.5 cents per bushel
has reduced the ipcentive for new elevator construction to a large degree,

A further incentive which was not directly initiated through
governmental action was loans to cooperatives by cooperative banks for
storage construction to be leased from the Commodity Credit Corporation,
Such loans were made only if Commodity Credit Corporation guaranteed to
lease or utilize at least 75 percent of the storage space for a minimum
of two or three years depending upon whether the new comstruction was

20

or was not, respectively, an addition tq the present facility, Since
a 75 percent commitment for a specified time period constituted an
‘occupancy contract, the lpam incentive was eliminated upon the termina-
tion of occupancy contracts in 1954,

The government incentives described above, in conjunction with
increased grain production, have created a storage preoblem in the
Oklahoma warehouse and elevator economy. Basically_, this problem was
one of over-expansion of storage facilities,

First, owners of off-farm storage space have increased their
facilities in an effort to derive the benefits from the government con-
struction incentive programs, These programs were designed to provide
ample storage space for grain. Commodity Credit Corporation grain was
included in the storage use made of these new facilities,

Second, usage of storage space has not increased as rapidly as

storage construction, Off-farm stocks of major grains serve to reflect

e

ZOShepherd, Richards, and Wilkin, p. 6.
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grain production, particularly with respect to wheat, to a high degree
since on-farm storage usage is small, bThe percent utilization of off-
farm storage facilities reflects the differential rates of increase of
storage space and off-farm grain stocks.

Table VI illustrates the results of these varying rates of
increase, Dufing the 1957-1961 period the quarterly utilization of off-
farm storage capacity indicates a decrease as the storage season pro-
gresses from the high October utilization to the low July utilization,
This trend is logical since the aggregate amount of grain consumed in-
creases as the summer harvest period is reached in any given year,

However, inter-year comparisons fail to yield such logical con-
sistency., 1In fact, the percent utilization estimates shown in Table
VI demonstrate a declining rate of storage usage between years. This
is primarily evident in the quarter beginning on October 1. 1In this
quarter, as would be expected, the use of storage normally reached a
peak each year, Excluding the low production of wheat in 1957, the
percent utilization of off-farm storage in the October 1 to December 31
quarter declined from the 1958 high to the 1960 and 1961 lows. This
decline in storage utilization occurred simultaneously with an increase
in the combined production of wheat, corn, oats, barley, and sorghum
grain from 1959 to 1960 of 37,829,000 bushels.21 Consequently, while
off-farm capacity increased from 1959 to 1960, storage utilization, as

reflected by production, did not rise enough to maintain the percent

21Oklahoma Agfiqulture,_1962, State Board of Agriculture and Sta-
tistical Repoftihg Setvice, U, S. Department of Agriculture, p. 111,




TABLE VI

QUARTERLY OFF-FARM STOCKS® OF WHEAT, CORN, OATS, BARLEY, AND SORGHUM GRAIN AND OFF-FARM STORAGE CAPACITY:” OKLAHOMA, 1957-1961

January 1 April 1 July 1 October 1
¢V 2) 3 &) (5) (6) ) (8 9 (10) 1y (12)
Off-Farm Off-Farm Percent Off-Farm Off-Farm Percent Off-Farm Off-Farm Percent Off-Farm Off-Farm Percent
Year Stocks Capacity (122x100) Stocks Capacity (425x100) Stocks Capacity (7=8x100) Stocks Capacity (10211x1C0)

-1,000 Bushels- : -1,000 Bushels- 1,000 Bushels- -1,000 Bushels-
1957 105,301 143,349 73 84,286 143,349 59 75,534 143,349 53 104,557 143,349 73
1958 114,045 146,100 78 92,559 146,100 63 65,727 146,100 45 140,403 146,100 96
1959 139,540 164,385 85 124,325 164,385 76 107,696 164,385 66 152,473 164,385 93
1960 139,786 232,907 60. 113,985 232,907 49 101,235 232,907 43 194,534 232,907 84
1961 185,759 228,542 81 136,204 228,542 60 110,124 228,542 48 192,412 228,542 84

aOklahoma Agriculture, 1962, State Board of Agriculture and Statistical Reporting Service, U, S. Department of Agri-
culture, p. 99,

b

Oklahoma Grain and Feed Dealers Association Official Directory, Annual Issues,

9t
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utilization of 1959, This situation is evidenced in Table VI by the
drop in utilizatibn from 93 percent in 1959 to 84 percent in 1960, Over-
expansion of storage space was a basic cause for this downturn in the
proportion of storage space utilized,

Off-farm capacity must be adequate to accomodate off-farm stocks.
In the high production year of 1958, storage utilization in the quarter
commencing on October 1 was 96 percent. A percentage of this size is
expected during years of high production. However, the fact'that the
percentage utilization of storage space has declined from 1958 to 1961
concurrently with a rise in storage capacity of over 56 percent reveals
the imbalance between grain supplies and capacity available for storiﬁg

these supplies,

Governmental Production and Marketing Controls

A final factor which may further widen the gap between supplies
of grain and available storage space is one that could reduce the supply
of grain, Reference here is to government programs designed to lower
production surpluses of grains, Wheat is the primary grain in Oklahoma
that is in a major surplus position on a national scale,

Evidence of attempts to reduce Oklahoma wheat production has been
noted earlier in the form of decreases in seeded wheat acreage, Higher
wheat ylelds per acre have more than offset this seeded acreage reduc-
tion. Consequently, wheat production has increased. However, the
possibility of effective supply reduction programs should not be over-
looked, If such programs were to aésume a realistic role, then grain

storage space would represent a greater amount of overcapacity than
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existed at the time of the study. The fact that wheat acreage allot~
ments and marketing quotas have been a part of agricultural policy,
especially in the last decade, reflects a desire to restrict wheat pro-
duction. Any additional policy measures which are aimed at reducing
wheat supplies also could result in serious adjustment problems in the
grain elevator industry, 1In the following section a discussion is pre-
sented regarding the relevance of the objective of the study to these

adjustment problems and to governmental wheat supply policies,
Policy Implications

Once the costs have been computed for several levels of grain
handled, a question arises as to the usefulness or purpose of such
computations, Elevators, as will be noted later, are characterized by
high fixed costs of construction, The popular concrete models designed
to store and handle wheat have no alternative uses, A prevalent situa-

‘tion of overcapacity in most elevators exists today. This condition
“-appears likely to continue into the future,

What will be the value of these cost determinations of elevator
firms? The answer top this question is found in the relationship between
costs and revenues of the basic functions of country grain elevators,
Détermination of cost and revenue relationships aids the elevator v
operator in making decisions regarding the optimum combination and
magnitude of these functions, Consequently, the operator will be able
to use his alternative income enhancement policies more accurately,
These alternative policies may be formulated under two different

assumptions,
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First, production control of wheat can be assumed to "freeze' at a
reduced level the quantity of wheat the local elevator will receive, |
In this event, the elevator might expand its sideline sales volume. in
an effort to more fully utilize its resources, notably labor. Also,
the elevator might increase its handling volume of other grains,

Second, the assumption of reduced wheat supplies reéulting in de-
creased wheat receipts at a "frozen" or fixed levei can be relaxed,
Consequently, elevator operators might compete among each other for
reduced wheat production from farmers,

The second situation conforms more with reality, Elevator managers
do compete for wheat receipts with others in their general geographical
area, Competition might be in the form of reduced grain handling
charges to farmers, Additionally, competition might be indirectly in
thevform of increased sideline offerings., Interviews with elevator
managers indicated that a primary reason for the large increase in side-
line activities in recent years has been to attract farmers to their
respective elevators. The opportunity for farmers to purchase sideline
merchandise at a specific elevator location has caused many farmers to
bring their grain to this same elevator.

Achievement of the primary objective of the study has relevance to
the pricing and output policies initiated by government., A knowledge of
the costs of handling wheat enables governmental policy makers to foresee
the effects of the presence or absence of effective supply control
programs, The profit position of the firm can be affected by these pro-
grams, Consequently, determination of wheat handling costs at varying

quantities handled in conjunction with information on handling charges
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permits governmental decision making te be effected with a knowledge of
the relative price-cost positions for varying levels of supply control,
Therefore, control of wheat supplies can achieve a predetermined position
for profit margins,

Governmental regulation of elevator charges for handling services
can be viewed in relation to the level of cost incurred by elevators
for this service, Handling charges fixed by the government coupled with
governmental supply control of wheat production offer a means of setting
profit margins from handling a fixed volume of grain,

Governmental policies for Oklahoma wheat production and handling
charges for wheat can be constructed with the objective of achieving a
specified range of income to country elevators from the gfain handling
function, A knowledge of handling costs and revenues is essential if
such én objective ' is to‘be fulfilled.

The above policy implications, both from the firm and governmental
viewpoint, suggest some of the reasons underlying research on determina-

tion of grain handling costs for country elevators,



CHAPTER IIL
THEORETICAL FRAMEWORK

Since the subsequent empirical discussion will be primarily con-
cerned with the short run, the present theoretical concepts will be
examined witﬁ emphasis upon this time viewpoint, A brief deécription
of the lgng—run cost concépt will be given only to indicate some of the
relationships between costs and revenues for various scales of plant,
This description will not be presented to indicate comparative economies

or diseconomies of scale associated with alternative plant capacities.
Cost Concepts

Time elements in cost analyses create different solutions for
various adjustment alternatives faced by management, These adjustment
alternatives, which are dependent upon the objective of the firm, are
discussed in a later section, Suffice it to say at this point that
situations involving varying lengths of run appear pertinent to manage-
ment decisions of the firm, A discussion of cost elements necessitates
the specification of the time period under consideration,

Numerous definitions exist for classifying the various time peri.ods.1

However, a determination of cost fixity becomes progressively complex in

lsee for example, Leftwich, pp. 139-141; Kenneth E, Boulding, Economic
Analysis (3rd ed. New York, 1955), pp. 568- 569 and Alfred Marshall,
Principles of Economics (Sth ed,, New York, 1959) pp. 314-315,

31
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empirical studies as the number of time periods increases, Therefore,
only two lengths of run were examined, namely, the short run and the
long run, The short run has been defined earlier. The long run "is a
périod of time long enough for the firm to be able to vary the quantities

. . 2
per unit of time of all resources used.,"

Short-run Cost Considerations

The cost components of country elevator operaticns that were con-
sidered to be fixed in the short run included management and elevator
storage capacity. A theoretical set of shoft-run average and short-run
marginal cost curves is illustrated in Figure 5. The symbols in the

figureé throughout this discussion denote the following costs:

]

ATC average total cost

AVC = average vériable cost

AFC = average fixed cost
MC = marginal cost
X/U.T. = output per unit of time

Since average total costs are composed of fixed and variable costs,
the average total cost curve declines beyond the point of minimum
average variable costs at point A because average fixed costs are mono-
tonically decreasing,

The relationship between the production function and the short-run
cost function helps to explain the shape of the theoretical cost curves

(Figure 5).3

ZLeftwich, p. l4l,

v 3The following discussion of the relationship between productivity
and costs is adapted from John Johnston, Statistical Cost Analysis (New
York, 1960), pp. 10-11.
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$/X

MC

0 ' X/U,T.

Figure 5, Theoretical Short-Run Cost Curves,

The following conditions were assumed:

1., The production function contains only one fixed and one
variable input.

2, Marginal product and average product for the variable factor

diminish after a certain point,

3., The price of the variable factor is constant,
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Additional symbols and their definitions are:

A = number of units of the variable factor

p = price per unit of the variable factor

MP = margingl productivity of the variable factor
AP = average productivity of the variable factor

The relationship between AVC and AP can now be¢ shown,

Since
«+A_p-1
AVC=-E-X—.——- -
A
' X
and AP = 3,
then AVC = p - 1 .,

AP

Therefore, in words, average variable costs are equal to the pricé
of the variable factor multiplied by the reciprocal of average product,
This inverse relationship demonstrates that the maximization of average
product is equivalent tp the minimization of average variable costs,
Conversely, the maximization of averége variable costs results in the
minimization of average product.

A similar relationship exists between MC and MP,

Since MC = d‘(dx'-A)

and since p is constant by assumption, then
MC=P- -

Furthermore,
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The inverse relationship between marginal product and marginal cost
.'shows that maximization of one results in minimization of the other,
With these inverse relationships in mind between the production function
and tg! short-run cost function, the basic reasons for the theoretical
U-shaped cost curves become more evident,

Ryan attributes the U-shape of the average variable cost and
average total cost curves to the behavior pattern of the total variable
cost and total cost curves, This pattern is primarily a reflection of
the law of non-proportional returns.4 The law states:

With a given method of production, the application of further

units of any variable input ., . ., to a fixed combination of

other factors , , , will, until a certain point is reached,

yield more than proportional increases in output, and there-

after, less than proportional increases in output,

Therefore, the influence of this law upon the product curves,
coupled with the inverse relationship between the product curves and the
cost curves described above, results in a characteristic U-shape for
the average variable cost curve, the average total cost curve, and the
marginal cost curve, Since marginal product eventually decreases,
marginal costs eventually increase, Even though average variable costs
may decrease initially, once marginal costs begin to increase they will
eventually equal the declining average variable costs, Successive out-
put increases beyond this point of equality will result in marginal costs

in excess of average variable costs. Consequently, average variable

costs will rise, Ultimately the increase in average variable costs will

“William J. L. Ryan, Price Theory (London, 1958), p. 74,

>Ibid., p. 60.
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more than offset the decrease in average fixed costs, Therefore,
average total costs will increase,

Emphasis is made at this point that the U-shaped curves are
theoretical and do not necessarily describe cost curves found in empiri-
cal studies, In fact, according to Johmston, the hypothesis concerning
cost~output'variati§ns which appears the most reasonable based upon
empirical evidence does not hypothesize the familiar U-shaped average
cost curves described above, Instead the evidence indicates curves like

those shown in Figure 6,6

$/X

0 ' ' - X/U.T.

Figure 6, Alternative Theoretical Short-Run Cost Curves,

6Johnston, p. 13.
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Constant average variable costs and marginal costs are hypothe-
gized in Figure 6. Consequently, average total costs approach
equality with average variable costs and marginal costs as output is
increased, However, at extremely high levels of output the average
variable cost curve could increase gnd cause the average total cost
curve to turn up., Figure 6 is shown to demonstrate that over wide
output ranges, average variable costs may remain constant,

A third possibility concerning the shape of the average variable
cost curve is described by Bain,7 In certain cases, as shown in
Figure 7, the shape of this curve might reveal a decrease im costs, a
relatively wide output range over which costs are constant, and

finally a phase of increasing costs,

$/X

AVC

0 ‘ ' ' X/U0.T.

Figure 7, Theoretical Short-Run Average Variable Cost Curve,

7Joe S. Bain, Price Theory (New York, 1952), pp. 106-1Q9,
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One explanation for the shape of this curve is related to the
technical character of the plant, Plants with designs and techniques
that permit increasing amounts of flexibility in determining the ratio
of variable to fixed factors will tend to have flater U-shaped
variable cost curves than plants with less flexibility.

A second reason is the amount of divisibility possible within
the plant. 1If the plant can be divided into several identical sub-

divisions, each subdivision capable of operating while some or all of

;
the others are closed down, then the use of these additional subdivisions
will result in the same proportion of variable to fixed factors while in-
creasing the total amount of the variable factors that are employed.

Since average fixed costs always decline as output increases, the
average total cost eurve related to the average variable cost curve in
Figure 7 will decrease over a wide range of volume increases, This
range will be wider than would be the case if the average variable cost
curve increased as soon as it reached its low point, Average fixed
costs are assumed to be identical in both instances,

Examination of empirical cost curves in relation to the present
study revealed average total cost curves similar to the one illustrated
in Figure 6, Possibly, i1f the output range on these empirical curves
were extended to include larger outputs, then the average total cost

curve would rise somewhere beyond the point where average variable costs,

as shown in Figure 7, increased from their plateau,

Alternative Scales of Plant
The scale of plant is a determinant of the level of costs at various

outputs, Theoretically, as the scale is increased the minimum point on

v
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the average total cost curve for each successive scale is at a lower
height up to a certain scale, In the usual textbook illustration one
scale of plant has 2 minimum point lower than all others, Larger
scales of plant have minimum points that lie at progressively higher
average total cost levels, The agove situations are shown in Figure 8
for three scales of plant. The long-run average cost curve, LAC,
"shows the least possible cost per unit of producing variopus outputs

when the firm has time to build any desired scale of plant‘,"8

$/X

0 . | | X/U.T.
Figure 8, Theoretical Scales of Plant,
The shape of the long-run average cost curve is determined by inter- ;.

nal economies and diseconomies of scale, The internal economies, which

cause the long-run average cost curve to decline, include " (1) increasing

8Leftwich, p. 154.
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possibilities of division and specialization of labor, and (2) in-
creasing possibilities of using advanced technological developments
and/or larger machines,"9 The internal diseconomies, which result in

an increase in this curve as output and scale of plant are increased,
""are generally based on a belief that eventually large bureaucratic
organizations must become inefficient,”lo The problem of coordination
by management or "spreading itself too thin'" can cause this inefficiency,

External economies and diseconomies of increasing production
cause downward and upward shifts in the long-run average cost curve,
respectively. Improvements in the quality of the resources furnished
and greater efficiencies iﬁ the resource-furnishing industries result
in external economies or decreasing costs, Increases in the demand
for resources used in production result in external diseconomies or in-
creasing costs,

The shape of the long-run average cost curve in Figure 8§ depicts
the one usually illustrated initially in a theoretical cost discussion.
However, recognition is given that the curve can have a horizontal
segment before diseconomies of scale begin,12 The implications of the
exact shape of the long-run average cost curve and its related scales

of plant to the objective of the firm are discussed shortly, First, a

JIbid., p. 156.

10Herbert H, Liebhafsky, The Nature of Pricz Theory (Homewcod,
Illinois, 1963), p. 175,

Y eftwich, pp. 186-193,

12See for example, Leftwich, p. 158; Joe S. Bain, Industrial Organi-
zation (New York, 1959), pp. 152-155; and John F, Due and Robert W,
Clower, Intermediate Economic Analysis (4th ed,, Homewood, Illinois,
1961), p. 171,
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brief description of revenue functions, primarily in the realm of

country grain elevator operations, is presented,
Revenue Concepts

Consultation with agricul;ural specialists indicated that
individual country elevator managers charged a uniform grain handling
rate for alternative volumes. However, uniformity may disappear when
comparisons are made between man_aéersq In either case the average
revenue function from handling was assumed to be horizontal for any
given elevator,

A constant average revenue function results in a three~way
equality between average revenue, marginal revenue, and price. Under
these conditions total revenue is linear, The above relationships be-
tween the revenue functions depict an atmosphere of pure competition
for an individual firm, Revenue curves under this situation are

illustrated in Figure 9.
Theoretical Output Positions Under Alternative Objectives

Firms comprising an industry have various objectives regarding
their financial operation. These objectives could vary over time,

Specifically, the maximization of profits might not always be the
paramount objective of the firm, Profits are defined here to be the
difference between total revenue and total costs., Alternative objec-
tives could include the minimigation of costs or the maximization of
gross revenues, In an oligopolistic situation, Baumol asserts that

dollar sales maximization subject to a minimum profit constraint is



42

13

the typical objective in both the long run and the short run, If this

assertion is extended to the more purely competitive setting surrounding
cost and revenue operations in the short run, then possibly above a

minimum profit level total revenue may be the basic factor of concern
to the firm,

$

X/U0,T,

Figure 9. Theoretical Revenue Curves Under Pure Competition,

These considerations demonstrate a few of the potential objectives
of the firm in its financial operation. The usual profit-maximizing
motive of economic theory might not depict reality in many instances,

While a long-run time span was not under analysis here, each scale

of plant considered will have a different relationship to the constant

13William J, Baumol, Business Behavior, Value and Growth (New
York, 1959)? pp, 45-53.
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average revenue curve, For example, assume that a horizontal average
revenue function exists., At any given level of output, the short-run
average cost curve for each scale of plant will show a different
velationship with average revenue in comparison to all other scales of
plant., Consequently, the degree to which any of the above objectives
are achieved will depend upon the specific scale of plant and the

level of output under consideration,



CHAPTER IV
REVIEW OF LITERATURE

Several research studies related to the determination of intra-
plant costs and scale in firm operations have been made, In some
instances, the method of analysis varied between these stu&ies,

Résearch restricted to Kansas depicted costs of country elevator
operations,l Basic data were compiled in 1951 and 1952. Thirty-seven
cost items were budgeted for six capacity models, Each of these models
was analyzed under two levels of sideline sales. For every cost com-
ponent an allocation was made to each of three basic fﬁnctions.

Under the assumption that management was above average, the objec-
tive of the Kansas studj was:

. « . to develop more spcific and dependable guides that

management of a country elevator in the hard winter Wheat

Belt could use to make a choice of the size of new elevator

to ?uild for’their par?icular.volume sgecifications and

grain marketing operating environment,”

The elevator rated storage capacity models included: old 20,000
bushel;: new 20,000 bushel; new 100,000 bushel, plus old 20,000 bushel;
new 200,000 bushel, plus old 20,000 bushel; new 300,000 bushel, plus old

20,000 bushel; and new 600,000 bushel, plus old 20,000 bushel, Both the

Y rhomas E. Hall, Walter K. Davis, and Howard L, Hall, New Local
Elevators, Farmer Cooperative Service, U. §. Department of Agriculture,
Service Report 12 (Washington, 1955), ' S

’Ibid., p. 76,
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old apnd new 20,000 bushel elevators were of wood-cribbed iron-clad
design. The remaining elevators were of slip-form concrete construction.
At the time of the Kansas study, the old elevator was assumed to be 25

to 30 years old, However, new and faster legs, loading out scales, and
a truck 1lift had been added to the old elevator,

Sideline sales were restricted to $30,000 and $145,000 annual sales
volume in each model. Costs were apportioned to the merchandising or
handling function, the graim storage function, and the sideline function,
The first function was considered the primary function while the latter
two were denoted as secondary,

The initial budgeting procedure required a determination of the
amount of each cost component at one level of grain merchandised or
handled and of grain stored for the six capacity models, The level se-
lected for the merchandising or handling function was 150,000 bushels
for both the old and new 20,000 bushel elevators and two times the
rated capacity for the other larger new elevators. Levels of storage
utilization were 15,000 bushels for the 20,000 bushel elevators and 90
percent of rated capacity in each of the models for the new concrete
elevators,

Fixed costs were treated as one component of total costs, However,
variable costs were separated into four categories, Separation was made
upon the bases described below,

The four categories of variable expenses were: personnel expenses,
slow or sticky expenses, other variable expenses, and nonoperating state-
ment expenses, Personnel expenses were placed in a separate category

mainly because they accounted for a relatively large proportion of total
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costs. Slow or sticky expenses were those having a minimum, such as
electric power costs, or those set by the elevator manager, such as
advertising expense. Other variable expenses included expenses that
varied more directly with volume changes., Finally, nonoperating state-
ment expenses included costs that were not listed as expenses in elevator
audits .

Variation in grain volume permitted determination of costs at levels
"other than the initial levels. Costs were determined for both the
storage function and for the graip handling function at the two previously
stated levels of sideline sales volume,

A maximum level of volume for the merchandising or handling function
was predetermined for each model elevator capacity. Maximum annual
merchandising or handling capacity was: 250,000 bushels for the 20,000
bushel elevator; 400,000 bushels for the 100,000 bushel elevator; 600,000
bushels for the 200,000 bushel elevator; 900,000 bushels for the 300’000
bushel elevator; and 1,500,000 bushels for the 600,000 bushel elevator.
Likewise, maximum storage capacity was predetermined for each model,

The maximum storage capacity used at any given time was 90 percent of
rated capaéity in the new concrete elevators and 15,000 bushels in the
20,000 bushel elevator models,

Average total costs for the grain merchandising and handling
function at maximum volumes in each model ranged from a high of 5.08
cents per bushel in the new 20,000 bushel model to a low of 2.63 cents
per bushel in the model composed of the new 600,000 bushel and old 20,000
bushel elevators, The four categories of variable costs, when combined

into an aggregate average variable cost figure, monotonically decreased



in most instances as volume increésed for any given elevator model,
However, at identical merchandising or handling volumes a comparison of
these combined expenses showed maximum differences in average variable
costs between any two models of only 0,3 and 0,1 cents per bushel when
volume merchandised or handled was under 400,000 bushels and 400,000
bushels or more, respectively, In contrast, at identical volumes the
respective maximum differences in average total costs between models for
volumes under 400,000 bushels and 400,000 bushels or more were 6,97

and 1,52 cents per bushel., Consequently, differences in average total
costs between models at the same volume of grain merchandised or handled

were accounted for almost wholly by fixed costs, i.e size of plant and

3
equipment, Annual sideline volume was $145,000 for the above comparisons,
For the storage function the inter-model differences between average
variable costs for the four combined variable cost categories at identical
storage volumes never exceeded 0.13 cents per bushel when maximum
storage capacity used was greater than 15,000 bushels. At 15,000
bushels of utilized storage capacity the maximum inter-model cost
difference was 1,53 cents per bushel. Average total storage costs at
identical storage volumes differed between models by maximum amounts
equal to 11,88 and 2,90 cents per bushel when maximum storage capacity
used was greafer than 15,000 bushels and 15,000 bushels only,
respectively, Average total costs of the storage function when maximum
storage capacity was used were highest, 11,44 cents per bushel, for the
new 20,000 bushel elevator model and lowest, 5,14 cents per bushel, for
the model composed of the new 600,000 bushel and old 20,000 bushel

elevators, Sideline volume did not affect storage costs,
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Since the combined variable cost categories changed negligibly
between models at identical handling or storége volumes, the authors
noted that the inter-model differences in fixed cost per bushel would
nearly equal the difference in average total costs. This equality
would be especially valid at volume levels greater than a single turn-
over of the largest elevator under analysis, Therefore, if management
was contemplating construction of an elevator, then per bushel cost
differentials between elevators of variocus sizes could be determined
with only a knowledgé of fixed cost estimates,

A regional study similar in method to the one above was conducted
to describe country elevator merchandising and storage costs for grains
in the Corn Belt.3 Costs were budgeted for facilities ranging in storage
capacity from 30,000 bushels to 400,000 bushels, The old elevator
model was similar in design and age to the old elevator model described
in the Kansas study, Primary grains handled or stored by Corn Belt
elevators were soybeans and corn. Sideline sales volume was $100,000 in
all of the models,

Costs for Corn Belt elevators were budgeted over a volume range of
100,000 to 1,200,000 bushels for the grain merchandising and handling
function. The highest average total costs, 17.76 cents per bushel, were
incurred by the model composz2d of the old 30,000 bushel wood and new
100,000 bushel concrete elevators at a volume merchandised and handled

equal to 100,000 bushels, The model composed of the old 30,000 bushel

3Stanley K. Thurston and R, J. Mutti, Costholume Relationships for
New Country Elevators in the Corn Belt, Farmer Cooperative Service,
U, S, Department of Agriculture, Service Report 32 (Washington, 1957),
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wood elevator and four 25,000 bushel concrete tanks had the lowest
average total costs, 3,17 cents per bushel, when volume merchandised
and handled was 1,200,000 bushels,

Average total storage costs when budgeted over a volume range of
15,000 to 360,000 bushels stored were highest at 15,000 bushels stored
in the model composed of the old 30,000 bushel wood and new 60,000
bushel concrete elevators, These costs were lowest at 360,000 bushels
stored in the model composed of the old 30,000 bushel wood and new
400,000 buebel concrzte elevators. Total per bushel costs for the two
models at the indicated volumes were 25,33 cents and 6.25 cents,
respectively,

At identical volumes, for both the merchandising and handling
function and the storage function the variable copsts per bushel differed
negligibly between the models, However, at identical volumes a large
difference existed between the models with respect to average fixed cost
comparisons, Consequently, inter-model differences in average total
costs. at identical volumes were primarily due to differences in average
figed costs,

Recently, a study of elevator merchandising and storage costs was
made for firms located in the Spring Wheat Belt.4 Individual units
analyzed varied in capacity from a low of 40,000 bushels to a high of
110,000 bushels. As would be expected, the majority of the grain mer-

chandised or stored was wheat, Inter-model differences in fixed and

Z‘LFrancis P. Yager, Country Elevators--Cost-Volume Relations in the
Spring Wheat Belt, Farmer Cooperative Service, U, S, Department of Agri-
culture, Service Report 63 (Washington, 1963).
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variable costs at idéntical merchandising and storage volumes were not
emphasized, Sideline sales volume was approximately $30,000 in all of
the models,

The volume of grain merchandised ranged from 125,000 bushels to
1,191,000 bushels, The model with the highest average total merchan-
dising costs was a 40,000 bushel wood main house and two 30,000 bushel
wood units. Storage volume was 55,000 bushels. The volume merchan-
dised and the corresponding merchandising costs were 145,000 bﬁshels
and 15.41 cents per bushel, respectively, Lowest merchandising costs
were Incurred by a model composed of the following facilities: 110,000
bushel concrete main house; 100,000 bushel wood elevator; 40,000 bushel
wood elevator; 30,000 bushel wood elevator; and ten 10,000 bushel steel
tanks, Storage volume was 285,000 bushels., The merchandising costs were
4,27 cents per bushel and the volume merchandised was 1,115,000 bushels,

Storage volumes analyzed ranged from 55,000 bushels to 285,000
bushels, Highest storage costs were incurred by a model composed of ab
40,000 bushel wood main house and two 30,000 bushel wood units. The
volume merchandised was 125,000 bushels while the volume stored and the
storage costs were 75,000 bushels and 18,91 cents per bushel, respectively,
Lowest storage costs were also achieved from this same model. These
lowest costs occurred at a merchandising volume of 414,750 bushels and a
storage volume of 85,250 bushels, Per bushel storage expenses were

9,21 cents.
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A study designed to estimate cost functions for feed mills was
conducted in the mid-,-1950'$,5 Emphasis was upon the production and
overhead costs of the operation, The costs of feed ingredients and
other raw materials were not considered, Consequently, only the actual
costs of mixing feed were analyzed,

Short-run and long-run cost functions were estimated in the feed
mill study, The inclusion of a capacity variable in the determination
of the cost functions was employed for both time periods, Least squares
regression analysis was applied to annual cost, volume, and capacity data

from 29 feed mixing plants, The models included:

1) Y = blx1’5 + bX,

(2) Y = b1x1‘7 + bzx2

3) - ¥ = b "% 4 b,

%) Y = blxl’g +b,%,
where: |

Y = total annual feed mixing cost

Xl= annual volume of feed mixed

X2= unused mixing capacity on an annual basis,

Equations (1) and (2) were eliminated after being fitted to the

data due to a lower R2 than in equations (3) and (4), When fitted to

the data, equation (3) resulted in the regression equation Y = 70..04)(]_‘8

+ 0,301X2 and an R2 of 0,979 while equation (4) resulted in the regression

9

equation Y = 22,702%;"” + 0.30K, and an R’ equal to 0.986.

5Richard Phillips, "Empirical Estimates of Cost Functions for Mixed
Feed Mills in the Midwest," Agricultural Economics Research, VIII (1956),
pp. 1-8. ' "
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The variables included in the equations demonstrate one approach
in the determination qf_longwrun and short-ryn average cost curves, The
former curves can be ohtained by letting X2 equal zero in each equation,
solving for a series of total costs at alternative volumes of feed mixed,
and dividing the result for each volume by the mixing volume, Solution of
the latter curves for several capacities is achieved by calculating the

decrease in Y resulting from a given decrease in X, in conjunction with

1

the carresponding increase in X, and dividing the result by the remaining

2

value of X, in each case.

1

The basic reason for including a capacity variable was as follows:

A simple regression of cest on output does not provide an

appropriate estimate of the long-run total and average cost

functions when the plants studied operate at various points

on their short-run average cost functions, When actual plant

capacity can be measured realistically, the introduction of

a capacity variable into the model provides oge means of

adjusting for variations in short-run output,

A cogent appraisal of the feed mill study sounds a note of caution
in fitting cost functions from cross-section data,7 The primary con-
clusion of this appraisal is that a priori reasoning should be utilized
to a high degree in selecting the form of the equation, Furthermore,
high correlation coefficients and significant regression
coefficients resulting from several equation models obtained subsequently

to the a priori selection of the equation forms emphasize the extreme

care necessary if the researcher is to achieve results that realistically

®Ibid., p. 8.

7J. F. Stollsteimer, R, G. Bressler, and J, N. Boles, "Cost Functions
from Cross-Section Data--Fact or Fantasy?" Agricultural Economics Research,
XIITI (1961), pp, 79-88,
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describe the data, The authors suggest that plotting the observations
is one technique that will give the researcher a "feeling' for his data,

Research conducted at Oklahoma State University in 1958 was designed
to construct cost curves for grain merchandised at country elevator
points.8 Long-run and short-run cost functions were determined in this
study,

‘A synthetic approach was used to calculate the amount of cost for
18 cost components, The sources of information for these costs included
contractor estimates, audits, and previous research studies,

Elevator bin capacities budgeted were 20,000; 50,000; 100,000;
200,000; and 300,000 bushels, Farmers were assumed to harvest two-
kninths of the wheat crop during the peak day of harvest, Transportation
facilities for moving wheat from the country elevator to the terminal
market were assumed to be available within one day of the time needed,

The two assumptions described above permitted establishment of fhe
size of harvest which could be moved through the five elevator bin
capacities, Consequently, the elevator merchandising capacities required
to handle the harvests were 90,000; 225,000; 450,000; 900,000; and
1,350,000 bushels, These five merchandising capacities and their
respe¢tive total synthesized cpsts were assumed to represent five points
on a long-run total cost fupction,

Least squares regression analysis was used in fitting three forms

of statistical functions to the five points in order to derive a

8T. P. Crigler, "A Method of Economic Analysis for Decision Making
by Cooperative Elevator Associations'" (unpub, Ph,D. dissertation, Okla-
homa State University, 1958),
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long-run total cost function, A linear, second degree polynomial, and
logarithmic function were the statistical models examined, A low R2
and lack of compatibility with theory caused rejection of the first
and third forms, respectively., The second degree polynomial resulted
in the following total cost regression equation:
; TC = $12,000,+ ,03722X - .OOOOOOOIOBX2 R2 = ,990191
where: |

X = bushels of wheat merchandised,

- Therefore, the long-run average cost and long-run marginal cost

functions were, respectively:

AC = $12§000' + ,03722 - ,0000000108X
MC = .03722 - .0000000216X

In each instance? insertion of varying amounts of wheat merchandised
into the above average cost equation gives the long-run average cost and
minimum short-run average cost of merchandising that specific quantity
- of wheat, The minimum point is also the terminal point on the short-run
average cost curvé for the scale of plant which should be constructed
to merchandise that amount of wheat,

Short-run average costs for each scale of plant were calculated
for vérious quantities that were leés than the quantity represented at
the tefminal point on each short-run average cost curve, Inspection of
the cost budgets led to the conclusion that;

. . . the variable costs made up such a small portioﬁ of

the total cost that, for practical purposes, they were negli-

gible. As a result, the short-run total cost function is con~

stant over the relative range. The short-run average cost

curves generated by constant total-cost functions are-rectangular
hyperbdlas.g‘

“Ibid., p. 48,
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Therefore, once a total cost had been computed for a specific
quantity of wheat merchandised, the division of this total cost figure
by various lesser quantities of wheat merchandised would giﬁe a series
of points on a short-run average cost curve, Since the short-run
‘total costs were assumed constant, the short-run marginal costs were

zero,



CHAPTER V

METHOD OF ANALYSIS

The objective of the determination of wheat handling costs
incurred by different capacities of all-grain country elevators at

various grain volume levels can be achieved by several methods,

Alternative Approaches

One method of approach would have included the computation of
wheat handling costs for various volumes for elevators of given
capacities. Such a procedure would be applied to as many different
capacity levels as desired. The result would be a schedule of
handling costs for a series of elevators of varying capacities,

Costs incurred by an elevator operating at a given volume
level with a specific scale of plant might or might not have been
included in this schedule. Consequently, such a schedule would have
been of only limited usefulness to country elevator operators through-
out the wheat-producing region of Oklahoma,

A second method would be a freehand-smoothing approach. When
this method is employed the cost data are plotted on graph paper and

a continuous curve is drawn through the plotted points by visual

56
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inspection "in such a way as to pass approximately through the center
of the obsefvations all along its course."1

Use of the freehand curve might give a satisfactory description of
the relation when the original observations closely indicated the nature
of the relation between the variables, However, if the observations
were widely scattered and the relationship was not so obvious, then the
freehand curve could vary between different researchers, Prior to the
drawing of a freehand curVe, there should be certain logical limitations
placed upon the shape of the curve, These limitations would be based
upon the relationship under analysis,2

A third method to describe the relationship between variables would
be through the use of a ma;hematical equation, Curves fitted to data
by the equation method have an advantage over the freehand approach
when a logical basis exists for expecting a specific relation to occur
between the variables.3 The use of mathematical equations was thé
approach employed in this study. In the following section the reasons

for using this approach are presented.
Approach Used

In the data under analysis, a relationship typifying a theoretical
short-run average total cost curve was expected., This expected relation-

ship would be a decreasing function of the volume of wheat handled.

1Mordecai Ezekiel and Karl A, Fox, Methods of Correlation and Re-
gression Analysis (3rd ed,, New York, 1959), p. 104,

%Ibid., pp. 104 and 107.
31bid,, p. 109.
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Theoretically, the function would be expected to decrease at a de-
creasing rate, to reach a minimuym, and then to increase with higher
volume levels due to a decline in the efficiency of certain variable
resources, notably labor.

However, the objective of this study was not to depict a maximum
level of handling volume, where "maximum" could denote either maximum
efficiency or a maximum level of total physical output in the sense of
the total volume of wheat handled. Accordingly, the only necessary
shape of the average total cost curve that was expected on an a priorl
basis was one that tended to decrease at a decreasing rate with increases
in wheat volume levels, Whether the curve would or would not turn up-
ward would depend upon the upward range on the volume variable, A
visual inspection of the plotted data might serve to indicate whether
the average total cost curve turned upﬁard within the range of the ob-
servations,

Mathematical equations were fitted to the total éost data, These
equations were based upon a visual inspection of the plotted data and
upon the existence of a logical basis for expecting the shape of the
resultant average total cost curve to appear similar to the one de-
scribed above. The technique used and some of the qualifications that
should be made when mathematical equations are fitted to data are

presented in the following section,

Regression Technique Used
Least-squares regression analysis was the technique used in this

study, The use of regression analyses in fitting a curve to a set of
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points has been utilized often in research studies in agricuitural
economics, What was the purpose of such analyses? An examination of
this aspect of the regression approach indicated some of the ways the
method could be used with validity,

Regression techniques between variables aid in estimating or pre-
dicting one of the variables.4 The regression of the dependent vari-
able upon the independent variable can be fitted to a linear or
curvilinear relationship, Several independent variables can be studied
to determine the degree of relationship between this group of variables
and the dependent variable to be predicted, '

As previously stated, a curvilinear relation was expected. Thefe~
fore, the form of the regression equation to be fitted to the total
cost data was one that permitted curvilinearity in the resultant
average cost curve, Total cost was regressed upon the bushels of wheat
handled, These were the only two variables analyzed,

The paired observations on costs and wheat volume handled shouild
satisfy certain requirements for testing short-run cost-output relation-
ships, Johnston noted that in an ideal sense the paired observations
should satisfy the following conditions:

L. The basic time period for each pair of observations

should be one in which the observed output was achieved by a

uniform rate of production within the period., It would not

be desirable, for example, to have 4 weeks as the basic time

period if there were substantial weekly variations in the rate

of production for the 4~week figures would then be averages
which might obscure the true underlying cost curve,

4Paul G. Hoel, Introduction to Mathematical Statistics (2nd ed.,
New York, 1954), p. 125.
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2. The observations on cost and output should be properly
paired in the sense that the cost figure is directly associated
with the output figure. This condition would not be satis-
fied, for example, if we paired accounting data for weekly
periods where the wages paid in any given week were, in fact,
based on the number of hours worked in the previous week,

3. We should also like a wide spread of output observa-
tions so that cost behavior could be observed at widely differ-
ing rates of output., This result could be achieved by having
a very large number of experimental firms, all of the same
fixed capacity, and instructing each to produce at a certain
rate, these arbitrary rates being chosen to give the desired
range of output levels, Or we might have a small number of
experimental firms, all of the same fixed capacity, and vary
the rate of output over various periods of time, In both
cases it would be necessary for the observations on any given
rate of output to relate only to periods when the firm was
fully adjusted to producing at that rate and doing so with
maximum efficiency within the assumed capacity constraint,

4, It would also be necessary to keep the experimental
data uncontaminated by the influence of factors extraneous to
the cost-output relationship itself., For example, we should
not wish to record cost observations which were influenced
by variations in the prices paid by the firm(s) for factors
of production such as labor, raw materials, etc, Secondly,
we should not want different observations to relate to different
environments of technical knowledge and expertise; instead, we
should require that each firm in each period shguld have at its
disposal the same stock of technical knowledge.

It should be emphasized that these requirements were ideal and did
not necessarily depict reality, In this cost analysis, as is shown
later, these ideal requirements were not satisfied in their entirety,

Johnston recognized that data extracted from the real world fall
short of fulfilling one or more of the four conditions listed above,6
For example, if a cross-sectional study were made, very few firms would

be found with a specific capacity limit, Consequently, if a series of

SJohnston, pp. 26-27,

SIbid., pp. 28-29.
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output observations for several fixed capacities were obtained, then
given firms would need to be studied over successive time periods during
which their capacities remained the same, However, the capacity of
these firms could have changed over time.

Also, in the event that published cost information existed, the
information could have been for time periods that were undesirably long
for a uniform rate of production to have occurred. Even internal
accounting data could have been too long to obtain a uniform rate,

Extrapolation of the data outside the observed range of paired
observations on cost and volume would be desirable if the extrapolations
described the new situation realistically. Since no actual observations
existed within the extrapolated sections of the data, there would be no
certainty that these observations would have depicted the expected
reality,

Regarding extrapolation, Ezekiel and Fox stated:

A rough rule-of-thumb has been given that estimates beyond

the observed range should never be made, or, if they must
be made; should be regarded as exceptionally hazardous,
Extrapolation of the regression equation or curves beyond
that range . . . represents an extension into unknown fields
where sudden changes in the nature of the relations might
conceivably occur, A priori knowledge of the relationms,
based on technical facts and theories, or_on other evidence,
may justify extrapolations of the curvesv7

In this study an extrapolation of the data was not made, The pri-
mary reason for not extrapolating the data was the existence of uncertain-
ty with respect to the amount of the labor cost component, Since labor

costs were the largest item of expense, the effects of this component

"Egekiel and Fox, pp. 322-323.
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upon average total costs should not be underemphasized, Furthermore,‘
certain other costs were derived from the labor bill., These costs
included: workmen's compensation insurance and comprehensive general
liability insurance, fidelity bond expense, and social security tax,

The expected levels of labor costs, both permanent and seasonal,
and the costs derived from these labor expenses were not known. There-
fore, an extrapolation of the costs beyond the range of the volume
observations on wheat handled was not made. Such an extrapolation
would not have added any reliable knowledge to the cost-volume relation-

ships,

Classification of the Firms

Several alternative types of firm classifications could have been
made, Each type could be used with a specific purpose in mind,

First, firms could have been classified upon the basis of the
number of plants under one ownership. Single units versus multiple
units would be one type of ownership classification, Multiple~-unit firms,
in contrast to single-unit firms, operate plants at several geographical
locations. This method of classification was used inba 1954 cost study
of coopefative elevators.8

A second method of firm classification could have been based upon
the form of ownership. In the elevator industry a logical separation

of this type would have been into private firms and cooperative firms.

8AdldWe L. Larson and Howard S, Whitney, Relative Efficiencies of
Single-Unit and Multiple-Unit Cooperative Elevator Organizations, Okla-
homa Agricultural Experiment Station Bul, B~426 (Stillwater, 1954).
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A third method could have involved separating the firms into various
levels of dollar sales volume, Sales in this case could have included
revenue from merchandising or handling grain, from storing grain, and
from sideline activities,

A fourth method of classification could have been based upon the
rated storage capacity of the firms, This method was the one used in
this study. Single-unit country grain elevators were selected aﬁd
divided into rated storage capacity groupings. The handling function
was the functioﬁ under analysis. Therefore, the classification by
storage capacity did not include sideline sales,

Several reasons existed for utilizing the above approach in this
study, First, the objective of determining the handling costs for all-
grain elevators of alternative capacities necessitated a classification
of firms by capacity.

Second, ;;nce dollar sales volume of sideline activities fluctuated
widely between firms in the real world, no specific level of sideline
sales volume depicted the majority of the elevators. Consequently,
sideline activities were discussed from the viewpoint of adding flexi-
bility to an elevator that was initially handling gréin only,

Third, the inclusion of multiple-unit firms in the analysis would
have required a detailed study of several models, Each model would have
included a different numbex of firms under a single bwnership or manage-
ment, An inspection was made of the audits for 59 cooperative elevator
organizations that had handled a part of the 1962 Oklahoma wheat crop.

Only 17 of these associations had a multiple-unit structure,
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Consequently, a decision was made to exclude multiple-unit models, Cost
studies for these models could be conducted in a separate report.

The elevator cost components in this study were based upon expenses
incurred by cooperative firms, Access to previous vesearch data on
cooperatives and a willingnese by cooperative managers to discuss the
cost aspects of their operation were the basic reasons for using cest
data from cooperative elevator operations, However, practically all of
the cost components were applicable to firms operated under a private

ownership structure,

Budgeting of the Data

Phillips recognized two techniques for determining cost-volume
relationships. He stated:

The problem of determining reliable cost functions may be

approached either (1) by budgeting from relevant produc-

tion and price data or (2) by observing cost and volu@e

data from a representative sample of operating firms,

One criticism of the former method would be the frequently large
and expensive research cost involved in synthesizing the data, The
latter approach often would have the advantage of using readily avail-

. 10
able cross-sectional data,
Despite the above criticism of the budget approach; a budgeting of

the majority of the cost components was carried out in the present

analysis. The reasons for this procedure are described below,

9Phillips, p. 1.

OStollsteimer, Bressler, and Boles, p. 79.
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First, the fact that practically all country grain elevators in
Oklahoma incurred expenses from a sideline function in addition to the
grain functions would render a cross-sectional cost analysis of elevators
nearly meaningless, Each firm would have to have been analyzed in de-
tail through individual interviews with the managers and through obser-
vations of the workers in order to isolate the costs that were appli-
cable only to the grain-handling function,

Second, many cost constituents, as discussed in detail later, could
be budgeted without large research costs, Research costs of personal
interviews were lower than research costs of lengthy time and motion
studies, Interviews with elevator managers and agricultural specialists
were used to obtain many of the cost components in this study.

Third, cross-sectional data from audits depicted elevators with
many types of design. For example, some firms had flat storage facili-
ties in addition to concrete tanks while other firms had only concrete
tanks, Consequently, if cross-sectional data had been used, then an
individual firm analysis would have been required in order to isolate

the grain-handling costs attributable to each model design,



CHAPTER VI
APPLICATION OF THE METHOD

The selection of the elevator models, the calculation of the costs
incurred by country elevators in handling grain, and the subsequent
fitting of equations to these costs constitute the main part of tﬁis
chapter. Some potential revenue functions are also discussed., The

cost and revenue functions are then related to each other.
General Description of the Model Facilities Budgeted

The ten models and their initial costs for construction and
auxiliary equipment were obtained from contractor estimates, The
elevators were deemed by the contractor to be typical country elevators
in an area bounded roughly by the Rocky Mountains, Missouri River,
Mexico, and Canada. Construction costs of the models were exclusive of
any areas where union labor would have been a factor,

Each elevator was a vertical concrete type, Standard equipment on
most elevators included an overhead electric trucklift;, an elevator leg,
an electric manlift, a dust fan, an automatic shipping scale; a remotely
controlled electric distributor, and a load-out spout. A belt conveyor
was added to elevators with a storage capacity of 300,000 bushels or
more, Elevators with a storage capacity of 500,000 bushels or higher

had a semi-truck dumper and a power shovel, A truck scale and an office

66
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were standard equipment on all models, A detailed description of the

facilities for each of the ten models is presented in Appendix A,
Relative Importance of Selected Costs

A first approximation of the costs important in country elevator
operations was obtained by an examination of the annual audits of
cooperative grain elevators, Emphasis is made at this point that such
an examination gave only a rough estimation of the importance of these
costs, especially since the grain handling function was the primary one
under consideration in this study. Costs shown in audit statements were
not allocated to the various operating functions, Table VII shows the
relative importance of these costs, The data in this table represented
the average amounts for 59 cooperative elevators,

Two criteria were used in selecting the audits from which the
costs in Table VII were assembled, First, only firms that had an audit
on file in the Department of Agricultural Economics covering the 1962
wheat crop were considered, The fiscal year of the firm had.to include
the period May 2, 1962 to June 29, 1962 to meet the first criterionm.
Second, the audit had to have a Statement of Wheat Account in order to
be chosen, This criterion eliminated cooperative cotton gins, feed
associations, lumber cooperatives, and other types of associations that
did not have an elevator,

The 59 cooperatives ranged in rated storage capacify from 95,000 &
to 1,700,000 bushels. All of the firms, with the exception of one, were
located in the western half of Oklahoma, Sideline sales volumes

fluctuated from a low of $11,000 to a high of $907,000,
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TABLE VII

ANNUAL EXPENSE COMPONENTS IN DOLLARS AND AS A PERCENTAGE OF TOTAL EXPENSE,
AVERAGE OF 59 COOPERATIVE ELEVATORS: OKLAHOMA,
1962 WHEAT CROP

I

Percentage of

Expense Amount Total Expense
' -Dollars-
Salaries and Wages
. Manager's Salary 7,335 - 7.15

Other Salaries and Wages 38,647 45,982 37,67 44,82
Depreciation 17,765 17.32
Insurance and Bonds 4,724 4,60
Interest 4,785 4,66
Taxes 8,094 7.89
Utilities 3,841 3,74
Telephone and Telegraph 781 .76
Repairs 2,906 2.83
Supplies 2,192 2,14
Advertising 1,330 1,30
Truck Expense 2,552 2.49
Administrative and Selling Expense

Directors' Fees 437 .43

Audit Expense . 471 .46

Donations 244 .24

Dues and Subscriptions 362 .35

Lease and Rentals 330 .32

Annual Meeting and Travel 478 47

Scale Inspection 280 .27

General Expense? 4,356 6,958 4,25 6.79
Employee Insurance 687 .67
Total 102,597 100,00

8Includes postage, yard improvement, fumigant, box rent, educational
expense, bank charges, inventory fees, storage expense, uniform expense,
freight, burglar alarm service, sedimentation test, rodent extermination,
hauling expense, stock show premiums, flowers, shop expense, wheat expense,
mill expense, station expense, cleaning and treating expense, fertilizer
expense, seed analysis, produce expense, tonmnage fees,. . .. o)
elevator expense, retirement expense, collection expense, fuel expense,
maintenance contracts, propane, appliance and hardware store expense, in-
spection and handling, wheat samplers' expense, alfalfa seed expense, ser-
vice contract, farm supply expense, grinding expense, tractor expense,
equipment maintenance, heating, harvest expense, sacks, gas, oil, kerosene,
feed tags, elevator imspection, building permit, coopering cars, inspec-
tion and service; gasoline plant expense, warehouse expense, demurrage
patronage and sales analysis, soil samples, and filing fee,

Source: Annual audits of 59 cooperative associations,
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The expense groupings in Table VII were extracted for the most
part from previous research findings, but were not identical with them.l
A certain amount of subjectivity was involved in deciding upon the ex-
pense groupings to be made, The primary basis upon which the cost
groupings in Table VII were made was the amount of consistency with
which the expenses appeared in the audits. Expenses that did not appear
regularly in the audits were included in the category of general expense,
The other expenses in Table VII appeared in practically all of the Detail

of Expenses statements in each audit,

5

L

A superficial inspection of Table VII reveals that salaries and
wages and depreciation are the two largest cost components, These two
items account for a combined total of over 62 percent of aggregate
expenses, Taxes and general expense are the biggest expense items in
the remaining group of 18 expense components., No other expenses account
for over five percent of the total. The largest of these minor expenses
are interest, insurance and bonds, and utilities,

The seven cost items mentioned above accounted for nearly 90 per-
cent of total costs, The remaining 10 percent were distributed between
13 other expense items., Directors' fees and the annual meeting component
of annual meeting and travel expense were not incurred by‘firms operated

under private ownership,

1Larson and Whitney, p. 7.
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Cost Components Included in the Analysis

An examination of Table VII in conjunction with several published
research studies resulted in a compilation of costs for 16 cost
2
components, These components were selected upon two bases,

e
First, the cost component must have been relevant to the grain e

s
handling function., If the cost was incurred solely because of the
existence of a grain storage function or 2 sideline function, then the
expense was not included in the empirical cost budgets,

Second, the amount of the cost must have been a realistic represen-
tation of the specific cost component, As discussed in detail later,
the estimation of certain components was not deemed feasible because of
difficulties in the determination of annual cost figures that would
have been useful to elevator operators. These components varied to such
a high degree between areas and firms that their inclusion in cost

budgets would have had little value for any specific elevator manager

or owner,

2'I‘hese published studies have been discussed in Chapter IV. Most
of the cost components were extracted from the research by Crigler and
by Hall, Davis, and Hall, The cost constituents used by Yager and by
Thurston and Mutti were similar to those listed in the first two studies,
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Each cost component used in the current study and the method of cost
calculation are described below.3 The annual cost budgets for the ten

models are presented in Appendix B,

Depreciation of Elevator and Machinery

A straight-line method of depreciation was used, Elevator and
machinery costs were grouped together, These two items of equipment
were assumed to have a 40-year life, Consequently, the depreciation
rate was 2 1/2 percent per year. A zero salvage value was assumed;
The annual cost was computed by applying this rate to the contractor

estimates of the purchase price of the elevator and machinery,

Depreciation of Office and Scales

Again, a straight-line depreciation method was used, A 20-year life
with no salvage value was assumed to exist for the office and scales,
The resulting five percent rate of depreciation was applied to the pur-

chase cost estimates that were furnished by the contractor,

3An accountant from a cooperative auditing service furnished
information on the calculation of the following costs: depreciation of
elevator, machinery, office, and scalesi federal warehouse : bond; rail-
road lease; social security tax; audit expense; annual meeting expense;
directors' fees; and interest on capital. An inmsurance agent for
cooperative elevators, who was also a recognized leader in the Oklahoma
grain trade, supplied information on the calculation of the following
costs: insurance on elevator, machinery, office, and scales; work-
men's compensation insurance and comprehensive general liability in-
surance; federal warehouse bond; fidelity bond; and electric power ex-
pense, Additional sources of cost calculation are stated in the dis-
cussion of the individual cost components,
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Insurance on Elevator and Machinery

Protection against loss on elevator and machinery from fire,
explosion, windstorm, and hail was provided by this insurance, The
amount of coverage was equal to 90 percent of the initial purchase
price, 1Individual rates per $100 of coverage were $,072 for fire and
explosion and $.014 for windstorm and hail., The combined rate of $,086

was applied to the amount of coverage.

Insurance on QOffice and Scales

The insurance rate was $,382 per $100 of coverage on fire, explo-
sion, windstorm, and hail, Ninety percent of the initial purchase price
was the amount of coverage on office and truck scales, The above rate
was applied to the amount of coverage.

Workmen's Compensation Insurance and Comprehensive
General Liability Insurance

Workmen's compensation insurance covered the employer's liability
to the employees under the Oklahoma Workmen's Compensation Law from
accidents or sickness arising out of their employment.

Comprehensive general liability insurance covered the employer's
liability to the customers and the public from accidents involving
bodily injury or property damage,

One-fourth of the employees were assumed to work in the office and
three~fourths in the elevator, Under this assumption the insurance rate
per $100 of payroll was $3.42,

Payroll expenses were obtained from questionnaires. Subsequently,
payroll expenses were adjusted by a regression equation, Application
of the rate to the adjusted payroll expense gave the budgeted annual

insurance cost,
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Federal Warehouse Bond

A federal warehouse bond, rather than a state warehouse bond, was
included in each model since discussions with grain elevator specialists
indicated the former type to predominate in Oklahoma, Rates per $1,000
of federal warehocuse bond were as follows; §$5 for first $10,000 of
coverage; $2.50 for next $15,000 of coverage; and $1.25 for any cover-
age in excess of $25,000,

The amount of coverage was $.15 per bushel for the first 1,000,000
bushels of rated capacity; $.10 per bushel for the next 1,000,000
bushels of rated capacity; and $,05 per bushel for all amounts over
2,000,000 bushels of rated capacity, These rates were applied to the
amount of coverage in order to compute the cost of the federal warehouse

bond for each model,

Railroad Lease

The amount of this expense was constant each year so long as the
amount of siding and land leased from the railraad remained the same,
Also, the costs of the railroad lease would not vary widely between
elevators, The amount of this cost component was fixed at $100 per year

in every model,

Fidelity Bond

This bond covered the manager and the employees., Two types of
fidelity bonds could be purchased. They were (1) individual schedule
bond and (2) blanket position bond, The first type covered omne or
more named individuals while the second type covered all employees in

one blanket covefage°
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An average coverage of $15,000 was used in all of the models, The
annual rate for the individual schedule bond was $4,50 per $1,000 of
coverage per person, For $15,000 of coverage, the annual rate schedule

for the blanket position bond is shown in Table VIII,

TABLE VIII

ANNUAL RATES FOR $15,000 OF BLANKET POSITION BOND COVERAGE WITH VARIOUS
NUMBERS OF EMPLOYEES

Annual Rate , ' » ‘ ' j ' “ - qubef‘of Employées
-Dollars-

151,30 5 or less
162.65 6

174,00 7

185,34 8

196.69 9

208,04 ~ e N 10

Source: Personal interview with an elevator insurance agent,

Calculation of fidelity bond costs revealed that if the firm had
only one or two employees, then the individual schedule bond would cost
the least amount., However, if there were three or more employees, then
bond costs would be lower when the blanket position bond was purchased.

The number of permanent employees at various levels of grain
volume handled was obtained from questionnaires., Subsequently, the
appropriate bond rate schedule, either for the individual schedule bond
or for the blanket position bond, was used to determine the amount of

the fidelity bond costs,
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Total Salary Expense

A personal interview was conducted with the individual managers of
ten elevators located in eight counties in the wheat-producing area of
Oklshoma, During the course of this interview, a five-page questionnaire
wags filled out, The questions in the questionnaire centered around the
cost aspects of the individual elevators, Background information on the
grain-handling function was obtained from the early sections, In the
final section of the questionmnaire, the manager was asked to estimate
the total number of employees and the total salary at various wheat-
handling volumes under the assumption that the only function of the
elevator was to handle grain, This estimation was obtained in the mamner
described below,

From the annual audit the manager was reminded of the number of
bushels of wheat that his firm handled for the fiscal year of his firm
inciuding the 1962 wheat crop, Subsequently, he was asked how many
permanent employees he would hire at this level of wheat handled if he
had only a grain-handling function, Simultaneously, the total labor
cost, inclusive of permanent and seasonal labor, for this volume was
obtained from the manager.

In the following questions each manager was told that all situations
involving changes in the amount of wheat handled were assumed to be
permsnent. In this sense "permanent" denoted that the change was expected
to last for several years, An effective govermment program designed to
alter wheat supplies was assumed to be the primary initiating force, A
further assumption throughout the interview was that the rated storage

capacity of the elevator did not change,
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Handling volumes above and below the 1962 level ﬁere then obtained,
The manager was asked the alternative levels of Eushels of wheat handled
at which he would add or subtract one or more permanent employees,
Following this response, he was asked how much these additions or sub-
tractions would change his labor costs, Both_seasonal and permanent
labor cost changes were included in this last answer. The final result
of the above information was a series of paired observations on total
labor costs and wheat handling volumes for ten elevator capacities,

The results of these interviews led to the conclusion that total
salary expense for a given elevator was not constant at alternative volume
levels of wheat handled, In fact, over many of the volume ranges the
labor expepse more than doubled from the lowest handling volume to the
highest handliné volume,

A preliminary inspection of the aggregate total cost curve for each
scale of plant led to the conclusion that total salary expenses did not
display a realistic relationship between the ten scales of plant,
Specifically, certain plants exhibited a higher amount of total costs
than other plants at all of the volume levels observed even though
these former plants had a lower rated storage capacity. Based upon the
method of cost synthesis, such a relationship was not expected since the
summation of all nonsalary expenses at a given level of handling volume
increased as the scale of plant increased, Consequently, the salary data
were adjusted in order to depict the expected relationship between total
cost and volume for firms of different capacities, The following dis-

cussion relates how this adjustment was made,
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A paired observatién ot total salary expense and the number of
bushels handled was taken from each of the ten elevator models., The
selected observation in every case was the manager's estimate of the
total salary expense for the quantity of wheat handled for the audit
fiscal year encompassing the 1962 wheat crop, Since the other obser-
vations for each firm were above and below this selected observation,
the use of the latter observation was believed to provide a comparable
base from which to adjust the total salary expense., Figure 10 shows
the locations of the selected cost-volume points. These points are
represented by X's, The numbers beside the X's denote the rated
storage capacity of the firm under observation in 100?000 bushel units,

A linear regression line was fitted to the data, This regression
line of total salary expense on volume handled is also shown in
Figure 10, Observations for only nine of the ten firms were used in
computing the equation of the line, The 100,000 bushel capacity ele-
vator was excluded because this firm was operating at a handling voluﬁe
in excess of 2 1/3 times its capacity. None of the remaining nine
firms were operating at a percentage level of capacity that was this
large,

The equation for the regression line was

'? = 24,324238 + ,022941X% R2 = .862318
(6,623)%*%

where: ' .

A

Y = estimated total salary expense in hundreds of dollars;
X = volume of grain handled in hundreds of bushels,
The t ratio shown in parentheses was significant at the one percent

level,
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Thg ten volume levels shown in Figurel0 were inserted into the
regression equation té determine the adjusted total salary expense for
each elevator,

In an effort to preserve the managers' estimates of the individual
intra~firm salary expense relationships, the following procedure was
used, The adjusted total salary expense and the volume of grain handled
during the 1962 audit year were used as the base from which the total
salary expenses at alterpative volume levels were calculated., The
managers' estimates of the total salary cost differentials from the
unadjusted total salary expense at the alternative nonbase handling
vplumes were computed for each firm, These differentials were then
added or subtracted from the adjusted total salary expense base in order
to determine the amount of this expense at the alternative volume levels,
Consequently, the relationship between total salary expenses at the
alternative volume levels of grain handled was preserved for each firm,

The result of the adjustments was to shift the labor cost curves of
the firms without changing the slope of these curves for a given volume
level, The adjusted total cost curves are illustrated graphically in

the section of this chapter entitled "Examination of Cost Functions.,"

Social Security Tax

Social Security regulations required the employer to pay a tax of
3 5/8 percent on the wages paid each employee up to $4,800 per employee,
Additionally, the employer deducted 3 5/8 percent from the wages paid
each employee up to $4,800 per employee, This amount also was paid as

a Social Security tax,
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Since total salary expense in this study is a gross figure before
any tax deductions, the émount of the Social Security tax in the cost
budgets is exclusive of the amount of the tax that would be deducted
from the wages of the employegs., The amount of this cost was computed
by applying 3 5/8 percent to the adjusted total salary expense. This
method of computation overestimates the level of Social Security taxes
to some degree since some salaries would exceed $4,800. However, the
manager was assumed to be the only employee whose wages were greater
than $4,800. Consequently, the amount of this cost, when compared to

the total of all of the cost components, was not large,

Audit Expense
The schedule of auditing charges shown in Table IX was used in

this study,.

TABLE IX

ANNUAL AUDIT FEE FOR COOPERATIVE GRAIN ELEVATORS OF VARIOUS
RATED STORAGE CAPACITIES

Cost - o | . __Rated Storage Capacity
Dollars -1,000 Bushels-
2502 100 through 300
350 301 through 600
450 601 through 900
500 - 1,700

qinimum cost for an audit is $250,

Source: Personal interview with a member of an auditing firm,

Conversation with an employee of a privately owned grain elevator

firm indicated that the audit expense of his firm was similar in amount
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to the cost listed above for cooperative firms, Howgver, in some cases,
firms under private ownership might not have an audit made, This point
should be considered when comparing the audit expense for a cooperative

elevator and a privately owned elevator.

Annual Meeting Expense

The cost of this item, including a dinner and door priges, was
estimated to be $400 for all models, While the amount of this expense
varied with individual elevators, $400 was considered to be a represen=

tative figure for the ten models in the study.

Directors' Fees
An annual cost of $300 was assumed for all models, This cost was

for five directors at $5 per director per meeting for 12 meetings.

Interest on Capital

The assumption was made that 100 percent of the amount of the
purchase price of the elevator and machinery was borrowed at five per-
cent interest, The average length of the borrowing time was assumed to
be six years,

The average annual amount of this cost was computed by the follow-
ing method; |

@ c_ = .05/p - gpa-1)_7

where

c

n interest cost in year n

]

P purchase price of elevator and machinery

year in which interest cost is being computed,

=]
il
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2) 3 = average annual interest cost,

Fofmula 2 gives the cost figure used in the budgets for the interest
on capital expense, The interest cost is reasonable for a firm built
within the last few years, However, it would be about one~sixth higher
than the interest charge on the average investment over the life of the

investment at the five percent interest rate,

Electric Power Expense

The following information was used to compute annual electric power
costs:

(1) Forty bushels were elevated per kilowatt-hour of electricity
used,

(2) Monthly ppwer rates were: $1.00 total for first 14 KWH; 4.8
cents pér KWH for the next 86 KWH; 3.8 cents per KWH for the next 400
KWH; 3,3 cents per KWH for the next 500 KWH; 2,4 cents per KWH for the
next 500 KWH; and 2.2 cents per KWH for any amount above 1,500 KWH.,

The minimum monthly power bill was $1.00 plus 50 cents for each connected
horsepower.5 No demand charge was assumed,

Utilizing the above information, the annual electric power bill was
computed as follows: To;al annual bushels handled were divided by 12 to

obtain average monthly bushels handled, This monthly average was divided

#This elevation rate was used by Hall, Davis, and Hall, p, 30. Elwmer
Daniel, Assocliate Professor of Agricultural Engineering, Oklahoma State
University, stated that this was also an accurate rate for country grain
elevator operations existing at the time of this study.

5These rates were Oklahoma Gas and Electric Company rates for Class
C-3 towns, A discussion with a leader in the Oklahoma cooperative elevator
industry led to the conclusion that these rates were representative of most
cooperative elevators in the state since 0, G. and E, served most Oklahoma
cooperatives,
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by 40 to derive average monthly KWH consumption, The power rate
schedule was applied to this consumption to determine the average
monthly power cost, Next, the minimum monthly power bill was computed,
The connected horsepower for each model used in computing this minimum
bill is shown in Appendix A, The largest cost, average monthly power
cost or minimum monthly power cost, was multiplied by 12 to obtain the
annual electric power expense,

Only one elevation was assumed in the above computations, Therefore,
the computed power expense was the absolute minimum that would be
expected, Even if more than one elevation had been assumed, there would
not be a proportional increase in power costs because of the regressive
monthly power rate schedule, A demonstration of the effects of the re-
gressiveness in the rate schedule upon total power costs for hypothetical

variations in the number of elevations appears in Appendix C,

Property Tax

Examination of Oklahoma tax information revealed an assessed valua-
tion equal to ten cents per bushel of rated elevator storage capacity,
The tax rate applicable to the assessed values varied widely both between
and within counties. The location of school distriet boundaries and the
issuance of bonds for local improvements were two factors mentioned by
assessors that could cause variation in the rate between twp areas,

In an effort to determine the average rate for eight counties in
the specialized wheat-producing region of Oklahoma, letters were sent to
the county assessors in these counties, Replies were received from

seven counties, Nine of the ten elevators whose managers were interviewed
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for labor cost estimates Qere located in these counties, The tax rates
per $1,000 of assessed valuation ﬁor these nine firms ranged from a low
of $36,80 to a high of $78.95, The rate did not necessarily increase
as the size of firm increased, The average for these firms was
approximately $50,.00 per $1,000 of assessed valuation, The average rate
above was applied to the assessed valuation for each firm, The results
were the amounts of the property tax included in the budgets,

Again, emphasis is made that the amount of this tax fluctuated
widely between firms, Elevator managers or owners should comsult the
tax assessor for their specific location in order to determine the exact

amount of the tax on their elevator,
Appraisal of Cost Components Included in the Analysis

Mention was made earlier that the ideal requirements for the paired
cost-volume observations were not fully ,satisfied.,6 With the above
description of individual costs in mind, a brief appraisal of the extent
to which the costs satisfied these requirements follows,

First, the rate of the volume handled within the period, one year
in this study, was not expected to have been uniform. Characteristically,
country grain elevators received most of their wheat within a period
of about two months, Consequently, the use of annual data included
periods when high amounts of wheat were handled and periods when low or
no amounts of wheat were handled, However, many of the cost components

were fixed and, therefore, were incurred during the entire year even

6See pages 59-60,
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though the number of hushels handied would‘have been relatively low
during part of the year, |

Second, the observations were paired in the sense that the cost was
directly associated with the number of bushels handled., None of the
cost figures in the budgets represented costs that were incurred during
a time other than the year when the bushels of wheat were actually
handled,

Third, the method of cost determination for each scale of plant
resulted in a spread of output observations, This spread was not as
wide for some scales of plant as it was for others,

Fourth, the data were budgeted under the assumption that prices of
the inputs did not change and that all elevator operators possessed an
equal amount of technical knowledge,

A final point concerning the cost components used in the current
study centered around short-run variations in total costs, In Crigler's
study, the assumption was made that short-run total costs were constant.7

In confrast, short-run 1abor costs were variable in this study; they
more fhan doubled over the volume range in several of the models, In
fact, in at least one model, five of the 16 cost components varied with
volume changes, These five costs included: workmen's compensation
insurance and comprehensive general liability insurance, fidelity bond,
total salary expense, Social Security tax, and electric power expense,
While some of these five variable costs were small in comparison to

several of the fixed costs, the aggregation of these five costs stressed

7Crigler, p. 48.
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their impo:tance to total cests in the short run. Over the observed
volume range within each model, the lowest and highest total handling
cost increases were one percent and 54 percent, respectively. Total
handling costs fluctuated less than 10 percent in only two models,
Consequently, short-run total costs in the cost budgets did vary con-

siderably with changes in the number of bushels handled,
Cost Components Excluded from the Analysis

No pretense is made that the 16 cost constituents itemized in the
cast budgets in this study encompassed all of the relevant grain handling
costs incurred by country elevators, However, for various reasons,
certain cost items were purposely omitted from the budgets,

The expenses, relevant to the grain handling function, which
appeared in most studies of country grain elevator operations, but which
were not included in the present study were as follows; repairs, supplies,
telephone, advertising, donations, dues and subscriptions, scale inspec-
tion, and utilities,

The primary reason for excluding these costs from the analysis was
the difficulty that would be encountered in obtaining realistic estimates,
Some of the costs were not related to the size of plant, Other costs were
expected to fluctuate unpredictably between years, Finally, the amount
of these costs attributed to the handling function would be difficult to
ascertain in some cases. For example, expenses for reéairs or supplies
vary greatly between yeérs. An average annual total cost, if used in
the cost budgets, would be expected to deviate widely from the actual

costs incurred for repairs or supplies in any given year,
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Additionally, an estimate of the amount of the repairs or supplies
expense attributable to the handling function was difficult to obtain,
Usually, expenses shown in thevaudits were not allocated to the individual
functions, If an allocation was made in the audits, it was normally made
upon the basis of sales, Consequently, as the total value of sales in-
creaéed, the amount of total costs allocated to the increased sales in a
particular department or function increased. This method of cost allo-
cation was used by elevator accountants,

Telephone rates were based upon the number of telephones within an
area, Inspection of elevator capacities revealed no relationship between
the number of telephones in an area and the elevator capacity when popu-
lation was used as an indicator of the relative concentration of tele-
phones, An elevator operator should examine the local rate schedule to
approximate the amount of his telephone expense,

Expense estimates for dues and subscriptioms, advertising,and do-
nations were considered to be highly subjective, No mandatory amount of
these costs existed for any specific hapdling volume or for any given
capacity of elevator, These costs were based upon decisions made by
management, Consequently, if an average amount for each of these
expenses were used in this study, the averages would not depict the amounts
of these costs that should be incurred by an elevator of a specific
capacity, For instance, the number of competing élevators within a wheat-
producing area could be the basie determinant of these costs rather than
the capacity of the el?vator or the volume of grain handled,

Scale inspection expense was estimated by an auditor to be under

$25 per year, The number of inspections plus the amount of adjustment
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and repair of the scales fluctuated annually, Due to these fluctuations

and the relatively minor importance of the scale expenses, the cost

)
budgets did not include these expense items,

Utilities were normally composed of electric power, lights, heat,
and water, These utility expense components seldom were presented
individually in the elevator audits examined. Inspection of a previous
research study revealed the relative importance of these constituents,8
Electric power expense was the largest component of total utility
expense, Combined expenses for lights, heat, and water were a small
fraction of the total utility bill, Based upon the small amounts of these
‘three expenses and the information that would be required to allocate
them to the handling function, the decision was made to exclude them
from the cost budgets,

The primary reason for listing the basic costs that were excluded
ffom this study was to point out that recognition was made that these
costs were incurred, Individual elevator operators should examine these
costs in relatiom te their specific grain-handling operation, These cost
components were not included in the cost budgets because their inclusion
would not have provided realistic or accurate estimates of their actual

levels in the elevator models,

8Ha11, Davis, and»Hall.
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Examination of Cost Functions

The total costs for the ten elevators at alternative quaptities
of handling volume were plotted in an effort to determine the form of
the functional relationship between total costs and volume, Figure 11
reveals the results of the plotting, Each coordinate point for the
individual firms is linearly connected to the next successive point
with respect to output, The number beside each line denotes the rated
storage capacity in 100,000 bushel units for the respective firms.

The total salary expense component of the total costs shown in
Figure 11 has been adjusted by the regression equation described earlier,
Inspection of Figure 11 reveals the effect of this adjustment. The
connected total cost points for each firm are located above all firms
with lower rated storage'capacities, This expected relationship was
achieved throughbthe adjustment of total salary expense,

A vyisual inspection of the connected points in Figure 11 led to
the belief that the relationship between cost and volume could be linear
over the range of the observations. Subsequently, 2 linear equation was

fitted to the observations for each firm by the method of least squares

\
i

regression, The results of the regression analysis are shown alge-
braically in Table X and are shown graphically in Figure 12, Again,

the numbers beside the plotted equations in Figure 12 denpte the rated
storage capacities in 100,000 bushel units, The X's and O's in the figure
represent the actual observations, Since only two observations were
available for theFZOO,OOO bushel capacity firm, no regression equation

was computed for that firm,
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'TABLE X

TOTAL COST EQUATIONS FOR NINE ALTERNATIVE SCALES OF PLANT

pap—
i a——p

Rated Storagé‘

Capacity of Number of
Firm ___Observations Total Cost Equationé _ R2
(00,00 Bushels) ' ‘
1 3 ¥ = 15.277289 + ,008064X .977258
3 6 ¥ = 20.378730 + .018683% .911590
4 3 ¢ = 26,089373 + ,012852% ,999307
5 6 ¢ = 35,087557 + .001988X .942518
6 5 ¥ = 34.190128 + ,011530% ,951785
7 5 T = 43,195927 + ,009811X 941623
8 5 ¥ = 45.081771 + ,011493X ,998260
9 4 € = 46,734838 + ,013112K ,982858
1y N €= 96.028693 + .000858X 903060

a? = estimated total cost in thousands of dollars; X = quantity
of grain handled in thousands of bushels,

With one exception, the intercept values denoting fixed costs re-
vealed a positive relationship with changes in plant capacity, In the
exceptional case, the intercept value for the 300,000 bushel capacity
elevator exceeded the value for that of the 600,000 bushel capacity
elevator, Since the intercept values represented an extrapolation of
the data beyond the observed range of observations the negative relation-
ship between intercept values and plant capaqifies might not exist in
reality. For example, the "a" yalue for the 600,000 bushel gapéciﬁy
model could lie above the same value for the 500,000 bushel capacity
model if total costs for the former firm flattened out ét volume levels

below the range pf actual observations, Inspection of the connected
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pointsvin'Figure 11 for these two firms indicates that this relation-
shipycould be tenable,

Emphasis is made thgt the linear relatipnéhip between costs and
volume for each firm depicted in Figure 12 is only over the observed
range of the data. Beyond‘some level of volume handled, inefficiencies
would be expected to exist and, therefore, cause the total cost curve
to increase at an increasing rate, Also, due to the discrete charac-
teristic of the permanent labor component of total salary expense, the
linear totai cost relationship would be expected to be discontinuous
at the levels where the number of permanent employees was changed.

Mention is made at this point that the linear total cost curves
shown in Figure 12 result in constant average variable cost curves,
This type of average variable cost curve would be identical with the
horizontal segment of the average wariable cost curve suggested by
Bain.9 The smaller the percentage of total fixed cost compared with
linear total variable cost, the less will be the slope of the average
total cost curve, The percentage will become smaller as output is in-
creased,

To discuss the above line of reasoning in more detail, the linear
total cost curves for each firm result in an average total cost curve

of the following form:

b

ATC =% + b

O

9See Figure 7,
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wheres
ATC = average total cost, and
Q = quantity of grain handled,:

An average total cost curve of this type has been mentioned
earlier by Johnston.10 The empirical analysis of the current study
suggests an average total cost curve similar to this type. Over the
range of the data, the fixed cost component accounts for a small
enough percentage of the linear total cost that average total cost
tends toward horizontality in most cases, Marginal costs which are
constént and equal to average variable costs also result from the
lipnear total cost model. Average total costs asymptotically approach
these latter two cost concepts as the volume of grain handled increases.

An indication of the variation of the "b" wvalues for each firm
about the mean "b" coefficient for the firms was obtained by compution
of the interval containing two stan&ard deviations (s, )above and below
the mean '"b" value, The 200?000 bushel capacity firm was included in
this procedure by computing the slope of a line connecting the two

observations for this firm,

The computions resulted in;: n
-2
2.2 . (bj - b)" _
Sb = i:l———ﬁ_—i—r-—— = .005709
The interval containing plus or minus two Sy from b was (-.000895,
+.021941), Consequently, this interval containing approximately 95

percent of the observations would include "b" values that were zero.

10See pages 36-37.
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The variability of the sample means about the mean value of the
distribution of many sample means is indicated by the standard error

of the sample mean (sg).

The calculations showed: 10

—
B T SO 1+ 7/:C U
sg = e = .0

V n(n-1) e

The interyal containing plus or minus two sg from the mean was
(+.006913? +.014133). Therefore, values of b equal to zero were not
included inbthis interval which contains approximately 95 percent of
the sample means,

Graphical inspection of Figure 12 indicates that thé slopes of
several of the total cost equations might not differ significantly
from each other; An F test was conducted to test for the equality of
the slopes (m) of the firms,

In usiﬁg“the F test, the series of observations for each firm
were the slopes of the lines connecting the observed cost-yolume points
in Figure 11, Computation of these slopes resulted in a total of 34 "m"
values for all of the ten firms combined, Table XI shows the calculated
o vaiues, The results of the F test are summarized in Table XII, The

tabulated F was 2,30 for 9 and 24 degrees of freedom, Sinece the

05
computed F was smaller than the tabulated F, the hypothesis that the
means of the "m" values among firms were equal was not rejected,

However, a test for significant differences of the average "m"

values between individual firms was made, The test used was Kramer'sll

11Clyde Young Kramer, "Extension of Multiple Range Tests to Group
Means with Unequal Numbers of Replications,'" Biometrics, 12 (1956),
pp. 307-310,
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TABLE XI

CALCULATED "m' VALUES BETWEEN COORDINATES OF TOTAL COST AND VOLUME
HANDLED FOR FIRMS OF TEN ALTERNATIVE CAPACITIES

Rated Storage '
Capacity of

Firm _ — I ‘Calcqla;ed "m".Values?
(100,000 Bushels) ) ‘

1 .005357  ,011547
2 .016839
3 .014273  ,000000  .030636 ,012230 043420
4 .013192  ,011573 |
5 ,003000 .003927 ,001215 .001438 . 001404
6 003745  .023012 004841  .014377
7 ,0024489 .020670 ,012484 .003762
8 .010700 .010002 .012707 ,011254
9 ,021490 .012070 011048

=
~

.000400 000344 001603 _ .Q01338

8Each "m" value is calculated from the eost budgets in Appendix B
and- denotes the dollar change in total cost per bushel change in the
volume of grain handled, The "m" values from left to right ip each row
result from ascending quantities of volume handled,

TABLE XII

F TEST FOR TESTING DIFFERENCES AMONG 'm'" COEFFICIENTS FOR
TEN ELEVATOR CAPACITIES

T

Source of

Variatiqn — d.f. — n"vSS — MS.; — F___
Among Firms 9 ,00129185 . 00014354 2.010
Within Firms 24 .00171361 .00007140

Total _ o33 .00300546
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gdaptation of Duncan's12 new multiple range test,> Duncan's test can
be used whethef F is éignificant or not.13 A summary of the results of
the test is shown in Table XIIi,

Few differences in mean "m'" values between firms are indicated in
Tgble XIII, In fact, the 300?000 bushel capacity elevator was the
only firm with a mean "m" value that differed significantly from the mean
"m" values of the other firms, The mean '"'m" wvalue for this elevator
differed from that of the 1,700,000 bushel capacity firm and from that
of the 500,000 bushel capacity firm, Inspection of Figures 11 and 12
feveals that the curves for the latter two firms are relatively horizon-
tal while the curves for the formqr firm are relatively steep, However,
there were seven firms which did not differ significantly from the
300,000 bushel capacity firm}and yet these same seven firms did not
différ significantly from the 5004000 and 1,700,000 bushel capacity
firms. The basic cause for the relatively small slope of the 500,000
and 1,700,000 bushel capacity firms stems from the relatively small
estimated response of total salary expense to changes in the quantities
of grain handled by these firms,

Emphasis is made that the 1,700,000 bushel model has almost twice
the storage capacity of the next largest model, The low response of

total salary expense to changes in handling vplume for this largest

12David B. Duncan, "Multiple Range and Multiple F Tests,"

Biometrics, 11 (1955), pp, 1-42.

13Robert G. D. Steel and James H, Torrie, Principles and Procedures
of Statistics (New York, 1960), pp, 107-108,




TABLE XIII

NEW MULTIPLE RANGE TEST FOR TESTING DIFFERENCES BETWEEN FIRMS WITH RESPECT TO MEAN ''m" VALUES
OF EACH FIRM FOR VOLUME HANDLED--TOTAL COST COORDINATES®

Rated Storage Capacity of FirmP (100,000 Bushels)
17 5 1 7 -~ 8 6 4 9 2 3

Mean "‘m"
Value .000921 .002197 .008452 009841 .011166 .011494. ,012382 - .014869 .016839 ,020112

%Test is for 95 percent probability level,
bFirms are arranged in order of ascending size of mean 'm" values,

Note: Any two means not underscored by the same line are significantly different.
Any two means underscored by the same line are not significantly different,

86
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firm could be due to factors peculiar tp firms of this size, For
example, management might not visualize wide fluctuations in the perma-
nent labor force corresponding to fluctuations in handling volume be~
cause the number of permanent employees required to maintain the ele-
vator facilities was large, The total cost budget for this largest
firm indicates no alteration in the permanent labor force with volume
éhanges. In fact, when the schedule was taken for this firm the
interviewee spécifically emphasized that seasonal labor was considered
to be the only variable expense component of total labor costs,

In the following section the cost functions described above are

related to suggested revenue functions,
Handling Volumes for Alternative Goals

To recapitulate, the basic objective of the study was to determine
the costs of handling grain at alternative handling volumes for several
elevator storage capacity models, Each model was assumed to have only
a grain handling function. Consequently, in the ensuing synthesis of
costs and revenues, the functions arising from the latter concepts were
only suggestive 6f reality, Revenue functions wefe discussed solely
from the point of view that they aided in depicting some of the ramifi-
cations of the study upon firm goals, A complete verification of the
revenue charges was not madev |

Total costs are converted into average costs in this section,
Division of the total cost equations by the quantity of grain handled
results in this conversion. The average costs over the range of obser-

vations for the nine total cost equations are shown graphically in
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Figure 13, The budgeted average cpsts‘are_prasented in Appendix B,

As beforé, the curves aré<idéntified by numbers denoting rated storage
capacities in 100,Q00 bushel units, In the budgets, the highest short-
run average cost, 46.54 cents per bushel, and the lowest short-run
average cost, 3,09 cents per buéhe}, were incurred by the 800,000 and
700,000 bushel capacity models, respectivelyT The respective handling
volumes were 100,000 and 2,000,000 bushels,

An average revenue function is also shown in Figure 13, This
function is constant and equal to 5,75 cents per bushel_.14 The rate
was for wheat received by truck on a commingled basis,15 Loading out
charges were the same for truck, rail, or water, Consultation with
grain speciplists indicated that handling charges tended toward the
level specified under the Uniform Grain Storage Agreement,

The achievement of identica) goals by the individual firms would
result in different quantities of grain handled by each firm. For
example, if the common goal of the firms was to maximize profits, then
each firm would desire to handle the maximum quantity in its observed
range shown in Figure 13, This action would be rational for the follow-
ing reasons: Since average costs of each firm are decreasing through-
out the observed ranges, marginal costs must be below average costs.
Therefore, the handling charge (marginal revenue) would exceed marginal

cost at the maximum handling volume over the observed ranges for each

14Schedule of Rates, 1960 Supplement to Uniform Grain Storage
Agreement, U, S. Department of Agriculture, Commodity Stabilization
Service, Commodity Credit Corporation, May 17, 1960,

1§James R. Enix, Oklahoma State University Extension Wheat Market-
ing Specialist, indicated that this method of shipment to the country
point and method of receipt of the shipments were prevalent for wheat
in Oklahoma, '
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firm because marginal revenue exceeds average cost at this voiume,
Furthermore, since at this volume average revenue (handling charge)
exceeds average cost, total revenue exceeds total cost, Consequently,
total profits would be maximized, and not minimized, when each firm
handled the maximum volume in its observed range,

If the maximiéation of handling revenues subject to a minimum
profit constraint was the objective of each firm, then as soon as the
constraint was satisfied each firm would desire to handle the maximum
observed quantities of wheat, As under the first goal, handling
volume would be maximized, Such actipn assumes the constraint was
satisfied before the maximum observed handling volumes were reached,

Under the alternative firm goals stated above the degreasing
average costs over the volume ranges of the data shown in Figure 13
woula result in individual elevators striving to handle the maximum
quantities within their respective ranges,

In this chapter the costs and revenues were examined for the grain
‘handling function only, In the fpllowing chapter the policy implica-
tions of the study are extended to include the sideline and grain
storage functions., The relevance of the study to governmental policy

decisions also is discussed,



CHAPTER VII
RELATION OF RESULTS TO DECISION MAKING

Attainment of the primary objective of this study required a
determination of costs for the handling funmction onlyr However, reality
dictated the inclusion of costs for the sideline function and for the
grain storage function. Couptry grain elevators did store wheat and other
grains, Sidelines did exist ot had beeﬁ expanded in order to achieve a
more efficient utilization of certain resources, Labor inputs were a
major resource in this category, Emphasis was made previously that both
seasonal and full time labor were treated as variable factors of produc-
tion, Notwithstanding this method of treatment, at most levels of grain
volume’handled a certainm amoynt of permanent labor time would be expected
~ to be underutilized, Certain key employees could not be hired and rer
leased in cyeles throughqut the year merely in relation to when they were
needed for the grain-handling function., The addition of sidelines pro-
vided a means of utilizing this type of labor more efficiently during
slack seasons of grain-handling volume,. The fact that the majority of
the grainkwas handled during a period of two to three monthg in the year
rendered this method of labor utilization egfecially important,

Therefore, since grain storage and sidélines exist for reasons
other than to influehce grain handling receipts, the subsequent discussion

will concentrate upon the relevance of these former two functions to the

103
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grain~handling function, Some suggested effects ¢f changes in handling
volume from both the individual and the aggregate point of view also

will be noted, -
Firm Decisions

The discussion in this section focuses upon means of increasing
the vélume of grain handled in the event that decreésés in the initial
volume occurred. The starting point of these decreases was assumed to
be near the center of the observed volume ranges for each of the nine
scales of plant, However, under a total profit-maximizing objective,
increases in handling volume up to the maximum observed volume shown by
the cost éurve for each firm would be desired, Accordingly, the means
of increasing handling volume would remain relevant regardless of
whether or not a decrease in the quantity of grain handled was assumed,

Altevations in total wheat production would be expected to show
positive effects upon the resultant changes in the quantity of wheat
handled by country elevators, If the alterations were on a permanent
basis, where "permanent" is as definped earlier,l then what consequen-
tial actions would be followed by country elevator operators?

The degree to which the alteration in production changed the amount
of grain handled by elevators would be a factor of prime jmportance in
any answer'té the abhove question, For example, reference to the average
cost curves in Figure 13 shows that profits could be made from the

handling function preovided that the firms are handling grain in excess

1See page 75,



105

of that shown_by the points of intersection of their respective average
cost curves with the constant average revenue (handling charge) function,
Assume that a decrease in production dqcurred énd, thefefore, that the
quantity of grain handled declined, If the reduced handling volume did
not result in average costs in excess of the handling charge, then

firm profits stil]l would be possible. However, if the gbjective of the
firm were to maintain a specified per unit profit margin, then the reduc-
tion in the quantity of grain handled could result in per unit margins
less than those s_pec;:i.f.iedg,‘2 Tyo possible consequential actions by the
individual firms follew, For illustrative purposes, the specified per
unit margins are assumed to occur at the original levels in handling
volume for each firm,

First, a firm could reduce its handling charge in an effort to ob-
tain more handling volume, The initial effeets of this action would be
to lower per unit profit margins, However, the operator might have
predicted that his lowered handling charge would increase handling volume
enough to offset the rqductioﬁ in handling velume. If his predictions
were correct, then he would be able to maintain or increase his origipal
per unit profit margins hy handling more grain than he was'handling
before the redugtion in handling volume.

For instance, assume that the 800,000 bushel storage capacity ele-

vator is handling 1,400,000 bushels of wheat annually. With a handling

L g -

2The fact that maximization of total profit does not require the
maximization of profit per umit is noted in Leftwich, p, 177, Per unit
profits are discussed in this study only because many elevators sought
to increase their margins of average revenue over average cost,
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charge of 5,75 cents per bushel, the prefit margin cdrresponding to this
handling volume is 1,38058 cents per bushel, Now assume that a decrease
| in wheat'production reduces anhu&l handling volume to 1,300,000 bushels,
The resultant profit margin, assuming that the handling charge did not

- change, would be 1,13288 cents per bushel. If the operator reduced the
han&ling charge to five cents per bushel in an effort fo. increase
handling volume and maintain the initial margin of 1,38058 cents per
bushel, then the volume would have to increase to 1,825,080 bushels. In
the event that handling volume exceeded this level, then profit margins
would exceed 1,38058 cents per bushel,

Second, an expansiqn of existing sideline offerings could be made,
The objective of this expansion would be to increase the quantity of
grain handled and, hence, the per unit profjit marging, As noted pre-
viously, elevator operators indicated that the addition of sideline
merchandise to their operations provided an incentive for producers to
bring their grain to these elevators. Producers have demanded more
sidélines and, subsequently, they have received an increased amount of
these additional services,

Third, storgge rates could be reduced in an effort to increase
handling volume, However, elevator operators indicated that the
addition of sidelines would be a more effective way to obtain this
increase,

The results of the study indicate the efficiency of the components
of average cost for the handling function, For example, receipts from
handling related to the total salary expense would give information con-

cerning the amount of revenue that labor was contributing to the handling
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-function, If the amount was below a level desired by the élevator
operator, then sidgline sales ot the amount of grain stored could be
expanded to raise the contribution of labor to'thé revenues from the
overall operation of the firm,

All of the above comments pertaining to the possible ways of in-
creasing the volume of grain handled should be construed from the view-
point of their‘effects upon the composite operation of each elevator,
An expansign in handling vplume should be carried out only if the over-

all profits of the firm are enhanced,
Governmental Actions

The relevance of the study to policies and actions at the govern-
_ mental level was described briefly in Chapter II, In recapitulationz
information on handling costs and revenues permitted the effects of pro-
duction controls upon profit positions frpm handling to be determined,
Governmental programs could be designed with the objective of achiev-
ing a predetermined profit position, In reality this predetermined
position only would be approximated since exogenous variables such as
weather and technology would affect the amount of grain production,

The results of this study show that differences in the costs of
handling grain existed for firms of different rated storage capacities
at identical handling volumes, A direct consequence of these differences
would be the need for selective production control programs, 'Selective
in this situation refers to the application of grain production controls‘
upon the basis of the capacity of the elevator that was serving a

particular geographical location,
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For example, in‘Figu;e»13’ consider the following capacity models:
600,000 bushels; 700,000 bushels; 800,000 bughels; and 900,000 bushels,
Furthermore, consider’reductions in handling voiume from a base of
1,500,000 bushels handled. As volume is reduced from this base, the
first firm to incur losses from the handling function would be ﬁhe
'900,000 bushel capacity model. As expected, subsequent volume reductions
would.result in the following order of initial loss incurrence: second -
800,000 bushel model; third - 700,000 bushel model; and fourth - 600,000
bushel model,

These various levels of loss incurrence gnable the smaller firms,
in contrast to the larger firms, to handle lower quantities of grain
while still being able to realize a profit, Consequently, a determina-
tion of handling costs and revenues gives governmental policymakers an
igsight into the gffects of supply control programs upon grain-handling
-profits at alternative amounts of elevator storage capacity.

A knowledge of the present logation of the firms on their respective
short-run average cost curves ghould be considered in any recommended
grain supply reduction programs, If the firms are to incur profits, then
each firm must operate at a ;oint on its shert-run average cost curve
that is to the right of the intersection of this curve with the handling
charge function, The smaller this distancé is for an individual firm,
then the smaller is the amount of supply réduction the firm can encounter
in comparison to other firms, if the firm is to continue to receive a
profit, _

To illustrate; consider the 600,000; 700,000; 800,000; and 900,000

bushel capacity models in Figure 13. If each of these models were
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initially handling 1,500,000 bushels and receiving a handling charge of
5.75 cents per Bushel, ;hen‘the volume. handled cbuld be deéreased by
756,251; 594,216 520,111; and 447,129 bushels, fespectively, before any
of the models would incur losses,

For angther example concerning information needed for supply reduc-
tion programs, consider the data in Table XIV. In this table the
assumption is made that the handling volume of each firm is 1.4 times
the rated storage capacity, Table XIV demonstrates that the larger firms
can encounter greater decreases in handling wolume befpre breaking even,
In contrast, the three smallest firms require handling volumes in excess

of 1.4 of their rated storage capacities if they are to break even,

TABLE XIV

FLEXIBILITY IN HANDLING VOLUMES OF FIRMS OPERATING AT 140 PERCENT
OF RATED STORAGE CAPACITY

R e s G
Handling Volume Break-even Point? Excess Over
Rated Storage (1,4 x'Rated (Average Cost = Break-even
Capacity Storage Capacity) Handling Charge) __ Point
(100,000 Bushelg - - Bughels - - (Bushels)  (Percent
1 140,000 309,032 -169,032 -55
3 420,000 524,995 -104,995 ~20
4 560,000 584,335 -24,335 -4
5 700,000 632,072 67,928 11
6 840,000 743,749 96,251 13
7 /980,000 905, 784 74,216 8
8 1,120,000 979,889 140,111 14
9 1,260,000 1,052,871 207,129 20
17 2,380,000 1,695,362 684,638 40

4The handling charge is 5,75 cents per bushel,
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The above discussion emphasizes the need for cost and revenue
information on elevators of various rated storage capacities if the
effects of governmental supply controls upon profits of the elevators

are to be determined,



CHAPTER VIII
SUMMARY AND CONCLUSIONS

An imbalance between grain production and elevator storage capacity
existed in QOklahoma at the time of this study. Increases in grain pro-
vduction were exceeded by increases in elevator stgorage space, The result-

ant situation of overcapacity followed,

Wheét, grain gorghum, barley, oats, soybeans, and corn were the
principal grains handled and stored by grain elevators, Wheat was the
most important of these grains, A 1947-1961 average indicated that total
wheat production apd value of wheat production in Oklahoma relative to
~ these five other grain$ handled by elevators werve 69 and 77 percent,
respectively, Upon the bushel bés;s of farm sales in a 1935-1961 average,
wheat acgounted for 78 percent bf total saleg relative to.the same five
grains, Interviews with elevator managers in the summer of 1963 indicated
that wheat accounted for 75 tg 100 percent of the quantity of their total
grain stored, For fhese reasons wheat was the grain under primary empha-
sis in the operations of couyntry elevators,

During the 1951-1963 period the estimated capacity of off-farm
commercial grain storage facilities in Oklahoma increased 165 percent,

The amount of grain stored on farms in Oklahoma was estimated to be less
than ten percent of the total grain stored, In 1963, Commodity Credit

Corporation did nmot own any storage space in Oklahoma.
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Three major inecentives for the engqpioﬁ of new storage space during
the 1950's included: (1) occupancy contracts, (2) aéqeleratedvamorti-
zation, and (3) sgo;agé and handling agreements.on Commodity Credit
Corporation éréin. At the time of the study, only the last feature was
in effect,and the rate structure under it hgd been revised downward,

Country grain elevators characteristically have three basic oper~
ating functions, These include: (1) the grain merchandising or
handling function, (2) the grain storage function, and (3) the sideline
function, In this research study, only the costs of handling grain were
analyzed,

The Commodity Credit Corporation stored large quantities of wheat
bin country elevators, Since wheat production exceeded utilization, de-
creased wheat production ;hroqgh.aupply gontrol programs appeared logical,
Conversely, technologigal improvements in production‘or the absence of
supply control could increase wheat production,  These factors could re-
‘sult in variations in the quantity of grain handled or stored by country
elevators.

The possibility of handling volume variations led to the objective
of the study, fhe objective was to determine the handling costs for
northwestern Oklahoma elevators of different rated storage capacities at
various levels of grain handled. Each elevator was assumed to have only
a grain-handling function, Additiohally, only single-unit medels were
considered, |

Since country elevators ﬁere characterized by: (1) a situation of
overcapacity relative to graiﬁvsupﬁlies, and (2) a‘situétion in which

the elevators had several years of useful life remaining, the short-run
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period was the opportune time peribd for anglysis, The erection of new
scales of plaptvwas nbt expected for éeveral years, Segmépts of the
short-run cost curves wete éomputﬁd in order to determine.realistically
possible fluctuations in handling costs from 1962 levels, Economies of
scale were not directly under consideration,

Grain handling costs were determined for ten models of different
rated storage capacities, The capacity of the first nine models ranged
from 100,000 bushels through 900,000 bushels, Interim models were in
multiples of 100,000 bushels, The tenth model was a 1,700,000 bushel
capacity plant.. Cdsts were computed for handling volumes ébove and
below 1962 levels,

A cost budgeting approaqh was used, Sixtegn cost components were
budgeted for the grain handling function in each model, Estimates of
the amount of each component vere obtained from personal interviews
with elevator managers and from consultation with agricultural specialists,

Regression equations were fitted to the data on costs and handling
volumes, A suggested leve]l of the revenue functipn from grain handling
was made, Subsequently, alternative profit goals of the firm and

possible governmental grain production policies were discussed.
Findings and Results

A wide amount of variation was noted in the total handling costs
between different handling volumes among the models, The increases in
total handling costs betweepn the extremes of the observed volume ranges
in the models were one percent and 54 percent for the lowest and highest

total cost differences, respectively, Only two firms revealed a total
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cost fluctuation'lesS ;han ten percent, One poinf\was evident: OQver the
observed ranges in voluﬁﬁ handled the total costs were not constant within
individual firm models. This result was in'contrast With"the study by
Crigler in whieh short-run total costs were constant,
Examination of the 16 cost components revealed that the summation

-of total salary expense and depreciation expense accountea for the

highest percentage of total costs, This fact was apparent in all of the
models and at all levels of handling volume. Also, in all instances

total salary expenses exceeded combined depreciation expenses on elevator,
machinery, office, and scales. Consequently, the cost of permanent and
seasonal labor was found to be of primary jmportance in the grain-handling
function pf country elevator operations,

Elevator managers' estimates of total salary expenses for the
quantities of wheat handled in the audit fiscal years including the 1962
wheat crop indicated the exigtance of a linear relatipnship between these
twb variables, Consequently, a linear equation was fitted to the data,
This equation was used as a base from which to adjust the totalbsalary
expenses in the cost budgets. The resultant adjusted total cost curve
for each firm was located above the total cost curves of all other firms
with lower rated storage capacities,

Based upon the cost budgets, short-run total costs for the ten
scales of plant were linear, Therefore, short-run marginal costs were
constant, Also, the resultant shert-run average costs decreased through-
out the entire range of observations, Due to the discrete characteristic

of the pgrmaneﬁt labor component of total salary expense, the linear total
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>cost relationship was expected ﬁo be discontinuous at the levels where
the number of permanent employees was changed.

An average of the slopes conhecting the total cost and volume
handled coordinates was computed for each firm, The average slope of
the 300,000 bushel storage capacity firm differed significantly from
the average slope of the 1,700,000 bushel and 500,000 bushel storage
~capacity firms, However, there were seven firms which did not differ
significantly from the 3093000 bushel capacity firm, Also, these same
seven firms did not differ significantly from the 500,000 and 1,700,000
bushel qapacity firms.

A possibility of some of the regression coefficients in the equations
being equai to zero was evident, Two standard dgvia;ions from the mean
"' value pof the ten firmg included "b" values equal to zerp, But an
interval of two standard errors of the sample mean did not include sample
means equal to zero, The mean "b" value was not zero,

The highest short-run average cost was encountered by the -800,000
bushel storage capacity model at a level of 100,000 bushels of grain
handled, Cost was 46,54 cents per bughel,

Short-run average cost was lowest at-3,09 cents per bushel in the
700,000 bushel capacity model at a handling volume of 2,000,000 bushels.

Upon the basis of the cost equations, a suggested level of handling
charges, and several hypothetical levels of handling volume some reduc-
tion in handling volume appeared possible before most of the firms would

have encountered losses from the handling functign.
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Limitations of the Study

' The following points sheuld be considered in the appiication of the
results to policy decisions,

First, only the grain handling function was analyzed, Realistically,
elevator operations included a sideline function and a grain storage
function,

Second, some costs were omitted purposely from the cost budgets,
Individual elevator operators need to examine their specific location
and facilities in order to determine the amount of these costs,

Third, some firms were multiple-unit organizations, Costs for this
type of organizationgl structure could have differed from the single-unit
structure gnalyzed in the present study,

Fourth, total costs weré expected to vary between private firms and
cooperative firms, This study included certain costs that would not be
incurred by firms operated under private ownership. Additionally, rates
for certain expenses could have varied between firms operated under these
two types of ownerghip,

Fif;h,’in a dynamic framework the amount of the cost components could
change. Consequently, a reappraisal of each cost item should be made in
the future 1f the study is te depict costs accurately for a later time

period,
Need for Further Study

Certain areas are suggested for detailed study, These are designed
to gain additiongl insight into the costs of country grain elevator

operations,
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In or&er to determine the degree of the differences in costs due
to type of ownership, a comparative cost study of privately owned firms
versus cooperatively owned firmS'could be made, The results of such a
study would be useful in determining the cost components that were
identical in amount under both types of ownership, Then, mention could
be made that nonidentical components should be computed upon the basis
of ownership type.

In the Oklahoma grain elevator economy the need for a detailed study
of the three operating functions was paramount in importance, A
synthesis of the three basic operating functions could be used to portray
the overall firm operationg, Caution should be exercised in this approach
since the three functions can be ¢ombined at numerous levels of operation
for each function, Costs could be determined at various ogperating levels
for the two grain functions. Subsequently, the sideline function could

be added to utilize any residyally underemployed factors of production,
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APPENDIX A, TABLE I

MACHINERY DESCRIPTION AND HORSEPOWER OF MOTORS FOR GRAIN ELEVATORS

OF VARIOUS CAPACITIES

Rated Storage
Capacity

Machinery

Horsepower

- Bushels -
100,000

200,000

300,000

1-5,000 bu, per hr, leg
1-truck lift
l-man 1ift
l-dust fan
1-10 bu, automatic scale (2,250 bu.
pexr hr.)
1-50'x10" truck scale (50 ton capacity)

Total horsepower

1-6,000 bu. per hr, leg
1-truck 1lift
l-man 1lift
l-dust fan
1-15 bu, automatic scale (3,600 bu.
per hr,)
1-distributor
1-50'x10" truck scale (50 ton capacity)

Total horsepower

1-7,000 bu, per hr, leg

1-truck lift

l-man lift

l-dust fan

1-conveyor from track

1-25 bu, automatic scale (6,000 bu,
per hr,)

w

Ut Ut ]
N

U= 9O
SoOoOwUnMunoO WU

1-distributor .5
1-50'x10"' truck scale (50 ton capacity) _
Total horsepower 69,5
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Rated Storage
: Capacity_‘ Maghiqery‘. Horsepower
- Bushels - S ‘
400;000 1-9,000 bu, per hr, leg 60,0
1-truck lift 7.5
"l-man lift 1,5
1-dyst fan 7.5
l-conveyor from track 5.0
1-25 bu, automatic scale (6,000 bu,
per hr.)
1-distributor .3
1-50'x10' truck scale (50 ton capacity)
Total horsepower 82,0
500,000 through
1,000,000 1-9,000 bu. per hr, leg 60,0
l-semitruck dumper (2-25 HP motors) 50,0
l-manlift 1.5
l-dust fan 7.5
1-conveyor from track 5,0
l-conveyor from truck 5.0
1-topbelt conveyor 15,0
l-hottom belt conveyor 10.0Q
l-power shovel 7.5
1-25 bu, automatic scale (6,000 bu,
per hr.)
l-distributor eD
1-50'x10' truck scale (50 ton capacity)
Total horsepover 162.0
1,700,000 2-10,000 bu, per hr, legs (75 HP each) 150.0
2-dust fans for legs (10 HP each) 20,0
l-man 1lift 7.5
l-semitruck dumper (2-25 HP motors) 50.0
1-power shovel 10,0
2-belt conveyors (5 HP each) 10,0
l-belt conveyor 25,0
l-belt conveyor 20,0
2-distributors (.5 HP each) 1.0
l-car puller 40,0
1-2,500 bu, hopper-type scale
1-50'x10' truck scale (50 ton capacity)
Total horsepower 333.5

r—g—r

Source: Contractor estimates,
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APPENDIX B, TABLE I

ANNUAL COST BUDGET FOR A GRAIN ELEVATOR WITH RATED STORAGE CAPACITY
OF 100,000 BUSHELS

T Quantity Handled®

‘ (Bushels)

Expense } 120,000 239,840 339,000
‘ S o o - Dollars'— -
Depreciation (elevator & machinery) 2,500 2,500 2,500

(Costy $100 000)
Depreciation (offlce & scales) 1,000 1,000 1,000

(Cost: $20,000)
Insurance (elevator & machlnery) 77 77 77
Insurance (office & scales) 69 69 69
Federal Warehouse Bond 62 62 62
Workmen's Compensation Insurance

and Comprehensive General

Liability Insurance 251 271 306
Railroad Lease - 100 100 100

| (1) (1) (1)
Fidelity Bond 68 68 68
Total Salary Expense 7,334 7,934 8,934
Social Security Tax 266 288 324
Audit Expense 250 250 250
Annual Meeting Expense £00 400 400
Directors' Fees 300 300 300
Interest on Capital 2,917 2,917 2,917
Electric Power Expense . 252 252 326
Property Tax 200 200 500
Total Cost 16,346 16,988 18,133
Average Cost ' L1362 .0708 .0535

a,. . . s ‘
Figures im parentheses indicate number of permanent employees,

bIncludes only amounpt paid by employer and does not 1nc1ude amount
to be deducted and paid from total salary expense,
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APPENDIX B, TABLE II

ANNUAL COST BUDGET FOR A GRAIN ELEVATOR WITH RATED STORAGE CAPACITY
OF 200,000 BUSHELS

‘Quantity Handled?®

(Bushels)
Expense _ v 100,000 294,669
o ‘ ‘ - - Dollars ~
Depreciation (elevator & machinery) 3,500 3,500
(Cost: $140,000)
Depreciation (office & scales) 1,000 1,000
(Cost: $20,000)
Insurance (elevator & machinery) 108 108
Insurance (office & scales) 69 69
Federal Warehouse Bond 94 94

Workmen's Compensation Insurance
and Comprehensive General

Liability Insurance 212 314
Railroad Lease 100 100
(1) ¢))

Fidelity Bond 68 135
Total Salary Expense 6,192 9,192
Social Security TaxP 224 333
Audit Expense 250 250
Annual Meeting Expense 400 400
Directors'. Fees 300 300
Interest on Capital 4,083 4,083
Electric Power Expense 327 : 327
Property Tax 1,000 1,000
Total Cost 17,927 21,205

Average Cost 1793 .0720

aFigures in parentheses indicate number of permanent employees,

bIncludes only amount paid by employer and does not include amount
to be deducted and paid from total salary expense.
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APPENDIX B, TABLE III

ANNUAL COST BUDGET FOR A GRAIN ELEVATOR'WITH RATED STORAGE CAPACITY
OF 300,000 BUSHELS

e ANEL LY Handleds
(Bughels) _

Expense 150,000 300,000 400,000 508,011 600,000 700,000

s ’ ‘ S '~ Dollars - ‘ i

Depreciation (elevator

& machinery) (Cost:

$185,000 4,625 4,625 4,625 4,625 4,625 4,625
Depreciation (office & '

scales) (Cost: $20,000) 1,300 1,000 1,000 1,000 1,000 1,000
Insurance (elevator &

machinery) 143 143 143 143 143 143
Insurance (office & scales) 69 69 69 69 69 69
Federal Warehouse Bond 112 112 112 112 112 112

Workmen's Compensation
Insurance and Comprehensive

General Liability Insurance 311 379 379 482 516 653
Railroad Lease 100 100 100 100 100 100
(1) (1) ) ¢ (1) 1)

Fidelity Bond 68 68 68. 135 135 135
Total Salary Expense 9,086 11,086 11,086 14,086 15,086 19,086
Social Security TaxP 329 402 402 511 547 692
Audit Expense . 250 250 250 250 250 250
Annual Meeting Expense 400 400 400 400 400 400
Directors' Fees 300 300 300 300 300 300
Interest on Capital 5,396 5,396 5,396 5,396 5,396 5,3%
Electric Power Expense 429 429 429 459 514 574
Property Tax 1,500 1,500 1.500 1,500 1,500 1,500
Total Cost 24,118 26,259 26,259 29,568 30,693 35,035
Average Cost » 1608 .0875 . 0636 .0582 .0512  .0500

aFigures in parentheses indicate number of permanent employees.

bInclude$ only amount paid by employer and does not include amount to
be deducted and paid from total salary expense.
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ANNUAL COST BUDGET FOR A GRAIN ELEVATOR WITH RATED STORAGE CAPACITY
OF 400,000 BUSHELS

“:Quantiﬁy'Handleda

(Bushels)

Expense 250,000 506,589 600,000
‘ - ‘ - DOllafS -
Depreciation (elevator & machinery) 5,750 5,750 5,750

(Cost: $230,Q00)
Depreciation (office & scales) 1,000 1,000 1,000

(Cost: $20,000)
Insurance (elevator & machinery) 178 178 178
Insyrance (office & scales) 69 69 69
Federal Warehouse Bond 131 131 131
Workmen's Compensation Insurance and

Comprehensive General Liability

Insurance 375 481 515
Railroad Lease 100 100 100

(1) 2) )

Fidelity Bond 68 135 135
Total Salary Expensg 10,9154 14,054 15,054
Social Security Tax 397 509 546
Audit Expense 350 350 350
Annual Meeting Expense 4Q0 400 400
Directors' Fees 300 300 300
Interest on Capital 6,708 6,708 6,708
Electric Power Expense 504 504 514
Property Tax 2,000 2,000 2,000
Total Cost 29,284 32,669 33,750
Average Cogt . ,1171 ‘-0645. ‘.0562

aFigures in parentheses indicate number of permament employees,

bIncludes only amount paid by employer and does not include amount
to be deducted and paid from total salary expense,
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ANNUAL COST BUDGET FOR A GRAIN ELEVATOR WITH RATED STORAGE CAPACITY
| OF 500,000 BUSHELS |

Quantity Handled®

(Bushels)

Expense 125,000 250,000 400,000 531,669 750,000 1,000,000
B } o ' "< Dollars - ’
Depreciation (elevator

& machinery) (Cost:

$275,000) 6,875 6,875 6,875 6,875 6,875 6,875
Depreciation (office &

scales) (Cost; $20,000) 1,000 1,000 1,000 1,000 1,000 1,000
Insurance (elevator &

machinery) 213 213 213 213 213 213
Insurance (office & scales) 69 69 69 69 69 69
Federal Warehouse Bond 150 150 150 150 150 150
Workmen's Compensation

Insurance and Comprehensive

General Liability Insurance 464 476 495 500 507 514
Railroad Lease 100 100 100 100 100 100

(2) (2) 2) (2) (2) (2)

Fidelity Bond 135 135 135 135 135 135
Total Salary Expense 13,579 13,929 14,479 14,629 14,829 15,029
Social Security Tax 492 505 525 530 538 545
Audit Expense 350 350 350 350 350 350
Annual Meeting Expense 400 400 400 400 400 400
Directors' Pees 300 300 300 300 300 300
Interest on Capital §,021 8,021 8,021 8,021 8,021 8,021
Electric Power Expense 504 504 504 504 603 740
Property Tax 2,500 2,500 2,500 2,500 2,500 2.500
Total Cost 35,152 35,527 36,116 36,276 36,390 36,941
Average Cost ) 2812 L1421  .0903 0682 . 0488 .0369

aFigu_res in parentheses indicate number of permanent employees,

bInclude_s only amount paid by employer and does not include amount to
be deducted and paid from total salary expense,
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ANNUAL COST BUDGET FOR A GRAIN ELEVATOR WITH RATED STORAGE CAPACITY
OF 600,000 BUSHELS

Quantity Handled?

(Bushels)
Expense ‘ 250,000 450,000 757,707 1,200,000 1,500,000
[ ‘ ' " ' - Dollars - S
Depreciation (elevator
& machinery) (Cost:
$315,000) 7,875 7,875 7,875 7,875 7,875
Depreciation (office &
scales) (Cost: $20,000) 1,000 1,000 1,000 1,000 1,000
Insurance (elevator &
machinery) 244 244 244 244 244
Insurance (office & scales) 69 69 69 69 69
Federal Warehouse Bond 169 169 169 169 169
Workmen's Compensation
Insurance and Compre-
hensive General Liability
Insurance 428 452 678 746 883
Railroad Lease 100 100 100 100 100
@) (2) (3) (3) @)
Fidelity Bond 135 135 151 151 151
Total Salary Expense 12,515 13,215 19,815 21,815 25,815
Social Security Tax 454 479 718 791 936
Audit Expense 350 350 350 350 350
Annual Meeting Expense 400 400 400 400 400
Directors' Fees 3Q0 300 300 300 300
Interest on Capital 9,188 9,188 9,188 9,188 9,188
Electric Power Expense 984 984 984 984 1,015
Property Tax 3,000 3,000 3,000 3,000 3,000
Total Cost 37,211 37,960 45,041 47,182 51,495
Average Cost . 21488 '0§44, w.0594, ‘ .0393 .0343

aFigures in parenthesgs indicate number of permanent employees.

bIncludes only amount paid by employer and does not include amount
to be deducted and paid from total salary expense,
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ANNUAL COST BUDGET FOR A GRAIN ELEVATOR WITH RATED STORAGE CAPACITY
: QOF 700,000 BUSHELS

Quantity Handled?®

(Bushels)
Expense ; 400,000 750,000 983,000 1,500,000 2,000,000
- - Dollars - ‘ v

Depreciation (elevator &

machinery) (Cost:
- $355,000) 8,875 8,875 8,875 8,875 8,875
Depreciation (office &

scales) (Cost; $20,000) 1,000 1,000 1,000 1,000 1,000
Insurance (elevator &

machinery) 275 275 275 275 275
Insurance (office & scales) 69 69 69 69 69
Federal Warehouse Bond 188 188 188 188 188
Workmen's Compensation

Insurance and Compre-~

hensive General Liability

Insurance 673 701 854 1,060 1,111
Railroad Lease 100 100 100 100 100

(3) (3) (4) (5) (5)

Fidelity Bond 151 151 151 151 151
Total Salary Expense 19,683 20,483 24,983 30,983 32,483
Social Security Tax 714 743 906 1,123 1,178
Annual Meeting Expense 400 400 400 400 400
Directors' Fees 300 300 300 300 300
Interest on Capital 10,354 10,354 10,354 10,354 10,354
Electric Power Expense - 984 984 984 1,015 1,290
Property Tax 3,500 3,500 3,500 3,500 3,500
Total Cost 47,716 48,573 53,389 59,843 61,724
Average Cost 1193 . 0648 L0543 0399 .0309

aFigures in parentheses indicate pumber of permanent employees,

bIncludes only amount paid by employer and does not include amount
to be deducted and paid from total salary expense,
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ANNUAL COST BUDGET FOR A GRAIN ELEVATOR WITH RATED STORAGE CAPACITY
OF 800#000 BUSHELS

Quantity Handled®

‘ (Bushels)
Expense 100,000 300,000 942,195 1,800,000 2,300,000
S S ’ " - Dollars - '
Depreciation (elevator

& machinery) (Cost:

$395,000) 9,875 9,875 9,875 9,875 9,875
Depreciation (office &

scales) (Cost: $20,000) 1,000 1,000 1,000 1,000 1,000
Insurance (elevator &

machinery) 306 306 306 306 306
Insurance (office & scales) 69 69 69 69 69
Federal Warehouse Bond 206 206 206 206 206
Workmen's Compensation

Insurance and Compre-

hensive General Liability .

Insurance 549 617 822 1,164 1,335
Railroad Lease 100 100 - 100 100 100
Fidelity Bond 151 151 151 151 151
Total Salary Expense 16,047 18,047 24,047 34,047 39,047
Social Security Tax 582 654 872 1,234 1,415
Audit Expense 450 450 450 450 450
Annual Meeting Expense 400 400 400 400 400
Directors' Fees 300 300 300 300 300
Interest on Capital 11,521 11,521 11,521 11,521 11,521
Electric Power Expense 984 984 984 1,180 1,455
Property Tax \ 4,000 4,000 4,000 4,000 4 .000
Total Cost 46,540 48,680 55,103 66,003 71,630
Average Cost L4654 .1623 .0585 .0367 .0311

aFigures in parentheses indicate number of permanent employees,

bIncludes only amount paid by employer and does not include amount
to be deducted and paid from total salary expense,
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ANNUAL COST BUDGET FOR A GRALN ELEVATOR WITH RATED STORAGE CAPACITY

OF 900,000 BUSHELS

Quantity Handled?
, (Bushels)
Expense 500,000 700,000 1,090,318 1,500,000
) ‘ ' - Dollars - ' ‘
Depreciation (elevator
& machinery) (Cost;
$435,000) 10,875 10,875 10,875 10,875
Depreciation (pffice &
scales) (Cost: $20,000) 1,000 1,000 1,000 1,000
Insurance (elevator &
machinery) 337 337 337 337
Insurance (office & scales) 69 69 69 69
Federal Warehouse Bond 225 225 225 225
Workmen's Compensatipn
Insurance and Compre-
hensive General Liability
Insurance 651 788 939 1,082
Railroad Lease 100 100 100 100
(2) (3) (“) (5)
Fidelity Bond 135 151 151 151
Total Salarv Expens 19,045 23,045 27,445 31,645
Social Security Tax 690 835 995 1,147
Audit Expense 450 450 45Q 450
Annual Meeting Expense 400 400 400 400
Directors'! Fees 300 300 300 300
Interest on Capital 12,688 12,688 12,688 12,688
Electric Power Expense 984 984 984 1,015
Property Tax 4,500 4,500 4,500 4,500
Total Cest 52,449 56,747 61,458 65,984
Average Cost _ .1Q49 0811 .0564 . 0440

a.. . o
Figures in parentheses indicate number of permanent employees.

bIncludes only amount paid by employer and does not include amount
to be deducted and paid from total salary expense,
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ANNUAL COST BUDGET FbR A GRAIN ELEVATOR WITH RATED STORAGE CAPACITY
OF 1,700,000 BUSHELS

Ei

e

Qdéntity“Hahdleda

(Bushels)
Expense 800,000 1,200,000 1,665,701 2,000,000 2,400,000
) ' - Dollars - ‘ '
Depreciation (elevator
& machinery) (Cost:
$735,000) . 18,375 18,375 18,375 18,375 18,375
Depreciation 1,000 1,000 1,000 1,000 1,000
Insurance (elevator '
& machinery) 569 569 569 569 569
Insurance (office &
scales) 69 69 69 69 69
Federal Warehouse Rond 331 331 331 331 331
Workmen's Compensation
Insurance and Compre~
hensive General
Liability Insurance 1,380 1,385 1,390 1,407 1,424
Railroad Lease ' 100 100 100 100 100
‘ (8) (8) (8) (8 (8)
Fidelity Bond 185 185 185 185 185
Total Salary Expensg: 40,345 40,495 40,645 41,145 41,645
Socidl Security Tax 1,463 1,468 1,473 1,492 1,510
Audit Expense 500 500 500 500 500
Annual Meeting Expense 400 400 400 400 400
Directors' Fees 300 300 300 300 300
Interest on Capital 21,438 21,438 21,438 21,438 21,438
Electric Power Expensg 2,013 2,013 2,013 2,013 2,013
Property Tax 8,500 8,500 8,500 8,500 8.500
Total Cost 96,968 97,128 97,288 97,824 98,359
Average Cost 1212 _.0809 _ 0584 . 0489 0410

aFigures in parentheses indicate number of permanent employees,

bIncludes only amount paid by employer and does not include amount
to be deducted and paid from total salary expense,



APPENDIX C

THEORETICAL EFFECTS OF A REGRESSIVE RATE SdHEDULE UPON TOTAL ELECTRIC
POWER COSTS

The impact of a decline in power rates per KWH for increased
levels of KWH consumption is exemplified in Table I of this appendix,
These increases in KWH consumption are reflected by a series of
hypothetical upward shifts in the number of elevations.1 The effect of
the minimum monthly power bill is not included in this discussion,

Using any one pf the four levels of the quantities of grain,
handled as the initigl peint of departure, the percentage increases
. in the numbher of elevations exceed the corresponding percentage increases
in total electric power costs,

For exampla, if 100,000 bushels were elevated only one time, then
the associated total annual costs would be $110,76, Successive 25
percent increases in the number of elevations result in a series of in-
creases in annual power costs of approximately 21 percent, The cumu-
lative effect of this four pefcent differential can be noted by compar-

ing the increase in total annual costs for one elevation and two

1The term "elevations'" refers to the number of times the total
quantity of bushels going in and out of the elevator is moved (elevated),
These elevations are via the "leg" from one bin unit to another or for
any other gpecific movement, The power source of the "leg'" is
typically from large three-phase electric motors.
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elevations, 1In this case, a 100 percent rise in the number of elevations
is accompanied by a rise of only 86 percent in total annual power costs,
Consequently, annual costs have increased from $110.76 to only $206,16,

Based upon the schedule of power rates and the assumption of a 40
bushel elveation rate per KWH all quantities elevated in excess of
60,000 bushels per month (720,000 bushels per year) would be charged at
a rate of 2.2¢ per KWH, However, the regressive rate effect upon all
quantities under these amounts causes the percentage increases in the
number o £ elevations to exceed the percentage increases in total power
costs regardless of the number of bushels elevated, Again, minimum
ﬁonthly power costs are excluded from the discussion,

The effect of the regressive power rate schedule upon the relation-
ship between total annual power costs and the number of elevations is

shown in the table for three alternative initial handling volumes,
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APPENDIX C, TABLE I

TOTAL ANNUAL ELECTRIC POWER COSTS ASSOCIATED WITH ALTERNATIVE
NUMBERS OF ELEVATIONS AND OF BUSHELS HANDLED?

“Annual Quantity HandledC

Number of (Bushels)
Elevationsb 100,000 900,000 1,700,000 2,400,000

o - Dollars -
1,00 110,76 684,96 1,125.00 1,509.96
1,25 134,52 808.68 1,358.64 1,839,96
(25) (21) (18) (21) (22)
1.50 158.28 932.28 1,592.28 2,169.96
(50) (42) (36) (42) (44)
1,75 181.92 1,056.12 1,826.28 2,499,96
(75) (64) S (54) -~ (62) (66)
2,00 206,16 1,179.96 2,039,92 2,829.96
(100) _(86) a2 (83 @D

aMinimqm'monthly power costs are not considered in this table., For
the monthly power rates, see page 82 of the text,

bNumbers in parentheses are percentage ipcreases in elevations from
the number at the top of the column,

cNumber;s in parentheses are percentage increases in total cost from
the total cost at the top of each columm.
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