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SUMMARY

In December 1970, there were 1,178 grain el-
evators in Iowa. The total storage capacity of these
elevators was in excess of 432 million bushels.
In recent years, both the number and the storage
capacity of elevators have been increasing. More
than half the elevators had a storage capacity of
300,000 bushels or less. This group, however, ac-
counted for only 21 percent of the total storage
capacity. The current organization of the industry
is typified by an elevator that receives corn and
soybeans from a supply area with a radius of 5
to 7 miles.

A statistical cost function, derived from data
from over 150 cooperative elevators, indicated that
significant economies of scale exist in elevator
operations. This cost function showed that an el-
evator with a capacity of 300,000 bushels would
have an average cost of 11 cents per bushel of
grain handled, compared with a cost of 7.9 cents
for an elevator with a capacity of 2 million bushels.
Since the statistical cost function was based on
accounting data reflecting historical investment
costs and interest rates, these estimates of elevator
costs should be regarded as conservative.

An engineering cost function was developed that
incorporated the current level of investment and
operating costs of new elevator facilities. This
function indicated a cost of 16 cents per bushel
for storing and handling grain in a 300,000-bushel
elevator compared with a cost of 9.5 cents per
bushel in a facility of 2 million bushels storage
capacity. Costs continued to decrease for larger
sizes of elevators, but at a slower rate.

It seems that, if the current industry structure
consisted of fewer and larger elevators, the over-all
cost of assembling and storing grain in Iowa could
be reduced. The magnitude of the costs savings
could well be within a range of 1 to 4 cents per
bushel, depending on the average size and location
of the elevators in the adjusted structure and the
rate at which old installations were phased out.

Projections of Iowa’s demand for grain-handling
services indicate that a substantial capacity expan-
sion will be required in the future. Grain market-
ings are projected to increase by about 80 percent
over recent levels, totaling about 1.2 billion bushels
annually by 1980. In addition, grain receipts at
elevators will tend to concentrate more in the fall
harvest period, with a projected 150-percent increase
in fall grain movements. Thus, not only will el-
evators have to expand storage capacity, but the
elevators alsomustbe preparedtoreceive, condition,

and store a larger volume of grain in a shorter
time.

Given the projected 1980 grain movements, an
elevator structure with considerably fewer elevators
of a much larger size than currently exists would
result in substantial savings in marketing costs.
Most economies can be achieved in an average
trade area with a radius of 11 to 12 miles from the
elevator in all crop reporting districts in the state.
Under this criterion, 210 elevators of an average
storage capacity of 3.5 million bushels would be
required in Iowa in 1980. This more nearly least-
cost industry organization would require a marked
reduction in the number of elevators and an ex-
pansion in average size to almost 10 times the
present average.

Variations exist in grain-marketing density and
in elevator turnover rates by district in the state.
As a result, the estimated average elevator sizes
to achieve available economies range from about
1.5 million bushels in some districts to over 5
million bushels of storage capacity in others. More-
over, such factors as total grain sales, seasonal
distribution of sales, elevator turnover rates, and
transportation facilities vary within districts and
must be considered in determining the number,
size, and specific location within a district.

This study concentrated on grain handling and
storage. Analysis of the multiproduct aspects of
elevator operations seems desirable to ascertain
the size of facility and trade area that would
efficiently provide, not only elevator services, but
feed, fertilizer, and other farm supplies as well
Moreover, this study has not attempted to ascertain
possible economies in the out-shipment of grain
from the elevator. Thus, an extension of the anal-
ysis would incorporate a cost function for outbound
grain shipment in the model.

The results, based on a least-cost approach that
assumes that each elevator has a 100-percent market
share in its supply area, provide generalized guide-
lines for future adjustment of the elevator industry
in Iowa that could lead to substantial cost savings
to the industry and to farmers. The optimum
number and size of facilities in a particular geo-
graphic area of the state must be determined by
considering the factors included in this analysis,
market-share patterns, and a detailed examination
of current and future transportation facilities in the
area. Similarly, the time pattern by which existing
facilities should be phased out and new facilities
built requires intensive analysis of each area.
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lowa’s Grain-Elevator Industry:
Factors Affecting Its Organization and Structural Adjustment’

by Richard J. Mikes,? Lehman B. Fletcher,3 and Gene A. Futrell 3

In 1970, Iowa produced 859 million bushels of
corn and 187 million bushels of soybeans. This
production of over a billion bushels of grain
annually places Iowa among the leading grain-
producing states in the nation. Grain production
and marketing are thus of great importance in
Iowa’s agricultural economy.

Grain production has been increasing for many
years, leading to a larger movement of grain off
farms to elevators. The increased grain production
has been accomplished by a dramatic shift in corn-
harvesting technology. In 1960, only 10 percent
of the corn crop was harvested as shelled corn by
picker-shellers and corn combines. The rest was
harvested as ear corn by mechanical pickers. By
1970, 54.2 percent of the corn was harvested
shelled. Field shelling has been encouraged by the
ability to handle a larger volume of grain with a
given labor supply, reductions in risk of excessive
field losses due to severe weather, improved field-
shelling equipment, and other factors. The shift
to field shelling has not been uniform throughout
the state. But, it is likely to be a continuing trend
in all areas.

Field shelling of corn results in large quantities
of high-moisture corn moving to elevators in a short
period in the fall. In 1970, over 20 percent of the
crop moved to elevators at harvest time. Moreover,
high-moisture corn is a perishable product and
requires specialized drying and conditioning. As
more high-moisture corn flows to elevators, addi-
tional investment in grain-drying equipment, stor-
age facilities, and high-speed receiving facilities
is required.

Grain-storage capacity at elevators in Iowa rose
from about 350 million bushels in the late 50’s to
about 443 million bushels as of Jan. 1, 1971. The
industry was faced with excess storage capacity
in the mid-60’s as a result of smaller Commodity
Credit Corporation grain stocks associated with
shifts in government farm programs. As production
increased and field shelling was adopted in the late
60’s, demand for elevator storage increased, again
leading to rapid expansion in capacity.

The elevator historically was located close to
the farms it served. Grain moved from farm to
elevator by horse and wagon. Thus, a proliferation
of elevators and small towns emerged in Iowa,

1Project 1674 of the lIowa Agriculture and Home Economics
Experiment Station.

2Formerly Research Associate, Department of Economics. Now
Coordinator of Marketing and Utilization, Rural Development
Center, Tifton, Georgia.

3 Professor of Economics, Iowa State University.
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dependent on and serving farmers in the local
trade area. The need for a large number of small
elevators scattered throughout rural communities
is now questionable in light of modern transporta-
tion equipment, the road system available, and
elevator technology. The farmer can now transport
his grain longer distances in a shorter time. The
low additional cost per bushel to haul grain beyond
traditional trading boundaries creates an incentive
for larger elevators located further apart to take
advantage of economies of scale in elevator opera-
tions.

Economies of scale in elevator operations reduce
costs per bushel and encourage the development
of fewer and larger installations. Assembly costs,
or costs of moving corn from farms to elevators,
tend to raise costs per bushel as elevators become
larger. This “tradeoff”’ between scale economies and
transportation costs has an important influence
on the number, size, and location of country el-
evators that will minimize marketing costs.

This study analyzes, as an over-all objective,
the relative magnitude of these opposing cost factors
and investigates adjustments in size and location
of elevators needed to reduce costs under present
and projected levels of grain marketings. The size,
number, location, and operation of grain-storage
facilities are of primary importance in determining
the costs of marketing grain. Transportation: costs
and charges for handling grain in fixed facilities
account for a large proportion of marketing costs.
The costs of moving grain from farms and of con-
ditioning, handling, and storing grain at elevators
are the focus of this study.

The specific objectives of the study were:
(1) Determine the number and size distribution
of country elevators. (2) Estimate economies of
scale in elevator operations, based on an analysis
of costs in the current system and on an engi-
neering cost simulation of model elevators. (3) Esti-
mate an optimum number and size of elevators
in terms of a least-cost system of grain assembly
and grain handling. (4) Compare the optimum
organization with the current industry structure,
and project the optimum structure for the elevator
industry for conditions expected to prevail in 1980.

As a first step in the study, trends in the
number, size, and utilization of existing elevators
are described. Subsequently, movements of grain
from farms to elevators and estimated 1980 move-
ments on the basis of projected production and
marketing patterns are presented. Next, costs of
transporting and handling grain are estimated.
Finally, possibilities for cost reductions in grain
marketings under current conditions and 1980 pro-
jections are evaluated.
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Fig. 1. lowa's counties grouped into nine crop re-
porting districts.

The study focuses on the nine crop reporting
districts in Iowa, as delineated by the USDA Sta-
tistical Reporting Service. This breakdown is con-
venient because of the availability of data on a
district basis. The districts are shown in fig. 1.
These districts do not constitute homogeneous eco-
nomic regions; nevertheless, the organization and
needed adjustment of the elevator industry are
sufficiently different between regions to make the
districts useful for purposes of this study.

THE IOWA ELEVATOR INDUSTRY

Country elevators are elevators that receive
most of their grain directly from farmers. Another
class of elevators is the terminal (and subterminal)
and processing group. Terminal elevators and pro-
cessors receive most of their grain from other el-
evators, not directly from the farm.

In Iowa, country elevators are the primary outlet
for feed grains moving off the farm. There is only
minor movement directly from the farm to sub-
terminal and processing outlets. Soybeans follow a
similar marketing channel. As the primaryreceivers
of feed grains and soybeans from farms, country
elevators are important in the total grain-marketing
system.

Because the country elevator is the primary
outlet for grain sold off farms in Iowa, the various
functions of the country elevator are of direct
interest and importance to producers. The country
elevator provides facilities for receiving grain
directly from farmers, and drying, storing, and re-
loading the grain for rail, truck, or, in some in-
stances, barge shipment. The storage capacities of
country elevators in Iowa vary from a few thousand
bushels to more than 4 million bushels.

The country elevator may be operated as an
independent business, as a branch owned by a
firm owning several grain elevators, or as a coop-
erative owned and operated by farmers. Most country
elevators in Iowa engage in many activities other
than grain handling. The other activities often in-
clude feed mixing and retailing, fertilizer blending
and retailing, and retailing other farm supplies.
In many instances, the other activities of the ele-

vator dwarf the grain-handling activity. These other
activities are often complementary to the elevator’s
grain business because of better seasonal utiliza-
tion of labor®force, management, and facilities.
There also is a relationship between the grain and
other activities in terms of attracting patrons.

Trends in Elevator Grain-Storage
Capacity and Utilization

Data indicate that a major expansion in elevator
storage capacity occurred in the late 1950’s
(table 1). In 1951, storage capacity of elevators
in Towa was about 90.7 million bushels. By 1957,
capacity had more than doubled to over 200 million
bushels. In the 4 years from 1957 to 1961, storage
capacity rose to about 350 million bushels and
remained at about that level until 1968. Since
1968, capacity has increased each year.

The expansion in elevator capacity in Iowa has
not been uniform across districts. Table 2 shows
the off-farm storage capacity by districts and for
Iowa as of Jan. 1 for 1969-71. (Data were not
available for any year before 1969 for individual
districts.) District 5 (central Iowa) has nearly one-
fourth of the total capacity in the state with a
storage capacity of 92.6 million bushels on Jan. 1,
1969, and 101.9 million bushels on Jan. 1, 1971.
Over the last 3 years, the most rapid growth in
storage capacity was in District 1 (northwestern
Iowa). Both District 3 (northeastern Iowa) and
District 8 (south-central Iowa) have relatively low
storage capacities.

Storage utilization, measured as the proportion
of total off-farm storage capacity occupied by corn
and soybean stocks on Jan. 1, varies between
districts and within districts by year. Utilization
was 0.65 or higher in 1969 and 1970, but dropped
to 0.57 in 1971 for the state as a whole (table 2).
District 1 (northwestern Iowa) had a utilization
rate of 0.73 in 1970 compared with only 0.53 in
1971: District 6 (east-central Iowa) consistently
had the lowest utilization of any district.

Table 1. Elevator storage capacity in Iowa, Jan. 1, 1951-71, in thou-
sands of bushels

Crop

year Capacity
D T e T e 90,729
1954 —=memmmcstmcmcmccacctheescsme e —— 122,846
1957 e momien seommion - o s oo S e i 1 1 o 213,546
1961 ===mmmm e e e e e 343,400
1962 ~rmemmmm - e nm————————m 343,400
B e e T S 359,800
1964 =cmmeremeccsemm e —m———em o m e 348,300
1965 Findema st e s s s eSS R e SoR LS 351,800
1966 -==mmmmcmccecommeemmre————————————— 359,000
1967 ==e=mmmmcescsicscssssseniatacsnnaean 359,500
1968 == --=-370,700
1969 === ---404,050
1970 ==~ < ---437,600
1971 =emmcemmmm o e e o e meememec oo 442,600

Source: Dale Awtry. Personal communication. TIowa State Department
of Agriculture, Des Moines. 1971.
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Table 2. Off-farm storage capacity in Iowa, Jan. 1, 1969, 1970, and 1971; change in storage capacity,
1969-1971; storage utilization, Jan. 1, 1969, 1970, and 1971; and turnover rates for the

1968 and 1969 crop years,

Crop Jan. 1 capacity (1,000 bu) Percentage Jan. 1 storage Turnover rate
reporting change utilization? for crop yearP
district 1969 1970 1971 1969-1971 19691970 1971 1968 1969
l-ccemmmmm- 52,950 57,700 61,000 15 0:610:73 . B0.53 1.50 1.95
2 mmmmme e 56,300 63,600 63,800 13 Q.73 0.70. 0.58 2.03 1.73
3 mmmmm e 17,200 18,500 18,500 8 0.76 0.64 0.64 3. X7 2235
L 76,100 79,400 79,800 5 0.59" 0.68740.55 1.04 BT
I 92,600 101,500 101,900 10 071 - 871 0.60 1.39 1.18
38,200 38,500 3 0.47 0.47 0.47 170 1.68
36,300 36,400 12 0.60 '0.66 0.51 1.14 1.42
13,800 14,000 11 0. 77 0.70 Q.67 2552 .72
9 e 26,600 28,600 28,700 8 0.69 0.67 0.64 1287 1.73
fowa cr=-c-< 404,500 437,600 442,600 10 0.65 0.67 0.57 1.58 1.53

Source: Jack Aschwege. Personal communication.

Iowa Crop Reporting Board, Des Moines. 1971.

8Ratio of corn and soybean stocks on Jan. 1 to off-farm storage capacity.

bratio of grain sales to storage capacity. Sales data for the 1970 crop year were not available when

these data were obtained.

Stocks in storage on a given date represent
one measure of utilization. Another measure of
utilization is the turnover rate. The turnover rate
is defined as the total annual grain sales in a
district divided by total storage capacity within
the district. The average turnover rate of the state
for both 1968 and 1969 crop years was slightly
above 1.5. Thus, on the average, elevators in the
state handled a volume of grain equal to 1.5 times
their storage capacity. Turnover rates for districts
range from a low of nearly 1 to more than 3. The
actual turnover rates experienced by elevators in
the crop reporting districts would tend to be higher
than those shown in the table, however, because
of the subsequent shipment of grain from country
elevators to terminal facilities and processors. The
grain-sales figures used to calculate turnover do
not measure the total flow through all elevators,
but, instead, the initial flow of grain from farms to
elevators. Preliminary data indicated that the turn-
over rate declined to about 1.4 in 1970 for Iowa.

Total grain sales in 1969 and 1970 were about
equal, but storage capacity in elevators had in-
creased about 10 percent. As noted previously,
the actual flow through the elevator facilities would
be higher than these turnover figures indicate.
Since most grain moves through the local or
country elevator and then on through the terminal
or processing elevator, the farm-sales data would
not be equal to total volume through all the ele-
vator facilities.

Number, Capacity, and Ownership
of Elevators

Published data on storage capacity by county
were not available from any source. Therefore,
a complete inventory of elevators licensed by the’
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Warehouse Division of the Iowa Commerce Com-
mission and by the Transportation and Warehouse
Division of the U.S. Department of Agriculture
was conducted for August 1969 and December
1970. In addition, a limited number of unlicensed
grain-processing elevators was added to both lists.

The inventory for August 1969 showed 1,136
elevators, representing over 394 million bushels
of storage capacity. The inventory for December
1970 showed 1,178 elevators with a total capacity
of over 432 million bushels.

Size data on all elevators and on country ele-
vators by districts in 1969 are shown in table 3.

Table 3. Number, total storage capacity, and average storage capacity
of elevators, August 1969.

Total Average storage
Crop storage capacity
reporting capacity per elevator
district Number (1,000 bu.) (1,000 bu.)
All elevators
¢ 52,953 328
2 56,871 397
3 15,853 186
4 74,214 421
5 93,322 444
6 29,126 253
J 33,735 337
8 14,232 290
9 24,139 248
I 394,445 347

Country elevators

1 51,232 320
2 54,061 383
3 14,318 172
4 63,126 367
5 72,471 360
6 14,935 145
7 22,523 237
8 12,245 260
9 21,007 223
b 325,918 297

Source: Unpublished data obtained from Warehouse Division, Iowa Commerce
Commission, Des Moines, Iowa, and Transportation and Warehouse
Division, U.S. Dep. Agric., Omaha, Nebraska.



Table 4. Number, total storage capacity, and average storage capacity

of elevators, December 1970.

Total
storage
capacity

(1,000 bu.)

Average storage
capacity
per elevator
(1,000 bu.)

Crop
reporting
district

elevators

360
424
177
439
470
287
378
290
262
367

63,100
61,144
18,149
79,119
99,255
34,255
97 36,678
51 14,820
99 25,971
432,491

HWOONOWL S WN -

Country elevators

352
410
166
386
386
175
278
261
237
319

174
142
100
176
202

61,379
58,334
16,614
68,031
78,118
18,815
92 25,592
49 12,833
96 22,839
362,555

HWORNOW S WN

Source: Unpublished data obtained from Warehouse Division, Iowa Commerce

Commission, Des Moines, Iowa, and Transportation and Warehouse
Division, U.S. Dep. Agric., Omaha, Nebraska.

The largest average size for country elevators in
the state was 383,000 bushels in District 2 (north-
central Iowa). District 6 (east-central Iowa) had
the smallest average size, with an average capacity
of 145,000 bushels. The average capacity of all
country elevators in Iowa was slightly under 300,000
bushels in August 1969.

Size data for all elevators and country elevators
for December 1970 are given in table 4. Between
August 1969 and December 1970, the average size
of country elevator in Iowa increased from 297,000

to 319,000 bushels. District 3 (northwestern Iowa)
experienced a decrease in average size of country
elevator from 172,000 bushels to 166,000 bushels.
The average 8ize increased in all other districts.

Because the number of elevators increased
between the two inventory dates, the data do not
reveal how much of the growth in capacity was
due to new elevators and how much to expansion
of existing elevators. It would be useful to know,
for example, if the new country elevators tended
to be larger or smaller than average.

A more detailed examination of the elevator
size distribution in December 1970 is presented
in table 5. The largest size category, 2 million
bushels and over, included 15 elevators with a
total storage capacity of 48.7 million bushels. This
size group represented slightly over 1 percent of
the total elevators, but more than 11 percent of
the total storage capacity in the state. There were
122 elevators with capacity of less than 50,000
bushels in 1970. Although this group represented
10.4 percent of the total elevators, it accounted
forless than 1 percent of the total storage capacity.
Over half the elevators had a capacity of under
300,000 bushels, but this group included only 21
percent of the total storage capacity.

Figure 2 depicts elevator storage capacity by
districts for December 1970. The shaded area in
each bar represents the storage capacity of country
elevators, and the unshaded portion of the bar
is the terminal and processing storage capacity.
Districts 4 (west-central Iowa) and 5 (central Iowa)
had the largest capacity, followed closely by districts
1 (northwestern Iowa) and 2 (north-central Iowa).
(Data on the number and storage capacities of
country elevators by county are given in Appendix
fig. A-1.)

Table 5. Size distribution of grain elevators in Iowa, December 1970.
Capacity Total Cumulative
class No. of capacity Percentage of percentage
(1,000 bu.) elevators (1,000 bu.) Elevators Capacity Elevators Capacity
2,000 & over ======= 15 48,696 1.27 11..26 99.99 99.99
1,800-1,999 =-====- 2 3,616 0.17 0.84 98.72 88.73
1,700-1,799 ---=--- 6 10,494 0.51 2.43 98.55 87.90
1,600-1,699 =-=-=-=-- 3 4,855 0.25 1.32 98.04 85.47
1,500-1,599 =====-= 1 1,501 0.08 0.35 97.78 84.35
1,400~1,499 =r=cr-= 5 7,274 0.42 1.68 97.70 84.00
1,300-1,399 ===-=-== 4 5,359 0.34 1.24 97 .28 82.32
1,200-1,299 ===---- 9 11,281 0.76 2.61 96.94 81.08
1,100-1,199 ==-=-=- 9 10,452 0.76 2.42 96.17 78.47
1,000-1,099 «--e==- 14 14,643 1.19 3.39 95.41 76.06
*900- 999 =---=== 11 10,478 0.93 2.42 94.22 72.67
800- 899 =-=--=-- 20 16,620 1.70 3.84 93,29 70.25
700- 799 w=-=c== 40 29,709 3.40 6.87 91,59 66.41
600~ 699 =~==-=-= 41 26,268 3.48 6.07 88.20 59.54
500- 599 -===-=- 82 44,495 6.96 10.29 84.72 53.46
400- 499 ===--=-- 97 43,152 8.23 9.98 11416 43.18
300~ 399 ----==- 151 525121 12.82 12,05 69.52 33.20
200- 299 =-===-=- 183 45,721 15.53 1057 56.70 21.45
100- 199 -=-=-=- 219 31,664 18.59 7.32 41.17 10.58
50~ 99 -----=s 144 10,499 12.22 2.43 22,58 3.26
0- 49 =--ce--d 122 3,593 10.36 0.83 10.36 0.83
Source: Unpublished data obtained from Warehouse Division, Iowa Commerce Commission, Des

Moines, Iowa, and Transportation and Warehouse Division, U.S. Dep. Agric., Omaha,

Nebraska.
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Fig. 2. Storage capacity of country and terminal el-
evators by crop reporting district in lowa, December
1970.

Another aspect of the organization of the ele-
vator industry is the type of ownership. All coop-
eratively owned elevators were grouped for
comparison with other ownership forms. In August
1967, there were 400 cooperative elevators, rep-
resenting 36 percent of the total elevators in Iowa
(table 6). The cooperative elevators had a combined
storage capacity of 187 million bushels. The heaviest
concentration of cooperative ownership was in
District 2, with 82 elevators representing almost

Table 6. Number, total storage capacity, and average storage capacity
of cooperative elevators, August 1969.

Crop Storage
reporting capacity
district Number (1,000 bu.)

Average storage
capacity
(1,000 bu.)

All cooperative elevators

36,006 461
40,775 491
6,795 219
34,908 572
49,137 592
4,892 257

DN O WU W

== 4,819 370
- 14 4,99 356
394 174,619 443

4,494 264
4,819 370
5,464 364
187,290 468
Cooperative country elevators
1 w= A7 34,285 445
2 o= 82 39,615 483
3 == 30 6,285 209
4 == 6] 34,908 572
5 -~ 82 40,797 497
6 == 38 4,422 245
7 = 27 4,494 264
8
9
To

Source: Cooperative elevators identified by information obtained from Farmers
Grain Dealers Association, Des Moines, 1971.
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three-fourths of the total storage capacity in that
area. Cooperatives in districts 6, 7, and 9 rep-
resented only about one-sixth of the total number
of elevators. Cooperatives accounted for more than
half the storage volume in districts 1, 2, 4, and 5.

Cooperative country elevators also account for
about 36 percent of all country elevators in the
state. The cooperative group, however, includes
more than 50 percent of the total storage capacity
of country elevators. This means that, on the av-
erage, cooperative country elevators are larger
than country elevators under other forms of owner-
ship.

GRAIN MARKETINGS AND MOVEMENTS

The increasing production of corn and soybeans
in Jowa has resulted in an increased flow of grain
from farms to local elevators. Corn production in
Iowa rose from 754.7 million bushels in 1964 to
922.8 million bushels in 1969, while off-farm sales
of corn increased from 316.7 million bushels to
424.5 million bushels (table 7). Thus, Iowa has
experienced, not only a growth in corn production,
but also an increase in the share of the corn crop
that moves off farms. In 1964, it was estimated
that about 42 percent of the crop was sold off the
farm, compared with 46 percent in 1969.

The increase in soybean production in Iowa has
been especially dramatic. Soybean sales rose more
than 50 million bushels between 1964 and 1969
(table 7). Historically, almost 98 percent of the
soybean crop has been sold off the farm, with the
remainder being used mainly for seed and a very
limited amount for livestock feeding.

Oat production and marketings have declined
since 1964. Usually, oats are fed on the farm where
produced or saved for seed; only about 28 percent
of the oats produced are sold off the farm.

In 1964, total corn, soybean, and oat sales were
just over 465 million bushels. By 1969, total sales
had increased by a third (155 million bushels).
Total grain sales in both 1968 and 1969 amounted
to about 620 million bushels. These grain sales
represented total off-farm movements of grain esti-
mated by the Statistical Reporting Service, based
on a sampling procedure. The sample used for this
estimate is largely composed of general livestock
farms and is not a cross section of all types of
farms. More grain would tend to be fed on farms
with livestock than on specialized cash-grain farms.
Thus, these estimates probably understate off-farm
movements of grain.

The trend to field shelling of corn in Iowa and
other Corn Belt states also is significant for country
elevators. In 1964, 81 percent of the corn left the
field as ear corn (table 8). By 1970, less than half
the corn was harvested as ear corn. Iowa, thus,
is following the trend of Indiana and Illinois where,
by 1970, less than one-fourth of the total corn crop
was harvested as ear corn. In 1970, 45.6 percent
of Towa’s 10 million acres of corn for grain was
harvested with combines, up from only 12.7 percent
in 1964. Field picker-shellers were used to harvest



Table 7. Grain production, grain sales, and share of production sold in Iowa by crop years,
1964-69.
. Crop yvear
Grain 1964 1965 1966 1967 1968 1969
Grain production and sales (1,000 bu.)
Corn:
Produced =~~~ 754,695 814,506 901,748 986,332 912,144 922,768
goldewn -4 73T 316,742 333,947 396,769 433,986 410,465 424,473
Soybeans:
Produged ~==c~= 121,239 126,100 147,382 144,265 177,952 174,339
el dugy  aaFTTEE 118,141 122,910 144,090 140,976 174,847 171.,205
Oats:
Prodiiced =<==== 112,714 104,948 106,866 101,370 106,436 92,000
gold, _ ., S===c== 30,433 28,336 29,922 28,384 35,124 24,840
Total 'Bold | ~r*===% 465,316 485,193 570,781 603,346 620,436 620,518
Share of production sold
COTDIE sl i 0.42 0.41 0.44 0.44 0.45 0.46
Soybeans = <~==-== 0.97 0.98 0.98 0.98 0.98 0.98
Qaty = =~ wwEess 0.27 0.27 0.28 0.28 0.33 0.27
Source: Iowa Crop and Livestock Service. Annual Crop Summary. Agricultural Statistician's

Office, Federal Building, Des Moines, 1969.

Table 8. Percentage of corn acreage harvested by designated methods, 1964, 1967, and
1970.

Crop

reporting Field Corn head on
district Mechanical picker picker-sheller combine

and state 1964 1967 1970 1964 1967 1970 1964 1967 1970
Gl 88.6 73.5 63.5 4.3 5.6 6.7 Tk 20.9 29.7
e 84.2 55. 7 46.6 355 9.3 8,1 103 34.8 45.3
R e = 82.3 62.4 40.3 959 11.3 953 7.3 25.1 50.0
% ‘sesEsicm=s 83.3 66.3 59.1 5.3 4.2 S 11.4 29.5 35.2
S rmsres=cr 77.4 51.2 32.7 6.9 7.2 8.2 15.6 41.6 59.0
G ateo-anzs 84.8 57.5 39.6 e 8.9 15.0 9.7 33.3 45.3
T =Sem=c=eb 78.7 65.9 48.0 Dl L3 8.0 16.1 23.4 43.6
(R T 74.8 69.0 39.2 9.2 7:1 357 16.0 2357 57.0
9 Srssce—e 66.6 45.1 305 4.7 6.6 10.1 28.4 48.1 59.3
Towascsc==s 81.2 60.5 45.8 6.0 ol 8.4 12.7 315 45.6
I1}inois ==~ 55.0 36.0 24.0 7:0 8.0 7.5 38.0 56.0 68.5
Indiana --- 47.2 28.8 2257 7.0 8.7 733, 45.1 62.2 69.0
Minnesota=-- --2 58.4 40.5 --a 9.4 8.8 --a 31.4 50.5

Source: Iowa Crop and Livestock Reporting Service. Corn for grain: harvesting, handling,

and drying methods.
Annual issues, 1964-70.

Agricultural Statistician's Office, Federal Building, Des Moines.

2Not available.

8.4 percent of the corn acreage in 1970, compared
with 6.0 percent in 1964.

The shift to field shelling and the use of corn
combines has not been uniform across the state
(table 8). All districts have shown increases in
field shelling and combining from 1964 to 1970;
the rate of adoption of these practices, however,
has varied. It seems likely that the proportion of
corn harvested as ear corn will continue to decrease
in all districts.

The implications of field shelling on corn market-
ing can be summarized briefly as: (1) an increasing
flow of high-moisture corn requiring drying and
specialized handling and (2) an increasing pro-

portion of corn moving to elevators during the fall
harvest period.

Since high-moisture corn is a perishable com-
modity, the elevators must be prepared to condition
and store the corn within a few days after delivery.
The long line of farm trucks and wagons waiting
to unload at country elevators points up a possible
gap between the greatly expanded harvest capacity
and the drying and storage capacity at the ele-
vator. Many elevators are not equipped to receive
and handle high-moisture corn as rapidly asfarmers
can deliver it. As a result, Iowa elevators have
been faced with the need for major adjustments in
services and facilities over the past few years.
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Table 9. Methods of handling corn at harvest, 1964, 1967, and 1970, Table 11. Stocks of grain in selected positions on Jan. 1, storage
in percentages. capacity, and capacity utilization, 1965-70, in thousands
of bushels.
Crop
reporting Marketed direct Stored by producer Iowa 1965 1966 1967 1968 1969 1970
district from field off farm
and state 1964 1967 1970 1964 1967 1970 s
Corn stocks:
1 2 6.6  10.8 0.6 7.6 6.9 On farms --751,281 781,926 757,468 838,382 820,930 848,947
2 8 8.3 13.4 1.2 12.0 7.0 Off farms® --331,991 226,456 136,128 170,969 203,280 202,879
3 2 7.3 10.6 0.6 6.1 4.7
4 2 6.1 11.7 2.2 6.6 10.2 Soybean stocks:
5 6 6.1 17.3 0.5 12.9 12.1 On farms --44,858 65,572 84,008 86,559 112,110 94,143
6 1 1.7 11.2 0.7 6.1 4.2 Off farms® --55,837 50,925 58,729 68,400 105,239 144,146
7 8 4.0 9.8 0.7 8.1 5.9
8 7 9.6 17.7 2.3 10.1 4.5 Total corn and
9 3 9.3 16.2 2.3 19.0 11.8 soybeans:
On farms --796,139 847,498 841,476 924,941 933,040 943,090
Tows “==ssmende=n 8.7 7.0 13.1 1.1 9.7 7.8 Elevators --228,035 170,509 170,439 216,470 261,945 295,725
CCC bin sites--159,793 106,872 24,418 22,899 46,574 51,300
Il inofa sosanase 24.0 17.5 21.5 4.0 14.0 13.5
Storage capacity:
Indisna u===e==2 24.0 31.4 29.3 3.5 12.8 12.3 Elevators --351,800 359,000 359,500 370,000 404,500 437,600
CCC bin sites--285,644  -- 198,032 -- 107,920 --
Minnesota==-=-=-=== = ' 11.5 18.4 --8 5.0 5.0
Source: Iowa Crop and Livestock Reporting Service. Corn for grain: Source: U.S.Dep. Agric., Statistical Reporting Service. Stocks of

harvesting, handling, and drying methods. Agricultural
Statistician's Office, Federal Building, Des Moines.
issues, 1964-70.

Annual

8Not available.

Iowa farmers marketed 13 percent of their corn
crop directly from the field in 1970 and stored
about 8 percent of it off their farms (table 9). In
1964, the combined total of corn marketed directly
from farms and stored off the farm by producers
was less than 10 percent. The fall movement of
new-crop corn is defined for the purpose of this
analysis as the sum of the corn marketed directly
from fields plus the corn stored by producers off
farms (table 9).

In 1969, almost 200 million bushels of corn
moved to the elevators during the fall harvest
(table 10). This fall movement of corn was equiv-
alent to 46.7 percent of the total corn sold during
the 1969 crop year. This was double the share of
the crop that moved in the fall in 1964. Thus,
elevators received an additional 125 million bushels
of corn during the fall period in 1969 compared
with 1964.

The amount of soybeans moved to elevators
during the fall harvest season was estimated by
considering soybean production and changes in

Table 10. Corn-harvesting method, fall movement of corn, and share of
crop moved in fall by crop year, 1964-69.
Towa 1964 1965 1966 1967 1968 1969

Percentage ear corn® ------ 81.2 75.2 66.2 60.5 56.6 51.1
Fall movement:DP
Percentage of crop -=----- 9.8 10.4 15,7 16.7 18.1 21.5
Bushels @,000)  -=--- 73,960 84,709 141,574 164,717 165,098 198,395

Percentage of sales®--- 23,3 25.3 35.6 37.9 40.2 46.7

Source: Iowa Crop and Livestock Reporting Service. Corn for grain: harvesting,

handling, and drying methods. Agricultural Statistician's Office, Federal
Building, Des Moines. Annual issues, 1964-70.
4Corn reported as harvested by mechanical picker.

PFall movement is the corn marketed direct from field plus corn stored off
farm by producers.

©Fall movement of corn as percentage of corn sales.
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grains in all positions. Crop Reporting Board Quarterly
Reports 1963-71; and Dale Awtry, Iowa Dep. Agric., Des Moines,
private communication, 1971.

2Includes stocks at elevators, terminals, processors, and CCC bin sites.

farm stocks of soybeans between Sept. 1 and
Jan. 1. Fall movement of soybeans was defined as
equal to Sept. 1 farm stocks, plus production, less
Jan. 1 farm stocks, which are shown in table 11.
The share of the fall movement was defined as the
ratio of fall movement to production for the crop
year. Fall movement of soybeans increased from
about 82 million bushels in 1964 to 112 million
bushels in 1969 (table 12). The share moved in
the fall ranged from slightly over 46 percent to
slightly over 67 percent. The average over the
1964-69 period was 55.7 percent.

The increasing fall movement of corn, coupled
with increasing soybean production, has resulted
in almost a doubling of fall grain receipts at grain
elevators from 1964 to 1969. The total fall move-
ment of corn and soybeans increased from 155.6
million bushels in 1964 to 310.6 million bushels
in 1969 (table 12).

The ability of the country elevator system to
ship grain received in the fall to terminal and
processing points influences the rate at which grain
can be received. Estimates of the amount of grain
shipped out of country and terminal elevators were
derived by adding the fall movement to the ele-
vator stocks at the beginning of harvest and then
subtracting Jan. 1 elevator stocks. Elevator ship-
ments of soybeans during the fall were equivalent
to 15.6 percent of the soybeans received in 1966
and 44.2 percent of the soybeans received in 1969
during the fall. A larger share of the corn received,
as compared with soybeans received, was shipped
from the elevators during the fall. In 1964, ele-
vators shipped 45.9 million bushels of corn during
the fall, or 62 percent of the total fall receipts.
By 1969, 104 million bushels were shipped, slightly
over half the total receipts. The combined elevator
shipments of corn and soybeans during the fall
quarter rose from 77.7 million bushels in 1964 to
153.8 million bushels in 1969 (table 12).



Table 12. Estimated fall movements of grain in Iowa, 1964-69, in
thousands of bushels.

Grain 1964 1965 1966 1967 1968 1969

Soybeans:

Production --121,239 126,100 147,382 144,265 177,952 174,339

Fall movements2-- 81,680 64,771 68,081 76,866 91,810 112,227
Share, fall
movementsb == 0.674 0.514 0.462 0.533 0.516 0.644
Fall shipments®-- 31,854 18,907 10,613 20,847 19,259 49,643
Share shippedd -- 0.390 0.292 0.156 0.271 0.210 0.442
Corn:
Production -=754,695 814,506 901,748 986,332 912,144 922,768
Fall movements -~ 73,960 84,709 141,574 164,717 165,098 198,395
Share, fall

movements®€  -- 0.233 0,253  0.356  0.379  0.402  0.467
Fall shipments®-- 45,886 53,657 88,597 54,422 72,396 104,127
Share shippedd -= 0.620  0.633  0.626  0.330  0.439  0.525

Total corn and soybeans:
Fall movements -~155,640 149,480 209,655 241,583 256,908 310,622
Fall shipments®-= 77,740 72,564 99,210 75,269 91,655 153,770
Share shippedd -- 0.499 0.485 0.473 0.312 0.357 0.495

Source: Iowa Crop and Livestock Reporting Service. Annual crop summary,
1969; and U.S. Dep. Agric. Statistical Reporting Service. Stocks
of grains in all positions, 1963-71.

2Fall movements of soybeans equals Sept. 1 farm stocks, plus production,
less Jan. 1 farm stocks.

bRa:io of fall movement of soybeans to soybean production.

CFall movements plus elevator stocks Gept. 1 for soybeans, Oct. 1 for corn)
less Jan. 1 stocks in elevators; elevator stocks include stocks in (CC bin
sites,

dRatio of fall shipments to fall receipts.

®Ratio of fall corn movements to corn sales.

Estimation Model for Corn Sales by District

Corn sales are defined as sales of corn off the
farm. Once received by the elevator, corn either
flows back to the same farm, or another farm in
the area, or is shipped out. Estimates of total
sales of corn off farms are available on an annual
basis for Iowa as a whole. County and district
data on corn sales, however, are available only
once every 5 years in the U.S. Census of Agri-
culture (5). Since the latest census available at the
time of this study was for 1964, it was necessary
to develop a method to estimate district corn sales
for more recent years for use in the analysis.

To identify and quantify relevant variables to
predict corn sales, county data for 1959 and 1964
were examined by using least-squares regression
techniques. Since no a priori basis for choosing the
relevant variables was evident, a stepwise regression
technique was used. 4

41n stepwise regression, alternative independent variables are
examined to ascertain which variable has the highest correla-
tion with the dependent variable; in this instance, corn sales.
This independent variable is selected, and a least-squares
regression is completed, based on the one variable. An F-test
for the significance of regression is then calculated; i.e., the
ratio of the mean square due to regression to the mean square
due to residual variation. If the F-test value is greater than
a predetermined level, the variable with the highest partial
correlation to the dependent variable is selected as the next
one to enter the equation. This variable is included in the
equation if the calculated partial F-test value exceeds the
predetermined level. The process is repeated until the partial
F-test of the last variable to enter the equation is below the
predetermined level.

A group of 12independent variables was identified
for possible inclusion in the equation. The variables
that entered most frequently in the equations were
corn production, soybean production, fed cattle
marketed, pigs born, milk cowson farms, percentage
of farms reporting sows farrowed, and percentage
of farms with livestock. The four variables selected
for the final estimates were corn production, soybean
production, fed cattle marketed, and pigs born.

Three different models were estimated. The first
model was based on one regression equation for the
state incorporating observations from each of the 99
counties for 1959 and 1964. Corn sales by county
were hypothesized to be a function of the county’s
corn production, soybean production, fed cattle mar-
ketings, pigs born, and a dummy variable for the
2 years. The second model was identical to the first
with the exception that, in addition to a dummy
variable for year, another dummy variable was in-
cluded for each of the crop reporting districts. The
third model incorporated the same independent
variables as the state model, with the exception
of the dummy variable for district. A separate
equation was developed for each district by using
observations for 1959 and 1964 for each county
within the crop reporting district.

Table 13 shows the results of the analysis by
individual crop reporting districts for 1964 and
1968 compared with the 1964 Census of Agriculture
and unpublished estimates by district obtained from
the U.S. Dept. Agr. Statistical Reporting Service.
Additionally, information on the percentage of the
corn crop sold in the state of lowa by years, 1964
through 1968, is shown in comparisonwith published
data.

The results of the three estimation models are
similar. Each of the three models showed variation
among districts in the proportion of the crop sold.
The aggregated state total estimates are quite
comparable for various years in each of the three
alternative models. The state total estimated by
these models is higher, however, than the state
figure reported by the Statistical Reporting Service.
As previously noted, the reported total is based on
a sampling of general livestock farms and does
not encompass all farms. Thus, the slightly higher
figures obtained through the model estimation pro-
cedures could be more representative of all farms,
including cash-grain operations.

For the purpose of this study, the first regression
model was selected. This model showed a closer
correlation with the 1964 census data than did
the other two (Appendix table A-1). With this
model, the equation for estimating corn sales in a
county was:

Corn sales (bushels) = -318,470 +718.260
(corn production)

+ 0.629
(soybean production)

-19.667 (fed cattle)
-9.04 (pigs born) .
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Table 14. Estimated total sales of corn, oats, and soybeans,? crop
years 1964-69, in thousands of bushels.
Crop reporting
district 1964 1965 1966 1967 1968 1969
1 e e ccas 78,133 71,390 95,253 86,155 79,436 112,511
2SRt nakas 79,718 85,814 102,236 111,499 114,049 109,860
Simasenanaws 28,675 41,884 45,558 53,549 54,436 47,238
f (mAESR A MR 73,062 73,342 86,694 85,289 79,101 93,017
ST S 100,673 101,358 113,364 1,240,083 129,120 119,782
(T g 45,189 55,271 53,661 69,968 63,011 64,142
TSt msntas 31,767 41,393 47,936 47,257 36,928 51,522
B miskeatuesn 25,068 26,816 30,804 21,079 31,736 23,721
Y EAE T asmg 38,075 46,468 44,079 52,578 49,839 49,536
Towa smesnss=s 500,360 543,735 619,615 651,456 637,654 671,329

Table 13. Proportions of corn sold, crop reporting district, and
state totals by selected reports and alternative estimation
models.
Crop reporting district

Source 1 2 3 4 5 6 i 8 9
Stat. Rep. Serv.

(1969)2 == 0.40 0.53 0.31 0.49 0.58 0.38 0.45 0.30 0.45
Census of Agric.

(1964) == 0.396 0.549 0.360 0.396 0.549 0.360 0.333 0.396 0.414
State modelP

(1964) == 0.474 0.552 0.279 0.467 0.565 0.346 0.393 0.423 0.411

(1968) -- 0.435 0.614 0.400 0.445 0.605 0.396 0.375 0.444 0.456
State-CRD®

(1964) -- 0.467 0.546 0.253 0.484 0.563 0.335 0.425 0.422 0.432

(1968) -- 0.419 0.609 0.387 0.451 0.598 0.385 0.398 0.440 0.472
crp?

(1964) == 0.447 0.529 0.261 0.492 0.558 0.341 0.429 0.410 0.470

(1968) == 0.384 0.593 0.344 0.457 0.592 0.404 0.397 0.412 0.550

State total by year
1964 1965 1966 1967 1968

Stat. Rep. Serv. === 0.42 0.41 0.44 0.44 0.45
Census of Agric. === 0.44 -- - -- -
State model === 0.453 0.488 0.494 0.496 0.481
State-CRD === 0.454 0.487 0.495 0.496 0.477
CRD === 0,453 0.484 0.488 0.491 0.466

@pata by district are unpublished data based on sample survey uniformly
adjusted by statewide survey and Census of Agric. for 1964. Data by year
is published. Personal communication with Roger Sutherland, Statistical
Reporting Service, Federal Building, Des Moines, 1970.

bstate model is regression equation with the following independent variables:

corn production, soybean production, fed cattle marketed, pigs born, and
dimmy variable for year. Based on 99 observations (1 per county) for years
1959 and 1964.

CSame as for state model, but contains an additional dummy variable for crop

reporting district.

dsame independent variables as state model, but separate equation developed
for each crop reporting district for 1959 and 1964 data.

The positive coefficient for soybeans probably re-
flects the correlation of soybean production with
cash-grain farming. Thus, high corn sales occur
in conjunction with high production of soybeans.
The negative coefficients on the livestock feeding
reflect the feeding of corn on farms. County esti-
mates were aggregated to district estimates for
the 1964-69 period (Appendix table A-2).

Estimates of Grain Sales by District

The statewide average percentage of soybeans
sold and oats sold for the particular crop year
was used for each district. The variation in per-
centage of oats sold among districts probably is
greater than the variation for soybeans. But since
oats represent only 3 to 4 percent of the total
grain marketings, any change in percentage sold
among different districts would resultininsignificant
changes in the total grain sales estimated for that
district. Soybean and oat sales were added to the
estimates of corn sales to give district totals for
grain marketings.
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@gstimates for corn, soybeans, and oats are given separately in Appendix
Table A-2.

Estimated total sales of corn, oats, and soy-
beans were slightly over 500 million bushels in
1964 in Iowa, compared with over 671 million
bushels in 1969 (table 14). A general upward trend
in grain sales occurred in most districts over the
6-year period 1964-69. District 1 (northwestern
Iowa), District 2 (north-central Iowa), District 4
(west-central Iowa), and District 5 (central Iowa)
are the largest grain-marketing areas. District 8
(south-central Iowa) has the smallest grain market-
ings.

Although total grain marketings in an area are
of interest, the geographical size of each area
varies. Thus, another measure, marketing density,
was calculated to make more useful comparisons.
The grain-marketing density in a district is defined
as the total grain sales divided by the number of
square miles in that district. Estimated grain-
marketing densities by district for the 6 years are
given in table 15. Grain-marketing densities in

Table 15. Estimated grain-marketing density, crop years 1964-69, in

thousands of bushels per square mile.

Crop reporting

district 1964 1965 1966 1967 1968 1969
[ eeeeecccsccas 3.5 10.5 14.0 12.6 11.6 16.5
9| meemessEmaman 13.1 14.1 16.8 18.3 18.8 18.1
R T — 4.4 6.4 6.9 8.2 8.3 7.2
4 mmmmmmmmeee- 10.0 10.0 11.8 11.6 10.8 12.7
T 14.9 15.0 16.8 18.4 19.2 17.8
6 =eessssescsass 7.5 9.2 8.9 11.6 10.4 10.6
AT ———— 6.4 8.4 9.7 9.5 7.4 10.4
L 4.5 4.8 5.6 3.8 5.7 4.3
9 mmmmmememmean 7 8.7 8.2 9.8 9.3 9.2
Iowa =========== 9.0 9.8 11.2 11.8 11.5 12.1




1969 varied from a low of 4,300 bushels per square
mile in District 8 to a high of 18,100 bushels per
square mile in District 2. The highest marketing
densities occur in the districts of most intensive
grain production, as would be expected.

Grain-marketing densities increase directly with
marketings. The grain-marketing density for the
state was 9,000 bushels per square mile in 1964,
rising to 12,100 bushels per square mile in 1969.
The density of grain production in an area had a
direct influence on the number and size of facilities
required for efficient grain marketing. The higher
the density, the less assembly costs will increase
to offset economies of large-scale elevator opera-
tions. Thus, larger elevators would tend to be more
economical in high-density areas.

Fall Movements of Corn and Soybeans
by District

Estimated fall movements of corn and soybeans
by district are given in table 16. The fall move-
ment of corn for each district was defined as the
new-crop corn sold directly from the field or stored
off farms by farmers. The fall movement of soy-
beans by district was estimated by using the over-
all proportion of beans moved in the fall for the
state. Fall movements increased in all districts
between 1964 and 1969. District 5, for example,
went from a fall movement of 28.5 percent in 1964
to almost 59 percent in 1969. These district esti-
mates clearly reflect the tendency for grain market-
ings to be concentrated more in the fall, along
with the growing total volume of grain moving to
elevators.

Table 16. Estimated fall movements of corn and soybeans and fall move-
ments as a proportion of total grain movements for the crop
years 1964-69.

Crop
reporting
district 1964 1965 1966 1967 1968 1969
Fall movements (1,000 bu.)

1 -- 21,646 14,482 30,354 30,788 36,152 43,741
2 -- 19,207 19,455 30,452 41,301 43,126 50,337
3 -- 8,389 10,513 12,898 17,094 16,328 16,218
4 -- 25,483 20,010 34,400 27,253 35,441 43,651
- -- 28,670 27,881 41,105 44,730 45,164 70,221
6 -- 13,884 15,413 16,932 22,865 23,023 26,293
7 -=- 12,490 12,585 14,260 15,027 12,772 22,684
8 == 10,083 7,544 9,897 10,912 14,201 10,925
9 -- 17,256 20,183 18,078 29,244 25,352 27,174

Iowa® --156,926 148,065 208,376 239,214 251,558 311,245

Fall movements as proportion of total grain movements

===.0.275 0.203 0.319 0.357 0.455 0.389
=== 0.241 0.227 0.298 0.370 0.378 0.458
=== 0.293 0.251 0.283 0.319 0.300 0.343
=== 0.349 0.273 0.397 0.320 0.448 0.469
0.285 0.275 0.363 0.360 0.350 0.586
=== 0.307 0.279 0.316 0.327 0.365 0.410
=$%1103393 0.304 0.297 0.318 0.346 0.440
=== 0.402 0.281 0.321 0.518 0.447 0.461
=== 0.453 0.434 0.410 0.556 0.509 0.549

VCONOULSWN -
'
]
'

Iowa ==~ 0.314 0.272 0,336 0.367 0.395 0.464

8gtate totals not identical to data reported in table 12 because of
estimation errors.

Projected 1980 Grain Movements
by District

Projected 1980 grain sales by district were ob-
tained on the basis of projected levels of grain
and livestock production in each district.5 The
projected 1980 corn sales were derived by using
the corn-sales estimation model (Appendix table
A-3) applied to the 1980 projections. It was as-
sumed that the historical relationships between
the variables would remain the same in 1980 as in
the 1964-69 period. Various structural changes
in Iowa agriculture between now and 1980 could
alter the relationships assumed. One possible in-
fluence would be a higher degree of specialization
in cash-grain farming, in which case the model
could underestimate corn sales.

It was assumed that 98 percent of the soybean
crop would be sold off farms in 1980. This is close
to the average for the 1964 through 1969 crop
years. The share of oats sold off farms was as-
sumed to be 28.3 percent, the average percentage
sold over the 1964-t0-1969 period.

By applying these factors to the 1980 levels
of production projected for each district, total grain
marketing of about 1.2 billion bushels was esti-
mated for 1980. This represents almost an 80-
percent increase over the 1967-69 average sales
of 653 million bushels. Grain sales and marketing
densities in each district derived from the projec-
tions are shown in table 17. Marketing densities
ranged from 8,700 bushels per square mile in
District 8 to almost 32,000 bushels per square
mile in districts 2 and 5. The average grain-
marketing density in Iowa in 1980 is projected
at 21,100 bushels per square mile, compared with
12,100 bushels per square mile in 1969.

To estimate the magnitude of the fall corn move-
ments in 1980, stepwise regression techniques were

SDetailed production projections were developed and are
available on request from the authors, Department of Eco-
nomics, Iowa State University, Ames, Iowa 50010.

Table 17. Projected 1980 grain sales and grain-marketing densities.

Density
Crop Grain sales by type (1,000 bu. per
reporting (1,000 bu.) sq. mi.)
district corn beans oats total 1980 1969
) 108,509 39,619 10,064 158,192 23.2 16.5
2 cemee 140,381 44,801 7,743 192,925 3.7 18.1
e 74,213 14,677 7225 96,115 14.6 7.2
4 mmmen 105,594 36,448 8,623 150,665 20.5 12.7
5 mmmmem 155,367 48,791 9,433 - 213,591 337 17.8
6 —mmmmm 97,363 23,439 7,097 127,899 2 10.6
R 59,852 24,297 4,698 88,848 17.9 10.4
8 ceeee 31,658 « 12,705 3,562 47,925 8.7 4.3
9 e 69,085 19,821 4,497 93,403 17.4 92
Iowa --- 842,022 264,599 62,943 1,169,562 21l 3200
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used to identify relevant variables influencing fall
movement in the 1964-69 period (Appendix table
A-4). Various independent variables were con-
sidered, including percentage of corn field shelled,
average corn production per farm, average number
of various classes of livestock per farm, and per-
centage of farms with livestock. Regressions were
run on individual-district data over time, state
totals over time, and pooled district data over
time. The percentage of field-shelled corn was the
only variable that entered the stepwise regression
model. Thus, it was selected as the variable to use
in the 1980 projections.

Because the independent variable used in pro-
jecting fall movements was the percentage of field-
shelled corn, it was necessary to estimate the level
of field shelling in 1980. Alternative models of
predicting the level of field shelling based on his-
torical data were examined. Various regressions
on different independent variables indicated that
a strong time trend was the most important in-
fluence. When the time-trend variable was used in
a prediction equation, however, the 1980 level of
field shelling was consistently over 100 percent.
This is, of course, a physical impossibility.

An examination of technological change in agri-
culture with reference to adoption of hybrid corn
was conducted by Griliches (1) in1957. He found
that the time trend in the data was so strong that
it left nothing of significance for other variables
to explain in the adoption of hybrid corn. He esti-
mated the rate of adoption by using a logistic
growth curve:

P=K/1+ e (a+s1)

where P is the percentage planted to hybrid seed,
K is the ceiling or equilibrium value, T is the time
variable, B is the rate of adoption coefficient, and
A is the constant of integration that positions the
curve on the time scale. Griliches points out that
the curve is asymptotic to 0 and K and symmetric
around the inflection point. This means the rate
of adoption is proportional to the growth already
achieved and to the remaining distance from the
ceiling percentage.

The logistic curve was fitted to historical data
on the percentage of corn field shelled and com-
bined by district, assuming an equilibrium ceiling
of 0.95. The function was transformed by dividing
both sides by K—P and taking the logarithm to
obtain

log. [P/(K—-P)] = a + bt

Data by year on field shelling and combining in
each respective crop reporting district were used
to estimate the parametersdirectly byleast squares.
The estimated coefficients for the nine districtswere
used to project the 1980 level of field shelling by
district. 6

The projected 1980 level of field shelling and
combining and associated fall grain movements

6Results of the estimation of the logistic curves for each district
are given in Appendix table A-5.
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by district are shown in table 18. Fall movements
of corn and soybeans are projected at 658 million
bushels in 1980. This represents an increase of
146 percent over the 1967-1969 average (table
19). The share of fall movements of corn is pro-
jected at 0.603 compared with 0.467 in 1969 (table
12), indicating a greater concentration of cornmove-
ment during the fall harvest. District grain sales
are projected to increase from 71 to 96 percent,
and fall movements of corn and soybeans by district
are projected to increase from 105 to 236 percent
(table 19).

These projections show that the demand for
elevator services in Iowa will increase substantially
by 1980. Elevators will have to be capable of re-
ceiving, conditioning, storing, and merchandising
larger quantities of grain at harvest time. How will
these adjustments take place? Will new and ex-
panded elevators be of the scale and so located
to provide an efficient marketing system in 1980?
Or will decisions by individual elevators lead to
excess capacity in some districts and shortages
elsewhere, incorrectlocations, and uneconomic sizes?
The need for guidelines to assist in this decision
process is the main justification for this study.

COSTS OF TRANSPORTING AND
HANDLING GRAIN

This analysis is concerned not only with the
costs of handling grain in elevators, but also with
the cost of moving grain from farms to elevators.
Consideration of optimum-sized facilities requires
that assembly costs, as well as in-plant costs, be
included in the analysis. In this study, the optimum-
sized, grain-handling plant depends upon both grain
assembly and in-plant handling costs.

Figure 3 shows a hypothetical example of the
three cost curves relevant to this study. Average
costs per bushel, in cents, are measured on the
vertical axis, and volume, in bushels, is shown on
the horizontal axis. Curve AA represents the av-
erage assembly costs incurred as volume increases.
This curve typically increases at a decreasing rate.
Curve APC represents the average processing costs
for plants of different sizes. This is, by definition,
a long-run average cost curve that shows costs
per unit as size of elevator increases. This curve
typically decreases at a decreasing rate as plant
size is expanded. Implicit assumptions in the shape
of the APC curve are a given state of technology
and constant prices for all inputs used in the pro-
cessing operation.

Combined average costs (CAC) is a summation
of average processing costs and average assembly
costs. They are derived by the addition of AA
and APC for each volume. Combined average costs,
at relatively low volumes, decrease; as volume ex-
pands, however, a point may be reached at which
they start to increase. This point will occur when
the AA curve is increasing at a more rapid rate
than the APC curve is decreasing. Such a minimum
point on the combined average cost curve indicates
an optimum elevator size, taking both assembly
and plant costs into account.



Table 18.

Projected share of corn field-shelled and combined in 1980; projected share of fall

movements of corn in 1980; and projected fall movements of corn and soybeans and

share fall movements in 1980.

Crop Share of corn Share fall Fall movements of corn and soybeans
reporting field-shelled movements (1,000 bu.) Share fall
district and combined of corn?® corn soybeans total movementsP
: R G i 0.874 0.645 70,050 22,518 92,568 0.585
28 - WemEes 0.927 0.536 75,245 25,463 100,708 0.522
3 - ppimnateg 0.928 0.636 47,176 8,342 55,518 0.578
I 0.825 0.616 65,020 20,716 85,736 0.569
Sl Brnsse 0.936 0.559 86,824 275731 114,555 0.536
6y e b AR = 0.922 0.629 61,282 13,322 74,604 0.583
7 AP 0.896 0.580 34,689 13,810 48,499 0.546
8: s 0.923 0.715 22,620 T2 2L 29,841 0.623
R 0.924 0.645 44,528 11,266 55,794 0.597
ToWa  enmare -- 0.603 507,433 150,389 657,823 0.562

@Ratio of fall movements of corn to corn sales.

bRatio of total fall movements of corn and soybeans to total sales of corn and soybeans.

Table 19. Projected increase in total grain sales and fall movements from
1967-69 average to 1980, in percentages.
Crop Increases in total Increases in fall
reporting grain sales, 1980 movements, 1980
district compared with 1967-69 over 1967-69
1 =sessceccesseeces 71 151

124

236

142

5  eemmmmmecmemee-- 72 115
6  cereecmeccecceses 95 210
7 eeemmemememcaeaa- 96 188
B o st S O 88 148
B 1y R A 84 105
TN eensosssiancdiaat 79 146

Elevator Trade Areas and Assembly Costs

Three factors determine the volume of business
attained by an elevator: (a) the size of the area
served, (b) the demand density for elevator ser-
vices in the area served, and (c) the plant’s share
of the total market.

This analysis assumes that all elevator trade
areas are served by an east-west, north-south grid,
road network with grid intervals of 1 mile and that
farmsteads are located adjacent to the road. This
pattern of road network and farmstead location is
prevalent throughout Iowa. The analysis also as-
sumes a homogeneous marketing density and a
given elevator market share throughout the trade
area served. The marketing density and market

share, together, determine the amount of grain for
which the elevator will need to provide marketing
service in the given area.

Assembly costs are then assumed a function
of miles traveled and of the volume in the area.
The cost function used in the analysis was linear
and included a fixed-cost component and a variable-
cost component that varied with distance from the

plant. The cost per bushel of grain (C;) in the
i-th mileage increment can be defined as

CAC
g
‘g ———APC
=
<<

AA

VOLUME

Fig. 3. Hypothetical illustration of volume-cost re-
lationships in country elevators, in-plant and assembly
costs.
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C., = A + B (i miles). The total cost of assembly
(TAC) for any volume is obtained by multiplying
the cost per bushel times volume (V,) in the ith
mileage increment and then summing over the
mileage increments (n) needed to obtain the given
volume

V.C,

1LY

TAC' =

i

I ™M=

1

After the total cost of assembly for a specified
trade-area size is obtained, it is divided by the total
volume to obtain the average assembly cost (AAC).
Doubling production density doubles volume and,
hence, total assembly cost. But average assembly
cost remains the same as with the lower density.
As density increases, however, combined cost for
any given volume decreases since the plant can
obtain the volume from a smaller trade area.
Whether costs are paid by farmers or the elevator
is immaterial. If the marketing system is poorly
organized so that costs are much higher than nec-
essary, someone must pay these higher costs either
through lower prices to farmers, lower profits to
elevators, higher prices to buyers, or some combin-
ation of all.

Most grain arrives at elevators in trucks. An
average load of 300 bushels per truck was as-
sumed. Representative rates being charged by truck
operators, as filed with the Iowa Commerce Com-
mission, were used to estimate a truck cost func-
tion. The grain-assembly cost function developed
was AC, = 2585 + 0.1327i, where AC, is the
average cost in cents per bushel for the i-th mile-
age increment, and i is mileage in whole miles.

The R’ for the equation was 0.983, which suggests
a good fit.

In-Plant Elevator Costs

In-plant cost relationships were estimated from
an economic-engineering cost model that related
average plant costs to plant volume.

The engineering cost model was based on the
data presented by Halverson (2). Engineering econ-
omy concepts based on the time value of money
were used in the analysis. By considering the
interest rate (i.e., the time value of money), com-
parisons at any particular point in time can be
made of cash flows occurring at different points
in time. The investment in an elevator facility is
typified by the initial investment cost of the build-
ing and associated equipment and annual costs
of operation, such as labor costs, repair costs, and
utility costs. Generally, some salvage value exists
at the end of the useful life of the facility. Since
these cash flows occur at various points in time,
it is desirable to determine either the present value
of all the cash flows or the annual equivalent value
of the cash flows.

For this analysis we used the annual equivalent
value approach to estimate elevator costs. This
equivalent provides repayment of the investment
and a return on the investment during its life.
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These two elements are referred to as capital re-
covery.

The basic formulation used in the analysis is
described by Smith (4, p. 100). The general model
has the form—

AEC = B(a/p),-V(a/f),
where

AEC = annual equivalent cost
B = first cost of the facility
V = salvage value
i = interest rate (or rate of return)
n = years of facility life

(a/p), = [(1+i) J/[(1+1) — 1]
= annual equivalent of a present sum

i/ [(1+1)-1]
= annual equivalent of a future sum

(a/f),

This analysis assumed a before-tax rate of return
of 10 percent. No provision was made in the anal-
ysis for the effect of income taxes. The 10-percent
rate of return can be viewed as an opportunity cost
of capital. This rate seems representative of the
expectations of various firms and individuals. Hal-
verson included an interest charge on the railroad
siding and on the land where the facility was lo-
cated, but no interest charge was made on the rest
of the investment. Annual costs for taxes and in-
surance were assumed equal to 3.1 percent of the
total cost of the plant and equipment.

The annual operating costs included labor, re-
pairs, and utilities. These variable costs were as-
sumed the same as those reported by Halverson.

It was assumed that the equipment in the build-
ing would be replaced twice during the life of the
plant structure. Thus, replacements at one-third and
two-thirds of the plant life were discounted to a
present equivalent to ascertain the total present
equivalent cost of the equipment. This present
equivalent cost was then expressed in annual terms
over the life of the elevator. A similar procedure
was followed for the dryer and aeration equipment,
with an initial installation cost, plus five replace-
ments over the life of the plant assumed. It was
further assumed that the only salvage value oc-
curring to the firm would be the salvage value of
the land. Thus, the salvage value of the land was
discounted to a present equivalent and subtracted
from the present cost of the land. This land cost
was then converted to annual terms over the period
of the investment. The railroad-siding cost was
assumed to be the same as in the Halverson model
and also was prorated over the life of the elevator.

The basic data in the Halverson model for in-
vestment costs were used in this analysis. Because
elevator investment costshave beenincreasing since
the time theoriginalinvestment costs were gathered,
however, an upward adjustment was made. It was
assumed that costs for construction and all equip-
ment utilized in the plant were 15 percent above
those reported by Halverson. Estimates of total
plant and equipment investment costs ranged from



$431,082 for the smallest elevator considered to
almost $3 million for the 4-million-bushel elevator
(table 20).

Table 20. Selected investment costs in dollars for various sizes
of elevators.

Model size Construction Equipment Total investment
(bu.) cost cost costa
350,000 ———==——- 266,857 83,887 431,082
500,000 ——-—=——- 387,193 95,530 583,200
1,000,000 —-====—- 656,010 134,343 901,802
1,500,000 ~—-——=—— 924,818 173,155 1,252,500
2,000,000 —--m==-- 1,193,630 244,737 1,638,674
2,500,000 —==—===- 1,462,443 283,550 1,969,248
3,000,000 —=====-- 1,731,255 327,537 2,324,082
3,500,000 -———-=—- 2,000,067 366,350 2,639,898
4,000,000 —-===--- 2,268,880 420,687 2,994,470

Source: Halverson, Duane A. Economies of scale in country grain
elevators. M.S. thesis. 1Iowa State University Library,
Ames. 1969.

3Total includes costs of construction, equipment, and miscel-
laneous including: dryer equipment, aeration equipment, and
heat-detection equipment.

The annual equivalent costs for investments re-
quired for elevators of various sizes are given in
table 21. It was assumed that the elevator plant
life would be 50 years. The selection of a 40-year
period, however, would not significantly change the
costs on an annual basis.

The resulting costs for elevators operating at
a 1.5 turnover rate are shown in table 22. The
costs ranged from 15.2 cents per bushel in the

smallest plant to 8.5 cents per bushel in the
largest. Most of the economies of size are realized
in the change from a 500,000-bushel elevator to
one with a capdcity of 1 million bushels. The aver-
age total cost for the half-million-bushel elevator
was 14.1 cents compared with 10.6 cents in the
million-bushel facility.

The next step in the analysis was to determine
turnover rates. It was assumed that the cost clas-
sified as ‘“‘fixed cost” was, in fact, fixed and not
related to changes in the elevator utilization rate.
Labor costs, repair costs, and utility costs were
regarded as variable costs. A 1.5 turnover rate
was assumed to be the base utlization rate, and
variable costs were adjusted in accordance with dif-
ferences from this base rate. When the turnover
rate was less than the 1.5 base rate, variable
costs were decreased less than proportionally. For
example, if the plant was operating at 80 percent
of the base rate, variable costs were set at 90
percent of variable costs at the base rate. The rea-
son for not reducing variable cost by the same
percentage as utilization is that there are some
costs in the variable category that have “‘fixed”
characteristics. For example, a certain amount of
power and fuel will be required to light and heat
the elevator facilities regardless of the level of
utilization. Similarly, the labor force required to
perform the various functions may not be fully
flexible.

For utilization rates greater than the base rate,
it was assumed that variable costs would increase
in the same proportion as the increase in utiliza-
tionrate. Thus, if the utilization rate were increased
10 percent, variable costs also increased by 10
percent.

Alternative turnover rates varying from 1.0 to
4.0 were analyzed. Average costs per bushel with
selected turnover rates in the model elevators are

Table 21. Annual equivalent investment costs in dollars for various sizes of elevators.

Taxes and Miscellaneous
Model size insurance Construction Equipment equipment Land Railroad

(bu.) costs costs costs costs costs costs

350,000, ~-=r=ss= 13,364 26,915 10,666 13,075 500 726

2005000 ==-==s== 18,079 39,052 12,147 16,352 500 726
1350005000/ =====s=z 27,956 66,165 17,082 18,138 750 839
1,500,000 cnceapeas 38,827 93,276 22,017 25,149 1,000 952
2,000,000 s===s=ne= 50,799 120,389 31,119 32,599 1,500 952
2,500,000 " ===%==2= 61,047 147,501 36,054 36,334 1730 1,037
3,000,000 ~===s==e 72,047 174,613 41,647 43,175 2,250 1,150
355005000 === 81,837 201,725 46,582 44,508 2,750 1,263
4:5000.,000, s====== 92,829 228,837 53,491 49,622 3,000 1,376
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Table 22. In-plant costs in dollars for elevators of different sizes
operated at a 1.5 turnover rate.

Model size Fixed Variagle Total _Average cost per bushel

(bu.) cost? cost cost fixed wvariable total
350,000----~- 65,246 14,591 79,837 0.124 0.028 0.152
500,000 -=--~ -86,856 18,750 105,606 0.116 0.025 0.141

1,000,000 ===~ 130,929 28,083 159,012 0.087 0.019 0.106

1,500,000 ==~~~ 181,221 38,496 219,717 0.081 0.017 0.098
2,000,000 -==~-+ 237,357 46,789 284,146  0.079 0.016 0.095
2,500,000 ---- 283,722 55,931 339,653 0.076 0.015 0.091
3,000,000 -===- 334,881 65,264 400,145 0.074 0.015 0.089
3,500,000 --=--= 378,665 73,424 452,089 0.072 0.014 0.086

4,000,000 ----+429,154 82,507 511,661 0.072 0.014 0.085

8Total annual equivalent investment costs.

bIncludes labor, repairs, and utilities.

shown in table 23. Costs per bushel decreased as
the turnover rate increased for all model elevator
sizes. For example, in the smallest model size,
the average total cost was 21.4 cents per bushel
at a turnover rate of 1.0, compared with 7.4 cents
per bushel at a turnover rate of 4.0. This decrease
is due primarily to the spreading of fixed costs
over a larger volume of grain.

Table 23. Average total cost per bushel for various sizes of elevators
with selected turnover rates.

Model size Turnover rate

(bu.) 1.0 2.0 3.0 4.0
350,000 -======== 216 ¢ 12.1 ¢ 9.0 ¢ 7.4 ¢
500,000 === =-======= 19.9 11,2 8.3 6.8

1,000,000 == ====m===n= 15.0 8.4 6.2 5.1

1,500,000 --====n=mm= 13.8 7.8 5.7 4.7

2,000,000 - -==ccemm= 13.4 7.5 5.5 4.5

2,500,000 === =-====== 12.8 7.2 5.3 4.3

3,000,000 --=-==cnm=-= 12.6 7.0 5.2 4.2

3,500,000 ~=ccmnas 12.2 6.8 5.0 4.1

4,000,000 == ========== 12.1 6.7 5.0 4.1

The next step of the procedure was to fit a cost
function to the nine observations of model plant
sizes under alternative turnover rates. A least-
squares regression equation was used for the vari-

ables in logarithms. For example, at a 1.5 turnover
rate, the following relationship was obtained
Log ATC = 1.280186-0.242579 (log volume)

where
ATC = average total cost

The logarithmic equation was then converted to
give the cost equation:

ATC = 3.597307 (volume )%
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The R’ statistic for these equations was consistently
greater than 0.95. An over—all cost surface incor—
porating both volume and turnover variables could
be expressed in a multiple-regression equation. Be-
cause the subsequent analysis of combined costs
holds the turnover rate constant,however, separate
equations were estimated for selected turnover
rates.

Combined Costs and Optimum-Sized
Elevators

Assembly costs and in-plant costs were summed
to obtain the combined cost curve. The three cost
curves associated with a marketing density of
12,000 bushels per square mile and a turnover
rate of 1.5 are drawn in fig. 4. This density is close
to the average marketing density for Iowa. The
combined cost curve shows decreasing costs through-
out the range of volumes; it tends to flatten out
in the 3- to 5-million-bushel range, however, and
declines very little thereafter. These curves assume
that the elevator receives a 100-percent market
share in the trade area. The costs are long-run
costs because the size of the elevator varies along
the in-plant cost curve.

The combined cost curve in fig. 4 never reaches
a minimum point. This implies that costs per bushel
could be decreased indefinitely by building a larger
and larger elevator to serve a wider and wider
trade area. The multiproduct organization of ele-
vators, convenience, and other factors limit the ex-
tent to which elevators can extend their trade
areas. For this reason, it seems more relevant to
think in terms of the size of elevators and trade
areas where most of the available cost savings are
achieved.

Combined average costs with various marketing
densities and a 1.5 turnover rate are shown in
fig. 5. Most economies of size are achieved in the
2- to 3-million-bushel volume range. This corres-
ponds to elevators with a minimum storage capacity
of 1.5 to 2.0 million bushels that would result in
costs approaching their minimum. The size of trade
area required to obtain the required volume is
shown on the horizontal scales in fig. 5. The market
areas give the miles from the elevator necessary
to attain the volume under the four indicated mar-
keting-density levels. An elevator, for example, that
requires a volume of 2 million bushels needs a
trade area with a radius of 7 miles in all direc-
tions from the plant if this marketing density is
20,000 bushels. If the marketing density in a trade
area is only 10,000 bushels per square mile, a
trade area that extends 10 miles from the plant
would be necessary to attain the same volume.
Similar figures could be drawn for higher turnover
rates, but the results would be about the same as
for the 1.5 turnover rate.

The differences in marketing densities could also
be interpreted as market-share differences. That is,
an elevator that attains a 25-percent market share
in an area with a marketing density of 40,000
could be viewed as operating along the curve cor-
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responding to a density of 10,000 bushels. In this
situation, one large elevator with a 100-percent
market share could handle a4-million-bushel volume
for about 10 cents per bushel; four smaller el-
evators handling the same total volume in the area
would have costs of about 13 cents per bushel.

Statistical Cost Analysis

A statistical cost analysis was performed to
estimate the cost of handling grain in the existing
industry structure and to provide a basis of com-
parison between existing costs and the engineering-
cost model.

Multiple regression can be used to identify effects
of changes in the rate of utilization in given sizes
of facilities and changes in sizes of facilities on
average cost. A simplified model is:

AC = a+ b,(CAP) + b,(RU) + b,(RU)*

where AC = average costs, CAP = size variable,
and RU = rate - of - utilization variable.

The size variable generally used is some measure
of the productive capacity of the facility. The rate-
of-utilization variable selected is a measure of the
extent or rate at which a facility is used. The
b coefficients can be estimated by multiple-regres-
sion techniques from the accounting data, giving
an estimated cost function (6).

Once the cost function is obtained, long-run and
short-run relationships can be derived from it. The
short-run cost function can be obtained by holding
the size variable constant (i.e., a fixed capacity
facility) and varying the rate of utilization. If the
coefficient of the linear utilization term is negative
and the quadratic term positive, a u-shaped, short-
run average cost curve will result.

The long-run cost curve can be developed by
holding the rate of utilization of the facility constant
and varying the size of the facility. This cost curve
reflects the effect of variation on average cost as
the facility size is changed, with all facilities op-
erated at the same rate of utilization. The rate of
utilization selected is often the mean value obtained
in the regression, but a higher utilization rate often
is used on the grounds that it reflects a more op-
timum use of facilities.

Accounting cost data for cooperative elevators
were obtained from the Farmers Grain Dealers
Association of Iowa (F.G.D.A.). This information
was provided for 179 elevators that handled grain.
Another selection criteria was introduced that spec-
ified that the ratio of the total bushels of grain
sales to the total dollar sales of a particular co-
operative had to be at least 0.25. As a result of
the selection criteria, 168 elevators remained for
analysis. These elevators represented 15.3 percent
of the total elevators in Iowa as of August 1969
and accounted for 32.2 percent of the total grain-
storage capacity. Cost data pertained to each el-
evator’s fiscal year ending in 1969.

Generally, the elevators provided a full line of
farm supplies and services as well as grain-mar-
keting operations. Sales data were reportedinterms
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of dollar sales of feed and fertilizer. Dollar sales
volumes of feed and fertilizer were converted into
physical sales volume by use of an average price
per ton. "

Volume of business was used as a measure of
plant size since inspection of the data revealed
a high correlation between sales volume and other
measures of size. The ratio of grain sales to grain-
storage capacity and the ratio of total dollar sales
to grain-storage capacity were used as rate-of-
utilization variables.

The following model was used to estimate the
total cost equation from the F.G.D.A. data

TC = a + b,G + bFD + b,FT + b,0T + by(G/C)
+ by(G/C)?

where G = grain sales (bushels), FD = feed sales
(tons), FT = fertilizer sales (tons), OT = other
sales (dollars), C = grain storage capacity (bushels),
and TC = total cost (dollars).

The results of the regression analysis were

TC = 48,204.21 + 0,070456(G) + 20.9295(FD)
+ 21.8317(FT) — 18,114.41(G/C)
+ 940.73(G/ C)? R = 0.92

The t-test was significant for all coefficients at the
l-percent level except for the quadratic term for
the rate of utilization, which was significant at the
5-percent level. Since the linear utilization term
has a negative coefficient and the quadratic term
has a positive coefficient, a u-shaped cost curve
results as capacity utilization (i.e., turnover) varies.

A long-run average total cost curve was derived
from the statistical model:

ATC,,,;, =0.070405G + 20,949.53

If the cost curve’s intercept value of $20,949
is allocated between grain sales and other sales,
based on the percentage of sales accounted for by
grain (ie., 64 percent), the resulting intercept
value is $13,407.70. Thus, the adjusted long-run
cost equation for grain sales only in the multi-
product elevator firm became
ATC,,,,, =0.0705871G + 13,407.70

The long-run cost curve obtained from the
F.G.D.A. data and the curve obtained from the
engineering cost model, both with a utilization rate
of 1.7, are shown in fig. 6. The engineering cost
model shows greater economies of scale than does
the statistical cost model. The statistical cost curve
tends to flatten out at a lower volume level. The
higher level of costs in the engineering model could
be caused by several factors. One factor is that
the engineering model is based largely on a spe-
cialized grain-handling operation, whereas the sta-
tistical cost curve is from multiproduct firms.
Kaldenberg (3) found that multiproduct grain firms
had a lower long-run average cost curve than did
specialized grain firms. Another reason that the
statistical cost model could tend to be lower is that
it reflects facilities acquired at a cost substan-
tially less than that of prevailing investment cost
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Fig. 6. Long-run average total cost curves for the
engineering simulation and statistical cost models.

levels. Also, the accounting interest costs are only
on debt capital and, in addition, could reflect long-
term commitments at an interest rate less than the
prevailing market rate. Finally, accounting costs
depend on depreciation practices that may vary
between firms and thus give a distorted picture of
the costs of operating older facilities.

ADJUSTMENTS TOWARD A
LOWER-COST ELEVATOR INDUSTRY

The 1,178 elevators in Iowa in December 1970
were located in 853 communities. Some elevators
are located in the same or adjacent communities,
which leads to an overlapping of trade areas. If the
trade area is defined to be the trade area associ-
ated with one community location and there is more
than one elevator in a community, the relevant
measure of potential volume is no longer the grain-
marketing density in the area. Rather, the relevant
density is that based on the elevator’s share of the
|grain volume; ie., the elevator’s market share.

The distribution of elevators in communities is
shown in table 24. For example, there were 174
communities in Iowa with two elevators and 46
with three elevators. The average community trade
area in each district was obtained by dividing
the total square miles in the district by the number
of communities with elevators. After the totalnumber
of square miles in an average trade area was deter-
mined, this was converted to a mileage radius

Table 24. Average number of elevators per community, average community
trade area, and average effective elevator trade area, 1970.

Average trade area?

Avegrage number of Effective

Crop reporting elevators per community Community elevator
district i 2 3 4 or more (miles) (miles)
1 =--- 69 30 10 4 5.4 4.4
2 --- 99 15 5 0 5.1 4.6
3 === 47 18 3 2 6.8 5.7
4 --- 89 22 10 4 5.4 4.5
8 le==123 30 6 2 4.6 4.0
6 --- 61 19 4 2 5.9 5.0
7 ==== 42 19 3 2 6.1 5.0
8 ‘“=-==127 9 2 0 8.5 7.4
9 =--- 58 12 3 2 6.0 5.2
Iowa----615 174 46 18 5.7 4.9

@Average community trade area obtained by dividing square miles
of area in district by the total number of communities and as-
suming diamond-shaped trade areas; average effective elevator
trade area obtained by dividing area by total number of elevators
in the district.

equivalent. The size of the community trade area
varied from an average of only 4.6 miles in Dis-
trict 5 (central Iowa) to an average of 8.5 miles
in District 8 (south-central Iowa).

Comparison of average trade area sizes with the
grain-marketing densities by district given in table
15 shows an inverse relationship. As the marketing
density increases, the distance from the elevator
necessary to attain a specified volume decreases.
Thus, areas with higher marketing densities can
provide a sufficient volume of grain for a larger
number of elevators to attain economic scales of
operations.

Grain Marketing Costs in 1968-69

The current cost of handling grain through the
country elevator system was estimated for the
1968 and 1969 crop years by use of the statistical
cost function. The turnover rate in each district
was computed by dividing grain sales in each crop
year by the country elevator storage capacity as
of August 1969. This storage capacity could be
an overestimate of capacity for the 1968 crop year
and, conversely, an underestimate for the 1969
crop year. It was assumed that the grain-marketing
density was homogenous throughout each crop re-
porting district.

The volume of grain through an individual ele-
vator was defined to be equal to the storage capa-
city of that elevator times the average turnover
rate of the district in which it was located. The
total cost of handling grain in each individual el-
evator was calculated by using the utilization rate
corresponding to the data analyzed in the section
on costs. Thus

Total cost = 0.070405 (grain volume) + $13,407.70
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The estimated total country elevator cost of mar-
keting grain in Iowa was $58.4 million for the
1968 crop year and $60.8 million for the 1969 crop
year. This is an average cost per bushel of 9.2
cents for 1968 and 9.1 cents for 1969. These cal-
culations do not include assembly costs.

Potential for Cost Reductions Under
Current Conditions

Potential cost reduction achieved by using fewer
and larger elevators to handle present volumes
can now be examined. In 1969, the average size
of country elevators was 297,000 bushels of storage
capacity. The economies of scale exhibited by both
the engineering cost function and the statistical
cost function indicate that costs decrease as elevator
sizes reach at least 3 to 5 times that capacity.
The statistical cost function indicates a cost of
slightly more than 11 cents per bushel for an el-
evator of 297,000 bushels storage capacity, com-
pared with 8.5 cents per bushel in an elevator 3
times that size. Thus, elevators of a larger size
could achieve lower costs than the smaller elevators
in the existing structure.

To estimate the potential cost savings, a modified
elevator structure was simulated. The modified struc-
ture assumed that all elevators in a district with
capacity less than 3 times the average storage
capacity per elevator in that district were replaced
by elevators 3 times the average storage capacity
in that district. The total amount of storage ca-
pacity in a district was held constant; only the
number of elevators was changed. Costsinelevators
that were greater than the assumed minimum size
were calculated as before by using the statistical
cost function. The same cost function was used in
calculating costs inthelargerreplacement elevators.
Costs in both the larger existing facilities and the
replacement facilities were aggregated to obtain the
total in-plant elevator costs of marketing grain in
Iowa for the 1968 and 1969 crop years.

Assembly costs in the existing structure were
calculated based on the assembly cost function de-
veloped previously. The average community trade
area in each district was used to determine as-
sembly costs for the existing structure. Such esti-
mates understate actual costs since no cross-haul-
ing from one elevator’s trade area to a neighboring
elevator is considered. In the modified structure,
it was assumed that the square miles in each dis-
trict’s average-size trade area would be doubled;
thus, the radius of trade area was increased by
about 40 percent. Doubling the size of the trade
area would increase average assembly costs; thus,
the average cost of assembly for the state rose
from 3.2 cents per bushel in the existing structure
to 3.4 cents per bushel in the modified structure
(table 25).

The total in-plant costs for marketing grain in
1969 in the modified structure were $52.3 million.
This. represents an estimated savings of almost
$8.5 million, or 1.4 cents per bushel, in 1969 com-
pared with the existing structure. The combined
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Table 25. Estimated grain assembly costs in existing elevator structure
and in modified structure.

Crop reporting
district

Average assembly cost per bushel (cents)

existing structure modified structure

costs were 11.2 cents per bushel in 1969 in the
modified structure, compared with a combined cost
of 12.3 cents per bushel in the existing structure.
Thus, it seems that the combined costs of grain
marketing in Jowa would have been reduced more
than a cent per bushel under the modified elevator
structure.

These estimated cost savings are based on ag-
gregate state and district averages. Potential sav-
ings would vary in individual trade areas. For
example, in an area where the elevators have
200,000-bushel average storage capacity, the costs
would be about 11 cents per bushel for annual
volumes of 350,000 bushels. The costs in an el-
evator 3 times this size would be about 8.5 cents
per bushel. This would indicate a potential savings
of 2.5 cents per bushel in that particular area,
considerably more than the average for the state.

It seems that using the statistical cost function
results in a conservative estimate of cost savings
in a structure with fewer and larger elevators. If
the cost calculations in both the existing and
modified structure were based on the engineering
cost function, the cost savings on an aggregate
basis in a modified structure would have been
greater. For example, in a facility of 297,000-
bushel storage capacity, the cost would be about
16 cents per bushel compared with 11 cents per
bushel in an elevator 3 times that size. This sug-
gests a cost reduction of 5 cents per bushel, where-
as the statistical cost function indicates a 1.8-
cents-per-bushel savings by going from an average-
size facility to one 3 times larger.

As old facilities are replaced and capacity is
expanded to meet demand, attainment of cost sav-
ings in the future are definitely possible with larger
elevators. Existing elevators could have lower costs
than new facilities because they were acquired
with lower initial capital outlays or because capital
costs have been largely depreciated. Replacement
or expansion of existing elevators with new elevators
of the present small average size rather than with
larger elevators, however, will result in increased
costs in the future. This conclusion has important
implications for industry adjustments and invest-
ment decisions over time.



PROJECTED ELEVATOR REQUIREMENTS
FOR 1980

Projections of grain sales in 1980 indicate a 79-
percent increase in total grain marketings over the
1967-69 period. Total grain sales in 1980 are pro-
jected at 1,170 million bushels. In addition to the
over-all increase in grain marketings, the projec-
tions suggest almost a 150-percent increase in fall
grain movements. Thus, elevator capacity must be
geared to receiving a larger volume in a shorter
time than at present.

The need for additional elevator storage capacity
was analyzed for each district. The amount of stor-
age space required depends on the level of carry-
over stocks in the elevators at the beginning of the
new crop year, the fall receipts of grain from the
new crop, the amount of grain shipped out of the
elevators during the fall, and the amount of the
total elevator capacity devoted to storage: Elevator
storage requirement = (Carryover stock + Fall re-
ceipts—Fall out-shipments) / Share of storage ca-
pacity utilized.

Data for 1968, 1969, and 1970 were examined
as a basis for projecting requirements in 1980.
Statewide soybean stocks on Sept. 1 averaged 36
percent of the previous year’s sales for the 3 years.
The stocks of soybeans carried over during this
period seemed rather high and probably would not
be representative of the 1980 situation. The 1967-
69 average carryover as a share of soybean sales
was determined for each district. It was assumed
that the 1980 carryover would be equal to one-
third the historical share times the projected 1980
soybean sales. The maximum carryover percentage,
however, was limited to 12 percent.

Iowa carryover stocks of corn on Oct. 1 ranged
from 65.4 to 86.1 million bushels during 1967-
69, averaging 16.6 percent of the corn sales over
the 3 years. For each district, it was assumed
that the same relation of sales to carryover would
be experienced in 1980 as in the historical 3-year
period analyzed. Corn and soybeans carryover stocks
for 1967-69 and the 1980 projected carryover by
district are given in table 26.

The fall grain movements of corn projected earlier
were used in the computations. The share of the
fall receipts shipped from the elevators was ex-
amined by district for the 1968 and 1969 crop
years, the only years for which data were available.
The average share shipped for the 2 years is pre-
sented in table 27. It was assumed that the share
shipped in 1980 would be equal to 90 percent of
the historical average in each district, with a min-
imum of 40 percent shipped in any district. The
lower shipping rate reflects the possibility of trans-
portation facilities not being fully capable ofhandling
the increased grain flow, plus the desirability of
retaining more grain in elevators to earn increased
storage revenues. Total shipments were projected by
multiplying the projected fall receipts by the share
expected to be shipped.

The 1980 storage utilization rate in each district
was projected as follows. The average storage

Table 26. Historical average levels of carryover stocks of corn and
soybeans as a share of sales of corn and soybeans and pro-
jected 1980 levels as a share of sales.

Corn@ Soybeansb
Crop reporting }967-69 Projected 1967-69 Projected
district average 1980 average 1980
] mmmmmmmmmmmmeen 0.123 0.123 0.321 0.107
9 mmmmmmmmmeeeae- 0.142 0.142 0.300 0.100
J  mmmmmmmmmmmmes 0.094 0.094 0.295 0.098
4 mmmmmmmmmmmmm 0.230 0.230 0.495 0.120
§ mmmmmmmmmmme—ne 0.231 0.231 0.502 0.120
§ mmmmmmmmmmm—me- 0.124 0.124 0.234 0.078
7 mmmmmmmemmmeen 0.222 0.222 0.421 0.120
§ mmmmmmmmememes 0.134 0.134 0.269 0.090
Q mmmmmmmmmmeeae 0.122 0.122 0.190 0.063

21967-69 average computed by adding Oct. 1 carryover stocks of corn
and dividing by the sum of the corn sales for the 3 crop years;
1980 projection assumed same as historical average ratio.

b1967-69 average computed by adding Sept. 1 carryover stocks of soy-
beans and dividing by the sum of the soybean sales for the 3 crop
years; 1980 projection assumed to be one-third of 1967-69 average
ratio with a maximum of 0.12 times projected 1980 soybean sales.

utilization rates for January 1969, 1970, and 1971
were computed for each district. The highest ob-
served utilization rate was 0.71 in District 8. Rais-
ing this rate to 0.80 would represent a more
efficient utilization of storage facilities. But this
efficient rate might not be feasible in all districts.
Therefore, the 1980 storage utilization rate by dis-
trict was projected by multiplying the observed
rate for each district by the ratio of the highest
observed rate for District 8 (0.71) to the selected
“efficient” rate (0.80). For example, in District
1, the historical average rate was 0.62 and, when
multiplied by 0.80/0.71, gave a projected rate of
0.70 for 1980. In other words, 70 percent of the
elevators’ capacity would be utilized for storage on
Jan. 1. The historical information on storage utili-
zation and the 1980 projected utilization are shown
in table 27.

Table 27. Historical and 1980 projected fall shipment rates and storage
utilization rates by district.

b

Fall shipment rate® Storage utilization rate
1968-69 projected 1969-71 projected

Crop reporting

district average 1980 average 1980
I e R e AP 0.454 0.409 0.62 0.70
2 cocemocasmecns 0.508 0.457 0.67 0.75
8 e e e 0.612 0.551 0.68 0.76
4 e 0.356 0.400 0.61 0.68
5 coccmcecccamas 0.414 0.400 0.67 0.76
6 ~ecommmcmmomes 0.624 0.562 0.47 0.60
A 0.413 0.400 0.59 0.66
8 [ messemciamsees 0.590 0.531 0.71 0.80
R O 0.549 0.494 0.67 0.76

aProjected 1980 shipment rate assumed to be equivalent to 0.90 times
the average rate with a minimum of 0.4.

b1969-71 storage utilization is ratio of grain stocks in all elevators
to capacity of all elevators; 1980 projection assumed to be ratio of
average district rate to the historical rate in District 8 times 0.80.
If calculated ratio was less than 0.60, it was adjusted upward to that
level.
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Total storage requirements by area were deter-
mined by adding the carryover stocks to the fall
receipts, less fall shipments, and dividing by the
storage utilization. The average turnover rate for
each area was computed by dividing the total grain
sales by the storage requirement. Total Iowa stor-
age needs in 1980 were projected at 735.8 million
bushels, an increase of 70 percent over the 1970
total capacity of 432.5 million bushels. The projected
percentage increase in storage capacity by district
ranged from 46 percent to 142 percent (table 28).

To estimate the optimum elevator size in each
district, the average marketing density and average
turnover rate were considered. The engineering el-
evator cost and the assembly cost curve previously
developed were used to determine costs in each
district for elevators serving alternative-sized trade
areas. The size of facility and associated trade-area
size that achieved most of the economies of scale
varied with each district. As noted earlier, as the
turnover rate is increased, most available economies
of scale can be achieved in smaller elevators. Also,
as the marketing density increases, the size of
trade area required to attain a volume to capture
the economies of scale decreases.

Grain-marketing costs for each crop reporting
district with its associated marketing density and
elevator turnover rate for trade areas of various
sizes are presented in table 29. For example, in
District 1 (northwest Iowa), the average combined
costs of grain marketing are 15.2 cents per bushel
for an elevator serving a 5-mile trade area and an
associated volume of 1,159,999 bushels. If thetrade
area is extended to 10 miles, the volume increases
to 4,639,994 bushels, and the combined costs drop
to 12.2 cents per bushel.

An optimum-sized trade area would be one in
which the combined costs are at a minimum. As
noted earlier, however, the combined cost functions
in this study did not increase even for trade areas
that extended 28 miles from the elevator. The costs
dropped rapidly as the size increased up to 6 to
8 miles; thereafter, the costs decreased lessrapidly,
and after 11 to 14 miles, they dropped only
slightly. Thus, it was assumed that the relevant
criterion was the selection of a trade area and
associated facility size that captured most of the
potential economies. The size of trade area beyond
which the combined costs did not decrease at least
0.3 cent per bushel when the size of the trade area
was increased another mile was assumed to be
the size that would achieve most of the economies
and was termed the “economic” trade area.

The size of the ‘“‘economic area” ranged from
11 to 13 miles from the elevator in the nine dis-
tricts. The storage capacity of the elevator was
determined by dividing the grain-marketing volume
by the elevator turnover rate estimated for each
district. For example, in District 1 (northwestIowa),
the volume of grain assumed to capture the econ—
omies was 5,614,393 bushels in a trade area
extending 11 miles from the elevator (see table
29). This would require an elevator of about
3,743,000 bushels storage capacity for a 1.5 turn-
over rate (table 30). The distance from the elevator
in a trade area that achieves most of the econ-
omies, the number of elevators required to handle
the projected 1980 grain sales, and the storage
capacity of the elevators are shown by district
in table 30.

It was estimated that 210 elevators in Iowa with
an average storage capacity of 3.5 million bushels

Table 28. Projected 1980 stocks and storage requirements, change in storage requirements,
and turnover rate.
Storage
Carryover stocks New crop Total requirement Percentage

Crop reporting (1,000 bu.) stocks stocks 1980 increase Turnoger

district corn beans (1,000 bu.) (1,000 bu.) (1,000 bu.) over 1970a rate
1 13,347 4,239 54,744 72,330 103,330 64 ) )
2 19,934 4,480 54,664 79,078 105,438 72 1.8
3 6,976 1,438 24,939 33,353 43,885 142 2.2
4 24,287 4,374 51,444 80,105 117,801 49 123
5 35,890 5,853 68,733 110,478 145,366 46 1.5
6 12,073 1,828 32,706 46,607 77,679 127 1.7
7 13,287 2,916 29,099 45,302 68,639 87 1.3
8 4,242 1,143 13,995 19,380 24,227 63 2.0
9 8,428 1,249 28,226 37,903 49,873 92 129
Iowa 138,464 27,522 358,550 524,536 735,803 70 1.6

aPercentage change from December 1970 capacity of all elevators.

b
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Table 29.

Elevator in-plant costs, assembly costs, and combined costs

by district under projected 1980 turnover rate and grain-

marketing density.

Table 29. Cont'd.

Elevator
Hii.es from volume Average cost per bushel (dollars) Miles £ ¢E‘1’§\lr;:zr Average cost per bushel (dollars)
vato - e TOom
ele 2 5 (bu.) Assembly In-plant Combined elatoton (bu.) Assembly In-plant Combined
District 1:
District 5:
1,159,999 0.031 0.122 0.152
1,670,398 0.032 0.111 0.143 1) e eann 7,671,393 0.036 0.077 0.113
2,273,597 0.033 0.103 0.136 o B _SeeN 9,129,592 0.037 0.074 0.111
2,969,596 0.034 0.097 0.130 13 =rma oo 10’714,590 0.038 0.071 0.109
Sslokido 0.034 0.091 0.126 -12,426,390 0.039 0.068 0.107
4,639,994 0.035 0.087 0.122 Ty rar e o 14264 980 0.040 0.066 0.106
5,614,393 0.036 0.083 0.119 o ; { 3
6,681,592 0.037 0.080 0.117 District 6:
7,841,591 0.038 0.076 0.114
9,094,390 0.039 0.074 0.113 1,059,999 0.031 0.120 0.151
10,439,980 0.040 0.071 0.111 1,526,398 0.032 0.110 0.141
2,077,597 0.033 0.102 0.134
District 2: 2,713,596 0.034 0.095 0.129
g 3,434,395 0.034 0.090 0.125
5 mmmmmmmeeen 1,584,999 0.031 0.101 0.132 4,239,994 0.035 0.086 0.121
6 - - 2,282,398 0.032 0.093 0.125 5,130,393 0.036 0.082 0.118
7 - - 3,106,597 0.033 0.086 0.119 6,105,592 0.037 0.078 0.115
8 - - 4,057,596 0.034 0.081 0.114 7,165,591 0.038 0.075 0.113
9 - = ' 55135,395 0.034 0.076 0.111 8,310,390 0.039 0.073 0.112
10 - - 6,339,99 0.035 0.072 0.108 9,539,989 0.040 0.070 0.110
11 - - 7,671,393 0.036 0.069 0.105
12 - - 9,129,592 0.037 0.066 0.103 District 7:
13 - - 10,714,590 0.038 0.064 0.102
14 - - 12,426,390 0.039 0.061 0.100 894,999 0.031 0.141 0.172
15 ===mmmnaan 14,264,980 0.040 0.059 0.099 1,288,799 0.032 0.129 0.161
1,754,198 0.033 0.120 0.152
District 3: 2,291,197 0.034 0.112 0.146
2,899,796 0.034 0.106 0.140
730,000 0.031 0.113 0.144 3,579,995 0.035 0.101 0.136
1,051,200 0.032 0.104 0.135 4,331,794 0.036 0.096 0.132
1,430,800 0.033 0.096 0.129 5,155,193 0.037 0.092 0.129
1,868,800 0.034 0.090 0.123 6,050,192 0.038 0.089 0.127
2,365,200 0.034 0.085 0.119 7,016,791 0.039 0.085 0.124
2,920,000 0.035 0.081 0.116 8,054,990 0.040 0.083 0.122
3,533,200 0.036 0.077 0.113
4,204,800 0.037 0.074 0.111 District 8:
4,934,800 0.038 0.071 0.109
5,723,200 0.039 0.068 0.107 435,000 0.031 0.132 0.163
6,570,000 0.040 0.066 0.106 626,400 0.032 0.121 0.152
852,599 0.033 0.112 0.144
District &4: 1,113,599 0.034 0.105 0.138
1,409,398 0.034 0.099 0.133
1,025,000 0.031 0.136 0.167 1,739,997 0.035 0.094 0.129
1,476,000 0.032 0.125 0.156 2,105,396 0.036 0.089 0.126
2,009,000 0.033 0.116 0.148 2,505,595 0.037 0.086 0.123
2,624,000 0.034 0.108 0.142 2,940,59% 0.038 0.082 0.120
3,321,000 0.034 0.102 0.137 3,410,393 0.039 0.079 0.118
4,100,000 0.035 0.097 0.133 3,914,992 0.040 0.077 0.117
4,961,000 0.036 0.093 0.129
5,904,000 0.037 0.089 0.126 District 9:
6,929,000 0.038 0.086 0.124
8,036,000 0.039 0.083 0.122 869,999 0.031 0.117 0.148
9,225,000 0.040 0.080 0.120 1,252,799 0.032 0.107 0.139
1,705,198 0.033 0.100 0.132
District 5: 2,227,195 0.034 0.093 0.127
2,818,796 0.034 0.088 0.123
1,584,999 0.031 0.113 0.144 3,479,995 0.035 0.084 0.119
2,282,398 0.032 0.103 0.135 4,210,794 0.036 0.080 0.116
3,106,597 0.033 0.096 0.128 5,011,193 0.037 0.077 0.114
4,057,596 0.034 0.090 0.123 5,881,192 0.038 0.074 0.112
5,135,395 0.034 0.085 0.119 6,820,791 0.039 0.071 0.110
6,339,994 0.035 0.081 0.116 6,820,791 0.039 0.071 0.110
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Table 30. Projected trade area size, number of elevators, and average
storage capacity to achieve most of the economies of scale
in grain marketing.

Crop Trade area
reporting (miles from
district elevator)

Storage capacity
per elevator
(1,000 bu.)

Number of
elevators

R o R 11 28 3,743
8 1 esssssmassms 11 25 4,262
S i o e et 11 27 1,606
G0 T mnssseivvene 12 26 4,542
5 mmemmmmeeeee 11 28 5,114
Bl Semmei 12 21 3,592
y 1o ST AT, U 12 17 3,965
Gk el ol 13 16 1,471
90 || Sesmeemuamass 11 22 2,216

Foway e s smn o = 210 3,503

would achieve most of the economies. Thiscompares
with almost 1,200 elevators currently in Iowa with
an average capacity of only 432,000 bushels. These
are generalized estimates for crop reporting dis-
tricts, and the different factors estimated would vary
within the districts. Thus, all elevators and trade
areas would not be of the same size in each dis-
trict.

Although the average size of elevator needed
to reduce marketing costs in 1980 for each area
is far in excess of the current average size, a num-
ber of elevators of this size are now being operated
in Iowa. The estimated number and size of ele-
vators by district are guidelines, which indicate
possible costs savings by increasing elevator and
trade area size by 1980. Determination of the num-
ber and size of facilities in a specific geographic
area within a district would require furtherintensive
investigation, considering, not only the factors of
marketing density, turnover rate, etc., but also
the transportation facilities for shipments of grain
out of an area. The current availability and likely
future availability of grain-transportation services
in a specific location are particularly important to
an elevator that ships grain out of the local area.

It seems that substantial cost reductions in grain
marketing are possible if the current industry struc-
ture is adjusted to a more optimum structure be-
tween now and 1980. The continued proliferation
of many small elevators located close together is
a costly alternative to a structure designed to
achieve the economies inherent in a modern grain-
marketing system incorporating the latest tech-
nology and elevators of sufficient size to realize
economies of scale. This fact should be considered
carefully when firms in the industry are deciding
to merge, expand, or replace existing elevators
or to build new elevators.
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APPENDIX
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CHEROREE [ Wy
1

Fig. A-1. Country elevator capacity in thousands of
bushels by county, 1970. First figure = number of
elevators; second figure = total storage capacity.
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Table A-1. Corn sales estimation model, analysis of variance, and information on estimated
coefficients.

Analysis of variance
Source DF Sum of squares Mean square F ratio

Variation due to

Total = ==m==ee= 197 869,371,227.868215
Regression --=---- 5 845,044 ,158.208935 169,008,831.641787
Residdal’ Fe===r== 192 24,327,069.659280 126,703.487809 1,333.8925

Multiple RZ = 0.97202

Information on estimated coefficients

Variable ¢ Coefficient t-value Standard error Standard coefficient
Year 1964 coccomcan- 9,463914 0.1437 65.843940 0.002258
Corn eccccccenmea 0.718260 43,1503 0.016646 1.103900
Beans = = o cc--ccm-aa- 0.000629 10.9526 0.000057 0.222455
Cattle =  cccccccea- -0.019667 -13.3680 0.001471 -0.227530
Pigs = = eceemeeee- -0.009040 -20.3524 0.000444 -0.382480
Intercept —-=m-e--- =327.933972 =4.,0065 81.850568 -0.382480
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Table A-2. Estimated corn, soybean, and oat sales, crop years 1964-69,
in thousands of bushels.

Crop reporting

district 1964 1965 1966 1967 . % 1968 1969
Corn
1 meeemee- 47,671 51,836 64,669 58,739 50,795 79,143
2.,  mmesees 62,811 56,992 75,457 84,328 81,396 77,978
3 e 29,899 18,309 33,592 41,564 38,834 34,244
b eeemcow- 53,347 52,280 63,001 62,701 51,411 66,880
5 = mseseeea 75,391 74,525 83,988 93,993 90, 958 85,637
6 W ememmees 43,054 34,510 41,391 56,366 45,188 47,992
A 30,849 22,622 35,136 35,330 22,095 26,216
8  memmee-- 17,455 16, 171 20,379 12,743 18,555 13,642
9 SrmEgmee 34,719 26,646 31,699 40,320 32,773 33,443
Iowa =-==-==-- 395,196 353,890 449,310 486,084 432,005 475,176
Soybeans
N 21,981 19,614 26,113 23,231 24,868 28,890
27 WRELSTRERs 18,896 19,471 23,409 23,966 28,656 29,087
3 eEmmsees 5,020 6,466 6,973 6,917 8,784 8,687
4  eeeeee-- 17,056 16,797 20,058 19,225 23,675 22,882
5. . FemmeeeT 22,341 22,674 25,894 26,793 34,026 31,589
6. eEeeene 6,260 7,967 8,080 9,453 12,480 12,461
T eeeemees 7,840 9,314 11,342 10,383 12,998 13,967
8 mmmmeee- 7,541 8,168 8,865 6,910 11,003 8,915
9  ememmeee- 9,676 10,337 10,502 10,611 14,660 14,695
Towa =m-=rr=== 116,609 120,807 141,235 137,490 171,350 171121
Oats
1 mmemeeeeee- 4,316 4,105 4,471 4,185 35772 4,478
A E 3,831 34533 3,370 3,295 3,996 25795
3 oo 5,347 5,518 5,023 5,068 6,818 4,307
4. mesoosases 3,726 3,198 3,636 35362 4,015 3,255
S s 3,807 3,293 3,483 F5297 4,136 2,605
(5] I 4,419 4,250 4,190 4,148 5,343 3,690
1. iEsssem e 1,306 1,229 1,458 1,544 15835 1,339
8§ emmeeeeme- 1,356 1,193 15561 1,426 2178 1,164
P as e 1,753 1,412 1,879 1,647 2,405 1,399
ilowa, me=searaan 29,861 27,731 29,070 27,882 34,499 25,031
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Table A-3.

of bushels.

Estimated fall movement of corn, crop years 1964-69, in thousands

Crop reporting

district 1964 1965 1966 1967 1968 1969
1 mmmemeee- 6,253 4,141 18,019 18,114 23,098 24,795
ZEN s - et 6,131 9,190 19,394 28,227 28,083 31,262
B0 AT 4,915 7,104 9,604 13,320 11,707 10,521
4 mrermocore 13,681 11,155 24,925 16,765 23,014 28,645
5 @ e-mmmeee-- 13,210 15,927 28,873 30,113 27,303 49,538
6  mmmeoccece- 9,553 115213 13,115 17,708 16,472 18,122
T o immrm i 7,065 7,675 8,902 95363 5,949 13,525
S Do S 4,865 33239 5,709 7,142 8,425 5,079
9B ===oceoas 10,561 14,733 13,117 23,455 17 ;657 17,538
Lowa sre=eremi=w 76,233 84,378 141,657 164,206 161,718 199,023
Table A-4. Fall corn-movement estimation model, analysis of variance, and information on

estimated coefficients.

Analysis of variance

Source DF Sum of squares Mean square F ratio
Variation due to
Total =  ~=-c-ce-e-- 53 0.187935
Regression =-===-==== 9 0.138588 0.015399
Residual  ~==-e=c--- 44 0.049348 0.001122 13.7299

Multiple RZ = 0.73742

Information on Estimated Coefficients

Variable Coefficient t-value Standard error Standard coefficient
District 1 ==-=-e-- -0.005098 -0.2265 0.022510 -0.027158
District 2 =-e--e-a -0.013422 -0.6633 0.020236 -0.071503
District 3 =—----e-- -0.043165 -2.0423 0.021136 -0.229949
District 4 —--ceeme-- 0.007707 0.3633 0.021212 0.041056
District 5 =m=---=- 0.001529 0.0773 0.019773 0.008148
District 6 ===---=- -0.032935 -1.5878 0.020742 -0.175449
District 7 =-------- -0.035408 -1.7111 0.020693 -0.188625
District 8 =====--= -0.015320 -0.7418 0.020653 -0.081613
Percentage shelled- 0.342004 8.2196 0.041608 0.764575
Intercept ==----=-- 0.046574 1.8277 0.025483
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Table A-5. Statistical results of logistic growth function applied to

field shelling of corn.?

Regression coefficients

Crop reporting

t value for

district a b R? b coefficient
VL. e -19.12 0.270 0.939 8.
e V- -21.30 0.312 0.906 Y
. s S -22.88 0.333 0.971 1%,
. omeietb e -14.05 0.199 0.876 5.
 JEREE I, -22.18 0.329 0.959 10.
6 Temeamntiic oo =~21.04 0.307 0.862 S
TS T -17.55 0.254 0.959 10.
B istmuniinens -20.86 0.305 0.874 %
g irasesee -16.58 0.252 0.934 8.

4The growth function used in the regression had the form loge[P/(O.QS-P)]

= a + bt, where P

Table A-6. Selected investment costs in dollars for various sizes of elevators.

percentage field shelled, and t

= year.

Building Building Dryer Total building
construction equipment equipment Land and all equip-
Model size cost cost cost cost ment cost?

350,000 ===rr=r====s 232,050 72,945 59,944 5,000 374,854
500,000 ~w-=seec=ase- 336,690 83,070 71,989 5,000 507,131
1,000,000 ~=r=momonn== 570,444 116,820 71,989 7,500 784,186
1,500,000 ~-=m=w=ce=-- 804,190 150,570 101,129 10,000 1,089,131
2,000;000 ==c=cernrw=w 1,037,940 212,815 131,933 15,000 1,424,935
2,500,000 =~-====ec--= 1,271,690 246,565 143,978 17,500 1,712,391
3,000,000 ~=s-ronmauae 1,505,440 284,815 173,118 22,500 2,020,942
3,500,000 #=s=reccnans 1,739,190, 318,565 173,118 27,500 2,295,565
4,000,000 -=--=-==c--= 1,972,940 356,815 202,258 30,000 2,603,888
Source: Halverson, Duane A. Economies of scale in country grain elevators. Unpublished

M.S. thesis. Iowa State University Library, Ames.

1969.

2Includes building, building equipment, dryer equipment, heat detection, and aeration.



Table A-7. Grain-marketing costs in an area with marketing density of 10,000, 20,000, 30,000,
and 40,000 bushels per square mile with alternative elevator turnover rates and
trade-area sizes.

=
Trade Average Average combined assembly and in-plant costs® Trade Average Average combined assembly and in-plant costs®
area Plant assembly (turnover rate) area Plant assembly (turnover rate)
size? volume cost 1.5 2.0 2.5 3.0 size? volumeP cost 1.5 2.0 2.5 3.0
(miles) (1,000 bu.) (dollars per bu.) (dollars per bu.) (miles) (1,000 bu.) (dollars per bu.) (dollars per bu.)
Density: 10,000 30,000: (cont'd)
0.030 0.196 0.172 0.156 0.147 0.034 0.125 0.111 0.102 0.097
0.031 0.180 0.158 0.144 0.135 0.034 0.120 0.107 0.099 0.094
0.032 0.168 0.148 0.135 0,127 0.035 0.117 0.104 0.097 0.092
0.033 0.159 0.141 0.129 0.121 0.036 0.114 0.102 0.095 0.090
0.034 0.152 0,135 0.123 0.116 0.037 0.112 0.100 0.093 0.089
0.034 0.147 0.130 0.119 0.112 0.038 0.110 0.099 0.092 0.088
0.035 0.142 0.126 0.116 0.109 0.039 0.108 0.097 0.091 0.087
0.036 0.138 0123 0. 113 0.107 0.040 0.107 0.096 0.090 0.086
0.037 0.135 0.120 0.111 0.105 0.041 0.106 0.095 0.089 0.085
0.038 0.132 0.118 0.109 0.103 0.042 0.105 0.095 0.089 0.085
0.039 0.129 0.116 0.107 0.102 0.042 0.104 0.094 0.088 0.085
0.040 0.127 0.114 0.106 0.100 0.043 0.103 0.094 0.088 0.084
0.041 0.125 0.113 0.104 0.099 0.044 0.102 0.093 0.088 0.084
0.042 0.124 0.111 0.103 0.098 ;
0.042 0.123 0.110 0.103 0.098 Density: 40,000
0.043 0,121 0.109 0.102 0.097
0.044 0.120 0.109 0.101 0.097 8-8;‘1’ gi‘;g gg} gﬁ&) g-i(l’g
o 0.032 0.129 0,115 0.105 0.099
e 0.033 0.123 0.109 0.101 0.095
4 =eceeee- 640 0.030 0.170 0.150 0.136 0.128 g-ggz gﬁg g-ig; gggg g-ggg
5 memmmsnss 1,000 0.031 05157 0.138 0.126 0.119 0'035 0’111 0'100 0'093 0.088
6 me-mmem—= 1,440 0.032 0.147 0.130 0119 0.112 0'036 0'109 0‘098 0'091 0'086
7 SermsaEwen 1,960 0.033 0.140 0.124 0.114 0.107 0'037 0'107 0.096 0.089 0.085
8 cenuemEes 2,560 0.034 0.134 0,119 0.109 0.103 0‘038 0'105 0‘095 0.088 0'084
9 Eemmav==s 3,240 0.034 0.129 0.115 0.106 0.100 0'039 0'104 0'093 0'087 0.083
10 ========= 4,000 0.035 0.125 0.112 0.103 0.098 0'040 0'102 0'092 0.087 0'083
11 =-=cweam- 4,840 0.036 0.122 0.109 0.101 0.096 0'041 0'101 0'092 0.086 0'082
12 srrm=c=n= 5,760 0.037 0.120 0.107 0.099 0.094 0'042 0'100 0‘091 0'086 0'082
13 ===rr==-- 6,760 0.038 0.117 0.105 0.098 0.093 0‘042 0‘100 0'091 0'085 0'082
14 ~=--a===- 7,840 0.039 0.115 0.104 0.096 0.092 0'043 0'099 0'090 0'085 b 0.082
15 mrm-mmer= 9,002 0.040 0.114 0.102 0.095 0.091 0'044 0'099 0'090 0.085 0‘081
16 =-—smeon=n 10,240 0.041 0. 112 0.101 0.094 0.090 ¥ : . 4 '
17 =r===~=mce= 11,560 0.042 0.111 0.100 0.094 0.089
18 =---mmmem 12,960 0.042 0.110 0.100 0.093 0.089
Lo e 14,440 0.043 0.109 0.099 0.093 0.089 @Miles from plant to periphery of trade area, assuming grid road system.
20 =-======- 16,000 0.044 0.109 0.098 0.092 0.088
byolume of grain handled in specified size of trade area; elevator storage capacity is
Density: 30,000 equal to grain volume divided by the turnover rate.
i S i 960 0.030 0.157 0.139 0.126 0.119 CTotal of average assembly costs and in-plant costs; average assembly costs do not vary
3 FriE 1,500 0.031 0.145 0.128 0.117 0.110 with elevator turnover rate or grain-marketing density.
6 ~—mmeme-- 2,160 0.032 0.136 0.121 0:138 0.104
] =cwceemecs 2,940 0.033 0.130 0.115 0.106 0.100
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Table A-8.

Statistical cost models, analysis of variance, and
coefficients.

information on estimated

MODEL I
Analysis of Variance
Source DF Sum of squares Mean square F ratio
Variation due to
Total === 167 3,336,538,742,866.995000
Regression e 6 3,066,709,977,126.158000 511,118,329,521.026200
Residual mee= 161 269,828,765,740.837900 1,675,955,066.713279 304.9714

Multiple R2 = 0,91913

Information on estimated coefficients

Variable Coefficient t-value Standard error Standard coefficient
Grain sales (bu.) 0.062660 6.8424 0.009158 0.23559%
Feed sales (tons) 22.599365 11.5864 1.950515 0.343457
Fertilizer sales (tons) 22.087201 6.2885 3.512313 0.236833
Other sales (dollars) 0.148977 11.7900 0.012636 0.353244
Grain sales / storage
capacity -~ & . 0 emeses=s -5491.892518 -2.3461 2340.822520 -0.129200
Grain sales_/ storage
capacity® = 2= . mecenaws 114.498512 1.6816 68.087737 0.091175
Intercept = 2= = meeseses 40,672.097314 -4.0571 10,024.959253
MODEL II
Analysis of Variance
Source DF Sum of squares Mean square F ratio
Variation due to
Total -===167 3,336,538,742,866.995000
Regression -—-= 6 3,076,080,441,607.761000 512,680,073,601.293500
Residual --==161 260,458,301,259.234400 1,617,753,423.970400 316.9087

Multiple RZ = 0.92194

Information on estimated coefficients

Variable Coefficient t-value Standard error Standard coefficient
Grain sales (bu.) ——— 0.070456 7.9051 0.008913 0.264907
Feed sales (tons) ———- 21.831654 11.4918 1.899765 0.331789
Fertilizer sales (tons)=---- 20.929505 6.0459 3.461753 0.224420
Other sales (dollars) ==--=- 0.144051 11.8695 0.012136 0.341565
Total sales / storage
capacity -=-=-= =18,118.409407 «3,2531 5,569.659299 -0.171654
Total sales_/ storage
capacity® =0 o====- 940.728381 2.3414 401.780019 0.123717
Intercept  —==== 48,204.209619 4.8079 10,025.981655







