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Summary and Conclusions 

The U.s. grain export industry has been in the public 
spotlight in recent years. The industry consists of a small 
number of large firms, so its market structure resembles that 
of an oligopoly. This leads many to conclude that its eco
nomic performance is suboptimal as compared to perfectly 
competitive norms. The purpose of this research is to ana
lyze the economic performance of the U.S. grain export 
industry using performance criteria of pricing and produc
tive efficiency. 

The pricing efficiency criteria are prices and the differences 
between prices at spatially separated markets expected under 
perfect competition. Econom ic theory specifies that the price 
of a commodity at different locations in competitive markets 
should, at most, differ by the minimum cost of transfer 
between markets. Arbitrage, a function of competitive mar
kets, keeps prices at different locations in line with these 
specifications. Therefore, by testing whether grain prices at 
different locations in the export marketing channel differ onIy 
by the transfer costs between locations, an evaI uation of the 
industry's pricing performance is possible. 

The industry'S productive efficiency depends on its load 
and scale factors. These indicate the extent to which the 
industry is organized to minimize short and long-run aver
age costs. The load factor is a measure of the extent to which 
firms and/or plants make reasonably full use of their existing 
facilities and reflects whether they are operating at their 
minimum short-run average costs. the scale factor reflects 
the extent to which firms and/or plants are organized to 
operate at minimum long-run average costs. If average costs 
decline as the size of firm increases, positive returns to scale 
exist in the industry. 

The methodology used to test for efficient pricing com
pares the actual price differentials in spatially separated 
markets, ~ith the optimal price differentials under perfect 
competition. The only transfer cost used to test for efficient 
and competitive pricing is the cost of transportation between 
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markets. While there are other costs involved in moving 
grain from one market location to another, the .cost of trans
porting grain between markets is the largest single transfer 
cost. The differences between prices for corn at five different 
locations in the export marketing channel were analyzed to 
test whether they approximate transportation costs between 
markets. 

Destination prices for corn were adjusted for transporta
tion costs. The original prices for corn at each stage of the 
marketing channel were then subtracted from the adjusted 
destination prices. The differences between adjusted desti
nation and origin prices were examined to determine 
whether the remaining differences approximate transfer 
costs other than transportation between markets. The dis
tribution characteristics of these differences were also tested 
to determine whether deviations from the average adjusted 
differences represent exogenous, or random, shocks to mar
kets. However, they may also represent systematic factors 
affecting the differences between prices not accounted for 
by transportation costs between markets. . 

The tests for efficient pricing showed that movements In 

prices at one location are usually reflected in corresponding 
movements at every other market location. Prices for corn at 
various stages in the export marketing channel differ largely 
by transportation tost between markets. The remaining dif
ferences between prices do not appear to be randomly 
distributed around a constant transfer cost in most cases. 

It is not possible to say conclusively that these apparent 
non-random differences in corn prices are not a reflection of 
market imperfections, including imperfect competition 
among grain export firms. However, the correlations inboth 
the adjusted and unadjusted prices among various points in 
the marketing channel were very high. Consequently, the 
unexplained variation, even if nonrandom, was very small. 
Furthermore, there are good reasons to support the conclu
sion that this apparent nonrandom behavior is largely attrib
utable to other market factors such as institutional rigidities 
in rail rates, seasonality in elevation costs, and external 
shocks to the marketing system. 

The results lead to the conclusions that the u.s. grain 
export industry'S pricing performance is efficient. The differ
ences between prices in spatially separated markets and 
competitive arbitrage efficiently allocate grain flows 
through the export marketing channel. The pricing efficien
cy in the grain export industry meets efficiency criteria char
acteristic of perfectly competitive markets. Hence, there is 
little statistical evidence of oligopolistic exploitation by the 
small number of large firms that make up this industry. 

The analysis of the grain export industry'S productive 
performance indicates that it is also productively effi~ient. A 
comparison of turnover rates for export elevators at different 
port locations showed that the most active and important 
ports have the highest turnover rates, indicating that the 
busiest ports are also the most efficient. 

Grain export firms are also organ ized to take advantage of 
sizeable economies of scale in grain exporting. Scale econ
omies are found in the operation of terminal and export 
elevators. In 1976 the five largest grain exporters operated 
54 percent of the port elevator capacity and 21 percent of 
the inland terminal elevator capacity. This moderately high 
concentration of facilities is probably of little economic 
significance because of substitutability between channels of 
distribution and competition between storage points along 

and between channels. Sizable scale economies also exist 
in grain transportation, market information systems, and 
financial risk management in the grain export industry. Re
turns to scale are the prime reasons for the small number of 
large firms in this industry. 

Introduction 

The u.s. grain export industry has come under increased 
public scrutiny as grain exports have expanded in the 
1970's. After the large grain sales to the Soviet Union in 
1972-73, questions were raised concerning the ability of 
private U.s. grain exporting firms to deal with the state
trading organizations in many importing counties. Bills have 
been introduced in the U.S. Congress calling for a greater 
direct role of the U.S. government in grain exports. Compari
sons are also frequently made of the u.s. grain export system 
to government-owned and/or regulated marketing systems 
in many other grain exporting countries. 

A small number of largely private multinational firms 
handle a substantial share of all u.s. grain exports. One 
study reports that five firms handle 85 percent of all u.s. 
grain exports.' Consequently, the industry possesses one of 
the market structure characteristics of an oligopoly. This 
leads many to conclude that the economic performance of 
the u.s. grain export industry is suboptimal as compared to 
perfectly competitive norms. The evidence upon which 
such conclusions are based, however, is limited and largely 
subjective. Hence, there is a need for empirical research on 
economic performance of this important industry. 

The purpose of this research is to analyze the economic 
performance of the U.S. grain export industry using perfor
mance criteria of pricing and productive efficiency. The 
objectives are to analyze the pricing and productive effi
ciency of the u.s. grain export industry and to relate these 
dimensions of economic performance to the market organi
zation of th is industry. 

Methodology and Sources of Data 

Economists often use the market structure, conduct, and 
performance approach to analyze problems of efficiency 
and performance in concentrated industries. The market 
structure model drawn from industrial organization theory 
assumes a causal relationship between the structure, con
duct, and performance of an industry. Given certain struc
tural characteristics of an industry, such as number and size 
offirms, and perhaps some information as to the conduct, or 
behavior, offirms within the industry, the performance char
acteristics of that industry are said to follow sequentially. 
However, economists have been largely unsuccessful in 
their attempts to demonstrate this empirically. 

Many of the U.s. grain export industry'S structural charac
teristics, such as the high degree of market concentration, 
the multinational operations of the large grain exporting 
firms, and informational and other barriers to entry, lead to 
an identification with a typically oligopolistic system. Con

'U.S. Department of Agriculture, Farmers' Cooperative Service, 
Improving the Export Capability of Grain Cooperatives, FCS Re
search Report 34, June, 1976. 
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a knowledge of market organization of the industry. The 
relationship of both productive and pricing efficiency to 
market organization will be analyzed in this study. 

Analysis of Pricing Efficiency 

A set of pricing efficiency criteria is established to mea
sure the pricing efficiency of the U.S. grain export industry. 
These criteria are based upon the price behavior expected to 
prevail in perfectly competitive markets. Then, the actual 
price behavior of the industry is compared to theoretically 
efficient price behavior. Specifically, actual grain prices at 
different locations in the export marketing channel are com
piled to test for (1) the strength of the relationship between 
prices and (2) whether the difference between prices at 
different locations approximates the minimum cost of mov
ing grain between markets. 

The data used for the analysis of pricing efficiency are the 
weekly prices of corn at five different locations in the export 
marketing channel between 1975 and 1977. These loca
tions, or markets, include a country elevator, a terminal 
market, two port locations, and a foreign destination. 

Corn is chosen because it is an important export grain and 
is regularly exported through at least two port locations, the 
East Coast and Gulf. Also, the same grade of corn, u.s. #2 
Yellow, is usually traded at most markets in the u.S. 

Data on minimum costs in transporting corn between 
these locations are also needed to determine whether the 
difference in prices reflects transportation costs between 
markets. Rail, barge, and ocean transportation costs were 
obtained from a large grain exporting firm. Trucking costs 
from a country elevator to a river elevator were obtained 
from a country elevator. 

Analysis of Productive Efficiency 

The productive efficiency ofthe U.S. grain export industry 
is analyzed by examining the industry's load and scale 
factors. The load factor is measured by comparing the 
amount of available port elevator capacity to the amount of 
grain put through these elevators, excess or unutilized 
elevator capacity can be detected. 

Unfortunately, detecting the extent to which firms in the 
industry are organized to take advantage of scale economies 
is a more difficult task. Scale economies in the grain export 
industry are analyzed in a nonquantitative manner. Qualita
tive evidence of scale economies in the industry is exam
ined. Market structure characteristics of the industry, such as 
operation of port and terminal elevators, are also described. 

Pricing Efficiency of the Industry 

PriCing Efficiency Criteria 

Price differentials between spatially separated markets 
induce the flow of grain from surplus to deficient areas. The 
pricing efficiency of the grain export marketing system can 
be measured by comparing the actual price differentials in 

spatially separated markets throughout the export marketing 
channel with the optimal price differentials expected in 
perfectly competitive markets. 7 

Economic theory dictates that the price of a commodity at 
different markets should differ at most by the minimum cost 
of transfer between markets. Most simple models consider 
only the minimum transportation costs between markets. In 
more complex models, other costs incurred in bringing a 
commodity from one market to another are included in the 
transfer cost. These costs may include interest, insurance, 
elevation (loading and unloading), and storage at points 
between markets. 

If prices for the same commodity at two locations, or 
markets, differ by less than the cost oftransfer from one market 
to the other, there should be no financial incentive to move 
com mod ities from one to the other. If the difference is greater, 
commodities will move to the market with the higher price 
net of transfer costs. Eventually, as commodities move to the 
market with the highest net price, the market with the higher 
price becomes oversupplied and the price of the commodity 
at the location must fall. The opposite happens at the market 
that o.riginally had a lower price: as commodites move out, 
supplies dwindle, and prices must rise. This process (arbi
trage) keeps prices between markets in line with each other so 
thatthey differ at most by the cost oftransfer between markets. 
These relationships should exist if there are no artificial 
barriers, such as legislated pricing, or barriers imposed by 
imperfect competition, which would prevent spatially sepa
rated markets from reflecting transfer cost differences. There
fore, by testing whether prices for grain at different locations 
in the export marketing channel differ only by the cost of 
transfer from one market to the next, judgments might be 
possible as to whether or not the pricing performance of the 
industry is efficient and approximates the conditions of per
fect competition. 

If price differences between market locations in the export 
marketing channel deviate from an average transfer cost, 
these differences should, if price behavior is competitive, be 
randomly distributed around zero. These deviations should 
reflect random, exogenous supply or demand shocks at one 
market or another. Further, if arbitrage is prevalent between 
these markets, deviations should be corrected quickly so 
that prices differ again at most by minimum transfer costs. 

The only transfer cost used to test for efficient and compet
itive pricing in this analysis is the cost of transportation 
between markets. While there are other costs involved in 
moving grain from one market location to another, the cost 
of transporting grain between markets is typically the largest 
single transfer cost. The principal reason for using only the 
transportation cost between markets as the transfer cost is 
the difficulty in obtaining other costs on a per-bushel basis. 
However, it should be mentioned that elevation costs are 
significant and should be included in a more exact approxi
mation of total transfer costs. Hence, prices at different 
markets net of transportation costs will not be equal, even if 
the industry's pricing performance is efficient and competi
tive. Therefore, in this analysis the mean difference between 
prices at different markets will not equal zero. Instead, there 
will be an average difference in prices adjusted for transpor

7For a more thorough treatment of price behavior in spatially 
separated markets, see Bressler and King, op. cit. 
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tation costs that should approximate elevation costs and 
other small per-bushel costs, such as interest and insurance, 
incurred in bringing grain from one market to another. 
Nonetheless, the deviations from th is positive average d iffer
ence should behave the same as the deviations would from 
an average difference of zero. 

The Data 

Prices. The price data used in this analysis are the weekly 
prices of corn at five different locations in the export market
ing channel between 1975 and 1977. The locations chosen 
- country, terminal, port, and foreign market - are 
typical of those in the marketing channel for grain exports. 

The prices paid for corn at a country location are taken 
from the prices paid to farmers at the Farmers Elevator 
Company in Stewartville, Minnesota. The Stewartville ele
vator in southeastern Minnesota is typical of many country 
elevators that buy grain from farmers and ship it by truck or 
rail to a variety of destinations. Frequently, the Stewartville 
elevator trucks its corn to Winona, Minnesota, or other 
locations on the Mississippi River, where it is loaded on 
barges and sent to the Gulf for export. Roughly 60 percent of 
the corn bought from Minnesota farmers by the Stewartville 
elevator is sent down the Mississippi River. However, from 
December to March, when the Mississippi River is frozen 
and not navigable between Minneapolis and the mouth of 
the Missouri River, the Stewartville elevator either stores its 
grain or sells it to local buyers, such as nearby processors, for 
various uses other than export. However, Stewartville prices 
for corn should move with corn prices throughout the mar
keting channel year round, regardless of whether the Missis
sippi River is frozen or not. This assertion is based on the 
assumption that the export market for grain is interwoven 
with the domestic market until the grain reaches a point in 
the marketing channel where substitution between markets 
cannot be economically justified. In other words, grain can 
be sold and resold for a variety of purposes other than export 
throughout the export channel until it reaches port. Hence, 
all markets should be linked year round. 

The Chicago market is chosen as the terminal market 
against whose prices export prices at the Gulf and East Coast 
ports are compared. Much of the corn that is eventually 
exported is produced in the Midwest, loaded on barges or 
multicar unit trains, and transported directly to ports such as 
New Orleans or Baltimore. Chicago, an important terminal 
market for corn sold both for domestic use and for export, 
has an active cash and futures market for corn. 

Both the East Coast and Gu If port prices for export corn are 
used in this study because it is possible that prices at one 
market reflect efficient pricing behavior and another does 
not. Crain Market News, a USDA weekly publication, is 
used in this report as the source for the weekly price quota
tions at Chicago, the Gulf, and East Coast. Both the Gulf and 
East Coast prices are "on track" prices; that is, the corn at 
these locations has not been put in or through an elevator. 
The Gulf comprises those ports principally at or near New 
Orleans or along the east Texas shore, such as Galveston or 
Corpus Christi. The East Coast comprises mainly Baltimore, 
Philadelphia, and Norfolk. 

The foreign market price for corn used in this study is the 
price of U.S. #3 Yellow Corn sold CI.F. (cost, insurance, 

and freight) at Rotterdam. Rotterdam is an important market 
for grain, a substantial amount of which is imported from 
the U.S. for delivery at Rotterdam. Rotterdam prices are 
frequently cited as being representative of world prices. 
But, while the price of corn in the U.S. is usually reported for 
u.s. #2 Yellow, the most common grade of corn in the U.S. 
domestic commerce, Rotterdam prices are reported for 
U.S. #3 Yellow, the most common grade of corn imported 
by Western European countries. Rotterdam prices, conse
quently, must be adjusted for quality to make them compa
rable to domestic u.s. prices for u.s. #2 Yellow Corn. 

Transportation costs. The transportation costs used in 
this study include the following: 

1. 	The cost of trucking grain from Stewartville to the 
Mississippi River, a constant 8.96 cents per bushel 
between 1975 and 1977. 

2. 	 Month Iy weighted averages of the cost of movi ng corn 
by barge between a river elevator near Stewartville 
and the Gulf in those months when the Mississippi 
River was open and navigable. 

3. 	 Monthly weighted averages of the cost of moving corn 
by barge between a central Illinois river elevator and 
the Gulf. 

4. 	 In the few instances where the barge rate is not used as 
the cost of moving corn between a central Illinois 
terminal and the Gulf (usually during periods of great 
demand for barge transportation), the less costly rail 
rate from Illinois to the Gulf is used in the analysis. 

5. 	 The cost of moving corn by rail between Chicago and 
the East Coast. 

6. 	 Weighted weekly averages of the cost of moving corn 
by ocean freight carrier on an F.I.O. basis (free in and 
out, i.e., not including loading and unloading costs) 
between the Gulf and Rotterdam. 

7. 	 Weighted weekly averages of the cost of moving corn 
F.I.O. by ocean freight carrier between the East Coast 
and Rotterdam in those weeks when rates between the 
East Coast and Rotterdam were quoted. 

The barge and rail rates used in this study are actual costs 
of moving grain through the export marketing channel expe
rienced by a large exporting firm. It is likely that this firm's 
cost of transporting grain is close to the minimum cost of 
transportation between markets because of the large volume 
of grain moved by this company and the cost economies 
associated with unit trains and barge shipments. For in
stance, the rail rates used in this study, based on this export
er's least expensive multicar un it train rates, are probably the 
least expensive rail rates available for moving corn. Thus, 
the rail rates and barge rates experienced by this firm should 
approximate the least-cost, profit-maximization require
ments that are the basis for the analysis. 

The ocean freight cost data, however, are not based upon 
the costs experienced by this one firm alone. Instead, they 
are based upon the average cost experienced by all firms 
that shipped grain in varying tonnages between the Gulf or 
East Coast and Rotterdam. Thus, the ocean freight rates used 
in this study do not necessarily approximate the least cost of 
shipping grain between the U.S. and Rotterdam. 

The corn prices used in this analysis are plotted on a 
weekly basis in Figure 1. The rail and barge rates to the Gulf 
and East Coast are plotted in Figure 2. 
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Figure 1. Weekly corn prices (1975-1977). 
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Figure 2. 	 Comparison of monthly rail and barge rate 
to Gulf and East Coast (1975-1977). 
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Statistical Techniques Used to Test Price Behavior 

Market price differentials adjusted for transportatio~ 
costs. Simple statistical techniques are used to test for effI
cient and competitive pric'ing by the grain export industry. 
By subtracting the transportation cost be~een two markets 
from the destination market's price, the pnces for the same 
grain, U.S. #2 Yellow Corn, at two markets in the same time 
period can be compared. These prices, if the markets are 
behaving efficiently, should be highly correlated. To test for 
efficiency, the price of corn at the destin~t!on market .is 
regressed against the price of corn at the ongm~1 market In 
the same time period (i.e., the price at the Gulf IS regressed 
against the same week's price for u.s. #2 Yellow Corn at 
Chicago). The interceptfrom such a regression should repre
sent transfer costs other than transportation costs between 
markets. The slope and the coefficient of determination (r2) 
measures the strength of the relationship.between prices. If 
the slope is close to one, there is a nearly one-to-one rela
tionship between prices exclusive of transfer costs. The re
gression's coefficient of determination (r2), also. measur~s 
the amount of variability in a price at one location that IS 

explained by the variability in a corresponding price at 
another location. 

These regression techniques are used to compare the 
following origin and destination prices adjusted for trans
portation costs: 

1. Stewartville and the Gulf. 
2. Chicago and the Gulf. 
3. Chicago and the East Coast. 
4. The Gulf and Rotterdam. 
5. The East Coast and Rotterdam. 

The East Coast and Gulf prices are also compared to test the 
strength of their relationship. 

Unadjusted market differentials. The above prices, not 
adjusted for transportation costs, are also compared. The 
regressions of unadjusted prices will diff~r from re~ressions 
made with adjusted prices mostly by the size of the Intercept 
coefficient. The intercepts from these regressions should 
approximate average, year-round transfer costs between 
markets, transportation costs included.s 

Randomness of the residuals. The other statistical tech
niques used in this analysis will measure. th~ distri.bution 
properties of the difference between destination pnces of 
corn and origin prices of corn. This difference, on the aver
age, will approximate transfer costs (other than transporta
tion costs) if transportation costs have been subtracted from 
destination prices between two markets. If the markets are 
behaving efficiently and if transfer costs betwee.n ~arkets 
remain constant over time, then the observed vanatlon (de
viation between destination and origin prices) in transfer 
costs should appear to be random, with positive and nega
tive deviations of the same size being equally likely to be 
observed. In addition, the deviations may behave as if they 
were normally distributed. 

8John E. Trierweiler and James B. Hassler employed similar 
techniques in "Measuring Efficiency in the Beef-Pork Sector by 
Price Analysis," Agricultural Economics Research, 23, January, 
1971, pp. 11-17. 

If the differences between destination prices of corn and 
origin prices of corn are randomly distributed around an 
average transfer cost, the following relationship holds: 

PDt = POt + C + Ett 

where PDt is the destination price, POt is the origin price, C is 
a constant transfer cost, and Et is a random variable with zero 
mean and drawn independently each period. 

If C and Et are combined to form a single variable, Tt , the 
relationship may also be expressed: 

POt = POt + Tt, 
where Tt is a random variable with mean T drawn independ
ently each period. 9 

The tests will be applied to this difference (Tt), and will be 
applied to all differences between prices, both adjusted and 
unadjusted for transportation costs, throughout typical grain 
export marketing channels. In tests where destination prices 
are not adjusted for transportation costs, the average differ
ence between prices at different markets (Tt), should approx
imate average, year-round transfer costs, transporation costs 
included. Similarly, in tests where destination prices are 
adjusted for transportation costs, Tt should approximate an 
average of those transfer costs, other than transportation, 
between markets. 

To examine for randomness, a few simple tests are applied 
to all sets of differences, Tt • Since patterns in the Tt would 
give evidence against randomness, all sets of Tt will be 
plotted against time. Two other tests will be applied to each 
set of T t . The number of peaks and troughs in each 
chronological series of Tt will be counted and compared to 
the number that would be expected in a random series. This 
is known as the "turning point test." Also, the number and 
occurrence of differences above and below the mean differ
ence will be tested. This is known as the "run of signs test." 

After testing for randomness, each set of Tt will be tested 
for normality. There are several tests that may be applied to 
each set of Ttl of wh ich four will be used in this analysis. 
Estimates of skewness and kurtosis for each set will be made 
to determine if the estimates fall in the range that would be 
expected of a normal distribution. Each set ofTt will also be 
plotted against normal probability order statistics, or "rank
its." If a set of Tt is normally distributed, then the "rankit 
plot" (a set of ordered Tt plotted on one axis; normal order 
statistics plotted on the other) should approximate a straight 
line from the origin. 

It must be stressed that these distribution tests only test the 
pricing efficiency of the grain export industry when transfer 
costs (T), remain constant over time. If transfer costs are not 
constant over time, all of these distribution costs will be 
inappropriate tests for efficient and competitive price behav
ior in the grain export industry. Those sets of Tt that have 
been adjusted for the transportation cost effect are most 
likely to exhibit a constant average transfer cost between 
markets. Th is is due to the fact that transportation costs often 
vary seasonally over time. Thus, unadjusted T probably also 
varies seasonally over time. However, it is possible that the 

9Jitender S. Mann and Richard G. Heifner of the U.5. Department 
ofAgriculture made similar tests on futures prices in their Economic 
Research Service publication, The Distribution of Short
run Commodity Price Movements, Technical Bulletin No. 1536, 
1976. 
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average of adjusted T is not constant over time either, due 
perhaps to seasonality in elevation costs or to some other 
component of transfer costs that varies systematically over 
time. 

Abbreviations. Lastly, in order to facilitate the analysis, 
the prices for corn at each market location are referred to in 
the following manner: 

STEW (Stewartville price). 

CHIC (Chicago price). 

GULF (Gulf price). 

BALT (East Coast price). 

Ron (Rotterdam price). 


The differences between unadjusted prices will be referred 
to as: 

TSUGULF (GULF-STEW). 
DGC (GULF-CHIC). 
DBC (BALT-CHIC). 
DBG (BALT-GULF). 
TUROn (ROn-GULF). 
TEUROTT (ROTT-BALT). 

Transportation costs will be referred to as: 
LABR (Barge rate between river elevator in Minnesota and 
the Gulf). 
TRGF (Transportation rate between Chicago and the 
Gulf). 
TREC (Transportation rate between Chicago and the East 
Coast). 
OCGF (Ocean freight rate between the Gulf and Rot
terdam). 

OCEC (Ocean freight rate between the East Coast and 
Rotterdam). 

The adjusted prices for corn at each market location will be 
referred to as: 

STGULF (GULF-trucking costs between Stewartville and 
the Mississippi River-LABR). 


AGULF (GULF-TRGF). 

ABALT (GULF-TREC). 

ARon (ROn-OCGF). 

BRon (ROn-OCEC). 


The differences between adjusted prices will be referred to 
as: 

TSGULF (STGULF·STEW). 
TGULF (AGULF-CHIC). 
TBALT (ABALT-CHIC). 
TPORTS (AGULF-ABALT). 
TRon (AROn-GULF). 
TERon (BROn-BALT). 

Results of Regressions on Market Prices 

One-Io-one correspondence between prices. Table 1 
summarizes the results of all the regressions of adjusted and 
unadjusted destination prices on origin prices. All regres
sions yield significant results. There is a high correlation 
between all adjusted and unadjusted prices (the minimum 
coefficient of determination is .910). However, adjusting 
destination prices for transportation cost improves the fit of 

Table 1. Results of regressions of adjusted and unadjusted destination prices on original prices. 

Slope signif· 
Standard Icantly dlf· Slgnlfl- Slgnlfl. CoeHlclent 
error of ferentthan 1, cance of cance of of determl-

Variables Fitted regression line slope a .01 slope Intercept nation (r2) 

x = Stewartville (STEW) 
y = Gulf (GULF) GULF = .6551 + .8962 (STEW) .02256 Yes a=.00001 a=.00001 .93489 
x = Stewartville (STEW) 
y Adjusted Gulf (STGULF)" STGULF = .2242 + .959 (STEW) .01611 No a=.00001 a=.00OO1 .96899 
x = Chicago (CHIC) 
y = Gulf (GULF) GULF = .3612 + .9269 (CHIC) .01343 Yes a=.00001 a=.OOO01 .97124 
x = Chicago (CHIC) 
y = Adjusted Gulf (AGULF) AGULF = .1491 + .9612 (CHIC) .02120 No a =.00001 a=.00001 .97809 
)( = Chicago (CHIC) 
y East Coast (BAL T) BALT = .2665 + .955 (CHIC) .01332 Yes a=.OO001 a=.OOOOt .97328 
x = Chicago (CHIC) 
y = Adjusted East Coast (ABAL T) ABALT .0268 + .9837 (CHIC) .01265 No a=.00001 a=.41798 .97721 
x = Gulf (GULF) 
Y = East Coast (BAL T) BALT = -.0713 + 1.0178 (GULF) .01287 No a=.00001 a=.04785 .97794 
x = Adjusted Gulf (AGULF) 
y Adjusted East Coast (ABAL T) ABALT = -.1541 + 1.0137 (AGULF) .01206 No a=.OO001 a=.00001 .98043 
x Gulf (GULF) 
Y = Rotterdam (ROTT) ROTT .2298 + 1.009 (GULF) .02256 No a=.00001 a=.00001 .93193 
x = Gulf (GULF) 
Y = Adjusted Rotterdam (AROTT) AROTT = .1579 + .9851 (GULF) .02375 No a=.00001 a=.OO897 .93330 
x = East Coast (BAL T) 
Y Rotterdam (ROTT)b ROTT = .3646 + .9676 (BALT) .02565 No a =.0000ta=.00001 .90983 

"This regression was run only on data from the months when the Mississippi River was open. 
bBecause of the small and irregular number of ocean freight cost observations between the East Coast and Rotterdam, no regression was 

made of adjusted Rotterdam prices on East Coast prices. 
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each regression, as indicated by slightly greater coefficients 
of determination. Also, regressions made with adjusted 
prices yield slopes that are not significantly different than 
one. Thus, by removing the transportation effect, corn prices 
at different market locations move more closely together. 

An examination of the regression coefficients suggests 
that if these corn prices reflect efficient and competitive 
pricing, then there are sizable transfer costs, other than 
transportation costs, between most markets. None of the 
intercepts from regressions on adjusted prices equals zero as 
would be the case if transportation costs were the only 
transfer costs between markets. The marketing channel that 
appears to have the greatest transfer costs is between 
Stewartville and the Gulf. It is reasonable that this difference 
is the greatest. Between the time when a farmer del ivers corn 
to the Stewartville elevator and when the corn arrives by 
barge at the Gulf, the corn must be put through the Stewart
ville elevator, loaded on to a grain truck, unloaded and put 
through a river elevator on the Mississippi River, and finally 
loaded on to a barge and sent down the river. All this 
handling comprises a sizable transfer cost, excluding trans
portation. 

Examination of Mean Difference Between Prices 

Mean differences approximate other transfer costs. As
suming there is, on the average, approximately a one-to-one 
correspondence between adjusted destination prices and 
origin prices, the mean difference between the adjusted 
prices can be used toestimate other transfer costs. Table 21 ists 
these mean differences as well as the means of other impor
tant variables in this study and their standard deviations. 

Most of the differences between adjusted prices are within 
range of what may possibly be other transfer costs associated 
with moving corn from one market to another. But two 
differences, the difference between the adjusted East Coast 
and Chicago prices (TBALT) and the difference between the 
adjusted Gulf and adjusted East Coast prices (TPORTS), are 
not in the range to be realistically considered "other transfer 
costs." TBALT is not in the range simply because it implies 
that moving grain by rail between Chicago and the East 
Coast is not economically justified. Nonetheless, corn does 
move by rail between the Chicago area and the East Coast. 
TPORTS is not in the logically reasonable range because it 
would imply that the transfer costs (other than transporta
tion) incurred by moving grain to the Gulf are 11.8 cents 
greater per bushel than those incurred by moving grain to 
the East Coast. 

Similarly, the differences between unadjusted prices and 
origin prices appear to approximate an average year-round 
total transfer cost, including transportation, except for the 
unadjusted d,ifference between the East Coast and Chicago 
price (OBC). The average price difference between the East 
Coast and Chicago is less than the average transportation 
cost between markets. Another apparent economic irregu
larity is the difference between the East Coast and Gulf 
prices (OBG). While the average cost between Chicago and 
the East Coast is greater than the average cost between 
Chicago and the Gulf, the average East Coast corn price is 
1.2 cents less than the average Gulf price. 

10 

Table 2. Means and standard deviations of selected 
variables. 

dollarS/bushel 

Number of 
Variable observations Mean 

Unadjusted prices: 
STEW (Stewartville) 149 2.350 .3750 
CHIC (Chicago) 149 2.590 .3703 
GULF (Gulf) 148 2.759 .3480 
BAL T (East Coast) 143 2.730 .3620 
ROTT (Rotterdam) 149 3.017 .3640 

Differences between unadjusted prices: 
TSUGULF (GULF-STEW) 148 .4112 .0970 
DGC (GULF-CHIC) 148 .1710 .0660 
DBC (BALT-CHIC) 143 .1500 .0670 
DBG (BALT-GULF) 143 -.0220 .0540 
TUROTT (ROTT-GULF) 148 .2550 .0950 
TEUROTT (ROTT-BAL T) 143 .276 .1109 

Transportation costs: 
Trucking costs between 

Stewartville and 
Mississippi River 149 .0896 0.0000 

LABR (Bame rate between 
river elevator in 
Minnesota and the Gulf) 115 .1860 .0380 

TRGF (Transportation rate 
between Chicago and 
the Gulf) 149 .1240 .0209 

TREC (Transportation rate 
between Chicago and the 
East Coast) 149 .2190 .0146 

OCGF (Ocean freight rate 
between the 
Gulf and Rotterdam) 126 .1370 .0200 

Adjusted prices: 
STGULF (Gulf-transportation 

from Stewartville) 114 .2438 .3920 
AGULF (Gulf-transportation 

from Chicago) 148 2.6360 .3595 
ABAL T (East Coast-trans

portation from Chicago) 143 2.5100 .3721 
AROTT (Rotterdam-trans

portation from Gulf) 126 2.8210 .3540 
BROTT (Rotterdam-trans

portation from East Coast) 47 2.9070 .3970 
Differences between adjusted prices: 

TSGULF (STGULF-STEW) 114 .1300 .0710 
TGULF (AGULF-CHIC) 148 .0480 .0569 
TBALT (ABALT-CHIC) 143 -.0690 .0565 
TPORTS (AGULF-ABAL T) 143 .1180 .0520 
TROTT (AROn/GULF) 125 .1170 .0920 
TEROn (BROTT-BALT) 45 .1620 .1240 

Time Plots of Prices 

To understand the relationship between spatially sepa
rated prices, time plots of the differences between the ad
justed destination prices and origin prices were made. These 
graphs indicate that, in some instances, the difference be
tween destination prices adjusted for transportation and 
origin prices clearly is not randomly distributed around a 
mean transfer cost. In fact, definite patterns appear in some 



Figure 3. Range of price differentials between Chi differences: namely, the differences between the adjusted 

tt ,~, 
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cago and Gulf corn prices not accounted Gulf and Chicago prices and the adjusted East Coast and 
for by transportation costs, four-week peri Chicago prices (TGULF and TBALT) shown in Figures 3 and 
ods, 1975-77. 4. Over the three-year period 1975-1977, both TGULF and 

TBALT appear to vary seasonally between summer and win
ter. Another distinct characteristic of some of these graphs is 
that in this time period, 1975-1977, the variance of the 
differences decreases over time. The differences between 
the adjusted Gulf and aqjusted East Coast, adjusted Rotter
dam and Gulf, and adjusted East Coast prices (TPORTS, 
TROTT, and TEROTT) exhibit this charactteritic. 

Tests for Randomness and Normality 
of Price Differences 

Price differences not conclusively random. Tests for ran
domness were made on sets of adjusted and unadjusted 
differences between prices. Both the turning point and run of 
signs tests were applied. Table 3 summarizes the results of 
these tests for each set of adjusted differences and a few 
unadjusted differences. These tests together yield conclu
sive results only for the differences TGULF, TBALT, and 
TPORTS. They do not behave as if they were random. The 
other differences may appear to be non-random, depending 
on the criterion used. 

Jan., Dec., 
1975 1977 The other distributional characteristic hypothesized in 

th is study is that differences between prices may be distribut
ed normally around a mean difference that should approxi
mate the average transfer cost between markets. Normality 
(i.e., a normal distribution of differences around a mean 

Figure 4. Range of price differentials between Chi transfer cost) is hypothesized to test if the deviations from the 
cago and East Coast prices not accounted mean are more likely to cluster closely around the mean 
for by transportation costs, four-week per' than to deviate greatly from the mean. By (1) obtaining
ods, 1975-77. measures of skewness and kurtosis for each set of differences 

and (2) making rankit plots of each set, the hypothesis of 
normality can be tested for each set of differences. Table 4 
summarizes the results of the tests for skewness and kurtosis 
for all price differences. Figures 5-10 show the rankit plots 
for each set of differences in adjusted prices.10 In each of the 
plots, normality is indicated if the plotted points approxi
mate a straight line. 

Most price differences appear to be non-normally dis
tributed. The tests for normality provide evidence that the 
differences between Gulf, East Coast, and Chicago prices 
(TGULF, TBAL T, and TPORTS) may not be distributed 
according to a normal law. However, for the differences 
between Gulf and Stewartville prices (TSGULF), there is no 
evidence against normality. Finally, the tests on the differ
ences between Rotterdam and the Gulf and Rotterdam and 
East Coast prices (TROTT and TEROTT) are inconclusive; 
they may or may not be normally distributed. However, 
normality assumes constant variance. As previously ndted, 
the variance of some differences appears to decrease over 
time. Hence, the probability thatthe differences TROTT and 
TEROTT are normally distributed over time is slight. 

l°For a discussion of rankit plots, see S. Weisberg, Applied Linear 
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Figure 5. Ranklt plot of corn price differentials be Figure 7. Ranklts plot of corn price differentials be
tween Stewartville and the Gulf, 1975-77, tween Chicago and the East Coast, 1975
not accounted for by transportation costs. 77, not accounted for by transportation 
A plotted • Indicates a single point; a plot costs. A plotted • indicates a single pOint; a 
ted number indicates multiple pOints. plotted number Indicates multiple pOints. 
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Figure 6. 	Ranklt plot of corn price differentials be
tween Chicago and the Gulf, 1975-77, not 
accounted for by transportation costs. A 
plotted - indicates a single point; a plotted 
number indicates multiple points . 
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Figure 8. 	 Rankit plot of corn price differentials be
tween the East Coast and the Gulf, 1975· 
77, not accounted for by transportation 
costs. A plotted • indicates a single point; a 
plotted number indicates multiple points. 
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Figure 9. Rankit plot of corn price differentials be

37.1 ~ 

tween Rotterdam and the Gulf, 1975-77, 
not accounted for by transportation costs. 
A plotted • indicates a single point; a plot
ted number indicates multiple pOints. 
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Figure 10. Rankit plot of corn price differentials be
tween Rotterdam and the East Gulf, 1975
77, not accounted for by transportation 
costs. A plotted • indicates a single point; 
a plotted number indicates multiple 
pOints. 
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Examination of· Extreme Differences 

Between Prices 


Price differences may vary. seasonally. To determine the 
cause of the apparent seasonality in the differences between 
prices, the extreme differences between adjusted destina
tion prices and origin prices were analyzed separately. 
Table 5 summarizes the frequencies of extreme differences 
for the differences between adjusted prices. These frequen
cies support the conclusion that the differences between 
both the adjusted East Coast and adjusted Gulfand Chicago 
prices (TBALT and TGULF) vary seasonally. In winter, 
TBALT is generally at its maximum, above zero. But during 
summer and harvest, TBALT is usually less than zero and 
most likely to be less than -10 cents. Similarly, TGULF is 
usually at its maximum in winter, above 10 cents, and at its 
minimum in summer, less than zero. However, no distinct 
pattern in TGULF appears during harvest. No distinct, sea
sonal patterns appear in eitherTSGULF, TROn, orTEROn 
except that all three differences seem to be at a minimum in 
summer. 

Time sequence and rankit plots of TGULF and TBAL T 
were made for 1975-1977 during the months when the 
upper Mississippi River was open and navigable to investi
gate whether the seasonality observed in TGULF and TBAL T 
corresponds to the seasonal use of the upper Mississippi 
River. While the seasonal patterns in both TGULF and 
TBALT are still easily detected, some of the upper extreme 
differences in each are gone. The winter of 1976/77 shows 
the most notable correspondence. However, the closing of 
the upper Mississippi has no significant effect on the mean of 
TGULF or TBALT. The mean ofTGULF in only those months 
when the river was open is 4.67 cents. The year-round mean 
is 4.8 cents. The mean of TBAL T in only those months when 
the river was open is -7.51 cents. The year~round mean is 
-6.9 cents. Neither mean changes by more.than a penny. 
Furthermore, removing the values TGULF and TBALT in 
those months when the Mississippi Ri\ier was closed does 
not significantly alter the rankit plots or affect the Wilk
Shapiro statistics of TBALTor TGULF. Therefore, the effect 
of the closing of the upper Mississippi River during winter 
months on the differences between TGULF and TBALT is 
questionable. 

Summary of Test Results 

The results of these tests on corn prices at five different 
market locations indicate that prices are closely linked and 
highly responsive to each other throughout the export maF
keting channel. Most of the differences between destination 
and origin prices are explained by the transportation cost 
between markets. But the remaining differences do notap
pear to be randomly distributed around a constant transfer 
cost in most cases. In some instances the differences appear 
to vary seasonally, particularly the differences between both 
the adjusted Gulf and adjusted East Coast and Chicago 
prices nGULF and TBALT). The cause of the seasonality 
may be linked to the winter closing of the upper Mississippi 
River. 



Table 3. Results of turning point test and run of signs test on selected differences between prices. 

Turning point test Run of signs tests 
Turning Expected Standard Significance Significance 

Variable points turning points deviation Z-score probability Z-score probability 

Differences between unadjusted prices: 
TSUGULF (GULF-STEW) 
TUROTT (ROTT-GULF) 

81 
95 

98.6 
98.6 

5.1 
5.1 

-3.45 
-.71 

.06% 
48.4% 

1.082 
3.672 

2SO/o 
.02% 

TEUROTT (ROTT-BAL T) 91 94 5.01 -.60 54.86% 3.315 .1% 
Differences between adjusted prices: 
TSGULF (STGULF-STEW) 68 74.6 4.47 -1.49 13.62% 2.395 1.64% 
TGULF (AGULF-CHIC) 78 98.6 5.1 -4.05 0 -6.57 0 
TBAL T (ABAL T-CHIC) 80 95.3 5.01 -3.05 .22% -6.86 0 
TPORTS (AGULF-ABAL T) 84 95.3 5.01 -2.26 2.38% -6.82 0 
TROTT (AROTT-GULF) 86 83.3 4.68 .51 56.86% 4.14 0 
TEROTT (BROTT -BAL T) 27 30 2.77 -1.08 28.02% 1.717 a54% 

Table 4. Tests for skewness and kurtosis on all price differences. 

Variable Skewness Significance Kurtosis Significance 

-----------••• ------------------------.------------------- differences ·between unadjusted prices ---------------------------------------------------_______ 
TSUGULF (GULF-STEW) .113 Not -.308 Not 

significant significant 
DGC (GULF-CHIC) .517 Cl = .01 .586 Not 

significant 
DBC (BALT-CHIC) -.527 Cl = .01 5.793 Cl = .01 
DBG (BALT-GULF) -1.072 Cl = .01 1.886 Cl = .01 
TUROTT (ROTT-GULF) -.013 Not .781 Cl = .05 

significant 
TEUROTT (ROTT-BAL T) .490 Cl = .05 .509 Not 

Significant 

------------------------------------------------------------ differences between ad iu sted p rices ---------.---------------------------------------_._.------
TSGULF (STGULF-STEW) .191 Not .025 Not 

significant significant 
TGULF (AGULF-CHIC) .530 Cl = .01 1.483 Cl .01 
TBAL T (ABAL T-CHIC) -.822 Cl = .01 6.072 Cl .01 
TPORTS (AGULF-ABALT) .843 Cl = .01 2.452 Cl .01 
TROTT (AROTT-GULF) -.200 Not .921 Cl .05 

significant 
TEROTT (BROTT-BAL T) .374 Not -.249 Not 

significant significant 

Source: Snedecor and Cochran, op. cit., p. 552. 

Table 5. Frequencjes of extreme differences between adjusted destination prices and original prices. 

Winter/December-March 
Spring-Summer/ 

April-August 
Harvest! 

September-November 

Variable 
January-

March 1975 1976 
December 

1977 1977 1975 1976 1977 1975 1976 1977 

TSGULF<.l River closed 0 4 7 10 5 7 1 
TSGULF >.2 5 2 2 0 1 0 6 
TBALT <-.1 0 0 1 0 10 3 5 6 7 0 
TBALT >0 2 0 3 5 0 0 0 0 0 2 
TGULF <0 4 0 0 0 7 2 3 3 4 1 
TGULF >.1 0 1 7 4 1 1 0 3 0 4 
TROTT >.08 3 3 3 0 9 9 1 0 4 5 
TROTT >.2 3 0 3 0 4 1 2 6 5 0 
TEROTT <.1 2 1 1 0 2 6 0 0 0 1 
TEROTT >.2 0 0 2 0 1 1 1 6 4 0 
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Implications of the Tests for Pricing Efficiency ance, and elevation costs along the marketing channel. 
~Ievation costs are important and vary with the supply and 

It is not possible to say conclusively that these apparent 
nonrandom differences in corn prices are not a reflection of 
market imperfections, including imperfect competition 
among grain export firms. However, the correlations in both 
the adjusted and unadjusted prices among various points in 
the export marketing channel were very high. Conse
quently, the unexplained variation, even if nonrandom, was 
very small. Furthermore, there are good reasons to support 
the conclusion that this apparent nonrandom behavior is 
largely attributable to other market factors which are dis
cussed below. 

Rail rates regulated, barge rates unregulated. Two major 
modes of transportation, rail and barge, are used to ship 
grain from inland producing regions to port locations for 
export. Rail rates are regulated by the Interstate Commerce 
Commission (ICC). Barge rates are market determined and 
can fluctuate as supply and demand conditions change. In 
those instances where both rail and barge are available 
between two locations, such as between central Illinois and 
the Gulf, the railroads attempt to set rail rates at a competi
tive level with barge rates. However, if rail transportation is 
not in direct competition with barge transportation, such as 
the case between central III inois and the East Coast, rail rates 
are not held at levels comparable to those available on barge 
competitive routes. 

Figure 2 shows the variable nature of barge rates over a 
year's period and the relatively constant nature of rail rates. 
Also evident is the difference between rail rates that are 
competitive with barge rates and those that are not, as 
shown by the difference between rail rates to the Gulf and 
rail rates to the East Coast. Further inspection reveals that rail 
rates to the Gulf appear competitive with barge rates only 
during late fall and winter months. During other periods, a 
rational firm would only transport grain by barge. Similarly, 
rail rates to the East Coast may be competitive with those to 
the Gulf only in winter months. Such a condition would help 
explain why the difference between the adjusted East Coast 
price for corn and the Chicago price lies around zero only in 
winter months. In summer months, the opportunity cost of 
moving grain by rail may be too great to both the East Coast 
and Gulf. 

Since the East Coast is accessible from Illinois only by rail 
and the cost of moving grain by rail between Illinois and the 
East Coast is economically justified only in winter months, 
grain firms located on the East Coast must procure grain fro~ 
producing regions east of central Illinois, such as the OhiO 
River Valley. Further, the difference between the adjusted 
Gulf and Chicago price may be explained by forward con
tracting for barge transportation. 

The barge transportation costs used in this study may not 
exactly represent the weekly costs of barging corn between 
Chicago and the Gulf. Instead, these costs may represent the 
barging costs between Chicago and the Gulf at various 
points in time before the actual week in which the corn was 
barged because grain merchants often purchase barge trans
portation in forward markets. 

Transfer costs in addition to transportation. The positive 
difference between most adjusted destination prices and 
origin prices also reflects transfer costs, other than transpor
tation, between markets. These costs include interest, insur
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demand for storage. The demand for storage space is often 
greatest after harvest when the supply of unstored grain is 
greatest. Thus, seasonality in elevation costs may explain 
part of the apparent nonrandom behavior of the differences 
between adjusted destination and origin prices. 

Export demand stronger at Gulf. The supply and demand 
for export corn at the Gulf and East Coast may also explain 
the positive difference between the adjusted Gulf price and 
the Chicago price and the negative difference between the 
adjusted East Coast and Chicago price. Much more grain is 
put through the Gulf ports than through East Coast ports. The 
"turnover rate;' or the ratio of the inspections to capacities, 
is much higher at the Gulf than at the East Coast. The Gulf 
can handle larger vessels and elevators there have faster 
load-out rates. Th is creates a greater demand for export corn 
at the Gu If than at the East Coast. To ensure a steady supply 
of corn to the Gulf, exporters sometimes must offer prices for 
corn that make the Gulf a more attractive destination than 
the East Coast to U.S. grain merchants. Hence, a premium 
over the cost of moving corn to the Gulf may be included in 
the on-track price of corn at the Gulf that is not included at 
the East Coast. 

Shocks to the grain export market. Finally, some of the 
differences between adjusted and unadjusted prices and 
origin prices for corn appear to decrease in variance be
tween 1975 and 1977. This is particularly noticeable in the 
differences between Rotterdam and Gulf and Rotterdam and 
East Coast corn prices. Several factors may account for this 
phenomenon. As hypothesized in this study, deviations 
from an average transfer cost between markets should repre
sent random, exogenous supply or demand shocks at one 
market or another. If this hypothesis approximates reality, 
then decreasing variance in the differences between prices 
should indicate that either (1) exogenous shocks to the grain 
export industry decreased in magnitude between 1975 and 
1977, or (2) that the industry could respond to these shocks 
more quickly in the latter part of this period. Well-known 
shocks to the industry in 1975 will support both explana
tions: a grain embargo, large grain sales to the Soviet Union, 
and a drought in Europe. These events may be responsible 
for the large variance in the differences between the ad
justed Rotterdam and Gulf and adjusted Rotterdam and East 
Coast prices (TROTT and TEROTT) in 1975. The grain sur
pluses of 1976 and 1977 have probably prevented any such 
events from disturbing the industry as was possible in 1975. 

Evidence of pricing efficiency. The evidence and inter
pretations presented above indicate that the u.s. grain ex
port industry'S pricing performance was efficient between 
1975 and 1977. The high degree of correlation between 
prices alone suggests that markets throughout the export 
marketing system are closely tied. Most of the differences 
between prices can be attributed to transfer costs between 
markets. Competitive arbitrage in these markets appears to 
be present as especially evidenced by the behavior of the 
differences between the Chicago and East Coast and the 
Chicago and Gulf prices. These differences represent the 
returns of moving corn between one market and another. In 
some cases the returns match or exceed the cost; in others 
they do not. Thus, corn moves to those areas where demand 





try. At point Q, the cost per bushel of storage space is 
minimized. The ratio of the volume of export grain put 
through an export elevator annually to the elevator capacity, 
or turnover rate, at point Q is the least-cost, optimal-use 
level of operations for which a hypothetical export elevator 
is constructed. If an export elevator is operating at point Q, 
its load factor is productively efficient. If most export eleva
tors are operating at the minimum point on their average 
cost curves, the industry's load factor is productively effi
cient. Thus, by examining the turnover rates for the grain 
export industry's export grain elevators, some measure of 
the industry's short-term productive efficiency can be 
obtained. 

the scale factor. Figure 12 depicts hypothetical long-run 
average and marginal cost curves (LAC and LMC, respec
tively) for a hypothetical grain exporting firm. The long-run 
average cost curve is an aggregation of points on short-run 
average cost curves for plants designed for various sizes of 
operation tangent to an envelope-shaped curve connecting 
them. At point V, the hypothetical grain exporting firm is 
operating at the least per unit cost possible. 

The shape of the LAC curve depicted in Figure 12 implies 
that a minimum per unit of export grain cost exists at some 
scale of operation. Per unit costs decrease as the volume of 
export-related activity increases up to point V. At levels of 
operation greater than V, per unit of export grain costs in
crease. Economies of scale occur to plant size V; diseconom
ies exist beyond this size. However, in some industries, and 
possibly in the grain export industry, the LAC curve de
creases continuously as the volume or scale of the firm's 
operations increases. Hence, no minimum per unit cost 
exists as one exists at point V in Figure 12. The dotted LAC' 
curve in Figure 12 depicts such decreasing per unit costs. 

Some economists argue that significant economies of scale 
exist in grain exporting. 12 They argue that an exporting firm's 
long-run average cost curve decreases as the scale of export
related activity increases. A number of export-related func
tions are believed tobe responsible for the scale economies 
in grain exporting. The most important of these functions are 
(1) transporting grain between markets, (2) establ ishing and 
maintaining an information network, (3) the ability to take 
large financial risks and absorb losses, and (4) operating 
storage space throughout the export marketing channel. As 
the scale of these functions increases, the cost per unit of 
export grain decreases. Thus, measuring the scale factor 
of the U.5. grain export industry requ ires detecting the extent 
to which the industry is organized to take advantage of scale 
economies in these export-related functions. 

Measuring Load and Scale Factors 

In measuring the industry's load factor, cost data on each 
individual export elevator would have to be obtained so that 
the minimum point on the short-run average cost curve, or 
the optimal turnover rate, of each elevator could be deter
mined. Measuring the industry's scale factor would be even 
more difficult. The short-run average cost curves for export
ing firms at various scales of operation would have to be 

12Richard E. Caves, "Organization, Scale, and Performance of 
the Grain Trade;' Food Research Institute Studies, Vol XVI, No.3, 
1978, pp. 107-123. 
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Figure 12. Construction of hypothetical long-run av
erage and marginal cost curves for a hy
pothetical exporting firm. 

Cost per 
unit of 
export 
grain LMC 

LAC 

V Volume of grain exports 

aggregated to construct a long-run average exporting cost 
curve. Then, an optimal scale of operations might be found 
bydetermininga minimum point along the long-run average 
cost curve. Or, no unique optimal scale of operations may 
exist because of continuous scale economies associated 
with exporting grain. In such a case, the larger the scale of an 
exporting firm's operation, the greater the firm's productive 
efficiency. 

The load and scale factors of the u.s. grain export industry 
are examined with available data on export marketing facili
ties, their size, and intensity of utilization. The load factor is 
determined by comparing the overall turnover rates for ex
port elevators at each port location. The load factors at 
various ports are also compared. The scale factor is deter
mined by first recognizing and explaining the scale econo
mies that exist in a number of exporting functions. Then, 
evidence of market organization reflecting the influence of 
scale economies will be considered. 

The Industry's Load Factor 

Grain inspections for export. Table 6 shows the total 
inspections for export of wheat, soybeans, corn, and grain 
sorghum by port area for calendar years 1967-1976. Three 
and one-half billion bushels of grain were inspected for 
export in 1976, more than double the 1967 level. Two-thirds 
were exported via Gulf ports and the remainder divided 
between Atlantic, Pacific, and Great Lakes ports. The shares 
of exports from Atlantic ports rose from 9 percent in 1967 
to 15 percent in 1976. The shares of Pacific and Lakes ports 
declined over this period while Gulf ports maintained 
a relatively constant two-thirds of the total for the entire 
period. 

Table 7 shows port grain elevator capacities, total grain 
inspections for export, and the ratio of inspections to capaci



Table 6. Inspections for export of total wheat, soybeans, corn and grain sorghum by port area, calendar years 
1967-76. 

--------------------------------·-·----------------1 nspect ions for export-----------------------------.--------••••• ----- Percent 
(millions of bushels) change 

Port area 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1967-76 
Lakes 170.3 232.3 239.3 257.4 277.2 278.7 350.2 222.0 302.5 272.5 60.1 
Atlantic 147.4 149.4 86.2 102.2 94.3 221.0 382.7 360.2 428.2 531.0 260.3 
Gulf 1,054.4 1,020.4 854.8 1,145.9 1,109.8 1,479.0 2,248.4 1,884.6 2,039.0 2,328.2 120.8 
Pacific 267.0 202.0 204.8 250.7 165.6 250.3 361.9 330.4 351.1 362.5 35.8 

TOTAL 1,639.1 1,604.1 1,385.1 1,756.2 1,646.9 2,229.0 3,343.2 2,797.2 3,120.8 3,494.2 113.2 

Percent 
change 

Percent of total of total 

Lakes 10.4 14.5 17.3 14.7 16.8 12.5 10.5 7.9 9.7 7.8 -25.0 
Atlantic 9.0 9.3 6.2 5.8 5.7 9.9 11.4 12.9 13.7 15.2 +68.9 
Gulf 64.3 67.6 61.7 65.3 67.4 66.4 67.3 67.4 65.3 66.6 +3.5 
Pacific 16.3 14.8 14.3 10.1 10.8 11.8 10.4 

TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Source: USDA, Grain Market News, Consumer and Marketing Service Grain Division, General Bulletin 1975, Vol. 24, No.3, Jan. 16, 1976, Vol. 
25, No.2, Jan. 14, 1977. 

Table 7. 	Port grain elevator capacities, grain inspec- ties for 1976.13 Not only was much more export grain put 
tlons for export, and ratio of Inspections to through the elevator facilities at the Gulf than at any other 
capacities, calendar year 1976. area, but, more importantly, the average ratio of inspections 

to capacity, or turnover rate, is much greater at the Gulf thanRatio of 
Inspections at any other area. The only port area that approaches the 

Elevators Inspections for export Gulf's high turnover rate is the Atlantic, whose South Atlan-
Port Number Capacity for export to capacity tic region has recently become a more active exporting 

center.(million bushels) 
LAKES 

Chicago 7 50.6 77.8 1.5 
Handling Characteristics of Export Facilities

Duluth-Superior 10 59.5 95.7 1.6 
Toledo 2 18.5 129.6 7.0 
Saginaw 0 [5.9]a Gulf facilities are newest and most efficient. Certain 

Subtotal 	 128.6 303.1 2.4 characteristics of each port dictate the general volume of 
ATLANTIC export grain that may be put through their elevators annual-

North 1 14.0 110.6 7.9 Iy. Some port facilities are better equipped than others for 
South 4 18.8 423.9 22.5 efficiently handling grain for export. Load-out capacities 

Subtotal 	 32.8 534.5 16.3 range from 10,000 bushels per hour at older elevators to 
GULF 80,000 bushels per hour at the newer elevators. The newest 

Mississippi 7 43.9 1,514.7 34.5 port terminals have a much greater speed and efficiency, 
East Gulf 1 3.0 146.5 48.8 with load-qut capabilities of up to 200,000 bushels per hour. 
North Texas Gulf 6 30.4 528.6 17.4 Generally, facilities at Gulf ports are newer, have faster 
South Texas Gulf 3 139.0 8.8 load-out rates, and are designed for higher efficiency and 

Subtotal 93.0 2,329.0 25.0 higher inventory tu movers than at the Lakes or on the Atlan-
PACIFIC tic or Pacific Coasts. 

Columbia River 8 28.4 256.6 9.0 Lake facilities also used for grain storage. The high turn-
Puget Sound 3 12.8 82.3 6.4 over rate at the Gulf indicates that the elevators at the Gulf 
California 4 13.0 49.0 3.8 are not used for long-term grain storage. Reserves of grain at 

Subtotal 	 54.2 387.9 7.2 inland terminals are easily tapped at short notice if export 
TOTAL 56 11.5 grain is needed at the Gulf. However, some older elevators 

"According to the Approved Warehouse Lists, there is no longer any 130nly elevators located in a position to have grain inspected forelevator with export capability in this area. The amount of grain 
inspected for export in the Saginaw area during 1976 is not signifi export are considered port elevators. However, some exporting 
cant for purposes of this table. 	 companies consider elevators located inland port elevators, such 
Sources: 	USDA, ASCS, Approved Warehouse Lists, Jan. 1. 1977. as those in Savage, Minnesota. Adding the capacity to those eleva

USDA. Grain Market News. Consumer and Marketing tors to the capacities in Table 7 would further lower the ratios of 
Service. Grain Division. Vol. 25. No.2. Jan. 14. 1977. Lake, Atlantic, and Pacific ports. 

18 





Figure 13. Inland terminal elevator storage capacity by regions and subregions, in millions of bushels, 1977. 
Source: U.S. Department of Agriculture, ASCS, Approved Warehouse Lists, Jan. 1,1977. 
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adapted to meet the requirements of modern grain export
ing. The inland or shallow water export terminals, such as 
Albany, cannot accommodate large, ocean-going ships. 
Hence, grain exporting from the North Atlantic has been 
waning relative to other areas. The South Atlantic's facilities 
appear to be operating at the rate of the efficient Gulf facili
ties. The North Atlantic facilities are not, and their use will 
probably cease if they are not renovated to compete with the 
more modern facilities to the south or at the Gulf. 

The Industry's 'Scale Factor 

Scale economies in elevator facilities and storage. Scale 
economies are usually sought in grain elevators and trans
portation equipment. Most firms that export grain operate 
both export and inland elevators. About 40 percent of U.S. 
grain produced is exported each year. Exporters operate a 
correspond i ng amou nt, 37.4 percent, of in land storage faci 1
ities. While exporters need not buy grain until it reaches 

port, they frequently buy or move their own grain from 
inland locations and transport it to ports for export. Grain 
export firms may purchase grain from country elevators or at 
terminal markets such as Minneapolis or Kansas City. 

There are advantages in operating storage space and other 
facilities along export marketing channels. During periods 
of great demand for grain at ports or during periods of great 
demand for storage space, such as harvest, only those 
exporters that operate elevators along export marketing 
channels can expect to export grain profitably year round. 
Indications are that sizable returns to scale exist in the 
operations of both port and inland terminal elevators. 

Port Elevator Location, Operation, and Capacity 

the top five exporters operate greatest share of port 
facilities. Grain is exported from ports at the Great Lakes and 
Atlantic, Gulf, and Pacific Coasts. Large elevators, which 
store grain until exported, are located at these ports. The port 
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elevators are owned by major exporting firms such as Cargill 
and Continental, regional cooperatives such as Farmer's 
Export, flour millers such as General Mills, and by local 
municipalities. As of January, 1977, the five largest grain 
exporting companies (Cargill, Continental, Cook'; Dreyfus, 
and Bunge) owned or leased more than 50 percent of the 
port elevators in the U.S. 15A list of port elevator ownership, 
capacity, location, and share of export facilities is shown in 
Table 8.16 Cargill was the leader in storage capacity, operat
ing 26.3 percent of total port capacity and at least 17.5 
percent of the capacity at every port area. Sixty-one percent 
of the storage capacity on the Atlantic Coast was operated by 
Cargill. Continental also operated a large share of port facili
ties, 14.4 percent of the total and at least 8 percent at every 
port. The other major exporting firms (Cook, Dreyfus, and 
Bunge) operated much smaller shares of port elevator ca
pacity and none had facilities at all port areas. It should be 
noted that the capacity figures in Table 8, which are current 
through 1976, are already out of date. Cook no longer owns 
a port elevator at the Gulf, having sold it to Farmer's Export. 
Cargill has built large port elevators at Reserve, louisiana, 
and Duluth-Superior, further increasing their capacity. And 
recent elevator explosions have also reduced elevator ca
pacity, especially at the Gulf. 

Individual co-ops have regional importance. As a group, 
co-ops control the next largest share of port capacity, 11.3 
percent as of 1976. Their greatest share of owned port 
storage capacity, 14.8 percent, is at the lakes, where the 
Grain Terminal Association operates 19 million bushels of 
storage space. Co-ops also operate 12.7 percent of port 
capacity at the Gulf (their Gulf capacity has grown to 16.1 
percent since Farmer's Export bought Cook's Gulf export 
elevator). But individually, co-ops only have regional im

portance. As of 1976, no exporting cooperative had facilities 
at more than one port. 

The remaining port elevator storage capacity is divided 
among a variety of firms. Flour milling companies operate 
only 6.5 percent of total u.s. port elevator capacity but are 

14This company is no longer a major grain exporter and has sold 
most of its port and inland terminal elevators. 

"The elevator ownership and capacity data were compiled from 
the U.S. Department of Agriculture'S Approved Warehouse Lists 
and is current through January 1, 1977. Certain significant changes 
of ownership since then have taken place, notably the sale of all of 
the Cook Industries' elevator capacity. However, no updating 
changes have been made in this report as updating would require a 
completely new compilation of elevator data. Nonetheless, the 
author believes that the small changes in elevator ownership since 
January 1, 1977, had I ittle effect on the performance ofthe industry 
between 1975 and 1977. 

16As listed in Grain Market News, port locations at the Great 
lakes are as follows: Chicago area including Chicago and Milwau
kee; Duluth, Minnesota, and Superior, Wisconsin; the Toledo area 
including Toledo and Huron, Ohio; Pennsylvania and Buffalo, 
New York, and the Saginaw area including Saginaw, Carrollton, 
and Zilwaukee, Michigan. The Atlantic port locations are divided 
between north and south. Northern ports include Portland, Maine; 
Albany, New York; Philadelphia, Pennsylvania. The southern ports 
include Baltimore, Maryland; Norfolk, Virginia, and North 
Charleston, South Carolina. The Gulf Coast is divided into four 
areas: the Mississippi River including New Orleans, Destrehan, 
Port Allen. Myrtle Grove, Ama, and Reserve, louisiana; the East 
Gulf including Mobile. Alabama, and Pascagoula, Mississippi; the 
North Texas Gulf including Beaumont, Port Arthur, Houston, and 
Galveston, Texas. and the South Texas Gulf including Corpus 
Christi and Brownsville, Texas. The Pacific ports are those on the 
Columbia River, which include Portland, Kalama, and Astoria, 
Oregon; longview, Vancouver. Seattle, and Tacoma, Washington, 
and those on the coast of California: long Beach, Stockton, San 
Francisco. and Sacramento. 

Table 8. United States port elevator ownership, capacity, and shares of capacity, by port area, 1976. 
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Big Five 
Cargill 12 90,434 29.3 39,891 31.0 20,000 61.0 16,292 17.5 14,251 26.3 
Continental 9 44,541 14.4 24,640 19.2 3,500 10.7 7,834 8.4 8,567 15.8 
Bunge 4 18,037 5.8 15,933 17.1 2,104 3.9 
Louis Dreyfus 3 9,715 3.1 4,862 14.8 3,001 3.2 1,852 3.4 
Cook 4,385 1.4" 4,385 

Subtotal 29 167,112 54.1 64,531 50.2 28,362 86.5 47,445 51.0 26,774 49.4 
Flour Millers 

General Mills 2 5,500 1.8 5,500 4.3 
Pillsbury 1 4,800 1.6 4,800 3.7 
Peavey 1 4,965 1.6 4,965 3.9 
International 

Multifoods 4,778 1.5 4,778 3.7 
ADM 60 

Subtotal 6 20,103 6.5 20,103 15.6 

(continued on the following page) 
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Table 8. United States port elevator ownership, capacity, and shares of capacity, by port area, 1976. 
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Coops 
FUGTA 19,012 6.2 19,012 14.8 
Producer's 

Grain Corp. 
North Pacific 

6,392 2.1 6,392 6.9 

Grain Growers 
Inc. 4,152 1.3 4,152 7.7 

Farmer's 
Export Co. 1 5,394 1.7 5,394 

Subtotal 6 34,950 11.':1' 19,012 14.8 11,786 12.7 4,152 7.7 
Public Elevators 

Public Grain 
Elevator of 

New Orleans 7,391 2.4 7,391 7.9 
Port Brownsville 

Public Elevator 
Nueces County 
Port of Houston 

3,772 
5,555 

1.2 
1.8 

3,772 
5,555 

4.1 
6.0 

Authority 1 6,580 2.1 6,580 7.1 

Subtotal 4 23,298 7.5 23,298 25.0 

Others 
Nytco Services, 

Inc. 
Koppel, Inc. 
Stockton Eleva

16,463 
2,126 

5.3 
.7 

16,463 12.8 
2,126 3.9 

tors 2 9,597 3.1 9,597 17.7 
CSY Finance, 

Inc. 4,445 1.4 4,445 13.5 
United Grain 

Corp. 
Bayside Ware

house Co. 

2 10,121 

4,290 

3.3 

1.4 4,290 4.6 

10,121 18.7 

The MacMillan 
Co. 2,565 .8 2,565 2.0 

Duluth Dock 
and Transport 
Co. 2,884 .9 2,884 2.2 

Great Lakes 
Storage and 
Construction 
Co. 3,008 1.0 3,008 2.3 

St. Charles 
Grain Elevator 
Co. 6,267 2.0 6,267 6.7 

Columbia River 
Terminal Co. 1,469 .5 2.7 

Subtotal 11 63,235 20.5 24,920 19.4 4,445 13.5 10,557 11.3 13,192 43.0 

TOTAL 56 308,698 100.0 128,566 100.0 32,807 100.0 93,086 100.0 100.0 

Source: USDA, ASCA, Approved Warehouse Lists, Jan. 1, 1977. 
'This elevator is now owned by Farmer's Export Co. 
bAdding the Farmer's Export Co. elevator capacity to the total cooperative owned port capacity increases the total cooperative port capacity 

to 39,335,000 bushels, 12.7 percent of the industry's total capacity. 
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Table 10. Terminal storage capacity by region and type of ownership, 1976. 

Region 

1 2 3 4 5 6 Total 

(1,000 bushels) 
Companies wi 
export terminals: 

Cargill ......................... 5,000 7,365 18,282 63,357 14,931 3,302 112,237 
Continental ................. .. 1,242 15,363 6,663 23,692 11,525 494 58,979 
Bunge .................... , .. 7,052 11,950 23,108 4,899 47,009 
Louis Dreyfus .... , ............ 4,011 4,700 8,711 
Cook ....................... ". 5,039 7,438 33,974 

Big Five subtotal ............. 11,281 29,780 48,344 114,857 3,796 260,910 

General Mills .................. 
Pillsbury ....................... 
Peavey ........................ 
International Multifoods ........ 
A-D-M ......................... 
FUGTA ........................ 
Producer's Grain Corp .......... 
North Pacific Grain 

Growers, Inc ................. 
Nytco Services, Inc ... ......... 
Koppel, Inc ..................... 

1.640 

4,646 
15,082 
6,750 
6,016 

13,901 

16,765 

5,382 
3,683 
7,948 

503 
25.964 
14.204 

5,698 
15,198 
3,482 

450 
8,588 

849 

2,054 

2,286 
2,693 
1,127 

580 

30,847 

2,421 
2,537 
1,728 

610 
525 

7,449 

20,433 
39,193 
21,035 
7,549 

50,093 
15,663 
31,372 

7,449 
16,765 
2,054 

Other exporters subtotal ...... 1,640 63,160 57,684 36,319 37,533 15,270 211,606 
Subtotal (big five and 

other exporters) .......... 12,921 92,940 106.028 151,176 90,385 19,066 472,516 

Other multiple region 
terminal companies: 

Central Soya ................... 31,946 2,000 1,624 35,570 
Ralston Purina ................. 7,415 2,080 7,216 1,781 18,492 
Conagra ..................... 2,544 3,911 777 1,605 8,837 
Early & Daniel Co ............... 16,379 1,326 17,705 
Allied Mills, Inc ................. 759 1,500 500 2,759 
Garvey International, Inc ........ 2,814 43,467 11,448 57,729 
Lauhoff Grain, Inc .............. 11,700 1,893 13,593 
Collingwood Grain ......... ... 5,731 2,320 8,051 
Midwest Grain Co ...... ....... 1,828 2,313 4,141 
Morrison Grain Co., Inc ......... 10,191 11,066 

Subtotal .............. '" .. 759 71,754 7,950 75,861 20,014 1,605 177,943 

Single region terminal 
companies: 

Overall capacities .............. 42,740 64,820 23,570 293,329 174,457 12,583 611,499 
TOTAL .................. 56,420 229,514 137,548 520,366 284,856 33,254 1,261,958 

Source: USDA, ASCS, Approved Warehouse Lists, Jan. 1, 1977. 
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Inland Terminal Location, Operation, Capacity, 
and Number 

Terminal facilities located in major grain production 
centers. Terminal elevators are distributed throughout the 
U.S. with concentrations along primary transportation chan
nels in major grain producing regions. The u.s. can be 
roughly divided by terminal locations, transportation chan
nels, and grain production into six regions. 
. Each region can then be divided into subregions accord
mg to geographic areas of terminal concentration.17 Figure 
13 shows the terminal divisions by region and subregion and 
the amount of terminal capacity in million bushels by termi
nal subregion. The areas with the greatest amount of storage 
capacity are the Kansas City, Missouri, and Wichita, Kansas, 
areas (Subregions 4d and 4e). Besides being centrally lo
cated, these two centers are in large grain producing regions 
along major transportation lines, both rail and barge. 

Other areas with a large amount of terminal capacity are 
Minneapolis-St. Paul (3a), Omaha-Council Bluffs (4b), Lub
bock-Amarillo, Texas (5b)' Toledo, Ohio (2a), and Chicago 
(2b). 

Operation of inland terminals varies among regions. 
Companies operating export elevators operate only 37.4 
percent of terminal elevator capacity. Table 10 lists the 
terminal capacities of companies with export facilities, other 
companies with terminals in more than one region, and the 
ag~regate total of single-region terminal companies by 
region. Table 11 shows considerable variation in the per
centage of terminal elevator capacity operated by grain 
exporters by region. 

I rrhese divisions are as follows: 
1. 	 Eastern and southern U.S. 

a. 	 Loui~ia.na,.Arkansas, Tennessee, southern Kentucky, 
MISSISSIPPI, Alabama, western Georgia, and Florida 

b. 	 Eastern seaboard 
2. 	 Lakes Region 

a. 	 Ohio and eastward 
b. 	 Chicago area 
c. 	51. Louis area 

3. 	 North Central U.S. 
a. 	 Minneapolis-51. Paul, southern Minnesota, South 

Dakota 
b. 	 Northern Minnesota, North Dakota 

4. 	Midcentral U.S. 
a. 	 Mid-Iowa, including Des Moines 
b. Omaha-Council Bluffs area 
c. 	Grand Island, Nebraska, area 
d. 	Kansas City (Kansas and Missouri) area 
e. 	 Wichita area 
f. 	 Colorado 

5. 	 South Central U.s. 
a. 	 Oklahoma 
b. 	 Lubbock-Amarillo, Texas, area 
c. 	 Fort Worth area 
d. 	Texas coast 

6. 	 Pacific and Northwest 
a. 	 Montana, Wyoming, Idaho, Utah, Washington, 

and Oregon 
b. 	California, Nevada, and Arizona 

Region 4 (Kansas and Nebraska) and Region 5 (Texas and 
Oklahoma) are the two largest regions in terms of capacity. 
Both are areas that store much of the grain bound for export 
through Gulf por::s. Yet in neither region do exporters oper
ate ~ commanding share of terminal capacity. Both are 
dommated by "single-region terminal companies." Grain 
export companies operate the largest share of inland termi
nal capacity in Region 3, which contains Minneapolis-St. 
Paul and Duluth-Superior. Here exporters operate more 
than 75 percent of terminal storage capacity. 

Scale Economies in Operating Storage Space 

Most grain export firms take advantage of scale 
economies in operating storage space in export marketing 
channels. Cargill and Continental, the two largest exporters, 
each own storage space at the Lakes Gulf Pacific and 
Atlantic Coasts. 	 ' , , 

~t the tim~ the :Ievator data were compiled, the top five 
gram exporting firms (Cargill, Continental, Bunge, Louis 
Dreyfus, and Cook) each had an export elevator at the Gulf. 
As a group, they operated 54.1 percent of the total port 
elevator capacity. They also operated 20.7 percent of total 
inland terminal capacity and at least 10 percent of the 
capacity of each of the terminal regions. 

The authors agree with Richard Caves, who argues that 
such concentration of facilities is of little economic 
relevance: 

The concentration of physical facilities (grain elevators 
and transshipment facilities) at particular locations is 
generally of limited economic relevance because of the 
substitutability between channels of distribution from a 
pr<?duction or accumulation point to a consumption 
pomt; fur~he.rm~re, storage facilities at different points 
along a distribution channel compete with one another. 
Thus, although a moderately high concentration of facili
ties at individual inland and export terminals can be 
observed, little significance can be attributed to it. The 
concentration of country elevators in the relevant total 
marketing areas is only moderate. 18 

1SRichard Caves, op. cit., p. 120. 

Table 11. Percentage of regional terminal elevator 
capacity, by type of ownership, 1976. 

Region 

1 234 5 6 Total 

Top Five 
exporters ..... 20.0 13.0 35.1 22.1 18.6 11.4 20.7 
Other exporters 
w/export 
terminals .... . 2.9 27.5 41 7.0 45.9 16.8 

Subtotal ... . 22.9 40.5 29.1 51.3 37.4 
Multiple region 
terminal 
companies. . . 1.3 31.3 5.8 14.6 7.0 4.8 14.1 
Single region 
terminal 
companies... 75.8 28.2 17.1 56.4 61.2 37.8 48.5 

TOTAL ..... 100.0 100.0 100.0 100.0 100.0 100:0 100:0 
Source: USDA, ASeS, Approved Warehouse Lists, Jan. 1, 1977. 
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Scale Economies in Transportation, Information, scale in exporting. A Farmer's (iooperative Service study 
and Risk 

Volume shipments are less costly. Sizable scale econom
ies exist in grain transportation. Per-bushel costs are reduced 
by transporting grain in large quantities whether the mode is 
rail, barge, or ocean vessel. The advent of multi-car rates and 
unit trains has allowed exporters to take advantage of the 
scale economies in rail transportation. Evidence of scale 
economies in ocean freight can be demonstrated byexamin
ing the number and average tonnage of ships booked to 
carry grain to Rotterdam from the Gulf and East Coast be
tween 1975 and 1977. The Gulf and Rotterdam ports can 
accommodate large shi ps with deep drafts. Many of the East 
Coast ports cannot. Thus, if scale economies in ocean freight 
costs are significant, more ships should be booked to carry 
grain to Rotterdam from the Gulf than from the East Coast. 
Furthermore, the ships originating from the Gulf should 
carry greater tonnages than the ships from the East Coast. 
Only 70 ships with an average tonnage of a I ittle over 40,000 
long tons were booked on an F.LO. basis (free in and out) 
from the East Coast, while 332 ships with an average ton
nage of approximately 57,000 long tons were booked from 
the Gulf. This indicates that grain exporters take advantage 
of scale economies in transportation costs. 

Access to market information is vital. Another area in 
which scale economies exist is in market information sys
tems. Richard Caves argues that scale economies in infor
mation systems are largely responsible for the low number of 
very large grain exporting firms, resembling an oligoply, in 
the industry.1g The information network required to main
tain a successful exporting firm keeps the exporter current 
with the subtle changes in grain and transportation markets 
around the world. Maintaining such a network involves a 
large fixed cost. Branch offices and agents of any exporting 
firm operating on a large scale must be staffed wherever the 
firm hopes to do business. Smaller firms cannot support such 
an extensive network. 

Scale economies of this sort are empirically difficult to 
substantiate. However, some indirect evidence that export
ing firms take advantage of scale economies in information 
is available. The fact that a number of regional grain cooper
atives have joined together to form the Farmer's Export Co. 
demonstrates that cooperatives recognize the economies of 

19Richard Caves, op. cit., pp. 120 121. 

urges cooperatives to improve their exporting capability by 
establishing agents and offices in areas where they hope to 
gain customers.10 It urges cooperatives to emulate the mar
ket information systems of the large grain export companies. 
Risk is inherent in grain exporting. Scale economies also 
exist in financial risk management of grain export sales, 
which are made in large units. Each sale involves large sums 
of money. It is easy for an exporter to lose money on a sale if 
the market price for a particular grain changes adversely 
between the time when a sale is made and the delivery time. 
Consequently, they use futures markets in risk management 
through hedging, but such markets can be used to com
pound risks as well as to reduce risks. The failure of Cook 
Industries as a grain exporter indicates how a firm can fail 
through improper risk management. 

Firms t~at rely upon exporting grain as their primary 
source of Income must have a large financial base that can 
absorb losses in the event of default by the importer. The 
limited ability to take large financial risks and absorb possi
ble losses places the small firm at a competitive disadvan
tage. Hence, the grain export industry will likely continue to 
consist of a small number of large, financially secure firms. 

Evidence of Productive Efficiency 

The above analysis of load and scale fadors in the u.s. 
grain export industry suggests that the industry is produc
tively efficient.11 The turnover rate at each port suggests that 
the use of export facilities depends on a facility'S level of 
efficiency and the demand for exports originating from each 
port. 

. The market organization of the industry also reflects 
SIzable returns to scale in grain exporting. These scale 
economIes are found in elevator operation, grain transporta
tion, market information systems, and financial risk man
agement. They are prime reasons for the small number of 
large firms in the grain export industry. 

. 20U.S. qepartment C?f Agriculture, Improving the Export Capabil
Ity of Cram Cooperatives, op. cit. 

21Th is evidence, however, has not been subject to an analysis 
that would compare the industry'S productive performance with 
specific efficiency standards. 
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