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It is generally recognized that the theory of industrial location has
evolved along two major themes. One of these major themes is the cen
tral place theory as developed by Christaller and Losch with its various
modern mathematical adaptations. In general this theoretical approach
holds the supply side of the locational calculus constant while focusing
primarily on transportation cost and the spatial distribution of demand.
It's generally agreed that this theoretical approach most usefully de
scribes the location patterns of the retail trade and service industries
whose actual locational considerations closely resemble the assumptions
of the central place model.

The other major theoretical approach is the least cost theory which
holds demand constant and focuses on spatial variations in cost. It is
widely recognized that this theory can usefully describe the location of
manufacturing firms, where location is often significantly affected by
spatial variation in the prices of a small number of strategic inputs. Eco
nomists have relied heavily on the least cost framework in empirical
studies of manufacturing location. For examples see [7, Ch. 17 and 18].
This is probably due to (1) the importance of the supply side to manu
facturing location and (2) the failure to develop adequate empirical de
mand models. There have been many empirical applications of the least
cost framework to industries where the transportation cost of assembling
inputs and distributing outputs is the dominant location factor. Wheat
flour milling is a good example of such an industry.

Wheat flour milling is not a labor intensive industry and the labor skills
that are required are ubiquitous. Thus labor costs are not an important
location factor to the industry. The industry is not a large consumer of
energy and therefore not oriented to cheap energy locations. Other op
erating costs such as interest and taxes likewise have little locational
significance. The location pattern of the wheat flour milling industry
can best be understood by examining spatial variations in the transporta
tion cost of assembling the major raw material (wheat) and the cost of
distributing the output (flour) to markets. Other works that have
stressed the importance of transportation costs to the location of this
industry include [1, pp. 78, 344-49; 2, pp. 71-72; 3; 5; and 6].
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Historical Perspective

Throughout the twentieth century, up until the late 1950's, transporta
tion cost considerations clearly favored a "raw materials" orientation for
the wheat flour milling industry. The production process itself is weight
losing in nature requiring 1.33 tons of wheat to make 1 ton of flour. The
hy-products of the production process referred to as millfeed are sold in
cattle and chicken feed markets. Since millfeed decays quickly, flour
miUs that are located close to large livestock populations are able to ob
tain additional revenues from the sale of millfeed. Mills located in large
wheat producing areas have this advantage while those located near the
more urbanized eastern parts of the country do not.

The transit rate system provided to the wheat flour milling industry
by the railroads also favored the flour mills located in the midwestem
wheat belt. The fabrication in transit privilege had the effect of equal
izing total transport costs for locations between the major wheat sources
and the eastern markets. However, a flour mill transporting wheat from
the west could obtain the transit rate only by selling flour to markets
east of its location. This had the effect of reducing the size of the market
area the farther east the firm located. Thus mills located in the midwest

wheat belt were able to sell over a much greater market area and obtain
greater economies of scale, though this locational advantage was partly
offset by greater population density in the east.

During the first half of this century, the wheat flour milling industry
came to be heavily concentrated in the major wheat producing areas of
the country, particularly, Kansas, Missouri, and Minnesota in the mid
west and Washington and Oregon in the spatially segregated far west
market.

The Wheat-Flour Transport Rate Differential

Prior to the late 1950's, railroads charged identical rates on wheat and
flour for similar movements. This was due in part to the desire of the
western railroads to attract the industry to western locations and in part
to protecting the interests of mills located in either the east or the west.
However, in the late 1950's the parity of wheat and flour transport rates
was abandoned. Transport rates on wheat were substantially reduced be
low those of flour. This response by railroads was triggered by substan
tial competition for wheat traffic from trucks and water carriers.

The Motor Carrier Act of 1935 provided that truck movements of farm
commodities would be exempt from rate regulation. The exemption did
not apply to grain products such as flour. The full impact of this de
velopment was not immediately felt by the railroads. With the develop
ment of larger trucks coupled with the substantial improvements in the
highway system, the costs of truck transport were substantially reduced.

The opening of the St. Lawrence Seaway in 1959 made it possible to
export grain directly from Great Lakes ports, thus bypassing east coast
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ports. Faced with this competition for transport of wheat, the railroads
substantially lowered wheat rates in order to maintain the volume of
their shipments to east coast ports.
The general improvement of inland waterways had the effect of mak

ing barge transport of grain competitive with rail transport. Again the
response of railroads was to substantially lower the transport rate on
wheat relative to flour.

The specific reactions of the railroads to this competition for the trans
port of wheat includes the famous "Big John" rates enacted by the
Southern Railroad. These rates went into effect on May 11, 1963, and
applied from St. Louis, Memphis, Evansville, Indiana, Louisville, and
Cincinnati, to 37 destinations in the southeast [5, p. 110]. The rates
were generally 60% lower than flour rates for comparable movements
[5, p. 112].

On December 2, 1963, the Soo Line Railroad in connection wdth the
Pennsylvania Railroad enacted a unit train wheat tariff from Duluth-
Superior and Minneapolis to Buffalo, New York via Chicago [5, p. 131].
The unit train wheat tariff was about 45% of the flour rate for the same
movement [5, p. 132].

In June, 1965, the three major northern transcontinental railroads
placed into effect transport rates on export wheat that were nearly 50%
lower than previously identical wheat and flour rates [5, p. 147]. This
was done to compete wdth Canadian railroads for the developing export
market in Japan and the Philippines.

In August, 1965, the Southern Railroad enacted a unit train export
wheat rate from Louisville to Charleston, South Carohna that was sub
stantially lower than the flour rate for a comparable movement [5, p.
134].

Reductions in wheat export rates from Kansas-Oklahoma origins to
Gulf of Mexico ports began in 1957 and have been reduced several times
since then. Reductions in wheat export rates in the northwest began in
1958. The railroads enacted substantially lower wheat export rates from
northern Idaho, Washington, and Oregon to coastal ports in Washington
and Oregon [5, p. 108].
The theoretical locational impact of the sharply lower wheat transport

rates on the flour milling industry is clear. In terms of simple Weberian
location theory, the locational pull of the market is substantially in
creased relative to the raw material locations. In the domestic market,
flour miUs would tend to locate close to large population centers. In the
export market, the sharply lower wheat rates would stimulate the con
struction of foreign flour mills and reduce U.S. exports of wheat flour.

Empirical Analysis

Table I contains a representative sample of wheat and flour rates from
major centers in the wheat producing areas of the country to a sample
of major domestic population centers. The rates are current rates (May,
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1977) and tariff references are available on request. In all cases, the
wheat rate is substantially below the flour rate for the same movement.
As stated above, prior to 1957 the rail rates for wheat and flour were

identical for comparable movements. Since the production process is
weight losing, location favored the wheat producing areas. However, the
relative locational pulls of the raw material sources and the markets
changed substantially with the reduction in the wheat rate relative to
flour. In Table II, the relative locational pulls of the market and the raw
materials sources are calculated using the wheat and flour rates of
Table I.

To compute the relative locational pulls, ideal weights are calculated
for the markets and the raw materials sources. The ideal weight for a
raw materials source (wheat) is calculated by multiplying the number
of tons of input required per ton of output times the transport rate per
ton of input (wheat). The ideal weight for the market is simply one ton
of output (flour) times the transport rate for flour. The relative loca
tional pulls are calculated on the basis of four tons of wheat required
to make 3 tons of flour.

An examination of Table II indicates that, in almost every case, the
market ideal weight exceeds that of the material source. Thus, we should
expect the location of the industry to shift toward the market.

One method of assessing the actual locational impact of the wheat-flour
rate differential is an intertemporal comparison of the coefficient of lo-

Table I

Wheat-Flour Transport Rate Differential Comparison
(0/cwt)

Origin to Destination

Kansas City to:
Chicago
Cleveland

Philadelphia
Detroit

New Orleans

Birmingham
Atlanta

Miami

Houston

Minneapolis to:
Chicago
Detroit

Philadelphia
New York

Wheat Rate

27.61

113.5

163.0

101.5

35.61

56.5

63.8

86.6

57.5

32.51
66.02

94.03

113.5^

Flour Rate

Wheat Rate/
Flour Rate

iBarge rates — 1100 ton minimum charge.
sCleveland, Ohio rate — approximately same distance as Detroit.
sMartins Creek, Pa. rate — Philadelphia suburb.
^Clifton, N.J. rate — New York suburb.
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Table II

Relative Locational Pull—Markets vs. Raw Material Sources

Wheat Source:

Kansas City

Kansas City -—

Markets:

Kansas City

Wheat Source:

Minneapolis
Minneapolis -

Markets:

Minneapolis

Chicago
Cleveland

Philadelphia
Detroit

New Orleans

Birmingham
Atlanta

Miami

Houston

Chicago
Cleveland

Philadelphia
Detroit

New Orleans

Birmingham
Atlanta

Miami

Houston

Chicago
Detroit

Philadelphia
New York

Chicago
Detroit

Philadelphia
New York

(1)
Weight
(tons)

(2)
Transport Cost
Per Ton-Mile

(0)

(3)

(1) X (2) X 100
Ideal Weight

calization. This measure is designed to compare the geographic distribu
tion of production in an industry to its markets. The coefficient is calcu
lated in the following manner:

(1) Compute the percentage distribution of industry production by
region.

(2) Compute the percentage distribution of population by region.
(3) Subtract (2) from (1)

(4) Sum the difference obtained in (3) and divide by 100.
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The coefficient can assume values between 0 and 1. The closer the
coefficient is to 0 the greater the market orientation of the industry. In
1963 the coefficient of localization for the wheat flour milling industry
(SIC code 20411) was .32. By 1975, the coefficient had decreased to
.30 indicating that the industry had become more market oriented. Data
was obtained from [10, 11, and 12].

Another method of assessing the actual locational impact of the wheat-
flour rate differential is through a regional shift analysis. This analysis
involves the following steps:

(1) Compute the production growth (decline) rate of the national
industry over the analysis period.

(2) For each region, compute the production it would have had at
the end of the analysis period had the regional industry grown
(declined) at the same rate as the national industry.

(3) For each region, subtract (2) from the actual production at the
end of the analysis period.

If a region has a positive number in (3) it means that the industry has
shifted into the region. Negative numbers indicate the industry has
shifted out of the region. A shift analysis was performed for the wheat
flour milling industry for the period 1963-1974. Data was obtained from
[11]. The analysis clearly revealed a relative locational shift toward the
market. The Middle Atlantic states. South Atlantic states, and Califor
nia all experienced large positive numbers in the shift analysis. On the
other hand the wheat belt states of Kansas, Oklahoma, and Texas in the
midwest and Oregon and Washington on the west coast experienced nega
tive numbers in the shift analysis. The only exception to the trend to
ward market location was Minnesota.

Still another way of analyzing the actual locational impact of the
wheat-flour transport rate differential is to examine regional changes in
wheat flour milling capacity. Table III indicates the net change in the
number of wheat flour mills, the net change in total regional flour milling
capacity, and the net change in average capacity per wheat flour mill.
The changes were computed for all Census regions for the period 1965-
1975. Data was obtained from [8 and 9].

The data in Table III show a national trend toward a smaller number

of larger mills. National production has been on a declining trend during
the period so the data are consistent with theoretical expectations. That
is, central place theory tells us that a dechne in demand should lead to a
smaller number of firms selhng over larger market areas. Also, the wide
spread adoption of the Airslide railroad car during the period contributed
to greater economies of scale in the wheat flour milling industry. The
Airshde car substantially reduces the cost of handling and transporting
flour. However, it requires substantial investment in rapid loading equip
ment.

The regional total net capacity changes clearly demonstrate a shift of
the industry away from the major wheat producing areas and toward
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Table III

Regional Changes in Wheat Flour Mill Location and Capacity*
1965-1975

Net Net Average
Region Mill Change Capacity Change Capacity Change

Middle Atlantic —24 15481 1021

South Atlantic —43 10228 791
East North Central —20 —690 1464

East South Central —27 589 828

West North Central —17 —17605 1352

West South Central —8 —12710 1389

Mountain —7 19563 1584

Pacific —2 3495 709

♦Capacity is measured in cwt/day.

major concentrations of population. The Middle and South Atlantic
regions both had large net capacity increases while the West North Cen
tral and West South Central had large net capacity decreases. On the
west coast, the net capacity increase of the Pacific region is the result of
net capacity declines in the wheat producing states of Washington and
Oregon and a large net capacity increase in California.

There were a few notable exceptions to the trend toward market orien
tation. Minnesota experienced a large net capacity increase as did the
Salt Lake City-Ogden area in Utah.

All of the above analysis clearly indicates that the location of the
wheat flour milling industry is shifting toward domestic market centers.
But also, given the large wheat-flour export rate differential, we would
expect foreign mill construction to be stimulated and U.S. wheat flour
exports reduced. Table IV shows the trend of U.S. wheat flour exports
1960-1975. Data was obtained from [4 and 11].

The data in Table IV clearly indicate a continual decline over the en
tire period of both exports and exports as a percentage of production.
Although aU this export dechne can't be attributed to the wheat-flour
export rate differential, it almost certainly made a significant contribu
tion.

Conclusion

The major conclusion of this paper is that substantial reduction of the
wheat transport rate relative to flour has shifted the location of the in
dustry toward the market. The impetus to this change came from the
increased intermodal competition for the transport of wheat relative to
flour. This situation seems likely to continue for the foreseeable future.

In the Airshde rail car, the railroads have the technology that permits
low cost bulk shipments of flour. However in the absence of increased
competition for the transport of flour there is little reason to expect
these economies to result in lower flour rates. Exemption of truck ship-
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Table IV

U.S. Exports — Wheat Flour
(000 cwt)

Exports

43082

43311

47178

44443

42278

30317

33091

21057

28074

26286

26002

20556

20599

16018

14201

11917

Exports/Production

16.9%
16.6%
18.0%
16.8%
15.9%
12.1%
13.1%
8.6%
11.0%
10.3%
10.3%
8.2%
8.2%
6.4%
5.9%
4.8%

merits of grain products from rate regulation would result in increased
competition. However, such exemption does not appear to be imminent.
Increased competition by water carriers could force down flour rates.
However water carriers do not have the technology to allow low cost
bulk shipment of flour. Therefore it seems likely that the location pat
tern of the wheat flour milling industry will become increasingly market
oriented in the future.
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