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ABSTRACT

Arizona grapefruit producers and packers face an uncertain 

market for their product. Since Arizona grapefruit production normally 

accounts for less than six percent, by value, of United States production, 

income from marketing Arizona grapefruit is quite dependent on conditions 

in other producing areas. Therefore, producers and packers of Arizona 

grapefruit are interested in establishing more stable markets for their 

product.

The purpose of this thesis is to outline areas of the United 

States and the months during which sales promotion of Arizona grapefruit 

would be beneficial.

For purposes of this study, the United States was divided into 

four supply regions and 19 market areas. The production season was 

broken into four periods.

A linear programming transportation model was used to determine 

least-cost shipment patterns within the United States for the 1964-65 

season and for each of the production periods within that season. The 

results showed substantial differences between the full season and the 

period analyses. To the knowledge of the author, no other spatial 

equilibrium study recognizes how optimum shipment patterns change as the 

production season progresses.

The results suggest that promotional activities during the months 

of March, April and May in the Eleven Western States would return the 

greatest benefits to the Arizona grapefruit industry.

xi



CHAPTER I

INTRODUCTION

Agricultural producing and marketing firms exist in a dynamic 

atmosphere of interregional competition. Decisions, and consequently 

actions, of producers and marketers affect when, where, and how much 

of a given commodity different producing areas should market. At the 

same time, changes in consumer preferences, changes in population 

size and distribution, and development of new uses for the commodity 

add more dynamic aspects to the system. Further complications become 

involved when the effects of marketing orders, standardization laws, and 

transportation regulations are considered.

Arizona grapefruit producers and packers face these problems 

and others in marketing their product. Desert grapefruit, which includes 

Arizona's production, has a characteristically thick peel and high acid 

content. Some consumers consider this product qualitatively inferior to 

grapefruit produced in Texas and Florida.

In addition, less than six percent of the total United States 

production by value for the period 1962-63 to 1964-65 was produced in 

Arizona. Consequently, income from marketing of Arizona grapefruit is 

significantly influenced by conditions in other producing areas.

Usually a larger proportion of the grapefruit produced in 

Arizona is sold on the fresh market as compared to that part of the 

crop marketed in a processed form. Over the period 1960-61 through

1
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1964-65 nearly 60 percent of the crop was sold fresh.^ A substantial 

portion of the fruit going to the processors is normally cull fruit 

which does not meet the standards required by the marketing order for 

fresh sale. Returns from fruit entering the processing market have not 

been sufficient to make this market a competitive outlet for Arizona 

produced grapefruit. Arizona grapefruit has relatively low juice 

content and, as such, is not as well suited for processing as the fruit 

from other areas.

Arizona growers are also faced with a production disadvantage 

which is not so acute in other production areas. Since Arizona is a 

desert region, water for citrus crops is a critical input. Water 

usually must be transported long distances or pumped from great depths. 

This important factor adds from $35 to $75 to water and irrigation costs 

of production, an amount not included in the production costs for nonirri- 

gated areas such as Florida.^

Because of these circumstances, those people associated with 

the Arizona grapefruit industry are interested in obtaining more secure 

markets for their product. One method of developing markets is through 

sales promotion to make the consumer aware that the product is available 

and that this particular product is suitable for the consumer's needs.

In order to conduct a successful, efficient sales campaign, it is

1. U. S. Department of Agriculture, Statistical Reporting 
Service, Citrus Fruits— By States— Production, Use, Value, U. S. 
Government Printing Office, (annual issues for years 1962-65).

2. California-Arizona Citrus League, California-Arizona Citrus 
Cost of Production for the 1964-65 Crop, June, 1966, Table 5.



necessary to know where Arizona grapefruit has a competitive advantage 

vis-a-vis grapefruit produced in other areas.

A. Objectives of the Study

The principal objectives of this study is to determine in what 

areas of the United States Arizona grapefruit has a competitive advantage 

under certain sets of specified conditions. Once these areas are 

determined, recommendations can be made as to where and at what times 

during the production season advertising of Arizona grapefruit might prove 

most effective.

A second objective of this study is to illustrate how areas of 

competitive advantage for Arizona can change when unusual production 

situations exist in other producing areas. These changes will serve to 

illustrate how flexible a sales promotion campaign must be in order to 

take advantage of any situation which might present itself.

B. General Method

Optimum shipment patterns for each producing area were derived 

by using a cost minimization technique involving a modified linear 

programming transportation model. In order to accomplish this, the 

United States was divided into 19 consuming regions supplied by four 

production areas. The study was restricted to that part of fresh 

domestic production which is consumed within the continental United

3
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C. Organization of the Study

The study is broken into six main parts. Chapter I provides 

an introduction to the study and a general background of the problems 

faced by the Arizona grapefruit industry. Chapter II gives a general 

description of grapefruit production and marketing with special emphasis 

on Arizona. Chapter III deals with the theory of interregional compe

tition and the specification of the models utilized in the study.

Chapter IV contains the results of the study, their interpretation, and 

recommendations concerning sales promotion of desert grapefruit.

Chapter V is a summary of the study and contains recommendations for 
future study. The appendix contains an analysis showing the effects on 

least-cost grapefruit distribution patterns resulting from a change in 

transportation rates.



CHAPTER II

THE GRAPEFRUIT INDUSTRY

Grapefruit has been grown in the United States for many years.

No one is certain as to the exact date the first seeds were planted. 

However, records indicate that grapefruit first arrived on the conti

nent during the mid 1800's.

Grapefruit was not grown: commercially in the United States 

until the late 1800's. Since that time grapefruit production has become 

centered in four principal areas: Florida, Texas, and the California-

Arizona Desert area produce winter grapefruit; summer grapefruit is 

produced exclusively in California.

A. Areas of Production

Florida

Grapefruit production in Florida is centered in 30 counties in 

the central section of the state. However, Indian River, Lake, Polk, 

and St. Lucie Counties account for more than half of the state's 

production.

Florida produces more grapefruit annually than the combined 

total production from all other states. During the 1964-65 season 

Florida accounted for 78 percent of total United States production.^

3. U. S. Department of Agriculture, Statistical Reporting 
Service, Citrus Fruits— By States— Production, Use, Value, U. S. 
Government Printing Office, October, 1965.

5
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Texas

Production in Texas is carried out in the lower Rio Grande 

Valley in Willacy, Cameron, and Hidalgo Counties. Although Texas 

currently produces only five percent of the nation's grapefruit, it 

has had periods of very rapid growth in production.^ For example, in 

1944-45 Texas produced as many boxes of grapefruit as Florida. However, 

the Texas producing area has a history of recurrent freezes which have 

severely reduced production from time to time. The most recent freeze 

was during the 1962-63 season when production fell to two percent of the 

previous year's production.^

Coefficients of variation were computed for both total production 

and fresh sales of Texas grapefruit for the period 1945 through 1965. 

These coefficients were very high (over 100 percent) indicating that the 

freezes cause Texas production and fresh sales to fluctuate wildly. This 

compares with a coefficient of variation of 13 percent in Florida over 

the same period.

California-Arizona Desert

The second largest grapefruit producing region by volume during 

the 1964-65 season was the California-Arizona Desert region. This area 

includes Yuma County and the Salt River Valley of Maricopa County in 

Arizona and the Coachella and Imperial Valleys of California. The

4. Ibid.

5. Ibid., October, 1964.
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Desert region produced 13 percent of the United States crop during the 

1964-65 season.^

California Summer Grapefruit

California summer grapefruit production is scattered through 

six counties in the southern part of the state. These counties contain 

some of the most populous areas within California. As a result, summer 

production is located in rather small areas which are widely separated 

from each other. As the urban population expands, citrus orchards are 

sold for housing developments, causing orchards to be established in new 

locations. California summer grapefruit accounted for three percent of 

the nation's crop during the 1964-65 season.^ California summer grape

fruit production has remained somewhat constant in volume over the past 

10 years, but has suffered a decreasing share of the nation's total 

production during this time.

The primary distinction between California summer grapefruit and 

grapefruit produced in the desert area of California is the time of year 

in which harvest occurs. Summer grapefruit is normally harvested from 

May through September. Harvesting of winter grapefruit grown in the 

Desert area begins in November and ends in June or July.

California summer grapefruit is produced at higher elevations 

than grapefruit produced in the Desert area. The difference in altitude, 

and consequently the climate in each of these areas, is responsible for 

the difference in harvest seasons.

6. Ibid., October, 1965.
7. Ibid.
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B. Trends in Production

Table 1 gives a summary of grapefruit production in the United 

States for the period 1954-55 through 1965-66. During this period, the 

Desert region and Texas have been characterized by an increasing volume 

of production. Texas production increased over 100 percent between the 

1954-55 season and the 1960-61 season. Even with this increase, Texas 

production was still below the volume produced during the 1947-48 season. 

Freezes have reduced the volume considerably since that time. However, 

the production figures for the 1962-63 through 1965-66 seasons indicate 

a strong recovery for Texas.

Historically, California summer production shows a series of 
fluctuating volumes. Production hit its high point during the 1958-59 

season. The low point was during the 1962-63 season. Even with the 

fluctuations, the volume of California summer grapefruit produced during 

the 1964-65 season was not a great deal different from the volume pro

duced during the 1954-55 season.

During the period represented by Table 1, Florida grapefruit 

production has declined. Florida production, during the 1964-65 season 

was only 80 percent as high as its production during the 1954-55 season.

United States production fell by 15 percent over the period 

represented by Table 1. The decline can be attributed to the decline 

in Florida production. However, growth in Desert production kept the 

national figure from decreasing as much as production in Florida

declined.
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TABLE 1.--Grapefruit Production: Selected Areas and United States By

Season, 1954-55 Through 1965-66.
Crop
Year Deserta

California
Summer Florida Texas

United
States

(Tons)

1954-55 137,280 21,440 1,392,000 100,000 1,650,720

1955-56 102,400 56,280 1,532,000 88,000 1,778,680

1956-57 95,680 53,600 1,496,000 112,000 1,757,320

1957-58 121,600 46,112 1,244,000 140,000 1,551,712

1958-59 80,000 63,650 1,408,000 168,000 1,719,610

1959-60 147,840 43,550 1,220,000 208,000 1,619,350

1960-61 112,800 46,912 1,264,000 272,000 1,694,912

1961-62 121,920 46,912 1,400,000 108,000 1,676,832

1962-63 107,840 43,552 1,275,000 2,800 1,329,192

1963-64 182,720 56,960 1,117,750 20,000 1,377,430

1964-65 173,760 56,960 1,355,750 80,000 1,658,775

1965-66 185,600 70,366 1,483,232 152,000 1,891,198

aCalifornia-Arizona Desert region.

Source: U. S. Department of Agriculture, Statistical Reporting Service,
Citrus Fruits--By States— Production, Use, Value, U. S. Govern
ment Printing Office, Washington, D. C. (various annual issues).
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C. Cultural Practices

An excellent summary of cultural practices for Desert citrus 

production is given in a bulletin published at The University of
OArizona. This study provides general recommendations concerning nearly 

all of the cultural practices required in the production of citrus in 

Arizona.

Of particular interest to this study is the possibility of 

storing mature grapefruit on the tree. If mature grapefruit can, in 

fact, be stored in this manner, producers and packers could benefit by 

delaying harvest until prices rise later in the season.

Tests have shown that Desert grapefruit grow very rapidly during 

the summer months and at a reduced rate during the fall. Growth is 

restricted by cold weather during the winter months. However, rapid 

growth reoccurs during the characteristic warm weather in the Desert 

region during February and March.

Hilgeman and Rodney conclude that if large sized grapefruit have 

been picked during November, and if winter temperatures are low, little 

growth will occur during the winter months. The second harvest can then 

be delayed until March. However, if the winter weather is warm and is 

accompanied by high rainfall, the second harvest should begin in February.

8. R. H. Hilgeman and D. R. Rodney, Commercial Citrus Production 
in Arizona, Agricultural Experiment Station and Cooperating Extension 
Service, University of Arizona, Tucson, Special Report No. 7, February, 
1961.
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D. Marketing Orders and Agreements

Federal marketing orders and agreements are a means whereby a 

group of producers of a particular agricultural commodity attempt to 

control the marketing of their product in hopes of a more favorable 

price. Marketing orders and agreements are issued and governed by the 

Secretary of Agriculture through authority vested in him by the Agricul

tural Marketing Agreement Act of 1937

According to Smith, the purpose of a marketing agreement is:

... to raise prices to or maintain them at parity; to protect 
consumers by authorizing no regulation designed to raise 
prices once parity levels have been reached* and to maintain 
minimum standards of quality and maturity. ®

Marketing orders and agreements regulate handling of the commodity 

in interstate and foreign commerce. In cases where the area is covered 

by a state marketing order, handling of intrastate shipments may also 

come under regulation.

The basic difference between a marketing order and a marketing 

agreement is that a marketing agreement is binding only on those 

handlers who sign it. A marketing order is binding on all handlers of 

the specified commodity within the area covered by the order.

A marketing order is issued for a commodity if two-thirds of the 

producers (by number or volume of production) within the area involved

9. U. S. Department of Agriculture, Agricultural Marketing 
Service, ABC's of Federal Marketing Orders and Agreements for Fruits and 
Vegetables, U. S. Government Printing Office, June, 1962, p. 4.

10. S. Smith, "Current Status of Marketing Agreements for Fruits 
and Vegetables," Journal of Farm Economics, 31, pt. 2; 1237-43, November, 
1949.
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approve the order. In cases where the Secretary of Agriculture feels 

that the provisions of the Agricultural Marketing Agreement Act can be 

carried out without an order, one-half of the handlers involved must 

approve the order in addition to approval by two-thirds of the producers. 

Failure to comply with the provisions of such an order constitutes a 

felony. Conviction of felony charges is punishable by fine or impris

onment or both.

Marketing orders applicable to fruits and vegetables may provide 

regulation in several areas. They may limit shipments by specifications 

of allowable grades, size, quality, maturity, and pack in specified 

markets for specified periods of time. Regulations for allotting sales 

by handlers are common. Most orders make provision for inspection and 

certification of the fruit. Federal marketing orders may be applied to 

almost any fruit or vegetable crop except that part of the crop which is 

canned or frozen. However, under state authority, the Florida Citrus 

Commission does regulate Florida grapefruit which enters the processing 

market.^

Marketing orders give the producers and handlers monopoly powers 

which would normally be in violation of federal antitrust legislation. 

However, the Agricultural Marketing Agreement Act shelters those served by 

a marketing order or agreement from most antitrust laws.

Once a marketing order for a commodity is in effect, the 

Secretary of Agriculture may terminate or suspend the order or any part

11. Florida Citrus Commission, State of Florida Citrus Fruit 
Laws, Lakeland, 1965, p. 20.
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of it if he finds that the order obstructs or fails to effectuate the 
declared policy of the Agricultural Marketing Agreement Act of 1937.

This act also provides that when the price of the commodity exceeds 

parity, all regulation under the order is suspended; further marketing 

is then carried out without benefit of the order. If the producers 

effected by the marketing order determine that the order no longer 

fits their needs, they can cancel the order when two-thirds of the 

producers (by number or volume of production) vote to do so.

Nearly all of the production areas of grapefruit have enacted 

some type of marketing order. In no instance does a marketing agree

ment exist without an accompanying marketing order. Florida, Texas, 

and the California-Arizona Desert region are currently operating under 

federal marketing orders. These orders are administered by the Florida 

Administrative Committee, the Texas Valley Citrus Committee, and the 

Desert Grapefruit Administrative Committee, respectively. These 

committees are responsible for seeing that the provisions of the 

marketing orders are carried out.

In addition, three of these areas have state regulations 

affecting shipment of fresh grapefruit. The Texas Standardization Act 

provides for inspection of the fruit which has been readied for shipment. 

This act is administered by the Texas Department of Agriculture. Since 

the federal marketing order in Texas makes provisions for inspection, 
the Texas Valley Citrus Committee has adopted the same inspection 

standards as the state. The state, which is a more powerful policing 

agency, handles all enforcement of this provision.
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In Florida, the Florida Citrus Commission administers the citrus 

regulations imposed by the state. Many of these regulations overlap 

those of the federal marketing orders, as well as providing for signif

icantly more extensive regulation than does the federal marketing order.

California summer grapefruit production, as well as that part of 

Desert production grown in California, is subject to regulation by the 

state marketing order. This order is operated in much the same manner 

as the federal orders in other areas. The primary difference is that 

the California order is an agreement between the California producers 

and the State Secretary of Agriculture. Federal orders are agreements 

between the producers in the area under the order and the Secretary of 

Agriculture of the United States.

A study by the National Commission on Food Marketing provides

a summary of the regulations under the various federal marketing orders
19pertaining to grapefruit. These regulations can be summarized as 

follows: grade, size, maturity, and quality regulations are character

istic of the federal orders for the Desert region and for Texas. The 

state order in California also contains these regulations. Rate of flow 

regulations (usually on a weekly basis) are contained in the Florida, 

Texas, and the Desert orders. The federal order for Texas and the 

California state order regulate the pack and the type of container which 
may be used. All of the federal orders make provision for inspection 
and certification. Research provisions are made in all orders except

12. National Commission on Food Marketing, Organization and 
Competition in the Fruit and Vegetable Industry, U. S. Government Printing 
Office, Technical Study No. 4, p. 288, June, 1966.
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those covering Florida shipments. However, extensive research is

conducted by the Florida Citrus Commission under provisions of regulations
13of the state of Florida. In California the federal order provides only 

for marketing research, while the state order also provides for research 

in production and packing. The California order is the only one which 

makes provision for promotion and advertising. None of the marketing 

orders for grapefruit regulate surplus or define what constitutes unfair 

trade practices.

E. Market Forms of Grapefruit

Fresh Grapefruit

Most people regard grapefruit as a breakfast fruit to be served 

as an appetizer and a source of Vitamin C. Even so, grapefruit and 

grapefruit products appear on the market in several different forms.

There are several differences in fresh grapefruit, both in 

physical characteristics and in the type of packaging. Once opened, 

people can easily distinguish between seeded and seedless grapefruit.

The difference between pink and white grapefruit is also easily perceived. 

The area in which the fruit is grown can be a basis for selection by 

some consumers. Differences in two varieties of grapefruit of the same 

type are not easily distinguished by the average consumer.

Fresh grapefruit is usually packaged in two types of containers 

for commercial sale. The more common package is the fiberboard box. 

Grapefruit is placed in these containers in a definite pattern to assure

13. Florida Citrus Commission, ojd. cit., p. 20.
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proper air circulation and to minimize damage during shipment. The 

other type of package is the master carton. Grapefruit is packed into 

plastic film bags or fiber bags before being packed into the master 

carton. The bag (five or eight pounds) is a convenience item which 

allows the consumer to take home a family-sized package with a minimum 

of handling difficulties. The bag also gives the packer an additional 

opportunity to identify his product to the consuming public.

Processed Grapefruit

Grapefruit is also sold in many processed forms. The most common 

of these forms are canned grapefruit juice and canned grapefruit sections. 

Grapefruit is also used quite extensively in the soft drink industry as 

a flavoring agent.

A great deal of research is now underway with the specific 

objective of finding new uses for grapefruit and to discover new grape

fruit products.̂  Some experimentation and consumer testing has been 

done with frozen grapefruit sections which are dispensed in a small 

vacuum package from vending machines. Other experiments involve making 

grapefruit juice into crystals which will reconstitute into grapefruit 

juice when water is added. These crystals might also be used as a new 

flavoring agent in the preparation of other foods. The cattle feeding 

industry has recently been conducting experiments using citrus pulp in 

rations. These experiments have been somewhat successful in that the

14. Florida Citrus Commission, 1964-65 Annual Report, Lakeland,
1966.
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animals on a ration containing citrus pulp seemed to be in generally 

better health than those not on such a ration. Naturally, better health 

meant better gains.^

Experiments are also underway to determine if grapefruit has any 

uses as a medicine. It has been known for many years that the eating 

of fresh grapefruit or other citrus prevents scurvy. This is due to 

the Vitamin C found in these fruits. Citrus flavoring has also been 

used in patent medicines to make them more appealing to the taste of 

the user.

Distribution Between Fresh and Processed Markets

Tables 2 and 3 give an indication of how grapefruit has been 

utilized over the period 1954-55 through 1965-66. It will be noted 

that if the percentage of grapefruit sold fresh from any producing area 

during a given season is added to the comparable percentage of grape

fruit sold in a processed form, that the sum will not equal 100 percent. 

The remainder is fruit that was consumed in other uses, such as con

sumption on the farm and losses of fruit which did not meet the stand

ards for marketing.

The distribution of California-Arizona Desert production between 

the fresh and processed markets shows that the percentage of production 

going to the processed market has steadily declined between the 1954-55 

and 1958-59 seasons. Since that time, an increasing portion of the crop 15

15. Battelle Memorial Institute, Markets for Selected Citrus 
By-Products a Technical Economic Evaluation, Florida Citrus Commission, 
Lakeland, October, 1964.
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TABLE 2.--Fresh Grapefruit Sales: Percent of Total Production Sold
Fresh, Selected Production Areas and United States, By Season, 
1954-55 Through 1965-66.______________________________________

Year

Producing Area

Desert3
California

Summer Florida Texas
United
States

(Percent)

1954-55 63.3 68.7 54.6 73.6 56.8

1955-56 65.1 65.6 50.9 73.9 53.5

1956-57 64.5 67.2 48.6 58.8 51.1

1957-58 73.6 78.5 46.8 71.5 52.0

1958-59 77.7 68.4 46.8 70.6 51.6

1959-60 63.8 74.2 52.6 74.6 57.0
1960-61 58.8 75.0 49.8 80.1 56.1

1961-62 58.4 69.3 50.9 85.0 53.9

1962-63 47.7 68.0 46.4 64.3 47.3

1963-64 63.9 67.1 55.3 86.0 57.6

1964-65 57.8 70.0 49.1 90.8 52.9

1965-66 58.4 65.9 42.7 79.2 48.0

aCalifornia-Arizona Desert region.

Source: U. S. Department of Agriculture, Statistical Reporting Service,
Citrus Fruits— By States— Production, Use, Value, U. S. Gov
ernment Printing Office, Washington, D. C. (various annual 
issues).
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TABLE 3.--Processed Grapefruit Sales: Percent of Total Production Sold

Processed, Selected Production Areas and United States, By 
Season, 1954-55 Through 1965-66.____________ ______________

Year

Producing Area

Desert3
California

Summer Florida Texas
United
States

(Percent)

1954-55 36.0 30.3 45.0 24.0 42.6

1955-56 34.3 33.4 48.7 22.7 45.9

1956-57 34.8 31.8 50.9 38.6 48.7

1957-58 25.8 20.3 52.7 26.3 47.3

1958-59 21.4 30.7 52.7 27.6 48.0

1959-60 35.0 24.6 46.9 23.9 42.3

1960-61 39.7 24.6 49.7 18.8 43.2

1961-62 40.9 29.6 48.0 13.2 46.0

1962-63 51.5 30.8 53.2 0.0 52.3

1963-64 35.0 32.0 44.0 5.0 41.7

1964-65 40.9 28.9 50.3 6.6 46.5

1965-66 41.1 33.3 56.8 18.9 51.3

California-Arizona Desert region.

Source: U. S. Department of Agriculture, Statistical Reporting Service,
Citrus Fruits— By States--Production, Use, Value, U. S. Gov
ernment Printing Office, Washington, D. C. (various annual 
issues).
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has found its way into the processed market. The percentage of the crop 

going to uses other than the fresh or processed markets has generally 

increased over the entire period. During the 1954-55 season, .07 percent 

was used in uses other than for fresh or processed sale. During the 

1964-65 season, .13 percent of the crop went to other uses. Even so, 

the primary outlet for Desert grapefruit has been the fresh market.

Over two-thirds of the California summer grapefruit crop was 

sold on the fresh market during the seasons represented in Table 2. 

California is the only area which supplies grapefruit during the summer 

months. Since the fresh market usually brings higher returns than the 

processed market, the large percentage sold fresh is a situation to be 
expected.

Texas marketed a larger portion of its fruit on the fresh 

market than any other producing area except during the 1956-57 and the 

1962-63 seasons. The 1962-63 season was a most unusual one for Texas 

because of the severe freeze. During the 1962-63 season Texas marketed 

no grapefruit at all on the processed market, but a large percentage of 

the crop was consumed in other uses. However, production in Texas during 

that season was so small that the actual volume consumed in other uses 

was considerably smaller than during any other season.

Florida marketed about half of its production on the fresh 

market and half on the processed market over the entire period covered 

by Tables 2 and 3. Since Florida produces considerably more grapefruit 

than any other area, it is the principal supplier for both the fresh and 

processed grapefruit markets in the United States.
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F . Transportation

Railroads

The Interstate Commerce Commission has had discretionary powers 

over the rates railroads could charge for conveyance of most commodities, 

including grapefruit, since passage of the Mann-Elkins Act in 1910.

Under provisions of the Transportation Act of 1920, the Commission 

could authorize rates which would provide a "fair return" on the prop

erty and equipment owned by the railroads. This stipulation came under 

the "Rule of Rate Making" of this act. In essence, the Act allowed for 

the Interstate Commerce Commission to prescribe minimum rates on commod

ities moving in interstate commerce. The Act also gave the Commission 

power to prescribe intrastate rates when necessary to remove discrim

ination against interstate rates.

The Emergency Transportation Act of 1933 amended the Rule of 

Rate Making under the 1920 Act. Rates, under the 1933 Act were to be 

set at the lowest cost consistent with furnishing the service, but high 

enough to allow the railroads to continue providing the service.

Several amendments to the original Act of 1920 have been made 

since 1933. Many of these amendments have been to give further clarifi

cation to the "Rule of Rate Making" as amended in 1933.

All of this legislation has provided the Interstate Commerce 

Commission with powers to closely supervise rate making by railroads. 

Railroads must file proposed rate changes with the Commission and may 

not charge new rates until approval has been given by the Commission. 

This legislation has been thought to be necessary as a substitute for



competition in an industry which provides its best service under 

monopolistic conditions.

Railroads are somewhat inflexible in the service they can 

provide. Rate regulation by the Interstate Commerce Commission prevents 

flexibility in this area. The Commission also must approve new types of 

service and new roadbed right of way in order to prevent destructive 

competition among railroads.

Use of railroads can result in some extra expenses for the 

shipper. Customers of the railroad must provide a siding at their 

plant or find some means of moving their product to the nearest railhead 

for loading. Many times, even though customers of the railroad have 

their own siding facilities, railroads are unable to furnish the number 

of cars desired at the time they are needed.

Various delays along the line cost shippers time and, therefore, 

money. Delays occur when trains are being made up prior to departure 

and broken up upon arrival at their destinations. This factor makes it 

nearly impossible to get rapid service over short distances. Cars are 

sometimes delayed during transit due to confusion of orders and subsequent 

temporary loss of the cars. Perishable commodities, such as grapefruit, 

tend to lose quality or spoil during these delays, thereby imposing costs 

through loss to the shipper.

Motor Carriers

Grapefruit is often shipped by truck on long interstate hauls 

as well as on short hauls. There are several reasons for this.

22
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Upon passage of the Motor Carrier Act of 1935, the Interstate 

Commerce Commission became empowered to regulate motor carriers providing 

services in interstate commerce. The Commission had the same rate-making 

powers over such motor carriers as over railroads, with one exception. 

Motor vehicles used to carry livestock, fish, agricultural commodities, 

or horticultural products, excluding any manufactured products thereof, 

are exempt from rate regulation by the Interstate Commerce Commission.̂

Because of this lack of regulation, trucking firms engaged in 

hauling grapefruit offer a rather unique type of service. Many trucking 

firms who regularly haul fresh grapefruit are small, consisting of three 
to four trucks and a small office. Relative to the railroads, these 

firms have low overhead to maintain. They are allowed to set their 

rates in accordance with what the traffic will bear at any particular 

time. Due to this feature, these trucking firms are in direct price 

competition with one another.

Large trucking companies often haul fresh grapefruit on a 

backhaul basis, charging only enough to cover the variable costs of 

operating the truck. They depend on higher value loads to cover their 

fixed costs and to return a profit to management. This feature makes 

this type of trucking very price competitive, both with other types of 

trucking firms and with railroads.

Nevertheless, all of these trucking firms are subject to some 

type of regulation. The Interstate Commerce Commission enforces standards 16

16. D. Phillip Locklin, Economics of Transportation, 5th ed., 
Homeward, Illinois: Richard D. Irwin, Inc., 1960, p. 668.
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concerning both truck and driver safety for vehicles operating in 

interstate commerce. All states maintain regulations governing speed 

limits; weight, height, and length of the vehicle; safety standards; 

and driver qualification. A few states regulate the entry of fresh 

fruits and vegetables to prevent migration of harmful insects and plant 

diseases. The United States Department of Agriculture can prevent 

shipments of fruit which might be injurious if used for human consumption.

Trucking firms provide a very flexible service in the shipment 

of fresh grapefruit. Loads can be picked up and delivered to virtually 

any point. Many times, arrangements can be made for delivery of parts 

of the load to several destinations along the route. Of course, this 
service is provided at a higher rate than if the whole load were being 

shipped to one destination. Loads can be sent out at any time of day to 

any destination without delay, such as is incurred while railroads make 

up trains. Trucks can be obtained upon very short notice in order to 

handle unexpected orders, thus allowing the shipper to make sales he might 

not have otherwise made.

Since a substantial portion of the grapefruit shipped by truck 

from the Desert area is hauled on a backhaul basis, the rates are depend

ent upon a number of factors. The foremost factor is the length of haul. 

As distance increases, costs increase, and rates per hundredweight tend 
to go up. Difficulty in reaching the destination also affects the rates. 

If the route is mountainous and snow covered, difficulty in getting loads 

over these routes cause rates to increase. Volume of fruit shipped also 

affects rates. In large markets, many trucking firms compete to supply



25
the market and thus force rates down. On the shipping end of the line, 

if an individual shipper can provide a trucking company with a dozen or 

more loads per week, rates tend to be lower than if only an occasional 

load is provided. Availability of other commodities for truck transpor

tation also affects truck rates. During the early summer months when 

deciduous fruits in California and Colorado are being harvested, trucks 

are often unavailable for grapefruit shipments. Deciduous fruits enjoy 

higher value than grapefruit and can attract trucking firms away from 

loads of grapefruit.

Since grapefruit is frequently hauled on a backhaul basis, ship

ments by truck to most destinations can be made at rates which are 

below those charged by railroads. This applies to long distance hauls, 

as well as to short hauls.

G. Distribution of Desert Grapefruit Shipments

Desert grapefruit is shipped to most states within the United 

States and to many foreign countries as well.

Tables 4 and 5 show the market distribution of fresh Desert 

grapefruit for the seasons 1954-55 through 1965-66. During this period, 

shipments to the Eleven Western States declined relative to shipments 

to other states. Since 1961-62 export shipments also declined relatively. 

However, the volume of shipments to the Eleven Western States and to 

export actually increased over the period encompassed by the 1960-61 

through 1964-65 seasons. Shipments to nonwestern states have increased 

not only because of increased Desert production, but also because
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TABLE 4.— Fresh Desert Grapefruit Shipments: Percent of Total Desert

Fresh Grapefruit Production Shipped to Selected Areas; Seasons 
1954-55 Through 1965-66.___________________________ ___________

Area

Season
Eleven Western 

States3
Other
States Export**

1954-55 89.6

(Percent)

4.5 5.9

1955-56 79.8 13.4 6.8

1956-57 76.1 14.9 9.0

1957-58 63.2 24.9 11.9

1958-59 85.5 8.8 5.7

1959-60 59.6 28.4 12.0

1960-61 72.6 9.5 17.0

1961-62 70.9 8.8 20.3

1962-63 67.3 16.0 16.7

1963-64 51.2 35.7 13.1

1964-65 52.4 34.6 13.0

1965-66 55.2 31.9 12.9

^States include Arizona, California, Colorado, Idaho, Utah, 
Montana, Nevada, New Mexico, Oregon, Washington, and Wyoming.

^Includes Alaska, Canada, and Hawaii.

Source: Grapefruit Administrative Committee, Desert Grapefruit Industry,
(various annual issues).
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TABLE 5.--Fresh Desert Grapefruit 

1954-55 Through 1965-66.
Shipments to Selected Areas; Seasons

Area

Season
Eleven Western 

States3
Other
States Export*1

(Tons)

1954-55 77,861 3,910 5,127

1955-56 53,196 8,933 4,533

1956-57 46,964 9,195 5,554

1957-58 56,563 22,285 10,650

1958-59 53,147 5,470 3,543

1959-60 56,216 26,787 11,319

1960-61 47,811 6,256 11,196

1961-62 50,482 6,266 14,454

1962-63 34,619 8,230 8,590

1963-64 59,780 41,683 15,295

1964-65 52,627 34,750 13,056

1965-66 59,831 34,576 13,982

aStates include Arizona, California, Colorado, Idaho, Utah, 
Montana, Nevada, New Mexico, Oregon, Washington, and Wyoming.

^Includes Alaska, Canada, and Hawaii.

Source: Derived from Tables 1, 2, and 4.
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production for the fresh market in Florida declined during the period 

and Texas production was severely curtailed by a freeze during the 1962-63 

season. Texas production has not yet fully recovered from the effects 

of that freeze.

H. Promotion Programs for Desert Grapefruit

The Arizona Grapefruit Program Committee does not, at the 

present time, carry out any industry-wide sales promotion campaigns.

The last industry-wide sales promotion campaign by this group was carried 

out in conjunction with the California Grapefruit Advisory Board during 

the 1961-62 season. Advertising was undertaken during the six-month 

period between December 1 and May 31. The program contained point-of- 

purchase advertising and advertising directed at wholesalers and dealers. 

The promotion effort was concentrated primarily in the West Coast States. 

At the close of this venture, the Arizona Grapefruit Program Committee 

decided that production in Arizona was not sufficient to support further 

sales promotion campaigns.

The California Grapefruit Advisory Board has continued the sales 

promotion program on fruit grown in the Coachella Valley of California. 

Production in that area is increasing quite rapidly and is able to 

support the program. This program concentrates on the west coast market 

and features point-of-purchase material, trade luncheons, feature dis

plays, and contests.^  These efforts appear to have been successful in 17

17. Desert Grapefruit Administrative Committee, Desert 
Grapefruit Industry, Annual Report, Season of 1964-65, Phoenix, p. 3.



establishing demand for Coachella Valley grapefruit in the west 

coast markets.

Packing firms within the Desert area engage in sales promotion 

programs in order to secure consumer familiarity with their product.

The efforts of the Sunkist Cooperative are the most notable. Through 

intensive sales promotion campaigns concerning all types of citrus, this 

organization has been able to build a superior quality image for the 

Sunkist label. Because of consumer familiarity with Sunkist as a brand, 

fruit bearing this label normally sells at a premium over other fruit 

produced in the Desert area.

Even though there are no area promotion campaigns for Desert 

grapefruit, sales promotion does play a very important part in the Desert 

grapefruit industry.
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I. Summary

Grapefruit is grown in widely separated areas in the United 

States. Each area competes with the others in a perpetual attempt to 

secure larger markets and better prices for their fruit.

Competition among these areas, in order to satisfy consumer 

demands, leads to the development of new and different forms in which 

to market grapefruit. The primary market forms of grapefruit at the 
present time are fresh grapefruit, canned juice and sections, and 

various soft drinks flavored with grapefruit juice and oils.

In most instances, production areas of grapefruit are widely

separated from large population centers where most of the grapefruit is
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consumed. Railroads served as the primary means of moving fresh grape

fruit between supply and demand areas for many years despite the rather 

rigorous regulation imposed upon them by the Federal Government. With 

the advent of motor carriers, railroads began to lose their position of 

dominance as the mode of transportation for many agricultural commodities, 

including fresh grapefruit. In transporting grapefruit, motor carriers 

have an advantage over railroads because they are subject to no rate 

regulation by the Interstate Commerce Commission, and because this mode 

of transportation provides a more flexible service than do railroads.

Producers have adopted marketing orders and agreements under the 
Agricultural Marketing Agreement Act of 1937. This action has been taken 

in an attempt to control the quality and quantity of fresh grapefruit 

shipped in interstate competition. This action was taken with the hope 

that a more standard product of higher quality would command higher 

prices in the consumer market. By restricting the supply of grapefruit 

through shipment quotas, some production areas hope to create an arti

ficial scarcity of grapefruit, thus forcing higher prices for fresh 

grapefruit.

Sales promotion within the Desert area has been another method 

used for this area to secure a larger portion of the fresh grapefruit 

market. At the present time, the only industry program in the Desert 

area is carried out by the California Advisory Board for grapefruit 

grown in the Coachella Valley of California. Advertising efforts of 

this group are pointed at both distributors and consumers. Individual 

packing organizations within the area advertise their own brands of



grapefruit to the consumers. All of these programs have been somewhat 

successful in gaining a larger share of the consumer market for Desert 

grapefruit.

In recent years, the Desert area has begun to market a larger 

portion of its fresh grapefruit on the midwestern and eastern markets. 

Increased production in the Desert area, coupled with declines in pro

duction in Florida and Texas, has produced this effect. The Desert area 

is also sending a larger portion of its fruit to the processors.

These facts about the grapefruit industry in general and the 

California-Arizona Desert grapefruit industry in particular set the 
stage for the analysis contained in the next three chapters.
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CHAPTER III

FORMULATION OF THE MODEL

The development of the theoretical framework for the general 

spatial equilibrium model is the result of ideas advanced by many 

prominent economists. Interest in the problems of spatial equilibrium 

can be traced almost to the origin of economic thought itself. Early 

theories concerning the processes by which geographically separated 

markets reached an equilibrium were somewhat conjectural ini nature. The 

number of possible ways a market, involving even a small number of geo
graphically separated supply and demand areas, could reach an equilibrium 

was nearly beyond comprehension of these early workers.

A. Previous Models

Determination of the most efficient method of allocating a pro

duct, originating in several producing areas, among various demand 

points, was impractical until the development of linear programming and 

the advent of electronic computers. With these new tools, researchers 

were able to simulate market situations in an effort to determine how 

products get distributed among various markets. These techniques have 

also allowed some testing of theories concerning the behavior of spatially 

separated markets.

Samuelson is credited as being one of the leading figures in the 

development of the theoretical framework of the "transportation problem"

32
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as it is known today. He was one of the first to illustrate the mathe

matical formulation of the transportation model and to demonstrate how it 

could be converted to a maximizing problem. Samuelson proposed to maxi

mize the somewhat elusive sum of consumer, plus producer surpluses in 

spatially separated markets. By this procedure, Samuelson was able to 

show that the same optimum was reached by his maximizing model as could 

be reached by the so-called Koopmans-Hitchcock minimum-transportation 

problem, and that both maximized social welfare.

Once this breakthrough was made, many researchers began to apply 

linear programming techniques to problems of interregional competition.
19involving agricultural commodities. Studies made by Dennis and Sammet,

20 21 22 Greig, , Henry and Bishop, Hutchings and Davis, and Snodgrass and 18 19 20 21 22

18

18. Paul A. Samuelson, "Spatial Price Equilibrium and Linear 
Programming," American Economic Review, 42:283-303, June, 1952.

19. C. C. Dennis and L. L. Sammet, "Interregional Competition
in the Frozen Strawberry Industry," Hilgardia, 31: No. 15, December, 1961.

20. W. Smith Greig, Locational Effects of New Technologies in 
Fruit and Vegetable Processing, Agricultural Economics Report Number 6, 
Michigan State University, East Lansing, May, 1965.

21. William R. Henry and Charles E. Bishop, North Carolina 
Broilers in Interregional Competition, North Carolina State College, 
Raleigh, February, 1957.

22. H. M. Hutchings and G. B. Davis, An Economic Analysis of 
Interregional Competition in the Frozen Pea Industry, Technical Bulletin 
72, Agricultural Experiment Station, Oregon State University, Corvallis, 
November, 1963.
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23French are but a few of the more recent studies using the theories and 

methods set forth by Samuelson.

The transportation problem is a special case of the broad class 

of linear programming problems, and has certain features allowing for a 

short cut solution. Details concerning solution of this problem receive 

excellent coverage elsewhere, and will not be discussed in this study.̂

B . Specification of the Model

A spatial equilibrium model such as the one used in this study 

requires estimates of supply for each supply region, estimates of the 

quantity demanded for each consuming region, and estimates of transpor

tation costs which would be incurred in moving fresh grapefruit from each 

supply region to each consuming region. The present study is unique in 

that an analysis for several production periods within a growing season, 

1964-65, was made. This was done in order to demonstrate how optimum 

distribution of a commodity can change during one production season. To 

the knowledge of the author, no other study of this type has recognized 

fluctuations in supply and demand and the resulting changes in least- 

cost shipment patterns as the production season progresses. 23 24

23. Milton Snodgrass and Charles E. French, Linear Programming 
Approach to the Study of Interregional Competition in Dairying, S.B. 637, 
Agricultural Experiment Station, Purdue University, Lafayette, May, 1958.

24. R. Dorfman, P. A. Samuelson, and R. M. Solow, Linear Pro
gramming and Economic Analysis, McGraw-Hill Book Company, Inc., New York, 
1958; Earl 0. Heady and Wilfred Candler, Linear Programming Methods,
Iowa State College Press, Ames, 1958.
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Supply Areas

The supply areas used in this model conform whenever possible 

to the states in which production of fresh grapefruit is carried out. 

Grapefruit is produced in the Desert region common to both California 

and Arizona. In this model Phoenix, Arizona, is considered to be the 

source of Desert grapefruit. Belleview, Florida; McAllen, Texas; and 

San Fernando, California, are the other supply points used in the model.

Demand Areas

The United States was divided into 19 demand regions, as indicated 

in Figure 1. The states contained in each demand region are presented 

in Table 6. Each of the supply regions was considered as a distinct 

demand region.

Each of the Eleven Western States were used as separate demand 

regions whenever possible, primarily because these were thought to contain 

the primary markets for Desert grapefruit. However, due to limitations 

of computer size, some combination of states in this area was required 

and eight demand regions were established. States having small popu

lations were combined into single demand regions. This grouping was made 

on the basis of the distance of each state from all supply areas.

Grouping in this manner tends to minimize transportation rate differences 

between points within the demand area from any given supply area.
The rest of the United States was divided into 11 demand regions. 

Again, the criterion for combination of states into demand regions was 

the minimization of differences between transportation costs from the 

various supply areas to different points within the demand area;



figure I, Grapefruit Dero
and Regions Specif led

£or the
-Transportation Model.
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TABLE 6.— Demand Regions and Centers in the United States Used in the

Transportation Model.
Demand Region Demand Center

1. Washington Spokane

2. Oregon and Idaho Portland

3. California Fresno

4. Nevada and Utah Salt Lake City

5. Arizona Phoenix
6. Montana and Wyoming Casper

7. Colorado Denver
8. New Mexico Albuquerque

9. North Dakota, South Dakota, and Minnesota Minneapolis

10. Nebraska, Kansas, Iowa and Missouri Kansas City
11. Oklahoma, Arkansas, and Louisiana Little Rock

12. Texas Dallas

13. Wisconsin and Illinois Chicago
14. Michigan, Indiana, and Ohio Detroit
15. Kentucky, Tennessee, West Virginia,

Virginia, Maryland, and North Carolina Knoxville
16. Mississippi, Alabama, Georgia, and 

South Carolina Birmingham
17. Florida Miami
18., Pennsylvania, New York, New Jersey, and 

Delaware New York

19. Connecticut, Rhode Island, Massachusetts, 
Vermont, New Hampshire, and Maine Boston
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Production Periods

Table 7 shows the monthly distribution of shipments of fresh 

grapefruit from the various regions in which grapefruit is produced. Due 

to the seasonal nature of fresh grapefrui production, the production 

season was broken into four separate periods. Period 1 represents the 

months of August through October. During this period the California 

summer grapefruit season is just drawing to a close. The harvesting of 

winter grapefruit in Florida and Texas normally begins during this period. 

There is usually little or no production of grapefruit in the Desert 

region during period 1.

Period 2 includes the months of November through February.

During this period Florida and Texas reach their peak production period 

of the season. Production in the Desert usually is well underway by 

the end of this period.

Period 3 represents the months March through May. During this 

time production in the Desert reaches its peak. Production in Florida 

and Texas characteristically declines during this period, with Texas 

production ending near the close of the period. Harvest of California - 

summer grapefruit usually gets underway during May.

June and July make up period 4. Florida and the Desert usually 

bring their season to a close during these months. Period 4 also rep
resents the peak production period for California summer grapefruit.

Supply Estimates

Table 8 shows the supply estimates used in this study. The 

supply estimates used in this model were based on several sources of



39

TABLE 7.— Percentage of Fresh Grapefruit Shipments By Month and Period,
By Production Regions, 1964-65 Season.

Month
Desert
Region

California
Summer Florida Texas

(Percent)

Period 1
August —  — 41.10 .02 -  —

September —  — 3.81 .48 -  —

October —  — —  — 11.27 6.27
Subtotal — 44.91 11.77 6.27

Period 2
November 3.90 —  — 12.29 16.20
December 5.59 —  — 10.27 22.86
January 10.00 —  — 14.93 27.64
February 8.43 —  — 13.65 16.80
Subtotal 27.92 —  — 51.14 83.50

Period 3
March 13.11 .01 17.54 9.40
April 13.65 .01 13.62 .83
May 19.10 2.25 5.50 —  —

Subtotal 45.86 2.27 36.66 10.23
Period 4
June 20.16 16.87 .39 -  -

July 6.06 35.95 .04 —  —

Subtotal 26.22 52.82 .43 —

Grand Total 100.00 100.00 100.00 100.00

Sources: Desert Grapefruit Administrative Committee, Desert Grapefruit
Industry, 1964-65 Season.

Unpublished data received from Sunkist Growers, Inc.

U. S. Department of Agriculture, Consumer and Marketing 
Service, Fresh Fruit and Vegetable Shipments By Commodities, 
States, Months, U. S. Government Printing Office, June, 1966.
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information. Estimates of fresh grapefruit production in each producing 

region for the 1964-65 season were taken from U. S. Department of Agricul

ture publications. J Other data sources provide estimates of supply in 

the various production areas, but this single source was used to insure 

consistency of the data.

TABLE 8.— Supply Estimates Used in the Transportation Model.
Producing
Region

Period
la

Period
2a

Period
3a

Period
4a Total

(Hundredweight)

California-Arizona 
Desert - - 362,200 954,400 494,400 1,811,000

California Summer 282,600 - - 13,800 333,000 629,400

Texas 81,900 1,085,500 132,600 - - 1,299,800

Florida 1,405,700 6,099,500 4,360,300 47,600 11,913,300

Total 1,770,200 7,547,200 5,461,100 875,000 15,653,500

^Period 1 includes August through October; Period 2 includes 
November through February; Period 3 includes March through May; Period 4 
includes June and July.

The study is concerned only with the marketing of fresh grapefruit 

in the continental United States. For this reason, fresh grapefruit 

produced in the United States for export (including shipments to Alaska 

and Hawaii) were deducted from estimates of production for fresh 25

25. U. S. Department of Agriculture, Statistical Reporting 
Service, Citrus Fruits--By States— Production, Use, Value, U. S. Gov
ernment Printing Office, October, 1965.



41

consumption. Export data were taken from the monthly reports of the 

Bureau of the C e n s u s . T h e s e  data were available only as fresh grape

fruit exported from the United States. Exports were distributed among 

the supply areas according to the contribution each production region 

made to total fresh production.

Fresh grapefruit imports into the United States were not included 

as part of the supply estimates. This was done because imports are very 

small relative to domestic production, and because the purpose of the 

model was to generate least-cost shipment patterns for domestically 

produced fresh grapefruit.

Supply estimates by producing region for the various production 

periods are based on the total production estimates outlined above.

Since production estimates for each of the four production periods were 

not available, these had to be constructed. This was done by applying 

the percentage of total certified fresh grapefruit shipments, shipped 

in each period from each producing area, to the respective total fresh 

supply estimated for each producing region. Certified shipments reflect 

only part of fresh grapefruit production and, therefore, were not suitable 

as a basis for production estimates.

Data for fresh grapefruit shipments from Texas and Florida were
27obtained from the U. S. Department of Agriculture. Since the U. S. 26 27

26. Bureau of the Census, U. S. Exports Commodity By Country,
U. S. Department of Commerce, Bureau of the Census, Series F.T. 410, 
(various 1964 and 1965 monthly issues).

27. U. S. Department of Agriculture, Consumer Marketing Service, 
Fresh Fruit and Vegetable Shipments by Commodities, States, Month, U. S. 
Government Printing Office, May, 1966.
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Department of Agriculture reports make no distinction between California 

summer and California desert production, estimates of fresh California 

summer grapefruit shipments were obtained from unpublished data provided 

by Sunkist Growers. This organization markets approximately 75 percent 

of the California summer grapefruit crop. Therefore, their data were 

assumed to represent the characteristics of shipments from this area.

Estimates of fresh grapefruit shipments from the Desert were 

obtained from the annual report on the Desert Grapefruit Marketing 

Program.28

Demand Estimates

Table 9 shows the demand estimates used in this study. Demand 

estimates for fresh grapefruit are difficult to establish. Consumer 

surveys are costly, even on a small scale. Because the expense of such 

a survey is so great, most of these studies are limited to small geo

graphic regions. Projections from these studies to regions not included 

in the survey are thought to be faulty and not to be trusted.

Functional analysis is a second method used for making demand
29estimates. Procedures for this method are discussed by Foote and 

30Waugh. This method utilizes statistical methods of analysis in order

28. Desert Grapefruit Administrative Committee, et. al.,
Desert Grapefruit Industry, Phoenix, Season of 1964-65.

29. Richard J. Foote, Analytical Tools for Studying Demand 
and Price Structures, Agricultural Handbook No. 146, U. S. Department 
of Agriculture, Agricultural Marketing Service, August, 1958.

30. Frederick V. Waugh, Demand and Price Analysis, Technical 
Bulletin No. 1316, U. S. Department of Agriculture, Economic Research 
Service, November, 1964.
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TABLE 9.— Demand Estimates Used in the Transportation Model.
Consuming Period Period Period Period
Region^ i* 2a 3a 4a Total

(Hundredweight)

1 27,700 118,100 85,500 13,700 245,000
2 24,000 102,300 74,000 11,800 212,100
3 168,800 719,500 520,600 83,400 1,492,300
4 13,000 55,400 40,100 6,400 114,900
5 14,500 61,700 44,600 7,100 127,900
6 9,700 41,300 29,900 4,800 85,800
7 18,100 77,100 55,800 8,900 160,000
8 9,400 40,300 29,200 4,700 83,600
9 45,500 194,100 140,500 22,500 402,600
10 102,000 435,100 314,800 50,400 902,400
11 73,600 313,900 227,100 36,400 651,000
12 97,000 413,600 299,300 48,000 857,800
13 136,800 583,300 422,100 67,600 1,209,900
14 216,100 921,300 666,600 106,800 1,910,800
15 200,200 853,600 617,600 99,000 1,770,400
16 117,100 499,200 361,200 57,900 1,305,300
17 52,800 224,900 162,700 26,100 466,500
18 341,000 1,453,800 1,052,000 168,600 3,015,300
19 102,900 438,700 317,500 50,900 909,900

Total 1,770,200 7,547,200 5,461,100 875,000 15,653,500
aPeriod 1 includes August through October; Period 2 includes

November through February; Period 3 includes March through May; Period 4
includes June and July.

bSee Page 37 for the list of states in each region.
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to determine price-quantity relationships. Once these relationships 

are established, multiple regression techniques can be used to predict 

the value of the independent variable, given the values of the exogenous 

variables and certain assumptions about the model.

This type of analysis was not used in this study because it is 
so complex and would require a separate study. In addition, estimates of 

the quantity demanded must be known in order to determine the relation

ships between the endogenous and exogenous variables.

Another method of estimating consumer demand for fresh grape

fruit in any particular area is to multiply estimates of per capita 

consumption by the population of the area under consideration. Per

capita consumption estimates are derived by dividing total United States
31consumption by the United States population.

A similar method of estimating consumer demand for any given 

region is to distribute total supply among the regions on the basis of 

the percentage of total population found in these areas. This method 

also assumes per capita consumption to be equal throughout the United 

States. Since total supply in this model is net of exports and imports, 

this method provides estimates which are net of demand for imported 

fresh grapefruit.

Demand estimates were made by both of the latter two methods. 

outlined above. F tests and T tests were applied to these estimates.

It was found that estimates derived by these methods were not significantly

31. U. S. Department of Agriculture, Economic Research Service,
U. S. Food Consumption, U. S. Government Printing Office, June, 1965.
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different. Since the latter method best suited the purposes of the model, 

it was chosen as the method of regional demand estimation for this study.

Demand estimates for each production period during the production 

season presented another problem. A study recently completed in Florida 

shows that consumption of fresh grapefruit in the United States fluctuates
ooduring the year. This study demonstrates that consumption of fresh 

grapefruit is greatest during the months of February and March. The low 

point in consumption comes during the months of August and September.

The fluctuations in consumption shown in the Florida study follow 

the fluctuations in total United States production during any one season. 

When statistical methods (F and T tests) were used to test the difference 

between the distribution shown by the Florida study and the fluctuation 

in United States production during the 1964-65 season, it was found that 

there was no significant difference between the two distributions. Since 

there was no significant difference between the Florida study and the 

distribution of supply among the various production periods, total demand 

was distributed among the production periods on the basis of the supply 

distribution.

Total demand during any given production period was distributed 

among the consuming regions on the basis of the population distribution, 
as previously outlined.

The net effect of these demand estimation techniques is that 

total supply for the crop year equals total demand. In addition, supply

32. W. E. Black and L. Mobley, Seasonal Variation of Consumer 
Purchases of Citrus and Selected Competitive Products, Florida Citrus 
Commission, Lakeland, May, 1965.



during any of the four production periods is equal to total demand for 

that same period.

Transportation Costs

Transportation rates between each supply area and the various 

demand areas were needed in order to determine the least-cost shipment 

patterns for fresh grapefruit.

Rail rates for fresh grapefruit shipments were established 

through enumeration of the railroads which serve the four production 

areas. These rates are governed by the Interstate Commerce Commission 

and were, in all cases, readily available. The rail rates used in this 

study are in dollars per hundred pounds and include refrigeration charges. 

The rates are based on carload lots of between 36,000 and 40,000 pounds 

of fresh grapefruit. In a few cases, this size car was not used for 

shipments of grapefruit. In those cases, the rates are based on 20,000- 

pound carloads. Railroad rates used in this study are shown in Table 10.

The original plan was to establish least-cost shipment patterns 

for shipments by truck as well as by rail. Trucking companies serving 

each production area were sampled. However, extreme difficulty in 

obtaining rates by truck was encountered. This was due to the fact that 

fresh grapefruit rates by truck are exempt from federal regulation, and 

because a large portion of the grapefruit shipped by truck is hauled on 

a backhaul basis. Many trucking firms were reluctant to give rate 

information for fear that if this information were published, competing 

trucking companies would offer the same or lower rates, thereby attracting 

business away from these firms. The secondary reason was that rates vary

46
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TABLE 10. --Railroad Rates for 
Production Centers

Shipments of Fresh Grapefruit a from Selected

To From
Market San Fernando, Phoenix, McAllen, Belleview,
Area*1 California Arizona Texas Florida

(Dollars per Hundredweight)

1 1.24 1.56 2.40 2.66
2 1.08 1.39 2.39 2:65
3 .74 1.10 2.38 2.63
4 1.01 1.25 2.37 2.60
5 1.11 .oic 2.37 2.59
6 1.63 1.85 2.06 2.62
7 1.46 1.46 1.27 2.57
8 1.15 1.54 1.17 2.59
9 2.18 2.18 1.40 2.08
10 1.86 1.86 1.12 1.96
11 2.18 2.18 .99 1.84
12 1.66 1.65 .80 1.96
13 2.38 2.38 1.34 1.85
14 2.42 2.42 1.72 1.83
15 2.46 2.46 1.28 .74
16 2.42 2.46 1.14 .78
17 2.72 2.72 1.58 .65
18 2.46 2.46 2.24 1.71
19 2.48 2.50 2.26 1.82

aRates include refrigeration charges.

^See Page 37 for the list of states in each area.

cPhoenix is the demand point for demand area 5. Therefore, .01 
is a dummy rate used to cause the model to ship Desert grapefruit into 
Arizona.

Source: Rate information was secured from railroads serving the various
producing areas.
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with the volume of business a packer could give any one trucking firm. 

Rates also vary throughout the year, depending upon the availability of 

higher value products for shipment. Due to these variations, most firms 

were quite hesitant to quote rates which would be representative of the 

entire season or any part of it.

In spite of the reluctance on the part of trucking firms to 

quote rates, some rates were obtained. When people closely connected 

with the fresh grapefruit industry were contacted, it was found that 

these rates did not reflect their opinion of the truck rate situation. 

Therefore, this part of the analysis was abandoned.

C. Method of Analysis

The development of the optimum shipment patterns in this study

was carried out through the use of a.modified linear programming trans-
33portation model based on similar models used by Henry and Bishop, and 

Snodgrass and French."^ The model can be expressed quite simply in 

algebraic form as follows:

The objective is to minimize the objective function

TC = SST..A..
ij y ^

33. Henry and Bishop, 0£. cit.

34. Snodgrass and French, op. cit.
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subject to these restraints

X.i

Yiv°
sx.
i 1 = SYj

where
Xj_ = quantity of fresh grapefruit available in the ith 

production region, (i = 3, 5, 12, 17)

= quantity of fresh grapefruit required in the jth 
demand region, (j = 1, 2, """, 19)

Tjj = unit cost of transporting fresh grapefruit from ith 
production region to jth demand region.

A.. = quantity of fresh grapefruit transported from ith 
production region to the jth demand region.

TC = total transportation costs.

D. Assumptions and Limitations of the Model

Use of models of this type requires that several simplifying 
assumptions be made concerning the market situation which is to be 

analyzed. The following assumptions are required or implied in the 

model used in this study.

Quantities of fresh grapefruit which are offered and taken are 

assumed fixed and, therefore, inelastic to changes in price. Inelasticity 

of supply presents no major difficulties in a full season model since 

production during any given season cannot be altered in response to 

changes in price.
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Due to the possibility of on-tree storage, the supply of fresh 

grapefruit in any one of the production periods may be influenced by the 

price on the market, indicating some price elasticity of supply. However, 

decisions on when to harvest are also based upon past experience and the 

physical characteristics of the fruit. These factors tend to make the 

supply of fresh grapefruit price inelastic. In the Desert, grapefruit 

is normally held on the tree in anticipation of higher prices during periods 

3 and 4. Grapefruit sold during period 2 is fruit which cannot be held 

due to quality deterioration. Therefore, while it is conceded that 

supply is not perfectly price inelastic, the assumption of perfect price 

inelasticity of supply does not enter an unacceptable amount of bias into 

the analysis.
35A study recently completed at The University of Arizona shows 

that for a 10-percent increase in the quantity of per capita production 

of non-Arizona grapefruit, Arizona F . 0. B. packinghouse price per 64- 

pound box decreased by five percent. This gives a price flexibility 

of -.5 and would seem to indicate a price elasticity of -2. However, 

this is a cross elasticity since it measures the price response of 

Arizona grapefruit to changes in the per capita production of non-Arizona 

grapefruit.

A separate analysis was done for this study in an attempt to 

determine the price elasticity of demand for fresh grapefruit. When the 

price of fresh grapefruit was considered as a function of per capita

35. William Hunt, A Statistical Analysis of Arizona Grapefruit 
Prices, unpublished M.S. thesis. Department of Agricultural Economics, 
University of Arizona, Tucson, 1966.
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consumption and per capita disposable income, the price flexibility of 

fresh grapefruit was found to be -.65, indicating a price elasticity 

of -1.54. The adjusted coefficient of determination was .77, and the 

independent variables were both significant at the five-percent level. 

However, when per capita consumption was considered as a function of 

price and per capita disposable income, the price elasticity of demand 

was found to be -.44, indicating a price flexibility of -2.27. The 

adjusted coefficient of determination was again .77, but only price was 

significant at the five-percent level.
This analysis indicates that price flexibilities obtained from 

multiple regression models, where price is the dependent variable, 

cannot always be trusted to indicate price elasticity even though theory 

tells us that price elasticity is the reciprocal of price flexibility. 

Only under special conditions will the empirical results conform with 

the theoretical relationships.^^

Changes in the price of grapefruit occurring simultaneously with 

changes in the quantity produced indicate price inelasticity of demand 

for fresh grapefruit. The 1962-63 season is an example of this. The 

quantity of fresh grapefruit produced that year was considerably less 

than the quantity produced during the previous season because of freezes 

in Texas and Florida. However, prices increased substantially during the 

1962-63 season.

Therefore, as in the case of price elasticity of supply, it is 

conceded that the price elasticity of demand is not perfectly inelastic.

36. James P. Houck, "A Look at Flexibilities and Elasticities," 
Journal of Farm Economics, 48:225-232, May, 1966.



However, it is contended that the demand for fresh grapefruit is price 

inelastic and that the assumption of perfect inelasticity does not enter 

an undue amount of bias into the study.

Third, it is assumed that grapefruit from different producing 

regions is essentially a homogenous product, even though it is recognized 

that there are differences between grapefruit produced in different areas. 

This simplifying assumption is necessary because the model used is not 

equipped to handle nonhomogenous products.

Fourth, it is assumed that the rate of adjustments of the grape

fruit industry to changes in external market conditions is the same in 

all regions.

Fifth, it is assumed that effects of changes in the prices of 

competing products affect all areas in the same manner. The fourth - 

and fifth assumptions are important because the use of this model to 
predict which areas are best for promotion of Desert grapefruit would 

be unsuccessful if production and consumption levels failed to change 

in proportion to their base levels, and in the same direction.

Per capita consumption is assumed the same in all consuming 

regions during any production period. It is recognized that per capita 

disposable income varies from area to area throughout the United States. 

However, it is assumed that the level of per capita income does not 

influence the per capita consumption of fresh grapefruit. The regression 

analysis mentioned earlier supports this assumption. When the equation 

with per capita consumption as the dependent variable and price and per 

capita disposable income as the independent variables was fitted by the
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least squares technique, the coefficient for per capita disposable income 

was not significantly different from zero. It is also assumed that 

there are no differences in changes in per capita consumption between 

areas from period to period throughout the production season.
Since railroad rates for shipments are controlled by the Interstate 

Commerce Commission, they do not vary to any appreciable extent during any 

given production season. Therefore, it is assumed that transportation 

rates remain constant throughout the entire season.

It is also assumed that transportation rates for each hundred 

pounds of fresh grapefruit shipped from a particular production region 

are constant. Since it is a well-known fact that less than carload lots 

move at a higher rate per hundred pounds than carload shipments, this 

assumption may be interpreted as meaning that for purposes of this model, 

all shipments of fresh grapefruit are made in carload lots.

Dispersing and receiving points for shipments of fresh grape

fruit are assumed to be centrally located within the respective producing 

and consuming regions.

The characteristics of a purely competitive marketing system are 
assumed throughout the analysis. Included in this assumption is the 

premise that producers, packers, handlers and distributors of fresh 

grapefruit are rationally oriented toward a goal of profit maximization.



CHAPTER IV

OPTIMUM GRAPEFRUIT SHIPMENT PATTERNS

The model, as outlined, was applied to five problem situations.

A full season analysis was run for the 1964-65 production season. The 

production season was then divided into four production periods.

Period 1 included August, September, and October of 1964; Period 2 

included November and December of 1964, and January and February of 1965; 

Period 3 included March, April, and May of 1965; and Period IV included 

June and July of 1965. An analysis was run for each of the four periods. 

Comparisons were made between the results of the period analyses, and 

between the full season analysis and the period analyses.

A. Full Season Analysis, 1964-65

The optimum shipping pattern for the 1964-65 season is illustrated 

in Figure 2. This figure shows optimum shipment patterns if all the fresh 

grapefruit produced during the 1964-65 season were available for shipment 

at one point in time and if demand were effective at one point in time.

Fresh grapefruit produced in Florida would find its optimum markets 

in the Midwestern, Southern, and Eastern regions of the United States.

Fresh grapefruit produced in Texas would enter only those markets located 

in New Mexico, Arkansas, Oklahoma, Louisiana and Texas. Grapefruit 

produced on the Desert would be shipped to 10 of the Eleven Western States.

California summer grapefruit would be shipped only to New Mexico and 
California markets.
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It is interesting to note the shipment of California summer 

grapefruit to New Mexico. It is the contention of the author that this 

portion of the quantity of grapefruit demanded by New Mexico should be 

filled by production from the Desert. Actual shipments of Desert grape

fruit to New Mexico during 1964-65 were about 750,000 pounds. This is 

approximately 500,000 pounds more than the volume of California summer 

grapefruit shipments to New Mexico that the model indicated as optimum.

In addition, most shipments of Desert grapefruit to New Mexico are by 

truck, rather than by rail. If a model utilizing truck transportation 

rates could have been used, the results may have indicated optimum ship

ments of Desert grapefruit to New Mexico.

Furthermore, rail rates between the Desert and New Mexico are 
calculated on the basis of a 20,000-pound carload, rather than on the 

basis of a 40,000-pound carload, as was the rate between the area of 

California summer production and New Mexico. This resulted in a higher 

rate per hundred pounds of grapefruit shipped from the Desert to New 

Mexico than for grapefruit shipped from San Fernando to New Mexico. If 

the rate per carload was calculated on the same size car for shipments 

from the Desert as for shipments from California, a different situation 

might result. Desert production would find optimum markets in all of the 

Eleven Western States. California summer grapefruit would find its only 

market in California.

Table 11 shows the volume of grapefruit which would be shipped 

from each producing region to each consuming region under optimum 

conditions for the entire 1964-65 season.
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TABLE 11.--Full Season Analysis, 1964-65: Optimum Rail Shipments of
___________Fresh Grapefruit.

______________________________ From ___________________________
To California California-Arizona
Area3 Summer__________Desert_________ Texas_____ Florida______Total

(Hundredweight)

1 245,000 245,000
2 212,100 212,100
3 627,000 865,300 1,492.300
4 114,900 114,900
5 127,900 127,900
6 85,800 85,800
7 160,000 160,000
8 2,400 81,200 83,600
9 402,600 402,600
10 902,400 902,400
11 360,800 290,200 651,000
12 857,800 857,800
13 1,209,900 1,209,900
14 1,910,800 1,910,800
15 1,770,400 1,770,400
16 1,035,300 1,035,300
17 466,500 466,500
18 3,015,300 3,015,300
19 909,900 909,900

Total 629,400 1,811,000 1,299,800 11,913,300 15,653,500
aSee Page 37 for the list of states in each area.
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The quantity of fresh grapefruit demanded in the Eleven Western 

States is 16 percent of total supply. Production in California and 

on the Desert make up 15.4 percent of total supply, thus leaving only a 

small part of the quantity demanded in this area to be filled from sources 

other than production areas within the Eleven Western States.

It is also interesting to note that California is the fourth 

largest demand area within the United States, thus providing a large, 

nearby market for fresh grapefruit produced in California and Arizona.

The other large markets are located in areas in the Midwest and on the 

East Coast, all of which provide ready markets for Florida’s fresh 

grapefruit.

Table 12 shows the relative disadvantage faced by Desert grape

fruit in all demand areas. The values of the relative disadvantages are 

the shadow prices found in the solution of the linear programming problem. 

These values represent the difference between the amount the market is 

willing to pay for grapefruit shipments over a given route, under optimum 

conditions, and the cost of providing this transfer. For example, if 

the relative disadvantage for Desert grapefruit is zero in any market 

area, the cost of transporting grapefruit to that market is equal to 

what the market is willing to pay for shipments over this route, resulting 

in a competitive advantage for Desert grapefruit in that market. Ship

ments occur over routes displaying a relative disadvantage of zero in 

the optimum solution of the model. Relative disadvantages for the Desert 

are listed in Table 12 in order of increasing disadvantage.
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TABLE 12.— Full Season Analysis, 1964-65: Relative Disadvantage of

Fresh Grapefruit Produced in the California-Arizona Desert 
and Competing Regions in Selected Market Areas.___________

Market
Area3

Relative 
Disadvantage 
for Desert

Relative Disadvantage 
Competing Regions

for

California
Summer Texas Florida

(Dollars per Hundredweight)

1 .00 .04 1.18 .59
2 .00 .05 1.34 .75
3 .00 .00 1.62 1.02
4 .00 .12 1.46 .84
5 .00 1.46 2.70 2.07
6 .00 .14 .55 .26
7 .00 .36 .15 .60
8 .03 .00 .00 .57
10 .41 .77 .01 .00
12 .51 .88 .00 .31
9 .61 .97 .17 .00
11 .85 1.21 .00 .00
13 1.04 1.40 .34 .00
14 1.10 1.46 .74 .00
19 1.19 1.53 1.29 .00
18 1.26 1.62 1.38 .00
16 2.19 2.51 1.21 .00
15 2.23 2.59 1.39 .00
17 2.58 2.94 1.78 .00

aSee Page 37 for the list of states in each market area.
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Methods for hand calculation of relative disadvantages are

37available elsewhere and will not be discussed in this study.

Interpretation of Table 12 must be undertaken with some care. 

Shipments to market area 1 will serve as an example. California 

summer grapefruit has a relative disadvantage of four cents per hundred 

pounds of fresh grapefruit shipped to this market. The four-cent dis

advantage represents "opportunity returns" to be shared between buyers 

and sellers if current shipments of California summer grapefruit to 

Washington were discontinued and trading diverted to routes for which 

the relative disadvantage is zero, provided that there are no changes 

in the market other than the redistribution of shipments.

B. Analysis of Production Periods

Period 1--August Through October

Figure 3 represents the optimum shipment patterns within the 

United States for fresh grapefruit during the first three months of the 

1964-65 season. During this period Florida grapefruit would be shipped 

to all states except the Eleven Western States. California summer 

grapefruit enjoys a competitive advantage in all of the Eleven Western 

States, sharing only the Colorado market with Texas. The Desert region 

shipped no grapefruit during this period.

Table 13 shows the volume of grapefruit each producing region 

would ship to the various consuming areas under optimum conditions.

37. Richard A. King, "Fixed Production-Fixed Consumption Models," 
Interregional Competition Research Methods, ed. Richard A. King, Raleigh, 
N. C., North Carolina State Print Shop, pp. 22-23.
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TABLE 13.— Period 1 Analysis, 1964-65: Optimum Rail Shipments of Fresh
___________ Grapefruit._______________

To
Areaa

From
California

Summer
California-Arizona

Desert Texas Florida Total
(Hundredweight)

1 27,700 No supply during 27,700
2 24,000 this period 24,000
3 168,800 168,800
4 13,000 13,000
5 14,500 14,500
6 9,700 9,700
7 15,500 2,600 18,100
8 9,400 9,400
9 45,500 45,500
10 102,000 102,000
11 73,600 73,600
12 79,300 17,700 97,000
13 136,800 136,800
14 216,100 216,100
15 200,200 200,200
16 117,100 117,100
17 52,800 52,800
18 341,000 341,000
19 102,900 102,900

Total 282,600 81,900 1,405,700 1,770,200

aSee Page 37 for the list of states in each area.
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Table 14 illustrates the relative disadvantages faced by the 

producing regions in making shipments to the various consuming regions. 

Only in market area 6 does Florida provide a potential threat to the 

competitive position of California summer grapefruit. Thus, a small 

change in transportation rates or production in each area might give 

Florida a competitive advantage in this region.

Period 2— November Through February

Figure 4 gives an indication of the strong competitive position 

of Florida fresh grapefruit during this period. Optimum shipments of 

fresh Florida grapefruit reach virtually into every part of the United 

States.
Texas grapefruit is able to compete successfully in five market 

areas. This is the largest number of markets to which Texas grapefruit 

could be shipped given the amount of grapefruit produced in Texas during 

the 1964-65 season.

During Period 2, the Desert region had a competitive advantage 

only in California and Arizona markets. The reason for this is clearly 

shown in Table 15. Texas production during this period was nearly three 

times greater than Desert production. Florida production was over 17 

times larger than Desert production. Because of these facts. Desert 

grapefruit entered only two markets in the optimum solution.

The quantity of fresh grapefruit demanded in the Eleven Western 

States, during Period 2, was 16 percent of total production for that 

period. Desert production was only 4.8 percent of the total, leaving a
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TABLE 14.--Period 1 Analysis, 1964-65: Relative Disadvantage of Fresh
Grapefruit Produced in the California-Arizona Desert and 
Competing Regions in Selected Market Areas._____________

Market
Area3

Relative 
Disadvantage 
for Desert

Relative Disadvantage 
Competing Regions

for

California
Summer Texas Florida

(Dollars per Hundredweight)

1 No supply .00 1.35 .45
2 during this .00 1.53 .60
3 period .00 2.83 .92
4 .00 1.55 .62
5 .00 1.45 .51
6 .00 .62 .02
7 .00 .00 .14
8 .00 .21 .47
9 1.07 .48 .00
10 .87 .32 .00
11 1.31 .31 .00
12 .67 .00 .00
13 1.50 .65 .00
14 1.56 1.05 .00
15 2.69 1.70 .00
16 2.61 1.52 .00
17 3.04 2.09 .00
18 1.72 1.69 .00
19 1.63 1.00 .00

aSee Page 37 for the list of states in each market area.
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TABLE 15.--Period 2 Analysis, 1964-65: Optimum Rail Shipments of Fresh
Grapefruit.

______________________________ From ____________________________
To California California-Arizona

Area3_____Summer___________Desert________ Texas Florida_____Total
(Hundredweight)

1 No supply
2 during this
3 period
4
5
6
7
8 
9
10
11
12
13
14
15
16
17
18 
19

Total

300,500

61,700

77,100
40,300

240,500
313,900
413,600

362,200________ 1,085,400

118,100 118,100
102,300 102,300
419,000 719,500
55,400 55,400

61,700
41,300 41.300 

77,100
40.300

194,100 194,100
194,600 435,100

313,900
413,600

583,300 583,300
921,300 921,300
853,600 853,600
499,200 499,200
224,900 224,900

1,453,800 1,453,800
438,700 438,700

6,099,600 7,547,200

aSee Page 37 for the list of states in each area.



large portion of the demand in these states to be filled by production 

from other regions.

Table 16 illustrates the fact that Florida held a strong com

petitive advantage in all of the markets in which it could make optimum 

shipments. The relative disadvantage for fresh grapefruit produced in 

regions other than Florida were large in markets where Florida's disad

vantage was zero.

Period 3— March Through May

Figure 5 illustrates the shipment patterns for the period March 

through May. Table 17 shows the optimum volume of shipments during the 

period. Table 18 gives the relative disadvantages of each producing 

region in the various market areas.
During Period 3, shipments of Desert grapefruit were about half 

of the total volume of grapefruit shipped from the Desert during the 

1964-65 season. Shipments of fresh grapefruit from Texas fell to roughly 

one-tenth of the volume shipped during Period 2. Fresh grapefruit ship

ments from Florida were also lower in Period 3 than in Period 2. However, 

the rate of decline was not nearly so great as in Texas.

The result of these changes was that the Desert became relatively 

a much more important supplier of fresh grapefruit during Period 3 than 

during Period 2. During Period 3, Desert grapefruit shipments accounted 

for 17.5 percent of total shipments during this period as compared with 

only 4.8 percent of total shipments during Period 2.

One point became evident as the production season progressed; 

optimum market areas for any producing region change dramatically as the

67
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TABLE 16.— Period 2 Analysis, 1964-65: Relative Disadvantage of Fresh
Grapefruit Produced in the California-Arizona Desert and 
Competing Regions in Selected Market A r e a s . _________

Market
Area3

Relative 
Disadvantage 
for Desert

Relative Disadvantage 
Competing Regions

for

California
Summer Texas Florida

(Dollars per Hundredweight)

3 .00 No supply .59 .00
5 .00 during this 1.67 1.05
4 .18 period .61 .00
2 .27 .58 .00
1 .43 .58 .00
6 .76 .28 .00
7 .88 .00 .46
8 1.06 .00 .58
10 1.43 .00 .00
12 1.54 .00 .32
9 1.63 .16 .00
11 1.88 .00 .01
13 2.06 .33 .00
14 2.12 .73 .00
18 2.28 1.37 .00
19 2.52 1.28 .00
16 3.21 1.20 .00
15 3.25 1.38 .00
17 3.60 1.77 .00

aSee Page 37 for the list of states in each market area.
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TABLE 17.--Period 3 Analysis, 1964-65: Optimum Rail Shipments of
___________Fresh Grapefruit.___________________________________

AT o aArea

From
California

Summer
California-Arizona 

Desert Texas Florida Total
(Hundredweight)

i 85,500 85,500
2 74,000 74,000
3 520,600 520,600
4 40,100 40,100
5 44,600 44,600
6 29,900 29,900
7 55,800 55,800
8 13,800 15,400 29,200
9 140,500 140,500
10 314,800 314,800
11 227,100 227,100
12 88,500 132,600 78,200 299,300
13 422,100 422,100
14 666,600 666,600
15 617,600 617,600
16 361,200 361,200
17 162,700 162,700
18 1,052,000 1,052,000
19 317,500 317,500

Total 13,800 954,400 132,600 4,360,300 5,461,100
aSee Page 37 for the list of states in each area.



71
TABLE 18.— Period 3 Analysis, 1964-65: Relative Disadvantage of Fresh

Grapefruit Produced in the Galifornia-Arizona Desert and 
Competing Regions in Selected Market. Areas._____________

Market
Areaa

Relative 
Disadvantage 
for Desert

Relative Disadvantage 
Competing Regions

for

California
Summer Texas Florida

(Dollars per Hundredweight)

1 .00 .07 1.69 .79
2 .00 .08 1.85 .95
3 .00 .03 2.13 1.22
4 .00 .15 1.97 1.04
5 .00 1.49 3.21 2.27
6 .00 .17 1.06 .46
7 .00 .39 .66 .80
8 .00 .00 .48 .74
12 .00 .40 .00 .00
10 .21 .60 .32 .00
9 .41 .80 .48 .00
11 .65 1.04 .31 .00
13 .84 1.23 .65 .00
14 .90 1.29 1.05 .00
19 .99 1.36 1.60 .00
18 1.06 1.45 1.69 .00
16 1.99 2.34 1.52 .00
15 2.03 2.42 1.70 .00
17 2.38 2.77 2.09 .00

aSee Page 37 for the list of states in each market area.
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production season progresses. During Period 2, Desert grapefruit had a 

competitive advantage only in the California and Arizona markets. During 

Period 3, Desert grapefruit had a competitive advantage in markets in 

all of the Eleven Western States, and in addition, had an equal advantage 

with Texas and Florida in the Texas market.

Period 4— June and July

Figure 6 shows the least-cost distribution patterns for fresh 

grapefruit during June and July of the 1964-65 season. Summer grape

fruit production in California was at its peak during this period while 

production in the Desert was nearing the end.

Desert grapefruit was excluded from most of the markets in the 

Eleven Western States. It was during this period that Desert grapefruit 

found optimum markets in the Midwestern and Eastern states.

Table 19 shows the volume of grapefruit which would have been 

shipped over the least-cost routes. It will be noted that during this 

period, the Desert produced 56.5 percent of the total Period 4 supply. 

Only one-seventh of the Desert production could be optimally marketed 

in the Eleven Western States, all of which should have been marketed in 

Arizona.

Table 20 suggests other interesting insights concerning optimum 

shipments during this period. Figure 6 and Table 19 indicate that the 

Desert could optimally make shipments to seven market areas. However, 

Table 20 shows that Desert grapefruit had a competitive advantage in 10 

market areas, and only a slight disadvantage in two more areas.
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TABLE 19.--Period 4 Analysis, 1964-65: Optimum Rail Shipments of Fresh
___________Grapefruit. ________________________ ' ■___________ ________

From
To California California-Arizona
Area3, Summer Desert Texas Florida Total

(Hundredweight)

1 13,700 No 13,700
2 11,800 dupply 11,800
3 83,400 during 83,400
4 6,400 this 6,400
5 7,100 period 7,100
6 4,800 4,800
7 8,900 8,900
8 4,700 4,700
9 22,500 22,500
10 50,400 50,400
11 17,600 18,800 36,400
12 48,000 48,000
13 67,600 67,600
14 106,800 106,800
15 77,500 21,500 99,000
16 57,900 57,900
17 26,100 26,100
18 168,600 168,600
19 50,900 50,900

Total 333,000 494,400 47,600 875,000

aSee Page 37 for the list of states in each area.
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TABLE 20.— Period 4 Analysis, 1964-65: Relative Disadvantage of Fresh
Grapefruit Produced in the California-Arizona Desert and 
Competing Regions in Selected Market Areas._____________

Market
Area3

Relative 
Disadvantage 
for Desert

Relative Disadvantage for 
Competing Regions

California
Summer Texas Florida

(Dollars per Hundredweight)

5 .00 1.10 No 4.30
7 .00 .00 supply 2.83
9 .00 .00 during 1.62
10 .00 .00 this 1.82
11 .00 .00 period 1.38
12 .00 .01 2.03
13 .00 .00 1.19
14 .00 .01 1.13
15 .00 .00 .00
18 .00 .00 .97
19 .02 .00 1.06
16 .04 .00 .08
6 .22 .00 2.71
4 .24 .00 3.31
2 .31 .00 3.29
1 .32 .00 3.14

17 .35 .35 .00
3 .36 .00 3.61
8 .39 . .00 3.16

aSee Page 37 for the list of states in each market area.
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Shipments of fresh Desert grapefruit should be withdrawn only 

from those areas where the competitive disadvantage is very much greater 

than zero. The reason for this is that it makes no difference in the 

value of the minimized objective function if shipments are made to areas 

having a relative disadvantage of zero for Desert grapefruit, but which 

do not appear in the optimum solution, as long as shipments made to these 

areas are diverted from shipment routes designated as optimum in the 

solution of the model.

Table 20 indicates the importance of computing relative disad

vantages in a study such as this one. The number of activities which 

can enter the optimum solution of a linear programming problem is re

stricted to the number of restrictions used in the problem. Use of a 

relative disadvantage table can show the existence of alternative 

opportunities available to a producing region which are not evident in 

the optimum solution of the model.

Summary

Results from this analysis indicate several interesting points. 

First, least-cost transportation patterns changed quite extensively 

from period to period as the production seasons progressed. None of the 

distribution patterns during the various production periods were the 

same as those indicated in the solution of the model for the entire 

1964-65 season.

Secondly, the optimum volume shipped from any producing region 

to any specific market area was not the same for the annual model as 

for the sum of the volumes from the period models. Shipments from the
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Desert to the Eleven Western States serve as an example. In the model 

representing the entire 1964-65 season, the Desert should have shipped 

its entire production of 1,811,000 hundredweight to markets in the Eleven 

Western States. However, the sum of optimum shipments from the Desert 

to the Eleven Western States over all of the period models reveals that 

only 1,226,200 hundredweight could have been shipped optimally to these 

markets.

These factors point up one of the hazards in using annual models 

in determining "optimum" distribution patterns for agricultural commodities 

among several markets. Annual models implicitly assume one of two things: 

either the entire production of an agricultural commodity during any 

given year is available for shipment at one point in time, or that the 

quantities of the commodity concerned are available for shipment from 

each production center throughout the year in exactly the same ratio 

as the contribution of each producing center to total production.

These conditions might exist in cases where the commodity in 

question is storable for a period of time. However, in cases of rela

tively perishable commodities, such as fresh fruits and vegetables, these 

assumptions may enter a considerable amount of distortion into the study.

The third point of interest is the fact that the relative disad

vantage a particular production region faces in a given market, changes 

from period to period, even though constant transportation rates were used 

in this study; This factor illustrates the importance of the changing 

volume a given producing area has available to market during each period, 

relative to the volumes available for marketing from every other producing 
region.
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Railroad transportation rates have been assumed constant in this 

study, because the Interstate Commerce Commission must approve new rates 

before they can be put into effect. Normally, the Interstate Commerce 

Commission makes investigations of proposed rate changes in order to 

determine the need for such changes. This process requires a great deal 

of time so that railroad rates usually do not vary during a production 

season. However, a separate analysis of rate changes in the full season 

model is contained in the appendix in order to demonstrate the results 

of rate changes.

C. Implications

A transportation model illustrates the most efficient distribution 

pattern for a given product given a specified set of conditions. Once the 

optimum distribution pattern is established, it can be compared to the 

pattern of distribution which actually occurred in order to determine 

what discrepancies, if any, exist. Recommendations can then be made as 

to what changes need to occur so that the system will proceed toward the 

optimum.

As the system proceeds toward the optimum, both buyers and 

sellers will benefit because unnecessary transportation costs will be 

eliminated. The system is not at equilibrium because both marketers and 

consumers are not fully knowledgeable of the alternatives available in the 

market. Sales promotion is one method which can serve as a catalyst in 

starting the market toward its most efficient level. Sales promotion 

educates consumers in the attributes and uses of the product, as well as 

making them aware of the availability of the product.
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Sales promotion in those markets designated as optimum should 

increase consumer preference for Desert grapefruit over grapefruit pro

duced in other areas. As consumer demand in these optimum areas increases, 

shipments to areas exhibiting high relative disadvantages should be diverted 

to optimum markets. The result would be a saving in transportation costs 

to packers of Desert grapefruit. This saving would be reflected in 

higher returns to packers and producers.

Sales promotion of Desert grapefruit in optimum markets should be 
continued to the point where the transportation cost saving realized 

from the diversion of one unit of Desert grapefruit from a non-optimum 

market area is just equal to the marginal cost of advertising needed to 

bring about the diversion.

During the first production period of the 1964-65 season (August 

through October), no grapefruit was shipped from the Desert. Any sales 

promotion program designed to create consumer demand for Desert grape

fruit during this time would be pure folly.

Table 21 compares optimum shipments derived by the model with 

actual shipments of grapefruit from the Desert during the 1964-65 season. 

The total optimum shipments is somewhat different from the total actual 

shipments. This occurs because different sources of information were 

used as a basis for these estimates. U. S. Department of Agriculture 

publications were used for supply estimates in the model to insure con

sistency of the data. Data from the Desert Grapefruit Administrative 

Committee were used as the basis for estimates of actual shipments.
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TABLE 21.--Actual and Optimum Fresh Grapefruit Shipments From the
California-Arizona Desert, By Production Period to Selected 
Market Areas, 1964-65 Season.___________

Market
Area3

Period
Optimum

2b
Actual0

Period
Optimum

3b c
Actual

Period
Optimum

4L
Actual

(Hundredweight)

1 24,514 85,500 24,244 7,478
2 32,768 74,000 31,062 6,484
3 300,500 359,902 520,600 317,875 140,828
4 12,852 40,100 15,128 3,159
5 61,700 13,857 44,600 10,844 7,100 4,820
6 1,966 29,900 3,766 622
7 5,677 55,800 20,319 7,325
8 2,290 15,400 4,267 1,027
9 7,078 5,370 5,289
10 23,598 34,391 61,988
11 9,058 19,221 18,800 16,403
12 4,511 88,500 56,229 48,000 26,706
13 5,353 33,337 67,600 44,157
14 1,055 44,520 106,900 33,027
15 23 29,076 77,500 78,546
16 10 10,889 24,666
17 1,438 9,956
18 84,720 168,600 37,258
19 12,355 8,549

Total 362,200 504,512 954,400 759,160 494,400 518,285

aSee Page 37 for the list of states in each area.

^Period 2 includes November, December, January and February; 
Period 3 includes March, April and May; and Period 4 includes June and 
July.

^Grapefruit Administrative Committee, Desert Grapefruit Industry, 
(various annual issues).



Different techniques are used in deriving estimates of production in 

each of these publications.

It should be realized that errors in measurement and in model 

specification can contribute to the difference between actual and optimal 

shipments. The results for a given period represent averages during 

that period. Obviously, conditions change from day to day and from week 

to week so that the optimum solution for a given period may not apply to 

each day's decisions.

It must also be remembered that the model itself is based on 

railroad transportation rates, and does not include truck transportation 

rates in any form. Since a considerable amount of fresh grapefruit 

shipped within the United States is hauled by truck, some of the difference 

between actual and optimal shipment routes and volumes, as shown in this 

study, may be attributable to this source.

Even with these discrepancies, the solutions do, on the average, 

suggest possible areas in which efficiency can be improved.

During Period 2, optimum shipments of Desert grapefruit to 

California markets was not very different from the volume actually 

shipped. Therefore, a sales promotion program to increase consumer demand 

for Desert grapefruit in California during this period probably would not 

be profitable.
Shipments of Desert grapefruit to Arizona were less than one- 

fourth of the optimum volume the model predicted could have been shipped 

to this state. Promotion of Desert grapefruit in Arizona during Period

81

2 might be profitable.
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However, it is difficult to determine how profitable such a 

program might be. There is some grapefruit sold in Arizona which is 

never included in any estimates of fresh sales. This is grapefruit 

which is grown in small back yard orchards and sold through roadside 

fruit stands. This fruit is usually picked and sold through these stands 

without ever reaching the packing house. Since fresh sales estimates are 

based primarily on packing house receipts, much of this fruit is never 

accounted for in the sales estimates. Consequently, very little is 

known about how much of the quantity of grapefruit demanded in Arizona 
is filled by this type of fruit.

However, a sales promotion program in Arizona in behalf of 

Desert grapefruit would be beneficial. It is known that Florida grape

fruit is marketed in Arizona during Period 2. By increasing Arizona 

consumer preference for Desert grapefruit over Florida grapefruit, 

shipments to non-optimum markets could be diverted to Arizona.

Current shipments of Desert grapefruit are being made to areas 

where the relative disadvantage for Desert grapefruit is between one and 

two dollars per hundred pounds shipped. The savings in transportation 

costs which would result from such diversion should prove sufficient to 

make a promotion program in Arizona beneficial to Desert packers and 

producers.

Table 21 shows that actual shipments from the Desert reached a 

peak volume during Period 3. During this part of the 1964-65 season, 

shipments of Desert grapefruit were made to virtually every area of the 

United States. Yet, actual shipments to optimum market areas were in
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total only about half of what the model showed to be optimal. In 

individual cases, such as shipments to Montana and Wyoming, actual 

shipments were only about one-tenth of the volume the model showed to be 

optimal.

Promotion of Desert grapefruit in optimum market areas during 

Period 3 is a clear possibility for increasing returns to growers and 

packers, provided the cost of such a promotion program does not exceed 

the savings to the industry resulting from redistribution of shipments 

from non-optimum to optimum market areas.

Even if funds are unavailable for a promotion project in every 

optimum market area, a program in some of these areas would be worthwile.

California markets appear to present the best possibility for 

increased sales of Desert grapefruit during Period 3. Actual shipments 

of Desert grapefruit to California markets during the third period of 

the 1964-65 season were about two million pounds less than the quantity 

of shipments the model indicated to be optimum.

Markets in all of the rest of the Eleven Western States show 

similar possibilities for increasing sales through the use of a sales 

promotion program during Period 3. Actual shipments to all of these areas 

were substantially below the optimum shown by the model.

If a sales promotion program had been started in Arizona during 

Period 2, there would certainly be no reason to abandon it during 

Period 3. Shipments of Desert grapefruit to Arizona were only about 

one-fourth of the volume the model indicated as optimum during Period 3.
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Shipments of Desert grapefruit were sent to all consuming 

regions during June and July of the 1964-65 season. However, 10 of the 

market areas were optimal for Desert grapefruit and two more very nearly 

optimal.

Three market areas appear to be choice for promotion of Desert 

grapefruit during Period 4. These are market area 5 (Arizona), market 

area 14 (Michigan, Indiana and Ohio), and market area 18 (New York, 
Pennsylvania, New Jersey and Delaware). While all of these areas appear 

to present good possibilities for sales promotion, Arizona is probably 

the only market in which a promotion project would be worthwhile.

A promotion program in the New York, Pennsylvania, New Jersey, 

Delaware, Michigan, Indiana and Ohio markets would have to cover many 

cities. The possible added shipments to any one of these cities would 

probably not provide sufficient savings in transportation costs to cover 

the cost of a sales promotion program of sufficient scope to bring about 

the required increase in consumer demand.

Of the three periods in which the Desert shipped grapefruit, 

Period 3 would be the best period in which to conduct a sales promotion 

program.

Table 22 shows that prices for Desert grapefruit tend to be 
higher in the last half of the season than during the first half. 
Production in Texas and Florida decreases at a fairly rapid rate during 

the last five months of the season, leaving a certain amount of excess 

demand which, in turn, tends to raise prices for Desert grapefruit 
during this time. In addition, Desert grapefruit is at its highest

quality during the latter parts of the season.
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TABLE 22.--Desert Grapefruit Prices: Average F.O.B. Packed Prices per

Hundred Pounds By Production Period, 1960-61 Through 
1965-66 Seasons.

Period3
Season 1 2 3 4

1960-61

(Dollars per Hundredweight) 

5.02 4.38 4.76

1961-62 4.67 4.34 5.11

1962-63 - - 5.62 6.06 6.70

1963-64 5.16 5.17 7.54 8.00

1964-65 — 5.28 5.48 6.06

1965-66 — — 4.84 5.87 6.88

^Period 1 includes August, September and October; Period 2 
includes November, December, January and February; Period 3 includes 
March, April and May; and Period 4 includes June and July.

Source: U. S. Department of Agriculture, Statistical Reporting Service,
Agricultural Prices, U. S. Government Printing Office,
Washington, D. C., (various monthly issues).

Harvest of Desert grapefruit is usually delayed during Period 2.

It has been found that Desert grapefruit can be stored for a period of 

time on the tree without serious loss of quality. This factor can, and 

has, been used to the advantage of Desert grapefruit packers and 

producers. By delaying harvest, Desert producers and packers are able 

to take advantage of higher prices later in the season.

Packers derive a secondary benefit by having grapefruit production 

delayed. Desert production of oranges reaches its peak period during 

November, December and January. Oranges are somewhat more perishable 

than grapefruit, and therefore must be picked when they ripen to prevent 

deterioration in quality. Since grapefruit harvest can be delayed until
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the peak part of the orange season has passed, packers can get along 

with smaller plants than if both oranges and grapefruit were in the peak 

parts of their respective seasons at the same.time. This provides a 

considerable savings in capital equipment to the packers. Fixed costs 

are reduced through savings on depreciation and property taxes.

Management problems, and consequently costs, are reduced because smaller 

harvesting and packing house crews are required. Profits are increased 

because marketers can concentrate more intensively on getting the "best" 

possible price for both oranges and grapefruit.

A second reason that Period 3 is the best time for sales promotion 

is the fact that more grapefruit is available for shipment during this 

period than during any other period during the season. It is during 

Period 3 that the volume of actual shipments to optimum market areas 

is most different from the optimum volume the model indicated should be 

shipped to these areas. Therefore, it is during this period that the 

greatest savings in transportation costs can be made by redistributing 

shipments of Desert grapefruit to optimum market areas.



CHAPTER V

SUMMARY

The analysis of least-cost shipment patterns for fresh grape

fruit consumed in the United States has shown that the optimum patterns 

of distribution vary considerably as the production season progresses. 

When an analysis was conducted for the entire 1964-65 season, the least- 

cost distribution which resulted was entirely different from the dis

tributions resulting from analysis of four production periods within the 

1964-65 season. It was concluded that the analysis for each of the 

periods reflected more accurately the conditions existing within the 

industry than did the analysis covering the entire 1964-65 season.

The results of the period analyses indicated that some 73 percent 

of Desert grapefruit production for fresh sale could have been optimally 

marketed in the Eleven Western States during the 1964-65 season. The 

analysis also indicated that the optimum period for marketing Desert 

grapefruit in these states was during Period 3 (March, April and May).

Comparison of optimum shipments of Desert grapefruit with actual 

shipments during the 1964-65 season has shown that some rather large 

discrepancies existed. Shipments of Desert grapefruit to markets in 

Arizona were consistently below the volumes indicated by the model to be 

optimum. Similar situations occurred in the other markets in the Eleven 

Western States. Optimum shipments from the Desert to California during 

Period 2 (November, December, January and February) were an exception.
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The volume of grapefruit actually shipped to California during this 

period was slightly larger than the volume the model indicated as optimum.

Actual shipments of Desert grapefruit were made to market areas 

exhibiting rather high relative disadvantages for shipments of Desert 

grapefruit. Since relative disadvantages which are greater than zero 

represent opportunity returns foregone on shipments to non-optimum 

markets, consumers and producers of Desert grapefruit would benefit through 

transportation cost savings if shipments to non-optimum areas were diverted 

to optimum markets.
Sales promotion is one method which could bring about such a 

redistribution. However, sales promotion of Desert grapefruit in optimum 

markets should be continued only to the point where the transportation 

cost savings realized from the diversion of one unit of Desert grapefruit 

from a non-optimum market area is just equal to the marginal cost of the 

advertising needed to bring about the diversion.

On the basis of the analysis, it was concluded that promotion of 

Desert grapefruit in Arizona markets would be profitable from November to 

July. Promotion in other markets within the Eleven Western States would be 

profitable only during March, April and May.

Shipments of Desert grapefruit to market areas outside of the 
Eleven Western States were optimum only during June and July. During this 

period, Desert grapefruit had a competitive advantage in nine Midwestern 

and Eastern areas. However, it was concluded that promotion of Desert 

grapefruit in these areas would probably not result in sufficient savings 
in transportation costs to cover the cost of a promotion program of



sufficient scope to effectively divert shipments of Desert grapefruit 

from non-optimum to optimum markets.

A. Recommendations for Future Study

Some interesting areas of inquiry have arisen as a result of this 

study. These are summarized as follows:

Characteristics of Truck Transportation

A substantial portion of the fresh grapefruit produced in the 

United States is transported by truck. Since fresh grapefruit is an 

"exempt" commodity, rates charged by trucking firms are not regulated 

by the Interstate Commerce Commission. Therefore, little is known about 

the rates charged by trucking firms who haul fresh grapefruit or about 

the factors which affect these rates. Such information would have been 

very helpful in this study.

Analysis of the Effectiveness of Sales Promotion 
of Fresh Desert Grapefruit

Recommendations have been made in this study concerning areas in 

which promotion of Desert grapefruit might be profitable. However, no 

specific recommendations were made concerning the amount or kind of 

promotional activity needed. Before such recommendations can be made, 
information concerning the costs of sales promotion in the various 

market areas must be known. Knowledge of the response to sales promotion 

in each market area is also essential before specific recommendations can 

be made concerning the amount of sales promotion which should be carried
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out in each market area.



APPENDIX

An interesting situation arises when the prices in a transpor

tation model are varied while the quantities demanded and the quantities 

supplied are held constant. Such as operation was performed on the 

full season model in order to demonstrate the sensitivity of the model 

to changes in transportation costs.

The results of the full season analysis in Chapter IV showed 

that Desert grapefruit had a relative disadvantage of 41 cents in market 

area 10 (Nebraska, Kansas, Iowa and Missouri). It was decided that it 

would be informative to lower transportation costs between the Desert 

and area 10 by 41 cents, rerun the model, and see if this change in trans

portation rates would affect the distribution pattern for fresh grape

fruit within the United States.

The result of this experiment was that there was no change in 

the volumes shipped from each production area to each market area. The 

only change which did occur was that Desert grapefruit had a relative 

disadvantage of zero in market area 10, instead of 41 cents, the disad

vantage resulting in the analysis in Chapter IV.
These results illustrate a very important aspect of a transpor

tation model involving linear programming. The solution reached is an 

equilibrium solution given the assumptions and restrictions surrounding 

the model. Therefore, in an equilibrium situation, the cost of shipping 

grapefruit from the Desert to market area 10 would have to be lowered
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41 cents before Desert grapefruit could compete equally with Florida 

grapefruit.

If transportation rates between all possible origins and all 

possible destinations were lowered by the amount of the relative disad

vantage in each case, grapefruit from all producing areas would compete 

equally in all market areas. Shippers would be indifferent between mar

kets for the sale of their products, and consumers would be indifferent 

to the origin of the grapefruit they bought given the assumption of a 

homogenous product.

A second analysis was performed to illustrate the results which 

occurred when the transportation rate between the Desert area and market 

area 10 was reduced 46 cents, five cents more than the relative disad

vantage resulting from the analysis in Chapter IV. Table I shows the 

resulting distribution of grapefruit shipments, and the volumes which 

would move over each route given the change in transportation rates.

The numbers in parentheses show the changes in the volumes shipped over 

various routes.
The chain of reaction is as follows: The Desert was able to

ship 2,400 units of grapefruit to area 10 because of the reduced rate 

to that area. In order to do this, shipments to area 3 (California) 

were reduced by 2,400 units.

Because of the withdrawal of 2,400 units of Desert grapefruit 

from California markets, 2,400 units of California grapefruit were 

withdrawn from area 8 to fill the vacancy in the California market.
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TABLE I.— Rate Change Analysis: Optimum Fresh Grapefruit Shipments,
1964-65 Season.3

From
To

Area
California

Summer Desert Texas Florida
(Hundredweight)

1 245,000

2 212,100

3 629,400
(+2,400)

862,900
(-2,400)

4 114,900

5 127,900

6 85,800

7 160,000

8
(-2,400)

83,600
(+2,400)

9 402,600

10 2,400
(+2,400)

900,000
(-2,400)

11 358,400
(-2,400)

292,600
(+2,400)

12 857,800

13 1,209,900

14 1,910,800

15 1,770,400

16 1,035,300

17 466,500

18 3,015,300
19 909,900

^Figures in parentheses represent changes from the solution on
Page 57



Texas withdrew 2,400 units from area 11 and shipped them to 

area 8 to fill the vacancy there. Since the Desert was able to ship 

2,400 units to area 10, Florida was forced to withdraw 2,400 units from 

that market and ship them to area 11 to fill the vacancy there. The 

system again reached an equilibrium, but the effects of the rate change 

were evident throughout the entire system.

Table II shows other interesting results from the rate change.

The relative disadvantages for Desert grapefruit and California summer 

grapefruit increased five cents in markets 8 through 19, with the 

exception of the 41 cents decrease in the relative disadvantage for Desert 

grapefruit in market area 10. The. relative disadvantages for Florida 

and Texas grapefruit decreased five cents in markets 1 through 7. The 

net effect of these changes in the relative disadvantages was that 

Florida and Texas grapefruit became more competitive with Desert and 

California summer grapefruit in all markets except market 10 where 

Desert grapefruit became relatively more competitive.

This whole analysis indicates the sensitivity of the model to 

changes in transportation costs in excess of the relative disadvantages 

between production and market areas. A transportation model is a 

closed system which generates an equilibrium solution. When one of the 

factors affecting the model is changed, the model makes the proper ad

justments so that it will again reach an equilibrium solution. Since 

the model is closed, these adjustments are made internally, often 

resulting in substantial changes in the optimum solution.
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TABLE II.— Rate Change Analysis: Relative Disadvantage of Selected
Grapefruit Markets for The California-Arizona Desert and 
Competing Regions, 1964-65 Season.5_____________________

Market
Area*1

Competing Regions

Desert
California

Summer Texas Florida
(Dollars per Hundredweight)

1 .00 .04 1.13(-.05) .54(-.05)
2 .00 .05 1.29(-.05) .70(-.05)
3 .00 .00 1.57(-.05) .97(-.05)
4 .00 .12 1.41(-.05) •79(-.05)
5 .00 1.46 2.65(-.05) 2.02(-.05)
6 .00 .14 .50(-.05) .21(-.05)
7 .00 .36 .10(-.05) .55(-.05)
8 .08(+.05) .05 (+.05) .00 .57
9 .66(+.05) 1.02(+.05) .17 .00
10 .00(-.41) ,82(+.05) .01 .00
11 .90(+.05) 1.26(+.05) .00 .00
12 .56(+.05) .93(+.05) .00 .31
13 1.09(+.05) 1.45(+.05) .34 .00
14 1.15 (+.05) 1.51(+.05) .74 .00
15 2.28(+.05) 2.64(+.05) 1.39 .00
16 2.24 (+.05) 2.56(+.05) 1.21 .00
17 2.63(+.05) 2.99(+.05) 1.78 .00
18 1.31(+.05) 1.67(+.05) 1.38 .00
19 1.24 (+.05) 1.58(+.05) 1.29 .00

^Figures in parentheses represent changes from the solution on
Page 59.

bSee Page 37 for list of states in each market area.
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