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ABSTRACT 

Arizona apple producers compete with Washington for 

fresh apple markets. As Arizona's apple production increases, 

its market share should also increase. 

Using quadratic programming to determine the spatial 

equilibrium between the wholesale markets of Los Angeles and 

Denver, the timing and quantity of apple sales from Arizona " 

to these two wholesale markets are determined for current 

and potential fresh apple production in Arizona. The 

quadratic programming model is used to determine the 

feasibility of controlled atmosphere storage for Arizona. 

The quantity of apples sold monthly to Los Angeles and 

Denver wholesale markets are determined given restrictions 

on the percentage of the wholesale markets that Arizona 

apple producers could supply. Revenue from controlled 

atmosphere storage exceeds the variable costs associated 

with storage, marketing, and storage of apples. 
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Chapter One 

Introduction 

1.1 introduction 

Apples have become an important agricultural crop in 

Arizona, with production valued at $1.5 million in 1988. 

Arizona's apple orchards are located in the Sulphur Spring 

Valley in Southeastern Arizona. Apple producers in Arizona 

are price takers in the apple market because of their 

relatively small size on the national market: Arizona apple 

production represents only 0.2 percent of the national 

production. Due to domestic and international competition in 

the apple market, Arizona producers are concerned about the 

future of their industry. 

Currently there are four packing houses in the Willcox 

area which are responsible for washing, grading, packing, 

and storing the apples. Most of the apple marketing is 

performed through brokers, who locate daily markets for 

fresh apples and arrange transportation of the apples to 

various markets in return for a commission fee. 

Although Arizona apples must compete with the Washington 

apples, they have two distinct advantages over the 

Washington apples: Arizona apples are sweeter apples because 

they have a higher sugar content and they are ready for 

harvest 10 to 21 days before the Washington apples. The 

taste characteristic is particularly important with Granny 
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Smith apples because they tend to be tart. Since prices are 

higher for fresh apples than for stored apples, Arizona 

producers can obtain higher prices for their apples during a 

short window before fresh Washington apples emerge on the 

market. 

The Arizona apple industry is facing very competitive 

national and international markets. Major domestic producers 

are located in the states of Washington, Michigan, and New 

York. Currently, the main source of imported apples is New 

Zealand. Arizona growers are seeking market strategies which 

will allow them to continue to compete with domestic and 

foreign producers. 

Arizona apples are harvested from August through October 

and are either sold immediately after harvesting or are 

placed in cold storage to be sold at a later date. Stored 

apples are sold from September through January. Currently, 

the maximum storage space available in the packing houses is 

553,000 boxes. 

Given that production is expected to increase over the 

next five years from the orchards maturing, the demand for 

additional storage space could increase. There are two 

storage options available: cold and controlled atmosphere. 

Additional cold storage would allow Arizona producers to 

continue marketing their apples from August through January 

as "fresh" apples. With controlled atmosphere (CA) storage, 
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apples may be stored up to ten months without spoiling, by 

controlling the levels of nitrogen, oxygen, carbon dioxide, 

and temperature in which the apples are stored. The obvious 

advantage of CA is that it would extend the market period. 

Packing houses would be better able to spread the flow of 

apples to the market throughout the year. The major 

disadvantage of CA is that it requires a large capital 

investment. 

Arizona producers could take advantage of the earliness 

and sweetness characteristics of their product. A "Try It 

You'll Like It" campaign for Arizona apples may give them a 

segment of the market that other producing areas cannot 

match. This would require some type of co-operative 

marketing effort from the producers where all apples might 

be marketed as 'Arizona Apples'. Apples would not be 

identified by individual orchard or packing house labels. 

While producers must assure high quality apples that can 

be sold as fresh, there will always be apples that will not 

make the grade and have to be processed. The availability of 

processing facilities could provide an outlet for lower 

quality apples. Apples can be processed into juice, cider, 

pies, apple sauce, and baby food. 

Existing domestic markets for the fresh apples include 

the "U-Pick" and sales to the northeastern United States, 

California, Texas, Colorado and within Arizona. When is the 
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best time to sell apples in a particular market and how much 

should be sold so that returns are maximized for Arizona 

growers are two questions this study addresses. 

1.2 Objectives of the Study 

This study deals with the sales of fresh Arizona apples 

to Los Angeles and Denver. These markets were identified as 

potential markets using market window analysis. The sale of 

processed apples is not considered because it is a residual 

activity. The objectives are to: 

1) Determine the timing and quantity of apple sales from 
cold storage which maximize grower returns. 

2) Determine the timing and quantity of apples sales from 
controlled atmosphere storage which maximize grower 
returns. 

3) Examine the sensitivity of optimal sale strategies under 
the following alternative scenarios: 

a) Shifts in demand in Los Angeles and Denver. 

b) Changes in the quantities demanded in the markets 
given by different percentages of the total quantities 
demanded. 

4) Examine the feasibility of controlled atmosphere storage. 

The first objective uses the current production level in 

Arizona while objective 2 uses the projected production for 

1996. Shifts in demand are given by the high and low monthly 

demands in each market. Using the high and low monthly 

demands give the 'best case' and 'worst case' scenarios. 

Varying the pert intage of the market share that Arizona 
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could provide shows the effect of targeting a percentage of 

a market (i.e., the timing and quantity of the sales to a 

market when a target of say 1 percent of the total quantity 

of apples demanded is chosen). 

1.3 Method of Analysis 

Because Arizona is spatially separated from the Denver 

and Los Angeles markets, the spatial equilibrium model 

developed by Takayama and Judge (1964) is used. The model 

maximizes consumer surplus while minimizing the variable 

costs given the technical requirements of producing and 

marketing apples. The model is solved as a quadratic 

programming problem. 

Monthly wholesale demand functions for apples are 

estimated for Los Angeles and Denver. Treating the apples 

sold each month in each city as separate activities, the 

timing and quantity of sales are determined. 

Current production and cold storage capacity levels are 

utilized in the first situation. The timing and quantity of 

sales of Arizona apples is determined for high and low 

monthly demands in Los Angeles and Denver under different 

target levels (1X, 2%, 5%, 10X, and 100X of the total 

monthly quantity demanded). 

The second situation uses the 1996 projected production 

level and assumes the presence of CA storage. Timing and 
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quantity of sales of Arizona apples are determined for high 

and low monthly demands and the same target levels used in 

the first situation. 

1.4 Organization 

Chapter two identifies world, national, and local 

production trends as well as national consumption trends for 

apples. Reasons for the expansion of the of Arizona apple 

industry are examined. Finally, the production and marketing 

methods for Arizona apples are examined. 

A description of the model is given in chapter three with 

a discussion of the theoretical basis, data requirements, 

and estimation procedures. 

Statistical results are presented in chapter four with 

the implications of the results discussed in chapter five. 

Conclusions are given in the in final chapter. 
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World, National and State Apple Production 

19 

2.1 World Fresh Apple Production 

Fresh apple production was 21 million metric tons in the 

1987/88 crop year, representing a 49 percent increase over 

the 1980/81 crop year (Figure 1). The major apple producing 

countries are the United States, France, the Federal 

Republic of Germany, Italy and Japan. The United States is 

the largest apple producer accounting for 23 percent of the 

global fresh apple production. 

2.2 U.S. Apple Production 

Total apple production in the United States increased 36 

percent from 1981 to 1987. The 5.3 million tons of apples 

produced in 1987 were a record crop (Figure 2). Sparks 

(1989) predicts that 5.3 million tons of apples will be. the 

norm rather than the exception because of the large number 

of new trees planted in the late 1970's and early 1980's. 

U.S. exports decreased 38 percent from 1981 to 1987 as 

the international market became increasingly competitive 

(Figure 3). Primary export markets for the United States are 

Canada, Hong Kong and Taiwan, which together accounted for 

58 percent of U.S. fresh apple exports in 1987. The main 

reason for the decline in U.S. apple exports is the increase 
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Figure 3: U.S. Fresh Apple Exports 1981 - 87. 
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in world apple production. Chile, New Zealand, and South 

Africa have increased production significantly (Sparks). 

These countries supply fresh apples to the international 

market at the time the U.S. is supplying apples from CA 

storage. Since consumers prefer fresh apples over stored 

apples, Chile, New Zealand and South Africa have been able 

to take away a portion of the U.S. export markets. 

2.3 U.S. Fresh Apple Consumption 

Although per capita consumption of fresh apples has 

remained fairly constant, total consumption of fresh apples 

increased 37 percent from 1976 to 1987. There were 2.59 

million tons of fresh apples consumed in the United 

States in 1987 (Figure 4). The increase in total fresh apple 

consumption is due primarily to the increase in population. 

2.4 Apple Production in Arizona 

2.4.1 Bearing Acreage 

In 1979 there were approximately 60 bearing acres of 

apple trees in Arizona. The bearing acreage indicates the 

area currently producing fruit. By 1989 the bearing area in 

Arizona had increased to 4,385 acres (Figure 5). Bearing 

acreage is expected to increase to approximately 8000 acres 
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by 1996 because of recent tree plantings (Wright, Gibson, 

and Ayer). 

2.4.2 Production 

With bearing acreage increasing, apple production has 

also increased, reaching a record level in 1987 when 605,000 

boxes of apples were harvested (Figure 6). When the new 

acreage reaches maturity, apple production could reach 8 

million boxes (Wright and Gibson). 

2 .4 .3  Tree  P lant ings  

Expansion of Arizona apple orchards began in the early 

1980's with new tree plantings. Plantings reached a peak in 

1984 when 1224 acres of new trees were added (Figure 7). 

Since it takes 8 years for an apple tree to mature and reach 

its full production potential, apple production in Arizona 

should continue to expand until about 1996. 

Tree plantings in Arizona have been increasing for 

economic, political, and geographical reasons. The Tax 

Reform Act (TRA) of 1986 made investment in orchards less 

attractive. Declining cotton prices of the early eighties 

increased incentives for cotton producers to seek 

alternative crops. The Will cox area appeared to be well 

suited geographically for apple production. 
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2.5 Reasons for the Expansion of Apple Acreage 

A) Geographical 

Geographically the Willcox area is well suited for apple 

production. The high elevation of the area results in cooler 

winter temperatures and provides the necessary chilling 

period for the orchards. Apple trees must be exposed to 1200 

to 1500 hours of temperatures below 45 degrees Fahrenheit 

during the winter when the trees are dormant. The chilling 

ensures that the blossoms will set in the spring. 

Land sites chosen for orchards are sloped to allow for 

adequate air circulation. This helps to protect the trees 

against spring and fall frosts. Frost damage during the 

spring blossom can prevent the trees from producing apples 

while a fall frost before harvest can damage the fruit 

itself. 

B) Tax Advantages 

Prior to the 1986 TRA apple orchards were a very good tax 

shelter for the passive investor. There were two tax laws in 

particular that made orchards a good tax investment. Prior 

to the TRA, pre-production or development costs were tax 

deductible when they were incurred. Since apple trees take 

four to five years before they begin to bear fruit, there 

was a guaranteed loss during the development stage. 
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The passive investor could take advantage of these 

losses. Prior to the TRA losses incurred on one investment 

could be used to offset the income of another investment. 

The majority of new tree plantings in the Willcox area 

occurred prior to the TRA. Though the TRA changed many of 

the tax laws, the two mentioned had the greatest affect on 

tree plantings. After passage of the TRA, all development 

costs were no longer deductible in the year when they were 

incurred. They are now capitalized into the cost of the 

orchard. That is, they increase the cost of the asset. As a 

capital expenditure, the development costs may be 

depreciated over the life of the orchard. For tax purposes 

the life of the orchard is 15 years. If the orchard was 

developed by an investor to be sold when it begins 

producing, then the development costs are capital gains and 

are taxed as such when the orchard is sold. 

The TRA made orchards much less attractive to the passive 

investor because sheltering income from one activity against 

the loss incurred by another activity has become more 

difficult. In order to shelter income, the investor must 

materially participate in the loss-leading activity. Durst 

(1987) defines material participation as involvement in the 

activity on a regular, continuous, and substantial basis. 

Wade (1987) examined the effects of the TRA on growers, 

developers, and passive investors. His analysis shows that a 
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grower should be able to compete more effectively now than 

with a previously tax-sheltered investor. The Willcox apple 

growers are now in the business of trying to make a profit 

and not create a tax-sheltering loss. 

The effect of the TRA on tree plantings can be seen in 

Figure 7. Tree plantings were high prior to the TRA and 

declined significantly after the TRA. 

C) The Decline of Cotton Production 

In the early 1980's the prices of Upland and Pima cotton 

declined as the cost of production increased. As a result of 

declining revenues, cotton plantings declined (Figure 8). 

As cotton land was taken out of production, prime farm 

land with irrigation systems already installed became 

available. At prices of $1,000 to $1,500 per acre, this 

irrigated land was much cheaper than similar land in 

Washington and California (Wright and Gibson). The time when 

cotton was taken out of production in Graham and Cochise 

counties coincides with the increase in apple tree 

plantings. 

With declining cotton prices, producers began to search 

for alternative crops. Vegetable crops could yield high 

returns but variability in prices made most vegetable crops 
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Figure 8: Acres of Cotton Planted in Graham and Cochise 
Counties 1979-88. 
Source: Arizona Agricultural Statistics 
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too risky an investment. The traditional crops such as 

barley, wheat, and hay had a lower value per acre than 

apples (Table 1). Given that the pre-production costs were 

immediately deductible, apples seemed to be the preferred 

crop. 

Table 1: Average Gross Value of Selected Crops 

in Arizona in 1984 

Crop Value of Sales 
$/acre 

Apples 603 

Wheat 359 

Barley 291 

Hay 567 

Source: Arizona Agricultural Statistics 1984. 

2.6 The Production Process 

2.6.1 Preharvest Production 

Preharvest costs are the operating costs of the orchards 

not associated with harvesting or marketing of the crop. 

They are incurred regardless of whether the apples are sold 

as fresh apples or processed. Table 2 summarizes the 
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Table 2: Preharvest Costs For Producing Apples in Arizona 

Operation Tooling Cost/Acre 

Grass Cover Crop Mow, 2 Times $15 

Paint Trees $0.12/Tree + Materials $30 

Irrigation 4 AF a $92/AF $368 

Tree Replacement 2 Trees + Labor $7 

Prune & Train $0.80/Tree $160 

Thin Fruit Chemical & Hand Control $130 

Weed Control Equipment, Labor & Materials $60 

Ferti1i zer $8 Gyp. + $0.38/Tree N + $157 

$71 Foliar + $2 Testing 

Pol 1i nation 1 Beehive ® $15 $15 

Disease/Pest $9 Matr. + $3.50 Appl. $100 
Control 8 Times 

Preharvest Cost $1042 

Preharvest Cost/Truck Load $1462.50 

Source: Budgeting an Apple Orchard: Costs of Establishing 
and Operating an Apple Orchard in Southeastern 

Arizona. (Wade, Wright and Kilby) 



35 
costs. If the apples are sold or left on the trees, these 

costs have been incurred and can be treated as sunk costs at 

harvest. 

2 .6 .2  Harvest  

In Southeastern Arizona the apple harvest begins in 

August. Apples are harvested by variety as they mature. The 

harvest of Galas generally begins the first of August. 

Golden Delicious are harvested next beginning August 15 to 

20. Red Delicious , Jonathon, and other minor varieties 

begin to be harvested about August 20. The harvest for these 

varieties is completed by approximately September 20. At 

this time the Granny Smiths are harvested. The apple harvest 

is complete by the end of October (Forteman). A recent i 

Arizona Department of Commerce survey (1988) identified the 

acreage of orchards by variety (Table 3). Using this, the 

approximate percentage of apples harvested each month is 

calculated. The harvest breaks down as follows: August 18 

percent, September 35 percent, and October 47 percent. 

The packout percentage varies by variety. Red and Golden 

Delicious packout between 75 and 85 percent. The Granny 

Smiths packout lower, between 60 and 75 percent. The other 

varieties fall between these packout rates. Given that the 

packout percentage varies by variety, it will also vary by 



Table 3: Apple Varieties in Arizona by Acres 
36 

Variety Acres Percentage of 
Total Area 

Red Delicious 987.38 28.4 

Golden Delicious 223.20 6.4 

Granny Smith 1639.68 47.1 

Jonathon 70.20 2.0 

Rome 71 .20 2.0 

Criterion 46.50 1 .0 

Gala 402.35 11.5 

Summer Treat 9.50 0.2 

Braeburn 14.00 0.4 

Fuji 13.16 0.3 

TOTAL 3477.17 

Source : Arizona Department of Commerce Survey 1988 
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month. It also varies from year to year given the growing 

conditions in a particular year. 

Wade, Kilby and Wright (1986) estimated the cost of 

harvesting apples at $0.65 per box and the cost of hauling 

apples to the packing house at $.045 per box. 

2.6.3 Packing and Storing 

The function of the packing house is to wash , wax, 

grade, and store the apples. Currently there are four 

packing houses in Arizona. Three of them are owed by 

individual orchards. The fourth handles the apples produced 

by the smaller orchards. The packing houses store apples in 

refrigerated or cold storage. The cold temperature slows the 

respiration of the fruit so that its quality does not 

deteriorate. The apples can be kept in cold storage for up 

to 2 months before being sold. Approximately 4 percent of 

the apples are lost due to spoilage in storage. 

The current cold storage capacity is approximately 

553,000 boxes. Storage capacity, cold and/or CA may have to 

increase by 1996 to cover the expected increase in apple 

production. The new storage facilities could be either cold 

storage or controlled atmosphere storage. Controlled 

atmosphere storage allows apples to be stored up to 10 

months while maintaining the quality Losses in CA storage 

are approximately 4 percent. 
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Controlled atmosphere storage uses low temperatures in 

conjunction with reducing the oxygen content and increasing 

the carbon dioxide and nitrogen levels in which the apples 

are stored to reduce the respiration of the fruit. The 

apples placed in CA are sealed in rooms after harvest. Once 

the seal is broken and the storage room opened, the apples 

must be sold within a month. It is imperative that markets 

be available before the CA is opened. The cost of storing 

does not increase with the length of time in CA storage. 

Generally it is about $1.00 per box more than cold storage 

costs. 

Wade, Wright and Kilby (1986) estimate the packing, 

marketing and storing costs at $3.10 per box or $3,487.50 

per truck load. The storage cost ranges from $0.25 to 1.03 

per box. For the analysis the upper price of $1 ,158.75 per 

truck load is used. 

2 .6 .4  Market ing  

Packing houses are generally not responsible for locating 

markets for the apples. That responsibility falls to the 

apple brokers who find daily markets and arrange the 

transportation to the markets. The charge for the brokerage 

services ranges from $.25 to $.60 per box. 

Currently Arizona apples are sold nationally, with Texas 

being Arizona's largest market (Forteman). Red Delicious 
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apples are the main type sold to Texas. The majority of the 

Granny Smith apples are sold to New York. Surprisingly, 

Arizona as a market accounts for only 20 percent of the 

apples sold. Some apples are sold to California and 

Colorado. It is estimated that California and Colorado at 

most each account for 5 percent of the apple sales. 

California is not a popular market because the prices tend 

to be lower than those in other markets (Forteman). Note 

that estimates of apples sold to particular markets are 

"best guess" figures according to Don Forteman. 

2.6.5 Transportation of Apples 

Most of the apples are transported by refrigerated truck. 

Trucking rates to Los Angeles and Denver are obtained from 

the Fruit and Vegetable Truck Rate and Cost Summary of 1989. 

The trucking rate from Arizona to Denver is $1,350 per truck 

load, while to Los Angeles the rate is $900. A truck load is 

45,000 pounds. The rates reported are constant month to 

month. 

2.7 Summary 

Apple production has increased nationally and 

internationally, making the markets more competitive. 

Arizona's apple production is expected to continue to 

increase over the next six years. The increase in Arizona 
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apple acreage occurred primarily from old tax laws and 

declining cotton prices. The main markets for Arizona apples 

are Arizona, Texas and New York, with a minor amount sold to 

Los Angeles and Denver. 

Production and harvest costs are estimated at $2,700 per 

truck load. Storage costs are $1,158.75 per truck load for 

cold and $2,283.75 per truck load for CA storage. The 

marketing costs are $1,350. The trucking costs are $1,350 to 

Denver and $900 to Los Angeles for 45,000 pounds. 

Gross revenue can vary from $12,375 to $28,125 per truck 

load due to variety, quality, size of the apples. 
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Chapter 3 

THEORY, MODEL, STATISTICAL METHODS, AND DATA 

3.1 Introduction 

The theoretical background of mathematical programming is 

discussed. The use of mathematical programming for solving 

spatial equilibrium problems is examined by looking at 

previous spatial equilibrium models. The model for the 

Arizona apple industry is developed. Descriptions of the 

objective function and the linear constraint set are given. 

The method for estimating the demand function is described. 

The hypotheses for testing the validity of the demand 

functions are defined. The data used in estimating the 

demand functions and solving for the spatial equilibrium are 

presented. 

3.2 THEORY 

3.2.1 Unconstrained Optimization 

Unconstrained optimization problems involve maximizing or 

minimizing an objective function. For example, the 

objective could be, maximizing profit. Given the profit 

function in Figure 9, profit is maximized at TC* where Q* of 

output Q is produced. Mathematically the profit function can 

be written in the general form ir=f(Q), where profit is a 

function the output, Q. Implicit in the profit function is 

the production function, which gives the relationship 

between the input used and the output produced. 
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Figure 9: Profit Function 
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The unconstrained optimization problem is maximized using 

calculus. The first order derivative is equated to zero and 

solved. The maximum or minimum of a function occurs where 

the slope of the function is zero. The slope of a function 

is measured by the first order derivative. Maximum profit 

occurs where: 

£f(Q)/6Q = 0. 

3.2.2 Constrained Optimization 

3.2.2a Equalitv Constraints 

Optimizing an objective function is usually done given 

some restrictions. If there are some restrictions on input 

usage, then a firm may not be able to reach rc* on its profit 

function. The constrained optimization problem is written 

as: 

max(min) f(Q) 

subject to: g(Q) = b 

where g(Q) is the input requirement to produce output Q 

b is the amount of input that is available. 

When the problem is constrained by strict equality 

constraints, it can be solved using calculus. The 

constrained optimization problem is converted to an 

unconstrained optimization problem using a Lagrangian 

function. In the general case the Lagrangian function is: 

L = f (Q) +Nb-g(Q)). 
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The Lagrangian is solved using the first order derivatives 

which are: 

3L/o»Q = 0 

=  0 .  

The system of equations is solved to determine the optimal 

solution. 

The coefficient 7- is the Lagrangian multiplier which 

represents the shadow price of the fixed resource, b. The 

shadow price gives the implicit cost of the fixed resource. 

3.2.2b Inequality Constraints 

Firms rarely face strict equality constraints. They 

generally face restrictions in which they can use no more 

than a certain amount of resource, or they must use at least 

a certain amount of a resource. The general problem of 

optimizing an objective function subject to restrictions is 

written as: 

max(min) f(Q) 

subject to: g(Q) £ b 

Q > 0. 

Lagrangian functions cannot be used to solve this problem 

because of the inequality constraints, although they are 

used to develop a solution procedure. Mathematical 

programming is one procedure used to solve optimization 

problems with inequality constraints. 
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3.2.3 Mathematical Programming 

Mathematical programming uses the Kuhn-Tucker conditions 

to identify the necessary and sufficient conditions for an 

optimal solution to an optimization problem. The Kuhn-Tucker 

conditions are derived from a Lagrangian function which is 

formed by changing the inequality constraints to equality 

constraints by adding artificial variables to them. These 

artificial variables are either slack or surplus variables 

depending on the type of inequality. The transformed 

optimization problem is written mathematically as: 

max(min) f(Q) 

such that g(Q)+S=b 

Q > 0 

where S = artificial variable. 

The optimization problem is represented by the Lagrangian 

function: 

L -  f(Q)+ Xb-g(Q)-S) 

Solving the first order conditions of the Lagrangian 

function results in the necessary and sufficient conditions 
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for optimization. Thes9 conditions, given below, are known 

as the Kuhn-Tucker conditions. 

3L/3Q < 0 

(<PZ./e?Q) (Q) = 0 

S L/S> > 0 

(3L/S>)(?) = 0 

Q > 0 

>  >  0 .  

Mathematical programming finds solutions that satisfy the 

Kuhn-Tucker conditions. The Kuhn-Tucker conditions will be 

discussed further in a later section. 

3.2.4 Spatial Equilibrium and Mathematical Programming 

Samuelson (1956) shows that spatial equilibrium between 

markets occurs where net social welfare is maximized. Net 

social welfare is defined for n markets and a single 

commodity using linear demand and supply functions in each 

market. The spatial equilibrium problem is solved using 

linear programming. 

Takayama and . Judge (1964) show how Samuel son's 

formulation can be solved using quadratic programming. They 

examine three different cases that expand on Samuel son's 

single commodity and n markets. They are 1) linear regional 

demand functions and fixed regional supplies, 2) linear 

regional supply functions and fixed regional demands, and 3) 
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multiproduct linear regional demand and supply functions 

with linear substitution and/or complimantary terms 

permitted. 

The theoretical models presented by Samuel son and 

Takayama and Judge maximize net social welfare. Consumer and 

producer surpluses define the net social welfare where the 

sum of consumer and producer surpluses is net social 

welfare. 

Bilas (1971) defines consumer surplus as the difference 

between what a consumer actually pays for a good and what he 

is willing to pay rather than forego consumption of the 

good. Graphically, consumer surplus is the area below the 

demand curve but above the market price (Figure 10). Given a 

linear demand function where P=a-(3Q the consumer surplus can 

be calculated mathematically. The amount that consumers are 

willing to pay is the area under the linear demand curve. 

The amount that consumers actually pay is P*Q* . 

Mathematically, consumer surplus is 

where P* and Q* are the equilibrium price and quantity. 

Completing the integration results in: 

Consumer Surplus = aQ-il3Q2-P*Q* 

3.2.5 Consumer Surplus 

Consumer Surplus = i-BQ)dQ - (P*Q* ) 
w 
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Figure 10: Graphical Representation of Consumer 

Surplus Given Equilibrium in a Single Market 
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3 .2 .6  Producer  Surp lus  

Producer surplus is defined as payments made to fixed 

factors of production or quasi-rents. It is the difference 

between total revenue and total variable cost. Graphically, 

producer surplus is the area above the supply (marginal 

cost) curve but below the market price (Figure 11). The 

supply is given by the linear function: 

p= r+7)Q 

Total variable cost is the area under the supply curve and 

total revenue is P*Q. Mathematically, producer surplus is: 
r* 

Producer Surplus =P*Q*- I (tf+?)Q)dQ. 

where P* and Q* are the equilibrium price and quantity. 

Completing the integration results in: 

Producer Surplus =P*Q*-( Q+i^JQ2 ) 

3.2.7 Net Social Welfare 

3.2.7a Single Market 

Net social welfare is defined as the sum of consumer and 

producer surpluses. Graphically, NSW is the sum of the areas 

of consumer and producer surpluses. For a single market, NSW 

is shown in figure 12. When this area is maximized, the 

market is in equilibrium. 



m Producer 
Surplus 

Q* 
Figure 11: Graphical Representation of Producer 

Surplus Given Equilibrium in a Single Market 
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Figure 12: Graphical Representation of Net Social 

Welfare Given Equilibrium in a Single Market 
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Areas under curves are calculated by integrating the 

curves. Given linear supply and demand functions, the NSW 

is: 

NSW = Jja-(3Q)dQ - j( *+?)Q)dQ. 

Completing the integration results in: 

NSW = AQ-iBQ2. 

where A = a-tf . 

B = B+'h . 

3.2.7b Two Markets 

Two markets, A and B are spatially separated. The price 

in A is greater than the price in B (Pa > Pb). Assuming for 

now that the cost of transporting the good between the 

markets is zero, equilibrium occurs when the price in the 

two markets is identical. Figure 13 shows this situation. It 

occurs where excess supply equal excess demand. At 

equilibrium the prices in both markets is P* while the 

quantity traded is Qt, which is the quantity exported by b 

and imported by A. 

Excess supply (ES) is defined by the market with the 

lower pre-trade price, market B. It is the difference 

between supply and demand. 

ES = r+^Q - (a - 3Q) 

ES = t -  a + {7 }  + B)Q 



Figure 13: Spatial Equilibrium Between Two 
Markets When Transportation is Costless 

Market A Market B Trade 

Pa 
p* 

Qs Qd Qd Qs Qt 
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Excess demand (ED) is defined by the market with the 

higher pre-trade price, market A. It is the difference 

between demand and supply. 

ED = a - 0Q - ( K +7?Q )  

ED = a - K - (3 +7) Q) 

When the markets are in equilibrium net social welfare is 

maximized. NSW is the area below the excess demand curve but 

above the equilibrium price plus the area above the excess 

supply curve but below the equilibrium price. This is areas 

a and b in figure 13. 

Mathematically, net social welfare is: 

Subtracting the demand curve from the supply curve defines 

both excess demand and excess supply. Excess supply is the 

negative of the result. 

Since it is rarely costless to transport goods, the net 

social welfare definition is modified to include 

transportation costs, T. At equilibrium the price in market 

A equals the price in market B plus the transportation costs 

(Pa = Pb + T). Net social welfare is : 

NSW = I [(a - J ) - (0 +?7)Q] dQ 

NSW = I (a - y ) - (B +>7)Q] dQ -T. 
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3 .2 .8  The  Kuhn-Tucker  Condi t ions  

The general matrix form of the model to be solved is: 

Max NSW = (A-iBQ)'Q-C'Q 

SUBJECT TO: G(Q) < b if G is linear 

Q > 0. 

where A = 1 x n vector of excess demand function intercept 

terms, cu i = 1, 2, ..., n. 

B = n x n diagonal matrix of excess demand function 

slope coefficients, I3i +">? i i = 1, 2, ..., n. 

Q = n x 1 vector of quantities of the good marketed 

= m x 1 vector of lagrangian multipliers 

C = n x 1 vector of transportation cost coefficients 

G = m x n vector of technical coefficients 

b = m x 1 vector of available resources. 

The Lagrangian function is: 

l = (A-iBQ)' Q-C' Q+ 7-' (B-G (Q)) 

The Kuhn-Tucker conditions are expressed in the following 

paragraph. The first condition is, 

i) £L/aQ = (A-BQ* )-C->*3G(Q* )/5Q<0. 

Rewriting this condition as (A-BQ* )<C+"7* o>G(Q* )/Q Q makes 

interpretation more intuitive. The left-hand side is the 

marginal revenue. The right hand side is the marginal cost 

with C equaling the marginal cost of the variable resources 

and ?'*Sg(Q* )/& q equaling the marginal cost of the fixed 

resources. 
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The complimentary slackness condition for the variables 

is, 

ii) (A-BQ*-C-">*^G(Q* )/JQ)(Q* ) = 0 

When output is produced, Q>0, marginal' revenue must equal 

marginal cost. If marginal revenue is less than marginal 

cost, which is possible given condition i, then the optimal 

activity level Q* is zero. It is possible for the activity 

level to be zero and marginal revenue equals marginal cost. 

This situation is known as primal degeneracy. A solution is 

degenerate when a basic activity is operated at a zero 

level. 

The third Kuhn-Tucker condition is, 

iii) 9 l/d>- i>-G(Q« ) >0. 

Rewriting this condition as G(Q*)<b shows it as the 

constraint set. The amount of resources used in the basic 

activities cannot exceed the amount of the resource 

available. 

The dual slackness condition for the variables is, 

iv) ( b-G(Q* ) )(?0=0. 

When the shadow price, * , is greater than zero, then the 

fixed resource is exactly exhausted. When the amount of the 

resource used does not exhaust the supply of the resource, 

the shadow price is zero or the resource is a "free" good. 

Dual degeneracy can occur when the shadow price of the 

resource is zero and the resource is exactly exhausted. 
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The final two Kuhn-Tucker conditions are, 

v) Q>0 ensures that the activity levels are non-negative. 

vi) 71-0 ensures that the shadow prices or implicit costs 

of the fixed resources are non-negative. 

Kuhn-Tucker conditions are the necessary and sufficient 

conditions for optimization. When a solution set satisfies 

the Kuhn-Tucker conditions then it is optimal. 

3.2.9 Previous Work 

While the spatial equilibrium problems can be solved 

using quadratic programming, some weakness of the 

formulation should be noted. The supply and/or demand 

functions used in defining the net social welfare function 

are linear. (Integrating a linear function results in a 

quadratic function.) A linear function may not be the 

correct functional form of the supply or demand function. 

The estimated linear functions may not fit the data as well 

as other functional forms. 

Quadratic programming models assume that parameter values 

are constant. For example, Samuelson and Takayama and Judge 

assume the per unit cost of transportation is constant 

regardless of the quantity shipped. Constant parameter 

values are rarely observed in reality. 

The theoretical models of Takayama and Judge provide a 

basis to evaluate the spatial equilibrium of different 
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markets. Simmons and Pomareda (1975) evaluate the 

equilibrium timing and quantity of Mexican vegetables sales. 

The model determines the effect of changes in wage rates on 

the quantity of vegetable exports. 

Fuchs, Farrish and Bohall (1974) use quadratic 

programming to model the U.S. apple industry. The quantity 

of fresh and processed apples produced and consumed in 

various regions is determined. The model allows for the 

measurement of changes in production and consumption given 

changes in production costs, apple prices, and 

transportation costs. In order to maintain manageability of 

the model, only applesauce was used to represent processed 

apple usage. No effort was made to measure the effects of 

apple quality on the equilibrium solution. 

3.3 Modelling Arizona Apple Sales 

3.3.1 The Model 

The model of the U.S. apple industry is used as a guide 

for modelling the Arizona apple industry. Only fresh apple 

sales are considered in determining the competitive 

equilibrium between Arizona, Colorado, and California. The 

processed apples are not considered because it is. a residual 

activity. 
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3.3.2 The Objective Function 

The objective is to maximize consumer surplus while 

minimizing total variable cost. This is a variation of 

maximizing net social welfare. The objective function is: 

max Z = (A-iBQ)'Q-C'Q 

where Z = consumer surplus less total variable cost 

A = 49 X 1 vector of demand function intercept 

terms 

B = 49 X 49 diagonal matrix of demand function 

slope coefficients. 

C = 49 x 1 vector of cost coefficients. 

Q = 49 X 1 vector of the unit activities. 

The vector Q contains the activities of harvesting, 

marketing, and storing apples and the activities for selling 

apples to each market every month. Matrices A and B contain 

coefficients of the demand functions. The elements in these 

matrices are zero for the harvesting, marketing and storing 

activities. The cost vector, C, contains the per unit costs 

of harvesting, marketing, storing, and transporting apples. 

Production costs are not included because they are 

considered sunk costs. The units of measure are 45,000 

pounds or a truck load of apples. 
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3.3.3 The Demand Functions 

The linear demand functions in the objective function, 

given by A-BQ, are not the total demand functions but rather 

the effective demand functions that are faced by the Arizona 

apple growers. The total demand function for a market is the 

horizontal summation of the demand functions from all 

regions supplying the market. If Arizona only supplies a 

small amount of the apples to the market, the price they 

would receive would be greater than the price received by a 

producer shipping a large quantity of apples, when reading 

the price off the total demand curve. The price that Arizona 

receives is the market price. The quantity of apples that 

Arizona ships to the market is determined by their effective 

demand curve given the market price for apples. The 

effective demand curve for Arizona is the total demand 

functions shifted inward by the quantity of apples supplied 

by all other regions (Figure 14). 

The effective demand function is calculated from the 

total demand function. The total demand function can be 

specified as: 

P=a-|3(Qo+Qa) 

where Qa = quantity demanded from Arizona 

Qo = quantity demanded from all other areas. 
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Qa Qt 
where Dt = total demand 

Qt = total quantity demanded 
De = effective demand faced by Arizona 
Qa = quantity demanded from Arizona growers 

Figure 14: Effective Demand Function Faced By Arizona 

Growers 
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The effective demand faced by Arizona is P=(a-BQo)-3Qa. The 

intercept term in the demand functions used in the model 

captures the effect of the supply from all other areas. 

Using high monthly sales low monthly sales from all other 

regions two monthly demand functions are calculated for each 

city. High and low demand function indicate changes in 

demand or shifts in the demand curves. 

Effective monthly demand functions are used in the 

objective function. Using a series of dummy variables to 

test for shifts in the demand curves and changes in the 

slopes of the demand curves, monthly demand curves are 

estimated for Los Angeles and Denver. This is discussed 

further in a later section. 

3.3.4 Linear Constraint Equations 

Model constraints are grouped according to their 

functions. Subscripts refer to the month that is associated 

with that particular activity, where j=1 is January, j=2 is 

February, etc. Activities presented in the constraint set 

are elements of the vector Q. 

i) APPLE HARVEST CONSTRAINTS 

Hj = acres* yield* packout** acres harvested* * apples sold. 

The variable, Hj, is the amount of harvested apples in month 

j that are destined to Los Angeles and Denver, where j=8, 9, 

10. Since Los Angeles and Denver are the only markets being 
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examined, only the percentage of apples going to these 

markets are considered. Jointly, Los Angeles and Denver 

account for 6 percent of the Arizona's apple harvest. 

i i) APPLE USAGE CONSTRAINTS 

The form of these constraint depends on whether apples are 

being marketed from storage or being placed into storage. 

a) No apples in storage. 

He > SFA + ST8-9 + ST8-10 + STCAb 

SFe is the activity apples sold on the fresh market 

ST8-9 and ST8-10 are the activities to place apples in cold 

storage in August. Apples placed in cold storage in August 

can be sold in September and October. The storage activities 

are similar to transfer activities, where apples are 

transferred from August to September and from August to 

October. STCAs is the activity apples placed in CA storage. 

Apples harvested in period j must be greater than or equal 

to the apples sold fresh and placed in storage in period j. 

b) Apples harvested and used from cold storage. 

Ha + ST8-9 > SFa + ST9-10 + ST9-11 + STCAs 

Hio + ST8-10 + ST9-10 > SFi o + ST10-11 + ST10-12 + ST10-1 + 

STCAi o 
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The storage activities, ST9-10, ST9-11, are used to transfer 

the apples for sale at later dates. These constraints ensure 

that apple sales do not exceed apple availability. 

c) Apples used from cold storage 

ST9-11 + ST10-11 > SFi 1 

ST10-12 > SF12 

ST10-1 > SFi 

These constraints also ensure that the apples sold do not 

exceed the amount of apples that are available in storage 

after accounting for storage loss of 4 percent. 

d) Apples used from CA storage 

STCAa + STCAs + STCAio > SF2 + SF3 + SF< + SFs + SFe + SF7 

It is assumed, for simplicity, that apples from CA storage 

are not available for sale until the apples from cold 

storage are sold. This means apples will be sold from CA 

from February through July. 

i i i) STORAGE CAPACITY CONSTRAINTS 

a) Cold storage capacity. 

ST8-9 + ST8-10 < 472 

ST8-10 + ST9-10 + ST9-11 < 472 

ST9-11 + ST10-11 + ST10-12 + ST10-1 < 472 

The number of truck loads of apples in cold storage in any 

one month must be less than or equal to the available 

storage space. 
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b) CA storage capacity. 

Ij STCAj < 708 j=8, 9, 10. 

The number of truck loads of apples stored in CA during the 

harvest months must be less than or equal to the available 

CA storage space. This constraint assumes divisibility of 

storage units. It is assumed that all of the CA stored 

apples are not stored in the same unit so divisibility is 

possi ble. 

V) FRESH APPLE SALE BALANCE CONSTRAINTS. 

SFj > LAj + DENj j=1,2,..12. 

The number of truck loads of apples sold in one period must 

be greater than or equal to the number of truck loads of 

apples sold to both Los Angeles and Denver, i.e. cannot sell 

more apples than are available 

vi) TRADE BALANCE CONSTRAINTS. 

LAj < UNLOADSj targeted j=1,2,...,12. 

DENj < UNLOADSj** targeted j = 1 ,2, . . . , 1 2. 

The quantity of apples sold to a market must be less than or 

equal to the quantity demanded by that market. The quantity 

demanded by the market is given by the Los Angeles and 

Denver Fresh Fruit and Vegetable Wholesale Market Prices 

Summaries. The percent of the markets targeted are 1, 2, 5, 

10, and 100 percent. Varying these constraints allows for 

movement along the demand curves. The effective demand 

curves are calculated using 100 percent of the apples 
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demanded in Denver and Los Angeles. It was impossible to 

calculate them for smaller percentages of the demands. 

vii) NON-NEGATIVITY CONSTRAINTS 

There is a non-negativity constraint for each activity. The 

activity levels will be greater than or equal to zero. 

3.4 Data 

3.4.1 Unloads 

Unloads of apples for Los Angeles and Denver provide the 

amount of apples that are sold to each market monthly, or 

the monthly quantities demanded. The unloads are for 1980 

through 1988 for Denver and 1983 through 1988 for Los 

Angeles. The units are reported in are 1000 cwt, which are 

converted to truck loads. Rather than use an average monthly 

unloads (quantity demanded) to the cities, the highest and 

lowest monthly quantities demanded are used in the analysis. 

Different percentages of the monthly high and low quantities 

demanded are used to target different percentages of the 

market. Monthly unloads given target percentages of the 

quantity demanded for the two cities are summarized in 

tables 4 through 7. The unloads are used in estimating the 

demand functions and as constraints in the quadratic 

programming model. 
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Table 4: Highest Quantity of Apples Demanded in Los Angeles 

Given Different Target Percentages of the Total Quantity 

Demanded. 1 

MONTH 1% 2% 5% 10% 100* 

January 4.69 9.38 23.44 46.89 468.89 

February 4.86 9.73 24.33 48.67 486.67 

March 6.40 12.80 32.00 64.00 640.00 

Apri 1 5.75 11.51 28.78 57.56 575.56 

May 4.78 9.56 23.89 47.78 477.78 

June 3.91 7.82 19.56 39.1 1 391.11 

July 2.67 5.33 13.33 26.67 266.67 

August 3.24 6.49 16.22 32.44 324.44 

September 4.95 9.91 24.78 49.56 495.56 

October 5.75 11.51 28.78 57.56 575.56 

November 6.11 12.22 30.56 61 .11 611 .11 

December 6.38 12.76 31 .69 63.78 637.78 

Source: Los Angeles Fresh Fruit and Vegetable Wholesale 
Market Prices Summary. 

1. Quantities demanded are measured in truck loads. 
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Table 5: Lowest Quantities of Apples Demanded in Los Angeles 

Given Different Target Percentages of the total Quantity 

Demanded 2 

MONTH 1X 2% 5% 10* 100* 

January 4, .07 8 .13 20, .33 40, .67 406, .67 

February 4. .00 8 .00 20. .00 40. .00 400. .00 

March 3, ,87 7 .73 19, .33 38. .67 386. .67 

Apri 1 2. ,51 5 .02 12. ,56 25. ,11 251 . .11 

May 3. .15 6 .31 15, .78 31 , .56 315, .56 

June 2. ,87 5 .73 14. ,33 28. ,67 286. .67 

July 2. ,20 4 .40 11 , .00 22. .00 220, .00 

August 1 . , 75 3 .51 8. ,78 17. .56 175, .56 

September 3, ,02 6 .04 15, . 11 30, .22 302, .22 

October 4. ,71 9 .42 23. ,56 47. ,11 471 , .11 

November 3. .82 7 .64 19, .11 38. .22 382, .22 

December 3. ,22 6 .44 16. , 1 1 32. ,22 322. .22 

Source: Los Angeles Fresh Fruit and Vegetable Wholesale 
Market Prices Summary. 

2. Quantities demanded are measured in truck loads. 
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Table 6: Highest Quantities of Apples Demanded in Denver 

Given Different Target Percentages of the Total Quantity 

Demanded 3 

MONTH 1X 2% 5% 10* 100X 

January 0. 87 1 .73 4, .33 8, .67 86, .67 

February 0. 89 1 .78 4. ,44 8. .89 88. ,89 

March 0. 87 1 

CO r*
» 

•
 4, .33 8. .67 86, .67 

Apri 1 0. 91 1 .82 4. ,56 9. ,11 91 . ,11 

May 0. 75 1 .51 .3, .78 7, .56 75, .56 

June 0. 55 1 .11 2. ,78 5. ,56 55. ,56 

July 0. 62 1 .24 3, .11 6. .22 62. .22 

August 0. 38 0, .76 1 , .89 3. ,78 37. ,78 

September 0. 93 1 .87 4, .67 9. .33 93, .33 

October 1. 27 2 .53 6. ,33 12. ,67 126. ,67 

November 1. 00 2 .00 5, .00 10, .00 100, .00 

December 1. 24 2 .49 6. ,22 12. ,44 124. .44 

Source: Denver Fresh Fruit and Vegetable Wholesale Market 
Prices Summary. 

3. Quantities demanded are measured in truck loads. 
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Table 7: Lowest Quantities of Apples Demanded in Denver 

Given Different Target Percentages of the Total Quantity 

Demanded 4 

MONTH 1* 2% 5% 10% 100% 

January 0.35 0.71 1 .78 3.56 35.56 

February 0.55 1.11 2.78 5.56 55.56 

March 0.55 1.11 2.78 5.56 55.56 

Apri 1 0.47 0.93 2.33 .4.67 46.67 

May 0.44 0.89 2.22 4.44 44.44 

June 0.26 0.53 1 .33 2.67 26.67 

July 0.18 0.36 0.89 1 .78 17.78 

August 0.24 0.49 1 .22 2.44 24.44 

September 0.53 1 .07 2.67 5.33 53.33 

October 0.53 1 .07 2.67 5.33 53.33 

November 0.55 1.11 2.78 5.56 55.56 

December 0.44 0.89 2.22 4.44 44.44 

Source: Denver Fresh Fruit and Vegetable Whole Sale Market 
Prices Summary. 

4. Quantities demanded are measured in truck loads. 
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3.4.2 Prices 

Weekly prices, reported in dollars per box are converted 

to dollars per truck load. Monthly average prices are 

calculated using the percentage of apples supplied by each 

origin as the weight. These prices are used for estimating 

the demand functions. They are deflated by the monthly 

producer price index for fresh fruit in each city. 

3.4.3 Arizona Production 

The monthly supply of Arizona apples that are available 

for sale to Los Angeles and Denver are calculated using the 

information on acreage, the percentage of the acreage 

harvested each month, the packout percentage, the percentage 

of Arizona apples sold to each market and the storage 

capacity. For example, the quantity of apples that Arizona 

can supply to Los Angeles in September , given the current 

production level of 4385 acre is: 

4385 acre* 0.889 truck loads/acre • 70* packout * 53* of the 

apples harvested * 5% of the apples sold to Los Angeles = 

72.30 truck loads. . 

The amount of apples available for sale from February 

through July are calculated by taking 1% and 5% of the 

available storage space for Denver and Los Angeles, 

respectively. The apples available for sale to Los Angeles 

and Denver are shown in tables 8 and 9. The supply of 



Table 8: Arizona Apples Available For Sale to Los Angeles 

and Denver Given the Current 4385 Acres* 

Month Truck Loads Truck Loads 
Denver Los Angeles 

August 4.91 24.56 

September 14.46 72.30 

October 27.78 136.42 

November 22.37 111.87 

December 12.28 61 .39 

January 12.28 61 .39 



Table 9: Arizona Apples Available For Sale to Los Angel 

and Denver Given the Potential 8,000 Acres 

Month Truck Loads Truck Loads 
Denver Los Angeles 

January 22.40 112.00 

February 7.08 35.40 

March 7.08 35.40 

April 7.08 35.40 

May 7.08 35.40 

June 7.08 35.40 

July 7.08 35.40 

August 8.96 44.80 

September 26.38 131.91 

October 49.78 248.89 

November 40.82 204.09 

December 22.40 112.00 
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Arizona apples are used in calculating the effective demand 

curves from the total demand curves that are estimated. 

3 .5  Sta t is t ica l  Methods 

Total demand functions are estimated by ordinary least 

squares, and the Cochrane-Orcutt technique is used to 

correct for the autocorrelation. Twelve intercept dummy 

variables and twelve slope dummy variables are used to test 

for shifts and slope changes in the demand curve between 

different months. The F test is used to determine if shifts 

or rotations of the demand curve are significant. 

3.6 Hypotheses 

The unrestricted model for Denver is: 

P = ai + az +03 +... + ai 2 - 01Q - 02 Q - ... - 012Q. 

The restricted model imposes the following restrictions: 

ai =02=03=04= as and oe = 07 and as = ai 1 = ai 2 and. 

@1 =02 = 03 = 04 = 05 = 06 = 07 = 09 = 01 0 = 01 1 = 01 2 . 

The null hypothesis is that the restrictions hold while the 

alternative hypothesis is that the restrictions do not hold. 

The unrestricted model for Los Angeles is: 

P = ai +02 +03 +... + ai 2 - 0i Q — 02 Q — ... — 012Q. 

The restricted model imposes the following restrictions: 

01 = 02 = 03 = 04 = as = ae = 07 = as =aio = ai i = ai 2 and 

01 = 02 = 03 = 04 = 05 = 06 = 07 = 09 = 01 0 = 01 1 = 01 2 . 
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The null hypothesis is that the restrictions hold while the 

alternative is that they do not hold. 

The demand functions for Los Angeles are estimated 

separately from the demand function for Denver. The error 

terms for each city are assumed to be different. The 

unrestricted model for each city is different. 
•j 

When testing the Los Angeles and Denver models, F-

statistics generated that are close to the critical F values 

are accepted because of the small sample sizes, particularly 

for Los Angeles. The regression results are reported in the 

next chapter. 

The significance of the individual coefficient estimates 

is determined using t-statistics. The null hypotheses being 

cu = 0 and f3i=0. Because of the small sample size, 

statistics close to the critical values are accepted. 

3.7 Effective Demand Functions 

Effective demand curves are calculated from the total 

demand curves for both the high monthly sales and the low 

monthly sales to Los Angeles and Denver and available 

Arizona apples. Remember that market demand can be written 

as : 

P = a -B(Qo + Qa) 

where Qa is the amount of apples demanded from Arizona 
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Qo is the amount of apples demanded from all other 

areas. 

The total amount of apples demanded by Los Angeles and 

Denver are known as is the apples available from Arizona. 

Therefore the effective demand curves can be derived. 

3 .8  Quadrat ic  Programming Model  

Given the effective demand curves and the model developed 

earlier, the competitive equilibrium under the different 

scenarios is determined. The model is solved using the GAMS 

software developed by Brooke et al.; the MINOS nonlinear 

solution routines in GAMS were used (Murtagh et al.). 

3.9 Summary 

A quadratic programming model is used to solve for the 

spatial equilibrium between Arizona, Colorado and California 

apple markets. The effective demand curves are estimated for 

each month in Los Angeles and Denver. They are used in the 

objective function of the model. The constraints of the 

model are set up to avoid over-shipment to a market and 

ensure that storage limitations are not exceeded. 

The model is solved for four cases given several 

different scenarios. The first two case are for high monthly 

sales to both Los Angeles and Denver, with the first case 

given the present production level, and the second case 
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given the potential production level. For both of these 

cases different percentages of the Los Angeles and Denver 

markets are targeted by the Arizona producers. That is, 

Arizona producers will supply 1, 2, 5 10 or 100 percent of 

these markets. Given the different target percentages, the 

timing and quantity of the sales are examined. The last two 

cases solves for the competitive equilibrium given low 

monthly sales to both Los Angeles and Denver with the third 

case given the current production level and the fourth case 

given the potential production level. As in the first two 

cases, the Arizona apple producers will target different 

percentages of the markets and the effect on the timing and 

quantity of the apple sales will be examined. 

The model is solved utilizing the GAMS software. The 

solutions, presented in the next chapter, show the timing 

and quantity of sales to Los Angeles and Denver as well as 

the storage patterns that the Arizona producers may face as 

their production increases. 
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CHAPTER 4 

STATISTICAL RESULTS 

4.1 Introduction 

Statistical results of estimating the demand functions 

and solving the spatial equilibrium are discussed in this 

chapter. Results of testing the hypotheses presented in 

chapter three are presented. Results obtained from the 

quadratic programming model are grouped according to the 

production level and the level of demand. First current 

level of production is examined given low demand in the 

markets. Next current production level and high demand in 

the market is examined. Comparisons are then made between 

the high and low demands. Similarly, potential production 

given high and low demands are examined and comparisons are 

made between the two demand levels. 

4.2 Demand Functions 

Total monthly linear demand functions are estimated using 

ordinary least squares. Without correcting for 

autocorrelation, the Durbin-Watson statics are 0.77 for Los 

Angeles and 1.29 for Denver. Given the presence of 

autocorrelation the Cochrane-Orcutt technique is used to 

correct for autocorrelation. The demand functions are 
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summarized in tables 10 and 11. The t-statisties are given 

in parenthesis. Even though the t-statistics are significant 

at the 25 percent level, the slope coefficients for Los 

Angeles for October through August are accepted because of 

the small sample size (68 degrees of freedom). For each 

month there are six observations. The degrees of freedom for 

Denver are 101. There are 9 observations for each month. 

Given that the functions are linear, the R2 for both the Los 

Angeles and Denver demand function is reasonably high, 0.48 

and 0.54 respectively. For both of the cities the estimated 

rho for first order autoregressive structure is significant, 

and the Durbin-Watson statistic is not significant, 

indicating that the autocorrelation has been corrected. 

The models are tested against the unrestricted models 

presented in chapter three with the F test. The calculated 

F-statistic for Denver is 1.18. The F-statistic at 1 percent 

given 17 degrees of freedom in the numerator and 84 degrees 

is 1.73 so the null hypothesis is not rejected. The 

calculated F-statistic for the Los Angeles model is 2.31 

while the F-statistic at 1 percent for 20 degrees of freedom 

in the numerator and 47 degrees of freedom in the 

denominator is 2.30. Because the calculated F-statistic is 

very close to the critical F value the null hypothesis is 

not rejected. 



Table 10: The Total Demand Functions For Los Angeles 

January 

February 

March 

Apri 1 

May 

June 

July 

August 

September 

October 

November 

December 

P = 19,414.40 
*(10.97) 

p = 19,414.40 
(10.97) 

p = 19,414.40 
(10.97) 

p = 19,414.40 
(10.97) 

p = 19,414.40 
(10.97) 

p = 19,414.40 
(10.97) 

P = 19,414.40 
(10.97) 

p = 19,414.40 
(10.97) 

P = 27,007.80 
(5.99) 

p = 19,414.40 
(10.97) 

p = 19,414.40 
(10.97) 

p = 19,414.40 
(10.97) 

4.10655(LAi ) 
(-1.14) 

4.10655(LA2) 
(-1.14) 

4.10655(LA3) 
(-1.14) 

4.10655(LA< ) 
(-1.14) 

4.10655(LAs ) 
(-1.14) 

4.10655(LA# ) 
(-1.14) 

4.10655(LA7) 
(-1.14) 

27 . 7452(LAs) 
(-1 .14) 

4.10655(LAs) 
( - 1 . 6 6 )  

4.10655(LAio) 
(-1.14) 

4.10655(LAi1) 
(-1.14) 

4.10655(LAi 2) 
(-1.14) 

R2 = 0.48 Adjusted R2 = 0.46 
Rho =0.67 
F-Statistic = 21.18 
Durbin-Watson = 2.16 
* t-Statisties in parenthesis 
LAi = quantity demanded in month i. 



Table 11: Total Demand Functions For Denver 

January P 
3* 
19,292.10 
(20.38) 

- 40.6864(DENi ) 
(-3.17) 

February P 19,292.10 
(20.38) 

- 40.6864(DEN2) 
(-3.17) 

March P = 19,292.10 
(20.38) 

- 40.6864(DENs) 
(-3.17) 

Apri 1 P = 19,292.10 
(20.38) 

- 40.6864(DEN4) 
(-3.17) 

May P = 19,292.10 
(20.38) 

- 40.6864(DEN5) 
(-3.17) 

June P - 17,098.40 
(19.46) 

- 40.6864(DENe) 
(-3.17) 

July P = 17,098.40 
(19.46) 

- 40.6864(DEN7) 
(-3.17) 

August P = 16.913.00 
(18.02) 

- 40.6864(DENe) 
(-3.17) 

September P = 16,642.30 
(12.70) 

- 40.6864(DEN9) 
(-3.17) 

October P = 14,971.70 
(10.51 ) 

- 40.6864(DENio) 
(-3.17) 

November P = 16.913.00 
(18.02) 

- 40.6864(DENi 1 ) 
(-3.17) 

December P = 16.913.00 
(18.02) 

— 40.6864(DENi2) 
(-3.17) 

R2 = 0.54 Adjusted R2 = 0.52 
Rho = 0.44 
F-Statistic = 24.23 
Durbin-Watson = 1.89 
• t-statistics in parenthesis 
DENi = quantity demanded in month i 
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Effective demand curves are calculated for each city 

given Arizona's current production level and potential 

production level for two different cases. The first case is 

lowest monthly sales for the period 1980-88 for Denver and 

1983-88 for Los Angeles as reported by the Denver and Los 

Angeles Fresh Fruit and Vegetable Wholesale Market Prices. 

The demand function is written as P = (a-0Qo) - (3Qa, where 

Qo is the lowest quantity of apples demanded from all areas 

except Arizona. The second case is when the quantity 

demanded from all areas except Arizona each month is high. 

Qo is the highest reported monthly sales to each city over 

the periods 1980-88 for Denver and 1983-88 for Los Angeles. 

Effective demand curves for each city used in the quadratic 

programming model are summarized in tables 12 through 15. 

Examining the intercept terms of the effective demand 

curves shows that when the quantity demanded is high the 

effective demand curve is low and when the quantity demanded 

is low, effective demand curve is high. Further reference to 

high and low demand refers to the postion of the demand 

curves. Reference to high and low quantities demanded refers 

to movement along the demand curves. 

The 

to the 

4.3 

quadratic 

production 

Quadratic Programming Results 

programming results are grouped according 

level and the monthly demand used. The 
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Table 12: Effective Demand Functions of Los Angeles for 
Arizona Given Current Production Levels and High and Low 

Quantities Demanded 

High quantity demanded 1 

August P = 18 ,687 .34 — 27 .7452(LAs) 

September P = 17 ,676 .30 - 4. 1065(LAs) 

October P = 17 ,611 .08 - 4. 1065(LAi o) 

November P 17 ,364 .23 - 4. 1065(LAi1) 

December P = 17 ,047 .43 - 4. 1Q65(LAi2) 

January P = 17 ,740 .99 - 4. 1065(LAi) 

quantity demanded 2 

August P = 22 ,818 .29 - 27 .7452(LAe) 

September P = 18 ,470 .23 - 4. 1065(LAs) 

October P = 18 ,039 .98 - 4. 1065(LAio ) 

November P = 18 ,304 .17 - 4. 1065(LAi1 ) 

December P = 18 ,343 .28 - 4. 1065(LAi2 ) 

January P 17 ,995 .50 - 4. 1065(LAi) 

1. Demand curves correspond to low demand 

2. Demand curves correspond to high demand 
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Table 13: Effective Demand Functions of Denver For Arizona 
Given Current Production Levels and High and Low Quantities 

Demanded 

High quantity demanded 1 

August P = 15, 575 .64 — 40. 6864(DENa ) 

September P = 13, 433 .36 - 40. 6864(DENs) 

October P = 10, 927 .88 - 40. 6864(DENio) 

November P = 13, 754 .51 - 40. 6864(DENi1) 

December P = 12, 349 .61 - 40. 6864(DENi2) 

January P = 16, 265 .44 - 40. 6864(DENi) 

( quantity demanded 2 

August P = 16, 118 .39 - 40. 6864(DENe ) 

September P = 15, 060 .82 - 40. 6864(DEN9) 

October P = 13, 911 .82 - 40. 6864(DENio) 

November P = 15, 562 .62 - 40. 6864(DENi1) 

December P = 15, 604 .53 - 40. 6864(DEN12) 

January P = 18, 344 .92 - 40. 6864(DENi) 

1. Demand curves correspond to low demand 

2. Demand curves correspond to high demand 
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Table 14: Effective Demand Functions of Los Angeles for 
Arizona Given Potential Production Levels and High and Low 

Quantities Demanded 

High quantity demanded 1 

January P = 17 ,948 .82 — 4. 1065(LAi ) 

February P = 17 ,561 .25 - 4. 1065(LA2) 

March P = 16 ,931 .58 - 4. 1065(LA3) 

Apri 1 P = 17 ,196 .22 - 4. 1065(LA4) 

May P = 17 ,597 .75 - 4. 1065(LAs) 

June P = 17 ,953 .65 - 4. 1065(LAe) 

July P = 18 ,464 .69 - 4. 1065(LA7) 

August P = 19 ,249 .01 - 27 .7452(LAs) 

September P = 17 ,921 .08 - 4. 1065(LA9) 

October P = 18 ,072 .93 - 4. 1065(LAio) 

November P = 17 ,742 .94 - 4. 1065(LAi 1 ) 

December P 17 ,255 .27 - 4. 1065(LAi2 ) 
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Table 14 Continued: Effective Demand Functions of Los 
Angeles for Arizona Given Potential Production Levels 
and High and Low Quantities Demanded 

Low quantity demanded 2 

January P = 18, 204 .34 — 4. 1065(LAi ) 

February P = 17, 917 .15 - 4. 1065(LA2 ) 

March P = 17, 971 .91 - 4. 1065(LAs) 

Apri 1 P = 18, 528 .57 - 4. 1065(LA4) 

May P = 18, 263 .93 - 4. 1065(LAs) 

June P = 18, 382 .56 - 4. 1065(LAe) 

July P = 18, 656 .33 - 4. 1065(LA7) 

August P = 23, 379 .96 - 27 .7452(LAb) 

September P = 18, 715.01 - 4. 1065(LA9) 

October P = 18, 501 .83 - 4. 1065(LAio) 

November P = 18, 682 .89 - 4. 1065(LAi1) 

December P 18, 551 .11 — 4. 1065(LAi2) 

1. Demand curves correspond to low demand 

2. demand curves correspond to high demand 
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Table 15: Effective Demand Functions of Denver for Arizona 
Given Potential Production Levels and High and Low 

Quantities Demanded 

High quantity demanded 1 

January P = 16, 677 .19 — 40 .6864(DENi ) 

February P = 15, 963 .55 - 40 ,6864(DEN2) 

March P = 16, 053 .87 - 40 .6864(DEN3) 

Apri 1 P r 15, 873 .22 - 40 .6864(DEN4) 

May P = 16, 505 .90 - 40 ,6864(DENs) 

June P = 15, 125 .92 - 40 .6864(DENe) 

July P = 14, 854 .95 - 40 .6864(DEN7) 

August P = 15, 740 .42 - 40 .6864(DENa) 

September P = 13, 918 .35 - 40 .6864(DENs) 

October P = 11 , 843 .32 - 40 .6864(DENio) 

November P = 14, 505 .18 - 40 .6864(DENi1) 

December P 12, 761 .36 — 40 .6864(DENi2) 
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Table 15 Continued: Effective Demand Functions of Denver for 
Arizona Given Potential Production Levels and High and 
Low Quantities Demanded 

Low quantity demanded 2 

January P = 18,756 .67 — 40 
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March P = 17,319 .62 - 40 .6864(DENz) 

Apri 1 P = 17,681 .33 - 40 .6864(DEN3) 

May P = 17,772 .06 - 40 .6864(DENs) 

June P = 16,301 .35 - 40 .6864(DENs) 

July P = 16,663 .06 - 40 o>
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August P = 16,283 .17 - 40 .6864(DENb) 

September P = 15,545 .80 - 40 .6864(DENs ) 

October P = 14,827 .26 - 40 .6864(DENi o) 

November P = 16,313 .28 - 40 .6864(DENi1) 

December P 16,016 .27 - 40 .6864(DENi2) 

1. Demand curves correspond to low demand 

2. Demand curves correspond to high demand 
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results are summarized in figures and/or tables. A sample of 

of the model is compiled in appendix A. Comparisons are made 

between the various groupings. 

4.3.1 Current Production and Low Demand 

Monthly sales to Denver and Los Angeles under different 

target percentages are shown in figures 15 and 16 

respectively. Increasing the percent of the market targeted 

from 1 to 2 to 5 percent increases the monthly sales 

proportional 1 y in both markets; i.e. doubling the target 

doubles the monthly sales. When 10 percent of the market is 

targeted the sale of apples is diverted to the months that 

provide the greatest amount of consumer surplus. For 

example, the total number of truck loads harvested that are 

destined for Los Angeles and Denver is 233.9. At the 1 

percent target the sum of the monthly quantities demanded 

for both cities is 36.81 truck loads. At the 10 percent 

target level the sum of the monthly quantities demanded for 

both markets is 368.23 truck loads. Since the quantity of 

apples demanded in Los Angeles and Denver is greater than 

the quantity of apples available, the model sells apples in 

the months that provide the most consumer surplus. From 

September through January apples are sold only to Los 

Angeles because the consumer surplus gained from selling to 



Figure 15: Sales to Denver Under Different Target Percentages 
Given Current Production and Low Demand 
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Figure 16: Sales to Los Angeles Under Different Target Percentages 
Given Current Production and Low Demand 
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Los Angeles is greater than the consumer surplus obtained 

from selling to Denver. Apples sold to Los Angeles are 

directed to the months that provide the greatest amount of 

consumer surplus. Since December provides the least amount 

of consumer surplus no apples are sold during this period. 

When 100 percent of the market are targeted the apples are 

sold in the months in which they are harvested to Los 

Angeles. 

Storage flows are for cold storage only, as currently 

there are no controlled atmosphere storage facilities in use 

in Arizona. Storage flows show the months in which the 

apples are placed into storage and the months in which the 

apples are taken out of storage for sale. As the target 

percentage increases the amount of apples stored increases 

up to the 5 percent target. Since more apples are sold as 

the target percentage increases, the amount of apples placed 

into storage increases. At the 10 percent target the 

quantity of apples stored decreases. The quantity of apples 

sold from November through January at the 5 percent target 

is greater than at the 10 percent target. Fewer apples need 

to be stored at the 10 percent target. A summary of the 

storage flows is shown in table 16. Month In is the month 

apples are placed into storage while Month Out is the month 

apples are taken out of storage for sale. 



93 
Table 16: Truck Loads of Apples Cold Stored For Different 

Target Percentages of the Total Quantity of Apples Demanded 

Given Current Production and Low Demand 

Month In Month Out 1% 2% 5% 10% 

August September 0.00 0.00 0.00 0.00 

August October 0.00 0.00 0.00 5.86 

September October 0.00 0.00 0.00 0.00 

September November 7.41 14.81 37.04 32.27 

October November 0.00 0.00 0.00 9.22 

October December 7.94 15.89 39.70 0.00 

October January 5.88 11 .58 28.93 48.84 
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No are apples stored from August to September. The 

reduced cost of this activity is -$1158.75. If the cost of 

storing apples from August to September was reduced by 

$1158.75, then storing apples from August to September would 

become a basic activity. The level of the activity is not 

known. The reduced cost of storing apples from September to 

October is also -$1158.75. Since the quantity of fresh 

apples available in September and October meets the demand, 

apples are stored in earlier months for sale in these two 

months. No apples are stored from October to November for 

three of the target percentages. The reduced cost of this 

activity is close to zero (Given as EPS in GAMS output) . If 

the storage cost from October to November was slightly less 

than the storage cost from September to November, apples 

could be stored in October, not September, for sale in 

November. 

As the quantity demanded (target percentage) increases 

consumer surplus increases. The consumer surplus calculated 

for the one percent target is $590. The consumer surplus are 

as follows for the remainder of the target percentages: 

2 percent $2,362 

5 percent $14,753 

10 percent $34,508. 
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4.3.2 Current Production and High Demand 

Monthly sales to Denver and Los Angeles under different 

target percentages are shown in figures 17 and 18, 

respectively. Monthly sales of apples increase 

proportionally when the target percentage is increased from 

1 to 2 to 5 percent in both markets. At the 10 percent 

target the sales to Los Angeles follow the same pattern as 

the lower targets. The sale pattern in Denver changes at the 

10 percent target. At this target level the sum of the 

monthly sales to Los Angeles and Denver is 232.66 truck 

loads. If the harvested apples are sold without being placed 

in storage there would be 233.9 truck loads available. 

Because some of the apples are lost in storage, the quantity 

of apples available is 227.78 truck loads. The quantity of 

apples demanded in Los Angeles and Denver is greater than 

the quantity of apples available. The model directs the sale 

of apples to the markets with the months that provide the 

greatest amount of consumer surplus. 

Figure 19 illustrates the allocation of apple sales 

between the two markets when the demand exceeds supply. QLA 

is the quantity of apples demanded by Los Angeles. QT is the 

quantity of apples available for sale. When QT = QLA 

consumer surplus is the area ABC. If some apples are sold 

to Denver such that QT = Q'LA + Q'DEN, consumer 



Figure 17: Sales to Denver Under Different Target Percentages 
Given Current Production and High Demand 
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Figure 18: Sales to Los Angeles Under Different Target Percentages 
Given Current Production and High Demand 
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FTgure 19: Change Fn Consumer Surplus Given Changes 
In the Percentage of Apples Sold to Each Market 
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surplus in Los Angeles declines by the area ADEC while 

consumer surplus in Denver increases by area FGH. Selling 

apples to both Los Angeles and Denver when the demand in Los 

Angeles is greater than or equal to the quantity of apples 

available for sale from Arizona, decreases the consumer 

surplus. Consumer surplus is maximized by meeting the Los 

Angeles demand before the Denver demand. After the demand in 

Los Angeles is met apples are directed for sale in Denver. 

In Denver the demand is met in the months that provide the 

greatest amount of consumer surplus first. Demand is not 

fully satisfied in the months that provide lower amounts of 

consumer surplus. This results in the saw-tooth pattern at 

the 10 percent target level. 

The amount of apples stored increases as the target 

percentage increases, with the greatest amount of apples 

stored at the 10 percent target level. The storage flows are 

shown in table 17. 

The reduced costs of the storage activities, with the 

exception of October to November storage whose values are 

zero, are -$1158.75. If storage costs are reduced by 

$1158.75 then storing apples in these periods would become a 

basic activity. The reduced cost of the October to November 

storage is close to zero. If the cost of storing apples from 

October to November was slightly less than the cost of 

storing apples from September to November, then the apples 
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Table 17: Truck Loads of Apples Cold Stored For Different 

Target Percentages of the Total Quantity of Apples Demanded 

Given Current Production and High Demand 

Month In Month Out 1% 2% 5% 10% 

August September 0.00 0.00 0.00 0.00 

August October 0.00 0.00 0.00 22.09 

September October 0.00 0.00 0.00 0.67 

September November 4.56 9.12 22.80 45.60 

October November 0.00 0.00 0.00 0.00 

October December 3.82 7.64 19.09 36.44 

October January 4.61 9.21 23.03 46.07 
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could be placed in storage in October, not September, for 

sale in November. 

Consumer surplus increases as the percent of the markets 

targeted increases. Consumer surplus calculated is $218 at 

the 1 percent target. For the remainder of the target 

percentages consumer surpluses are: 

2% $871 

5% $5,451 

10* $12,076. 

4.3.3 Comparison of Hi oh and Low Demand Given Current 

Production 

1) Sales patterns targeting different market percentages. 

a) At the 1, 2, and 5 percent targets the sales increase 

proportionally in both markets for the high and low demand 

with the increase in the target percentage. Doubling the 

target percentage doubles the sales. 

b) At the 10 percent target the proportional increase in 

sales in Denver no longer exists. Since the quantities 

demanded for apples exceeds the quantities supplied, the 

model selects the months in which to sell apples. Months 

that provide the greatest consumer surplus are the months in 

which apples are sold. In Los Angeles the proportional 

increase in sales occurs for high demand but not for the low 

demand. When high demand is considered there are enough 
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apples available to meet the monthly demands in Los Angeles. 

The same cannot be said for the low monthly demand. 

c) For both the high and low monthly demand, when 100 

percent of the markets are targeted, all of the apples are 

sold to Los Angeles in the month in which they are 

harvested. It is unlikely that Arizona would want to capture 

such a large share of these markets. Los Angeles and Denver 

are considered weak markets for Arizona because of the price 

variability associated with them. 

2) Variability in month to month sales. 

a) With the exception of the 10 percent target the month to 

month sales in Denver are more variable for low than high 

demand. When the quantity of apples demanded in Denver is 

low, there will be less variability in the quantity of 

apples sold to Denver from Arizona than when the quantity of 

apples demanded in Denver is high. The opposite is true for 

Los Angeles: the month to month sale of apples is more 

variable for high demand than low demand. When the quantity 

of apples demanded in Los Angeles is high, the quantity of 

apples shipped from Arizona will be less variable than when 

the quantity demanded is low. 

b) When the low monthly demand for both cities are examined, 

the months with the greatest shipments of apples are October 

and December, while August has the lowest amount shipped. 

When the high monthly demand for both cities are examined 
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October still reports the highest shipments and August the 

lowest shipments to Los Angeles. Denver still claims August 

as the lowest shipment month while the highest shipments of 

apples occurs from September through November. The low month 

of August accounts for the lower quality of apples sold 

during this month. The majority of apples are supplied from 

controlled atmosphere storage in August and are of lower 

quality because they have been in storage approximately 10 

months. October as a high shipment month occurs because 

people prefer fresh apples to stored apples. October is the 

last month to obtain freshly, harvested apples. Apples 

received in the following months are stored apples. 

3) Cold storage flows. 

For both the high and low monthly demand there are no 

apples stored in August for sale in September. The quantity 

of apples harvested in September is sufficient to meet the 

demand in that month. When demand is high no apples are 

stored for sale in October. Apples are stored for sale in 

October when demand is low. 

Reduced costs for the non basic storage activities in 

August and September are -$1158.75, indicating that these 

activities would become basic if costs of storing apples are 

reduced by $1158.75. The reduced cost indicates the amount 

that the objective function coefficient of a non-basic 

activity must change before the activity becomes basic. 



104 
4) Consumer Surplus 

Consumer surplus increases as the percent of the markets 

targeted increases. As the target percentage increases more 

apples are sold. Consumer surplus is calculated as CS = iSQ. 

Consumer surplus is greater for low demand than high 

demand. Since more apples are sold when demand is low, 

consumer sruplus is greater. Figure 20 compares the consumer 

surpluses between high and low demand. 

4.3.4 Potential Production and Low Demand 

Monthly sales to Denver and Los Angeles are shown in 

figures 21 and 22 respectively. Arizona would be able to 

target up to 5 percent of the Denver market. At the 10 

percent level only August is a viable month for shipping 

apples to Denver. Arizona could target up to 10 percent of 

the Los Angeles market. At this level no apples would be 

sold in March or April. Los Angeles is preferred to Denver 

at the 10 percent target as shown by the differences in the 

number of months that apples are sold to each market. 

The quantity of apples sold earlier in the production 

year (August through December) in Denver is greater than the 

quantity sold later. Apples sold February through July are 

apples that were placed in CA. Since CA is more 



Figure 20: Consumer Surpluses for High and Low Demand 
Under Different Target Percentages Given Current Production 
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Figure 21: Sales to Denver Under Different Target Percentages 
Given Potential Production and Low Demand 
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Figure 22: Sales to Los Angeles Under Different Target Percentages 
Given Potential Production and Low Demand 
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expensive than cold storage, the preferred option is cold 

storage. As many apples as possible are sold early in the 

production year. 

Controlled atmosphere storage is a basic activity if 

revenue from the sale of apples from February through July 

exceeds the cost of storage. Controlled atmosphere increases 

until the 10 percent level when it decreases. The summary of 

the storage activities is given in table 18. The cold 

storage increases as the percent of the markets targeted 

increases. 

The reduced costs are close to zero for the CA storage 

activities whose levels are zero. At the 1 percent target, 

if the cost of CA storage in August or October is only 

slightly less than the cost of CA storage in September, then 

apples could be put into storage in August or October. 

Consumer surplus increases as the percent of the market 

targeted increases. Calculating the consumer surplus at the 

1 percent target is 957. Consumer surpluses for the 

remaining target percentages are: 

2% $3,830 

5% $23,944 

10% $53,168. 



109 
Table 18: Storage Activities in Truck Loads for Different 

Target Percentages of the Total Quantity of Apples Demanded 

Given Potential Production and Low Demand 

1X 2% 5% 10* 

Cold Store August 0. 00 0.00 0. 00 .0.00 

Cold Store September 7. 41 14.81 37. 04 63.66 

Cold Store October 13. 73 27.46 68. 63 115.28 

CA Store August 0. 00 0.00 0. 00 40.58 

CA Store September 34. 35 66.69 74. 96 36. 12 

CA Store October 0. 00 0.00 96. 80 27.78 
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4.3.5 Potential Production and Hi oh Demand 

Monthly sales to Denver and Los Angeles are shown in 

figures 23 and 24 respectively. Sale patterns in Denver 

increase proportionally with increases in the percent of the 

market targeted, up to the 5 percent target. Targeting 10 

percent of the Denver market breaks the sales pattern. Since 

there are not enough apples available to meet the demand in 

both markets, no apples are sold during the least feasible 

months. The sale patterns in Los Angeles increase 

proportionally with the increases of percentages of the 

market targeted. When the total quantity of apples demanded 

is low, the supply of apples is sufficient to meet the 

demand in Los Angeles at the different target percentages. 

Cold storage increases as the percent of the markets 

targeted increases. No apples are cold stored in August. The 

reduced cost of this activity is the cost of cold storing 

apples. The quantity of apples being harvested in September 

and October, the months in which apples stored in August 

must be sold, is sufficient to meet the demand of the 

markets in these two months. There is no need to incur 

storage costs in August. The reduced cost of storing apples 

in October for sale in November is close to zero. If the 

cost for this activity is slightly less than the cost of 

storing apples in September for sale in November, the apples 

could be stored in October rather than September. 



Figure 23: Sales to Denver Under Different Target Percentages 
Given Potential Production and High Demand 
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Figure 24: Sales to Los Angeles Under Different Target Percentages 
Given Potential Production and High Demand 
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Controlled atmosphere storage is a basic activity when 

considering the potential production and all of the target 

levels. The largest quantity of apples stored in CA occurs 

when 10 percent of the markets is targeted. For the months 

when no apples are put into CA the shadow prices are close 

to zero. Reduced costs should be close to zero as there is 

no difference in cost for placing the apples into CA in 

August, September, or October. Table 19 summarizes the 

storage activities. 

Consumer surplus increases as the target percentage 

increases. The 1 percent target level results in the 

consumer surplus being $422. The consumer surpluses for the 

remaining target percentages are: 

2% $1,687 

5% $10,552 

10% $39,069. 

4.3.6 Comparison of High and Low Monthly Demand Given 

Potential Production 

1) Sales patterns.targeting different market percentages, 

a) At the 1, 2, and 5 percent target levels the quantity of 

sales increases proportionally with the increases in the 
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Table 19: Storage Activities in Truck Loads for Different 

Target Percentages of the Total Quantity of Apples Demanded 

Given Potential Production and High Demand 

1* 2% 5% 10% 

Cold Store August 0.00 0.00 0. 00 .0.00 

Cold Store September 4.56 9.15 22. 80 39.81 

Cold Store October 8.43 16.84 42. 13 119.45 

CA Store August 0.00 0.00 0. 00 56.80 

CA Store September 21 .95 43.88 108. 75 73.97 

CA Store October 0.00 0.00 0. 97 70.46 
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percentage of the market targeted. This is the case for both 

Denver and Los Angeles. 

b) When the target is 10 percent, the sales pattern changes 

from that observed in Denver at lower target levels. The 

months that add the greatest value to the objective function 

are chosen given that the supply of apples does not meet the 

demand. No apples are sold during the least feasible months. 

When the low demand is used only August is a feasible month. 

In Los Angeles the sales pattern does not change at the 10 

percent target for high demand, but changes for low demand. 

The supply of apples meets the high demand but not low 

demand. When the quantity demanded is high, apples are sold 

in the months that add the greatest value to the objective 

function. 

c) For both high and low monthly demand, when 100 percent of 

the markets are targeted all of the apples are sold to Los 

Angeles in the months in which they are harvested. 

2) Variability in the month to month sales. 

a) The month to month sales in both cities exhibit similar 

variability. The sales are variable for both high and low 

demand. Month to month variability should not be the 

determining factor for preference of high or low demand. 

b) In both cities the months with the greatest shipments of 

apples are those months during harvest and shortly there 

after. Consumers prefer fresh apples so it is expected that 
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higher sales would occur in these months. August claims the 

lowest shipments of apples to the cities. Generally, apples 

that are available in August are from CA storage and are of 

lower quality than fresh apples. 

3) Controlled atmosphere and cold storage of apples. 

a) The amount of apples placed into CA storage increases as 

the percent of the market targeted increases. When the 

monthly demand is high the quantity placed into. CA is less 

than the quantity placed into CA when demand is low. Months 

in which the apples are placed in CA are identical for each 

target percentage when comparing the high and low sales. 

b) The quantity of apples put into cold storage increases as 

the target percentage increases. The low demand has more 

apples placed into cold storage than high demand. In both 

cases no apples are stored in August. Apples harvested in 

September and October meet the demand for apples in these 

months. There is no need to store apples in August for sale 

in September and October. 

4) Consumer Surplus. 

Consumer surplus increases as the percentage of the 

market targeted increases for both high and low demand. 

Consumer surplus is greater for low demand than high demand 

becuase more apples are sold when demand is low. Figure 25 

displays the consumer surpluses calculated for high andlow 

demand. 



Figure 25: Consumer Surpluses for High and Low Demand 
Under Different Target Percentages Given Potential Production 
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4.4 Summary 

When the supply of apples exceeds the quantity demanded, 

increasing the percentage of the market targeted increases 

the quantities sold proportionally. Doubling the target 

percentage doubles the quantity of apples sold. When the 

demand for apples exceeds the supply, apples are then sold 

in the months that add the greatest value to the objective 

function, tha is maximizes consumer surplus while minimizing 

costs. Doubling the target percentage from 5 to 10 percent 

does not necessarily double the quantity of apples sold. 

Effective demand curves were calculated when the quantity 

of apples demanded was high and low. The effective demand 

curves for low quantities demanded provided the high demand 

curves while the effective demand curves from the high 

quantities demanded provided the low demand curves. When the 

demand curve shifts outward the quantity of Arizona apples 

sold decreases while the price increases. The consumer-

surplus decreases when the demand curve shifts outward. 

Consumer surplus increases as the target percentage 

increases. When the demand curves shift outward from low to 

high consumer surplus decreases. 

As larger percentages of the markets are targeted, cold 

and CA storage become increasingly important to ensuring the 

availability of apples in the post-harvest months. 

Controlled atmosphere storage is a basic activity when 
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Arizona is examined in the next 
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sales given the potential 

profitably of CA storage for 

chapter. 
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Chapter Five 

Implications of the Results for Arizona 

5.1 Introduction 

Impacts of the results discused in the previous chapter 

on the Arizona apple industry are examined. Particular 

attention is paid to the use of controlled atmosphere 

storage. It should be noted that the model and the results 

generated are for the Arizona apple industry and not 

individual producers; the amount of apples sold from storage 

is the total amount for Arizona. The quantity that 

individual packing houses sell is not determined by this 

model. 

5 . 2  S h i f t s  i n  D e m a n d  

By calculating effective demand curves for high and low 

monthly demands, the effects of shifts in the demand curves 

on revenues generated are determined. High demand is the 

effective demand curve calculated using low monthly sales to 

Los Angeles and Denver from all producing areas except 

Arizona. Low demand is the effective demand curve calculated 

using high monthly sales to Los Angeles and Denver from all 

producing areas except Arizona. 

Revenues and costs for the Arizona apple industry 

generated by the model for all the situations are summarized 

in table 20. The effective demand functions of each city are 
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Table 20: Revenues and Costs Generated for Arizona's Apple 

Industry Targeting Different Percentages of the Quantities 

of Apples Demanded in Denver and Los Angeles Wholesale 

Markets 

Percentage of Total Monthly Quantity Demanded 

1% 2% 5% 10* 

Current Production (1988) 

Low Demand 

Total Revenue $665,513 $1,321,584 $3,229,323 $3,992,390 

Variable Cost* $682,745 $838,210 $1,304,498 $1,442,628 

Net -$17,232 $483,374 $1,924,825 $2,549,762 

High Demand 

Total Revenue $510,773 $1,017,103 $2,511,344 $4,838,577 

Variable Cost $625,401 $722,739 $1,014,989 $1,507,329 

Net -$114,627 $294,364 $1,496,355 $3,331,248 

* Costs refer to harvesting, marketing, storage, and 

transportation costs. 
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Table 20 Continued: Revenues and Costs Generated for 

Arizona's Apple Industry Targeting Different Percentages of 

the Quantities of Apples Demanded in Denver and Los Angeles 

Wholesale Markets 

Percentage of Total Monthly Quantity Demanded 

1% 2% 5% 10% 

Potential Production (1996) 

Low Demand 

Total Revenue $1,298,511 $2,578,704 $6,311,820 $7,434,066 

Variable Cost* $835,750 $1,143,406 $2,066,649 $2,103,960 

Net $462,760 $1,435,298 $4,245,171 $5,330,106 

High Demand 

Total Revenue $996,238 $1,984,020 $4,903,542 $9,139,246 

Variable Cost $748,491 $981,267 $1,623,148 $2,570,033 

Net $247,747 $1,002,752 $3,280,394 $6,569,213 

* Costs refer to harvesting, marketing, storage, and 

transportation costs. 
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used to calculate the monthly prices given the monthly 

quantity of apples sold. Using these prices, the revenues 

are calculated. 

Costs refer to variable costs for harvesting, marketing, 

storage, and transportation. Total variable cost is 

calculated using the activity levels determined by the model 

and the per unit costs used in the model. When up to 5 

percent of the total quantity demanded is targeted, costs 

are higher when demand is low. At the 10 percent target 

costs are higher when demand is high because more apples are 

stored. 

When compared to high demand, low demand results in 

greater quantities of apples sold at lower prices. As the 

demand curve shifts outward, total revenue decreases when up 

to 5 percent of total quantity demanded is targeted (i.e. at 

the 5 percent target total revenue is greater when demand is 

low). The quantity of apples sold when demand is low offsets 

higher prices received when demand is high. When 10 percent 

of total quantity demanded is targeted total revenue 

increases as the demand curve shifts outward. The higher 

prices received with high demand offsets the higher quantity 

of apples sold with low demand which means that revenues 

increase. 

Net revenue decreases as the demand curve shifts out when 

up to 5 percent of the total quantity demanded is targeted 
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(i.e. at the 5 percent target net revenue is higher when 

demand is low). When 10 percent of the total quantity 

demanded is targeted net revenue increases when demand 

shifts out. 

5.3 Targeting Different Percentages of the Markets 

The quantity of apples sold increases as the percentage 

of total quantity demanded targeted increases. As the 

quantity of apples sold increases, total revenue increases 

by a larger proportion. Producers face the elastic portion 

of the demand curve. Demand is elastic or the percentage 

increase in quantity of apples sold is greater than the 

percentage decrease in price. 

The model determines the quantity of apples destined to 

the wholesale markets of Los Angeles and Denver. Using the 

effective demand functions wholesale prices are calculated. 

The demand functions are based on historical price and 

quantity data. 

Wholesale demand is determined by retail demand for 

apples. At the retail level, the demand curve for apples is 

shifting out more slowly than the supply curve of apples 

suggesting that the retail price of apples could decline 

over time. If the marketing margin remains constant, the 

wholesale price could decline if the supply of fresh apples 

increases faster than the demand. This in turn would mean 
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lower producer prices. If producers process more apples to 

reduce the supply of fresh apples, the price of fresh apples 

could remain constant. 

Effective demand functions used to calculate prices and 

revenues for potential production are based on historical 

price and quantity data. If prices for fresh apples decline 

over time the revenues calculated for potential production 

could be overstated. ' 

5.4 Controlled Atmosphere Storage 

Given that apple production in Arizona is expected to 

reach 8 million boxes by 1996, some decisions will be made 

regarding the storage of apples. The programming model 

results in storing apples in controlled atmosphere as a 

basic activity in the optimal solution. 

In examining the feasibility of controlled atmosphere 

storage, the revenues generated from the sale of apples from 

February through July are compared to the cost of storage, 

marketing and transportation of apples over this period. 

Table 21 summarizes these revenues and costs. 

Revenues are calculated from effective demand curves that 

are based on historical price and quantity data. If the 

supply of fresh apples continues to increase faster than the 

demand, prices could decline at the wholesale and producer 
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Table 21: Revenue and Cost Associated with the Sale of 

Controlled Atmosphere Stored Apples for Arizona, Targeting 

Different Percentages of the Total Quantity of Apples 

Demanded in the Denver and Los Angeles Wholesale Markets 

Percentage of Total Monthly Quantity Demanded 

High Demand 

Revenue 

Cost* 

Net 

Low Demand 

Revenue 

1% 

$473,356 

$97,681 

$375,675 

$614,569 

Storage Cost $153,119 

Net $461,450 

2% 

$942,904 

$206,418 

$736,486 

$1,220,574 

$306,279 

$914,295 

5% ios 

$2,332,146 $4,297,320 

$488,242 $888,465 

$1,843,904 $3,408,855 

$2,990,373 $1,848,909 

$765879 $459,193 

$2,224,494 $1,389,716 

* Cost refer to storage, marketing, and transportation 

costs. 
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level. The revenues assume that historical prices provide an 

accurate indication future prices. 

Los Angeles arid Denver are small markets for Arizona in 

terms of the percentage of Arizona apples that are sold to 

them. The revenue generated from controlled atmosphere 

stored apples exceeds the storage, marketing, and 

transportation costs. Revenues assume that future prices are 

accurately calculated from the effective demand curves. If 

future prices follow past prices for fresh apples, then 

controlled atmosphere storage could benefit Arizona growers. 

The opportunity cost or fixed costs of controlled 

atmosphere storage are not accounted for in the model 

specification. The cost of building controlled atmosphere 

storage facilities could be a limiting factor in investing 

in this type of storage facility for Arizona. 

Controlled atmosphere storage would make Arizona growers 

compete with Washington growers for the entire year. This 

could be a limiting factor for investing in controlled 

atmosphere storage. 

5.5 Timing of the Apple Sales 

The sale of apples to Los Angeles and Denver, given the 

current production level, increases as the harvest 

progresses and decreases after the harvest is completed. 
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This allows for the greatest amount of apples to be sold 

without having to incur storage costs. 

The timing of the apple sales for the potential 

production is such that a greater quantity is sold from 

September through. January, than from February through 

August. Since cold storage costs less than controlled 

atmosphere storage it is preferred to sell apples from the 

cold storage rather than from CA storage. Even though cold 

storage is preferred to CA storage in terms of the net 

revenue earned, revenue from CA storage still exceeds the 

variable costs as seen in table 21. 

August accounts for the lowest quantity of apples sold to 

Los Angeles and Denver. The apples available in this month, 

from Washington, Canada and New Zealand, are usually of 

lower quality as a result of having been stored for ten 

months. The price for fresh harvested apples is usually 

higher than the price for stored apples. Arizona should 

enjoy an advantage over the other producing regions in 

August as they are able to supply fresh harvested apples, 

providing that weather conditions during the growing season 

(March through August) is favorable. If the crop is late in 

maturing, as has happened in 1986, the window would not be 

hit. 

With the quantity of apples expected by 1996 the use of 

controlled atmosphere storage should lessen the labor 
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requirements for grading and packing in the packing houses 

from September through January. The grading and packing is 

spread out over a longer period so there will not be the 

"rush" to have all the apples graded and packed by January. 

There are no data available on the current timing of 

apple sales to Los Angeles and Denver. No comparisons can be 

made between the actual timing of sales and the model's 

timing of apple sales. 

5.6 Limitations of the Analysis 

While the model provides some insights into the timing of 

apple sales to Los Angeles and Denver and the use of 

controlled atmosphere storage, care should be taken in 

interpreting the effect on Arizona producers. There are data 

considerations that should be mentioned at this point. 

5.6.1 Wholesale Markets 

The price and unload data used in the model are for the 

wholesale markets of Los Angeles and Denver. No attempt is 

made to integrate . into the model the quantity of Arizona 

apples that are sold directly from Arizona packing houses to 

retailers in Los Angeles and Denver. When calculating the 

effective demand curves the 6 percent of Arizona production 

that is currently sold to Los Angeles and Denver is assumed 
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to go to the wholesale markets even though some of these 

apples may in fact be sold directly to retailers. 

The linear effective demand function are based on 

historical price and quantity data. Future prices are 

calculated assuming that they will follow the historical 

price data. The demand for fresh apples is increasing at a 

slower rate than the supply of fresh apples. At the retail 

level prices in the future could decline. This would in turn 

lead to lower prices at the wholesale and farm levels. If 

producers process more apples to limit the supply of fresh 

apples, then historical prices could be an indication of 

future prices. 

5 . 6 . 2  Q u a l i t y  C o n s i d e r a t i o n s  

The price of apples is dependent on the quality and size 

of the apples. Quality attributes such as color, firmness, 

and shape affect the price. Firm apples that have uniform 

color generally command higher prices. Producers usually 

receive higher prices for larger apples. Because the unload 

data do not distinguish between varieties or grades of 

apples that are sold on the wholesale markets, demand curves 

are estimated without distinguishing between varieties or 

quality. Apples are treated as a homogeneous product. 
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5.6.3 Constant Unit Costs 

The quadratic programming model assumes that the unit 

costs are constant across the Arizona apple industry. 

Storing, packing, and marketing costs vary a great deal 

depending on the operations performed at the packing houses. 

For example, the storage costs range from $.60 per box to 

$1.03 per box. The high cost estimates are used in this 

analysis. 

Arizona apple producers could be broken into groups 

according to orchard size. Using the costs associated with 

each group could allow for differences in size and allow 

costs to vary appropriately. 

5.6.4 The Markets 

Wholesale markets in Los Angeles and Denver are not 

markets that are preferred by Arizona apple producers. The 

prices and the quantities sold to these markets are 

variable. They represent a small percentage of Arizona 

apples sold. Texas and New York are two major markets for 

Arizona apples. These two markets should be incorporated in 

the model. This would give the timing of sales for a larger 

percentage of Arizona apples. 
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5.6.5 Nature of the Data 

The price data available are weekly quotes of the 

wholesale prices. The unloads are quoted monthly. The models 

determines the quantity of Arizona apples sold each month. 

Arizona has a three week lead on the harvest of Washington 

fresh apples. It would be preferred to have weekly unload 

quotes so that the timing of the sale of Arizona apples 

could be determined weekly. 

5 . 7  S u m m a r y  

When the quantity of apples demanded increases, the total 

and net revenue for the Arizona apple industry increases. 

The demand is elastic because the percentage increase in the 

quantity of apples sold is greater than the percentage 

decrease in price. 

Total and net revenues are higher when demand is low, as 

are the total variable costs. Arizona producers should 

prefer low demand to high demand because net revenues are 

higher. 

Controlled atmosphere storage is a basic activity in the 

model solution when examining potential production. It is 

feasible (revenue from CA stored apples exceeds storage, 

marketing and transportation costs) for both high and low 

demand. 
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The analysis has limitations in that 1) apples are 

considered to be a homogeneous product or the model does not 

distinguish between varieties and 2) per unit costs are 

assumed to be constant across different size orchards. 



Chapter Six 

Conclusions 
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6.1 Introduction 

Apple production in Arizona is. expected to reach 8,000 

acres or 8 million boxes by 1996. The timing of the 

apples sales to two markets, Los Angeles and Denver, is 

examined for two situations. Given the current production 

level in Arizona the timing of apples sales that maximize 

producer returns is determined. The timing of sales given 

the 1996 potential production level that maximizes 

producer returns is determined. The timing of the sales 

is determined using a quadratic programming model. The 

objective function of the model is to maximize the 

consumer surplus. 

The effective demand curves used in the quadratic 

programming model are estimated for two cases: 1) the 

quantity demanded is high and 2) the quantity demanded is 

low. By calculating the demand curves for these two 

cases, the effect of shifts in the demand curves is 

determined. 

Different percentages of the markets are targeted 

using different percentages of the monthly quantities 

demanded in each market. The effect of targeting 
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different percentages on the revenues earned by Arizona 

producers is determined. 

Given that production in Arizona is expected to 

double, more storage space may be required. Assuming that 

the additional storage is controlled atmosphere, the 

feasibility of CA is examined. 

6 . 2  S u m m a r i z i n g  t h e  O b j e c t i v e s  

The model determines the timing of the sale of apples 

to Los Angeles and Denver. The apples are sold the 

particular markets at the times that maximize the 

consumer surplus in the two markets while minimizing the 

total variable cost to Arizona's apple industry. 

The shift in demand is given by the high and low 

monthly demand for apples. The quantity of apples sold is 

higher when demand is low. Net revenue is greater for low 

demand than for high demand. Arizona producers should 

prefer demand being low. 

When the percentage of the market that Arizona could 

supply increases, the quantity of apples sold increases. 

Total and net revenue increases as the target percentage 

increase. The producers face the elastic portion of the 

demand function for the target percentage level tried 

(i.e. 1, 2, 5, and 10 percent). 
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The revenue generated from the sale of controlled 

atmosphere apples exceeds the costs of storage, marketing 

and transportation for both high and low demand. There is 

no attempt to incorporate the cost of building CA 

facilities in the model. 

6.3 Weakness of the Research 

The model is not a complete model in the sense that it 

does not incorporate the major markets of Arizona apples. 

Because of data availability, in particular price data, 

only Los Angeles and Denver are used. Because of this 

care must be taken in interpreting the implications for 

Arizona. This is especially true when examining the 

feasibility of controlled atmosphere storage. 

The demand functions are estimated using a small data 

base. Only five years of price data are available for Los 

Angeles, while nine years are available for Denver. The 

demand functions are estimated using twelve slope and 

twelve intercept dummy variables. Using a series of F-

tests to determine which intercept and slope coefficients 

are statistically alike, the monthly demand functions in 

each city are estimated. A larger data base is preferred 

when using so many dummy variables so as to increases the 

degrees of freedom. 
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No comparisons are made between the actual timing of 

apple sales and those generated by the model. No data are 

available on the quantity and timing of shipments to Los 

Angeles and Denver for Arizona. 

6.4 Suggestions for Further Research 

Texas and New York are major markets for Arizona. The 

model can be used to determine the timing and quantity of 

sales to these markets. The feasibility of controlled 

atmosphere storage for these markets should be examined. 

It could give a better view to the feasibility of 

controlled atmosphere storage. 

If the price and quantity data and destinations of 

Arizona apples are kept then the supply curves for 

Arizona could be estimated. The objective function of 

maximizing net social welfare could be used. 

The size of the orchards in Arizona varies a great 

deal. The per unit costs in this model are assumed to be 

constant across the entire industry. Dividing the 

orchards according to size would take into account 

returns to size. 
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APPENDIX A 
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Symbol Activity 

H8 Harvest apples in August 

H9 Harvest apples in September 

H10 Harvest apples in October 

SF1 Sell fresh apples in January 

SF2 Sell fresh apples in February 

SF3 Sell fresh apples in March 

SF4 Sell fresh apples in April 

SF5 Sell fresh apples in May 

SF6 Sell fresh apples in June 

SF7 Sell fresh apples in July 

SF8 Sell fresh apples in August 

SF9 Sell fresh apples in September 

SF10 Sell fresh apples in October 

SF11 Sell fresh apples in November 

SF12 Sell fresh apples in December 

ST8-9 Cold store apples from August to September 

ST8-10 Cold store apples from August to October 

ST9-10 Cold store apples from September to October 

ST9-11 Cold store apples from September to 

November 

ST10-11 Cold store apples from October to November 
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ST10-12 Cold store apples from October to December 

ST 10-1 Cold store apples from October to January 

STCA8 CA store apples in August 

STCA9 ,CA store apples in September 

STCA10 CA store apples in October 

LA1 Sell apples to Los Angeles in January 

LA2 Sell apples to Los Angeles in February 

LA3 Sell apples to Los Angeles in March 

LA4 Sell apples to Los Angeles in April 

LA5... Sell apples to Los Angeles in May 

LA6 Sell apples to Los Angeles in June 

LA7 Sell apples to Los Angeles in July 

LA8 Sell apples to Los Angeles in August 

LA9 Sell apples to Los Angeles in September 

LA10 Sell apples to Los Angeles in October 

LA11 Sell apples to Los Angeles in November 

LA12 Sell apples to Los Angeles in December 

DEN1 Sell apples to Denver in January 

DEN2 Sell apples to Denver in February 

DEN3 Sell apples to Denver in March 

DEN4 Sell apples to Denver in April 

DEN5 Sell apples to Denver in May 

DEN6 Sell apples to Denver in June 

DEN7 Sell apples to Denver in July 
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DEN8 Sell apples to Denver in August 

DEN9 Sell apples to Denver in September 

DEN1C Sell apples to Denver in October 

DEN11 Sell apples to Denver in November 

DEN12 Sell apples to Denver in December 

Quadratic Programming Model 

THIS RUN IS FOR POTENTIAL PRODUCTION, AUGUST-JULY MARKET 

PERIOD, HIGH QUANTITY DEMANDED IN LOS ANGELES AND DENVER, 

AND 100X OF QUANTITY DEMANDED TARGETED. 

SET 

J ACTIVITIES /H8, H9, H10, SF1, SF2, SF3, SF4, SF5, 

SF6, SF7, SF8, ST8-9, ST8-10, STCA8, 

SF9, ST9-10, ST9-11, STCA9, SF10, 

ST10-11, ST10-12, ST10-1, STCA10, SF11, 

SF12, LA1, LA2, LA3, LA4, 

LA5.LA6, LA7, LA8, LA9, LA10, LA11, 

LA12, DEN1, DEN2, DEN3, DEN4, DEN5, 

DEN6, DEN7, DEN8, DEN9, DEN10, DEN11, 

DEN12 / 

I RESOURCES /USE8, USE9, USE10, USE11, USE12, USE1, 

USECA, STORE8, STORE9, STORElO, 

CASPACE, TB1, TB2, TBS, TB4, TB5, TB6, 

TB7, TB8, TB9, TB10, TB11, TB12, LSELL1, 
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LSELL2, LSELL3, LSELL4, LSELL5, LSELL6, 

LSELL7, LSELL8, LSELL9, LSELL10, LSELL11, 

LSELL12, DSELL1, DSELL2, DSELL3, DSELL4, 

DSELL5, DSELL6, DSELL7, DSELL8, DSELL9, 

DSELL10, DSELL11, DSELL12 / ; 

ALIAS (J,k) ; 

PARAMETERS 

C(J) OBJECTIVE FUNCTION COEFFICIENTS IN DOLLAR PER TRUCK 

/DEN1 15327 .19 

DEN2 14613 .55 

DEN3 14703 .87 

DEN4 14523 .22 

DEN5 15155 .90 

DEN6 13775 .92 

DEN7 13504 .95 

DEN8 14390 .42 

DEN9 12568 .35 

DEN 10 10493 

CM CO • 

DEN11 13155 .18 

DEN12 11411 .36 

LA1 17048 

CM CO • 

LA2 16661 .25 

LA3 16031 .58 

LA4 16296 .22 



LA5 16697. 75 

LA6 17053. 65 

LA7 17564. 69 

LA8 18349. 01 

LA9 17012. 08 

LA10 17172. 93 

LA11 16842. 94 

LA12 16355. 27 

H8 -1237. 5 

H9 -1237. 5 

H10 -1237. 5 

SF8 -1350 

ST8-9 -1158. 75 

ST8-10 -1158. 75 

STCA8 -2283. 75 

SF9 -1350 

ST9-10 -1158. 75 

ST9-11 -1158. 75 

STCA9 -2283. 75 

SF10 -1350 

ST10-11 -1158. 75 

ST10-12 -1158. 75 

ST10-1 -1158. 75 

STCA10 -2283. 75 

SF11 -1350 



SF12 -1 

SF1 -1 

SF2 -1 

SF3 -1 

SF4 -1 

SF5 -1 

SF6 -1 

SF7 -1 

B(I) AVAILABLE RESOURCES 

/USE8 

USE9 

USE10 

USE1 1 

USE12 

USE1 

USECA 

STORE8 

STORE9 

STORE10 

. CASPACE 

TB1 

TB2 

TB3 
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350 

350 

350 

350 

350 

350 

350 

350 / 

0 

0 

0 

0 

0 

0 

0 

472 

472 

472 

708 

0 

0 

0 

TB4 0 



TB5 0 

TB6 0 

TB7 0 

TB8 0 

TB9 0 

TB10 0 

TB11 0 

TB12 0 

LSELL1 468.89 

LSELL2 486.67 

LSELL3 640.00 

LSELL4 575.56 

LSELL5 477.78 

LSELL6 391.11 

LSELL7 266.67 

LSELL8 324.44 

LSELL9 495.56 

LSELL10 575.56 

LSELL11 611 .11 

LSELL12 637.78 

DSELL1 86.67 

DSELL2 88.89 

DSELL3 86.67 

DSELL4 91 .11 



TABLE 

Q(J,K) 

DEN1 

DEN2 

DEN3 

+ 

DEN4 

DEN5 

DEN6 

+ 

DEN7 

DEN8 

DEN9 

DSELL5 

DSELL6 

DSELL7 

DSELL8 

DSELL9 

DSELL10 

DSELL11 

DSELL12 

75.56 

55.56 

62.22 

37.78 

93.33 

126.67 

100.00 

124.44/ ; 

SLOPE COEFFICIENTS 

DEN1 DEN2 DEN3 

40.6864 

40.6864 

40.6864 

DEN4 DEN5 DEN6 

40.6864 

40.6864 

40.6864 

DEN7 DEN8 DEN9 

40.6864 

40.6864 

40.6864 



DEN10 

DEN11 

DEN12, 

+ 

LA1 

LA2 

LA3 

+ 

LA4 

LA5 

LA6 

+ 

LA7 

LA8 

LA9 

+ 

LA10 

LA11 

LA12 

DEN 10 

40.6864 

LA1 

4.10655 

LA4 

4.10655 

LA7 

4.10655 

LA10 

4.10655 

DEN 11 

40.6864 

LA2 

4.10655 

LA5 

4.10655 

LA8 

27.7452 

LA11 

4.10655 

DEN12 

40.6864 

LA3 

4.10655 

LA6 

4.10655 

LA9 

4.10655 

LA12 

4.10655 
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TABLE A(I,J) UNIT REQUIREMENT OF RESOURDE I FOR ACTIVITY J 

USE8 

USE9 

USE10 

+ 

USE8 

USE9 

USE10 

USECA 

STORES 

STORE9 

CASPACE 

TB8 

+ 

USE9 

USE10 

USE11 

USECA 

STORE9 

STORE10 

CASPACE 

TB9 

H8 

-1  

SF8 

1 

- 1  

SF9 

1 

H9 

- 1  

ST8-9 

1 

-.96 

ST9-10 

1 

-.96 

H10 

- 1  

STCA8 

1 

-.96 

STCA9 

1 

-.96 

ST8-10 

1 

-.96 

1 

1 

ST9-11 

1 

-.96 

1 

1 
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+ SF10 ST10-11 STCA10 ST10-12 ST10-1 

USE10 111 1 1 

USE11 -.96 

USE12 -.96 

USE1 -.96 

USECA -.96 

STOREIO 1 1 1 

CASPACE 1 

TB10 -1 

+ SF11 SF12 SF1 

USE11 1 

USE12 1 

USE1 1 

TB11 -1 

TB12 -1 

TB1 -1 

+ SF2 SF3 SF4 SF5 SF6 SF7 

USECA 111111 

TB2 -1 

TB3 -1 

TB4 -1 

TB5 -1 

TB6 -1 



TB7 

+ LA1 LA2 LA3 LA4 LAS 

TB1 1 

TB2 1 

TB3 1 

TB4 1 

TB5 1 

LSELL1 1 

LSELL2 1 

LSELL3 1 

LSELL4 1 

LSELL5 1 

+ LA6 LA7 LA8 LA9 LA10 

TB6 1 

TB7 1 

TB8 1 

TB9 1 

TB10 1 

LSELL6 1 

LSELL7 -1 

LSELL8 1 

LSELL9 1 

LSELL10 1 



+ LA11 LA12 DEN1 DEN2 DEN3 

TB1 1 

TB2 1 

TB3 1 

TB11 1 

TB12 1 

LSELL11 1 

LSELL12 1 

DSELL1 1 

DSELL2 1 

DSELL3 1 

+ DEN4 DEN5 DEN6 DEN7 DEN8 

TB4 1 

TB5 1 

TB6 1 

TB7 1 

+ DEN4 DEN5 DEN6 DEN7 DEN8 

TB8 1 

DSELL4 1 

DSELL5 1 

DSELL6 1 

DSELL7 1 

DSELL8 1 
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+ 

TB9 

TB10 

TB11 

TB12 

DSELL9 

DSELL10 

DSELL11 

DSELL12 

SCALAR 

SCALAR 

SCALAR 

DEN9 

1 

DEN 10 DEN 11 DEN 12 

DER /0.5/ ; 

YIELD /.8889/ 

SALE /.06/ ; 

PARAMETER V(J,K) SLOPE COEFFICIENTS SCALED BY DER ; 

V(J,K) = DER*Q(J,K) ; 

VARIABLES 

X(J) ACITIVITY LEVELS IN TRUCK LOADS 

Z CONSUMER SURPLUS; 

POSITIVE VARIABLES X ; 

EQUATIONS 

CS DEFINE THE OBJECTIVE FUNCTION 

RESOURC(I) RESOURCE CONSTRAINT FOR RESOURCE I 

HARVEST8 HARVEST AUGUST APPLES 

HARVEST9 HARVEST SEPTEMBER APPLES 
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