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ABSTRAcr 

Government involvement in the production and marketing of milk 

and dairy products is more pronounced than in any other agricultural 

product. The U.S. government administers two major programs that 

affect significantly the production and marketing of lnilk throughout 

the United States. These are the Federal Milk Marketing Order Program 

and the Dairy Price Support Program. In Arizona, in addition to these 

two major programs, the United Dairymen of Arizona Cocperative oper

at.es a base system that determines how cooperative milk revenues are 

allocated among producer members. This dissertation discusses sane 

theoretical models that provide some insights into the following 

questions: 

1. How would the dairy industry perform without the histori

cally administered prices? 

2. What are the benefits and coots associated with the order 

prog:ram and the base system? 

Then, this inquiry focuses on the Arizona am New Mexioo dairy 

sectors. These two southwestern states provide a somewhat unique 

study area in that the two production sectors are quite similar as are 

the marketing institutions exCEpt for the existence of the base system 

in Arizona. Milk supply resp:mse in Arizona and New Mexico is inves

tigated. Two ways in. which supply adjustments can be acheived are 

identified and empirically investigated. 

x 



xi 

1. Creation of new dairy facilities or relocation of dairy 

facilities from other markets. The decision to invest in 

Arizona or New Mexico is assumed as given, and the prob

ability that the new investor chooses Arizona or New 

Mexico is estimated using a logi t model. It is found that 

the existence of base system is a signif icant factor in 

explaining the location choice of new producers. 

2. Expansion in output of existing dairy fanns. It is found 

that dairy farmers in Arizona and New Mexico respond to 

changes in the farm level price of milk. The short run 

price elasticity of supply of milk in the region is 

estimated and found to be 0.6. 

The last effort of the empirical investigation is on the 

consumers' welfare losses due to the regulations of the Arizona and 

New Mexico dairy markets. It is found that the milk marketing orders 

and the policies of the UDA Cooperative in Arizona and AMPI in New 

Mexico, on the average, enforce a tax on Arizona's consumers of fluid 

milk in the amount of 10 million dollars per year, or 13.5 percent of 

producers' total revenue, and a tax on New Mexico's ccnsumers of fluid 

milk in the amount of 5.6 million dollars per year, or 12.6 percent of 

producers' total revenue. 



CHAPI'ER 1 

INrRODUCl'ION 

The u.s. dairy industry is a highly regulated industry. 

A number of agricultural economists have observed that government 

involvement in the production and marketing of milk and dairy products 

is more pronounCEd than in any other agriOll tural product (Manchester, 

1983). 

The u.s. government administers two major programs that affect 

significantly the production and marketing of milk throughout the 

United States. These are the Federal Milk Marketing Order Program and 

the dairy price support program. In addition to these two major 

programs, there are some state milk control programs and other local 

marketing arrangements. For instance, The United Dairymen of Arizona 

cooperative operates a base system that detenilines how cooperative 

milk revenues are allocated among producer members. 

The major focus of this inquiry is on the formulation of and 

response to milk market signals in Arizona and New Mexico dairy sec

tors. The two states provide a somewhat unique study area in that the 

two production sectors are quite similar as are the marketing insti tu

tions except for the existence of the base system in Arizona. 

Problem Setting 

Milk production is characterized by wide seasonal fluctua

tions. During the flush production period, more milk is usually 

1 
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produced than is needed to meet fluid milk demand. Milk in excess of 

fluid milk needs is then diverted to manufacturing plants where it is 

processed into cheese and other dairy products. 

Before the implementation of the milk order program, the 

assignment of milk to various uses was made by the milk pro02!ssors and 

was entirely arbitrary. Historically, purchasers of raw milk have 

purchased milk used for fluid milk purposes at a higher price than 

milk that is used for manufactured products reflecting qua Ii ty differ

ences and perhaps as well the greater margins available in a less 

competitive fluid milk market. Where excess high quality raw milk was 

available, dairy producers were at the "mercy" of milk handlers who 

had the option to choose whose milk would be purchased as fluid milk 

and as manufacturing milk. The dairy industry was confronted with an 

equity problem and individual dairy farmers faced considerable uncer

tainty about their income. Various means have been developed to deal 

with this problem, including contractual supply arrangements between 

milk pro02!ssors and farmers' cooperatives as well as classified pric

ing systems. 

A classified pricing system is a plan where the price paid by 

the milk processor is based on the use of the milk, and the returns of 

all milk sales are pooled by the cocperatives and each farmer receives 

an. average price for his total milk production. Classified pricing 

was first introduced in the Boston market by the New England Milk 

Producer's Association about 1918 (U8DA/AER No. 393); it expanded 

rapidly, and was established in nearly all major markets during the 

1920's. 



3 

Depression conditions of the late 1920's led to a decrease in 

milk demand and prices at all levels dropped sharply. This led to a 

breakdown of the classified pricing system, as farmers were in great 

economic distress and they dropped out of cooperatives perhaps in 

hopes of negotiating individual contracts at better terms (USDA/AER 

No. 393). 

In the early 1930's, Congress authorized emergency programs 

for many segments of the ecommy. Urrler the Agricultural Adjustment 

Act of 1933, a program of "licenses" was developed to assist dairy 

farmers. All milk dealers in a given market were required to pay 

producers on a classified price basis and to pool the returns to 

farmers. The Act of 1935 set forth more specifically the terms and 

provisions that could be used umer the program and called the instru

ments "marketing orders" instead of licenses. The Agricultural Mar

keting Agreement Act of 1937, while largely a restatement of the 

provisions relating to marketing agreements and orders of the Act of 

1935, provided a framework for loog run price and marketing stability. 

Agricultural economists, in trying to understand the implications of 

this polic-.t, have used different models to investigate the efficiency 

of the dairy industry under the order program and the welfare effects 

associated with it, both at the national and local level. 

Scope of tins Study 

This thesis discusses some theoretical models that provide 

some insights into the following questions: 
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1. How would the dairy industry parform without the histori

cally administered (regulated) prices? 

2. If government invol vement in the industry was needed 

because of market failure, how should the market be regu

lated? 

3. What are the benefits and ccsts associated with the order 

program? 

Then, our inquiry will focus on the Arizona and New Mexico 

dairy sectors. 'lhese two southwestern states share sane common fea

tures with regard to the production and marketing of milk and dairy 

products: 

1. The narketing of milk in both states is perfoIJIEd under 

federal milk marketing orders. 

2. A rapid expansion of milk production is tak~ 'Y~:i place 

in the two states. 

3. Each state has a single milk marketing cooperative that 

markets the majority of the raw milk. 

4. The technology of production of raw milk is fuylot dairy

ing, essentially identical in the two states. 

Specific objectives of this study include: 

1. A review of the Federal Milk Order Program and the main 

characteristics of the dairy industry. 

2. A theoretical analysis of alternative market organiza

tions. 

We will irwestigate the following situations: 

a. Producers and handlers as perfect canpetitors. 
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b. Handlers as rronopsonists in the raw milk rrarket and 

monopolists in the fluid milk market, while producers 

are p::!rfect competitors. 

c. Handlers and producers both have market power. 

3. A theoretical analysis of the effects of the federal milk 

marketing order upon equilibrium prices and quantities, 

and the welfare effects associated with it. 

4. A theoretical analysis of the cooperative base-quota 

system and its effects on market signals and welfare. 

5. We will then empirically investigate milk supply adjust

ments in Arizona and New Mexico and the welfare losses due 

to the regulation of these two dairy markets. 

Each one of the postulated market organizations will be ana

lyzed under the framework of static neoclassical mcrlels. An attempt 

will be made to indicate OOW changes in prices of milk due to fluctua

tions in demand and supply conditions will be signaled to producers. 

Empirical Approach and Data Sources 

We will assume in this study that raw milk is homogenous at 

the farm level. However, we will dichotomize milk according to its 

use into two classes: Class I milk going into fluid milk use, and 

Class II milk going into manufactured uses. Fluid milk receives the 

fluid price which is higher than the class II price paid for manufac

tured milk. In Arizona, raw milk at the farm level is divided into 

quota milk and over quota milk according to the amount of effective 

ba.se owned by the producer and amount produced. Mi lk covered by ba.se 
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receives the UDA quota price which is higher than the over quota 

price. 

Three ways in which supply adjustments can be achieved are: 

1. New investment (entry) or disinvestment (exit) in dairy 

operations. 

2. Relocation of already existing dairy farms. 

3. Expansion in output of existing dairy farms. 

In the empirical work, we will merge the first two al terna

ti ves into one, and we will a:msider any new dairy in Arizona and New 

Mexico as new investment in dairy operations. For new facilities, we 

will assume the decision to invest in Arizona or New Mexico as given, 

and we will investigate the probability that the new investor chooses 

Arizona or New Mexico. Data on new producers entering the Arizona and 

New Mexico sectors and their production have been provided by the 

Arizona Dairy Commissioners office and the UDA cooperative for 

Arizona and by the regional office of the AMPI cooperative for New 

Mexico. Due to the fact that these offices do not keep records on 

individual producers for long periods of tiIIE, data are not available 

prior to 1976. Therefore, the empirical work will be limited to the 

relatively short time period 1976 - 1983. 

Organization of this study 

Chapter 2 reviews briefly the Federal Milk Marketing Order 

Program and the main characteristics of the U.S. dairy industry in 

general and the Arizona and New Mexico dairy. industries in particular. 

A literature review on issues relevant to the stated objectives is 
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also provided in Chapter 2. Chapter 3 discusses the theoretical 

aspects of the hyt:Othesized market organizations. An economic analy

sis of each postulated model will be conducted and conclusions will be 

drawn with regard to the welfare effects associated with the mcdel. 

Chapter 4 investigates milk supply response and investment behavior in 

Arizona and New Mexico. Chapter 5 estimates consumers' welfare 

losses due to the regulations of the Arizona and the New Mexico dairy 

markets. Chapter 6 summarizes the results of the ~tudy, and some 

policy recommendations will be provided. 



CHAPl'ER 2 

CHARAcrERISTICS OF THE DAIRY INOOS'IRY 

Milk is about 90 percent water and therefore bulky, and it is 

a highly perishable commcx1ity since it is subject to bacterial con

tamination. It must be produced under sanitary conditions, and be 

marketed by the farmer as quickly as possible. It can be processed 

for drinking milk (fluid milk) or for soft and solid dairy products 

(manufactured milk). The relatively high cost of transportation of 

fluid milk and its perishability have caused many regional markets for 

fluid milk to develop. Manufactured dairy products are less perish

able and are typically distributed in a national market. 

At the national level the u.s. dairy industry is characterized 

by a small number of processing plants, a few retail chains and many 

milk producers (dairy farmers) represented by a few cooperatives. 

u.s. 'milk production is characterized by some seasonal varia

tion, with production peaking in the Spring and falling in the Fall, 

while demand for milk is highest in the Fall for most of the u.s. 

This lack of synchronization between supply and demand and the impor

tance that the general public places on a safe and regular supply of 

milk has prompted some governmental and other institutional regula

tions of the industry. 

In this chapter we will review briefly the Federal Milk 

Marketing o.rder program and the main characteristics of the industry 

8 



9 

tha't are relevant to the application of economic theory. First, 

however, we review some of the characteristics of the Arizona am New 

Mexico production sectors. 

Arizona and New Mexico dairy sectors are characterized by the 

presence of large, specialized dairy farms. The technology of produc

tion of raw milk is drylot dairying, quite identical in the two 

states. Milk production, number of milk cows on farm, and average 

milk production per cow have been constantly increasing in the two 

states during the last decade, however they have been higher in 

Arizona than in New Mexico (Table 1 and Figure 1). Each state has a 

single milk marketing cocperative that markets the majority of the raw 

milk produced in the state. In Arizona, it is the United Dairymen of 

Arizona Cooperative (tJIl2.\), while in New Mexico it is the AMPI Coopera

tive. The UDA Cocperative operates a base system in Arizona in order 

to effectively centrol the marketing of its members' milk production, 

while the AMPI Cooperative in New Mexico did not operate a base system 

during the J;:eriod of this study. The marketing of milk in both states 

is performed under the Federal Milk Marketing Order. Arizona has a 

three-use classification system (Class I, Class II, Class III), while 

New Mexico has a two-use classification system (Class I, Class II). 

Class I milk utilization in both states has been fluctuating during 

the last ten years, but in general declining (Table 2). The minimum 

Class II price set by the Federal Milk Marketing Order and the blend 

price have been generally increasing in the two states (Table 2 and 

Figure 2). 
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Table 1. Milk Production, Number of Cows, and Milk r.er CAJw - Arizona 

and New Mexico (including independent producer-handlers). 

Year Total Milk Nunber of Milk Milk Produced 
Produced Caws per CAJw 

(million Ibs) (1000) (lbs) 

AZ NM AZ NM AZ NM 

1972 640 326 51 30 12,549 10,867 

1973 737 318 57 30 12,930 10,600 

1974 810 338 62 30 13,065 11,267 

1975 840 366 67 32 12,537 11,438 

1976 882 405 70 32 12,600 12,656 

1977 914 426 69 33 13,246 12,909 

1978 906 458 69 36 13,130 12,722 

1979 941 507 72 38 13,069 13,342 

1980 1031 602 75 45 13,747 13,378 

1981 1133 670 77 51 14,714 13,137 

1982 1202 812 81 57 14,840 14,246 

1983 1237 938 83 61 14,904 15,377 

Source: Milk Production, Disposition and Income - USDA - Annual 

SUInmry. 
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Table 2. Class I Utilization, Minimum Class I Prices, Blend Prices -

Arizona and New Mexico. 

Year Milk used in Mininum Class I Blend Prices 
Class I as a Prices 

percent of all ($ per 100 lbs) ($ per 100 1bs) 

AZ NM AZ NM AZ NM 

1972 76.0 79.0 7.53 7.36 6.92 6.85 

1973 73.0 83.0 8.46 8.29 7.82 7.86 

1974 63.0 80.0 9.78 9.60 8.73 9.02 

1975 62.0 80.0 9.80 9.62 8.98 9.20 

1976 61.0 78.0 11.12 10.95 10.12 10.40 

1977 62.0 78.0 11.00 10.83 10.10 10.33 

1978 66.4 71.0 11.82 11.65 11.06 11.05 

1979 67.0 66.3 13.30 13.13 12.53 12.35 

1980 62.7 6305 14.19 14.02 13.35 13.25 

1981 60.0 70.5 15.09 14.92 14.12 14.29 

1982 56.7 64.1 15.00 14.83 13.93 14.03 

1983 55.4 61.5 15.05 14.88 13.94 14.01 

Source: Federal Milk order Market Statistics - USDA - Annual Summary. 
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The Federal Milk Marketing Order Program 

The Agricultural Marketing Agreement Act of 1937 authorizes 

federal milk orders. A federal milk marketing order is a legal 

instrument issued by the Secretary of Agriculture, to regulate the 

terms of trade of Grade A mi lk in a specified geographic area. The 

objectives of federal milk orders, as described by the Act of 1937, 

are as follows: 

1. To provide dairy famers with adequate incane through the 

establishment of minimum milk prices. 

2. To assure an orderly and adequate supply of milk. 

3. To supervise the tenns of trade in milk rrarkets so as to 

achieve more equality of bargaining between processors and 

handlers. 

A marketing area is defined by the order and is intended to 

include all of a geographic area where the same milk distributors 

compete with each other for sales of milk. 

FUnctions of a Federal Milk Order 

Amcng the varied functions of milk marketing orders, some can 

be identified as common to all orders. They are: classifying milk 

according to its use, establishing minimum producer prices, defining 

marketing areas, pooling, and providing a thorough and impartial audit 

to insure payments to dairy farmers and to verify reported utilization 

of milk. 

It should be pointed out that a marketing order regulates only 

processors located in the marketing area defined by that order. The 
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crass prices established by an order apply to the milk delivered to 

regulated processors by the milk proo.ucers located in that particular 

marketing area. For milk coming from other sources, a specific allo

cation procedure is set forth by the administrator of that order. 

An order es~Lblishes prices by classes according to the use of 

milk. Most of the milk orders establish three-use classifications: 

Class I milk for fluid uses, Class II and Class III milk for manufac

turing uses. A few orders include all manufacturing uses in a single 

class. As noted by Babb, et ale (1983), a three-class system is used 

in 41 of the existing 49 orders. Class I uses generally include 

products p;tckaged for fluid consumption such as whole milk, skim milk, 

lowfat milk, buttermilk and flavored milk drinks. For the three-class 

system, Class II usually inchrles cream, yogurt, cottage cheese, and 

ice cream; Class III includes butter, cheese, and nonfat d:ry milk. 

The Agricultural Marketing Agreement Act authorizes the 

Secreta:ry of Agriculture to establish milk prices: 1) that reflect 

certain economic factors, 2) that assure a sufficient quantity of pure 

and wholesome milk and 3) that are in the public interest. The Act 

states that the Secretary shall set prices at levels which will 

reflect .. • • the price of feeds, the available supplies of feeds, 

and other economic conditions which affect market supply and demand 

for milk or its products in the marketing area. . and which will 

insure a sufficient quantity of pure and wholescrne milk and be in the 

public interest." No authority for supply limitations is provided for 

in the Act. Price is the only device that is provided to affect 

supply and demand. 
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For all market orders, the price raid by regulated processors 

for the milk used in manufactured dairy products is based upon the 

Minnesota-Wisconsin (M-W) price. The M-W price is calculated by 

surveying on a monthly basis 110 cheese, butter, and nonfat dry milk 

manufacturing plants (Babb, et al., 1983). Prices from these plants 

are used to make monthly adjustments to the benchmark price. The 

benchmark price is determined by reports from 275 similar plants in 

these two states. It is believed that prices paid by these plants are 

detennined by oompetitive supply and denand conditions for milk used 

in manufacturing. The minimum Class I price set forth by the order in 

any marketing area is the price raid for manufacturing milk plus a 

fixed differential. The differential is set at a level which will 

produce a blend price high enough to encourage adequate supplies of 

fluid milk. The Class I price set by an order is a price floor 

(minimum price). Producers can increase the effective Class I differ

entials by negotiating over-order payments (the difference between 

federal order minimum and prevailing Class I prices in any market). 

Starting in 1974, the over-order payments became more widespread and 

captured almost all federal order markets (Manchester, 1983). OVer

order payments are usually explained by the following factors: 

1. If the differential Cloes not cover actual transportation 

costs, part of the over-order payments will reflect the 

discrepancy . 

2. Producer"'s cooperatives are now performing functions that 

were previously carried out by processors--such as 

standardizing milk fat, transporting milk from farm to 
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processor's needs, and maintaining facilities for handling 

reserve supplies. This has shifted the procurement and 

market servicing costs to the cooperatives, and payment 

for these services is negotiated between producers and 

processors. 

3. OVer-order payments are regarded J:>y sane people as the 

result of market power on the p:trt of cooperatives within 

a particular region (Fallert, 1980). However, a study by 

Babb and Bessler (1983) did not find a relationship be

tween size of over-order payments and market power of 

cooperatives as measured by cooperative concentration. 

The Agricultural Marketing Agreement Act provides for pooling 

returns to producers. Pooling describes the way total returns from 

sales of milk are distributed among producers. There are two methods 

of pooling: market-wide pooling and individual handler pooling. 

Under "market-wide" pooling the total money value of all milk deliv

ered by all producers to all processors is combined in one pool, and 

the pool is divided by the total amount of producers' milk that is 

priced under the order. Producers are paid the same uniform or blend 

price for their milk shipments. Under "individual-handler" p::>oling, 

the producers delivering milk to a particular processor receive a 

blend price that reflects the Class I utilization of that particular 

processor only. Usually, producers supplying one processor will 

receive a blend price that differs from that paid to producers supply

ing another processor since the proportion of milk used in the differ

ent c lasses varies among processors. Because of this disparity in 
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prices received by producers, use of individual-handler pooling has 

been very limited. 

Organization and Structure of the Dairy Industry 

Some vertical linkages have been established between various 

segments of the marketing system. These vertical linkages have 

facilitated the marketing of a highly perishable product like milk. 

The dairy industry is characterized by the existence of supply 

contracts at different levels: 

1. Supply contracts exist between producers and their 

cooperatives, requiring each member producer to deliver 

his total milk production to the cooperative or to spe

cific processors designated by the cooperative. 

2. SUpply contracts exist between processors and coopera

tives, establishing the proportion of processor milk 

needs that will be supplied by the cooperatives. 

3. Supply contracts exist be~n manufacturers, including 

cooperatives and retail chains, requiring independent 

manufacturing plants to deliver all of their production to 

the marketing firm. 

4. SUpply contracts exist between fluid milk processors and 

retailers of fluid milk who require a safe supply of fluid 

milk to be packaged under their private label. 

The overall structure of u.S. dairy farms can be characterized 

as a large number of small producers. Most dairy farmers in the 

u.S. remain family-operated units using mostly family labor and have 
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between 30 and 100 cm'ls. Very large farms utilizing a significant 

number of hired laborers exist in Arizona and New Mexico. 

In the last two decades, producer bargaining cooperatives have 

become dominant influences in the dairy industry. Producer coopera

tives vary in structural canplexity from the rcost basic form, the pure 

bargaining associations, to operating marketing cooperatives. The 

sole ftUlction of the pure bargaining cooperative is to negotiate price 

and other terms of trade for the total production of its members. 

However, the role of l::argaining cooperatives in the u.s. dairy indus

try has undergone major changes. Most cooperatives have established 

supply arrangements with the processors, requiring cooperatives to 

perform same of the marketing fmctions. For example, in Arizona UDA 

supplies the needs of the processors excluding producer handlers such 

as Shamrock Farms, for milk for Class I and Class II uses, while most 

of the remaining production is diverted to its own facilities for 

manufacturing uses; in New Mexico, AMPI delivers milk to processors 

for their Class I and Class II uses. Of the 250 u.s. dairy coopera

tives identified as associations that bargain far tlEir members'" sales 

of raw milk, one-third of them maintain processing facilities and take 

physical possession of the raw milk (Harris, et aI, 1983). 

As cocperati ves take over the task of coordinating the market

ing of raw milk, substantial economies are realized. Some marketing 

costs formerly borne by the processor are now borne by the coopera

tives and evidence exists that total costs are reduced. This has 

increased efficiencies in milk marketing and cooperatives have grown 

and aCXIUired increased market power. 
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It has been alleged that the existence of large regional 

cooperatives impose some constraints on free producer entry and exit. 

Some view the existence of producer contracts by cooperatives as a 

restriction to the freedom of producers. The larger the cooperative 

is, the more market power it has. Indeed, if all producers are 

required to be members of the cooperative in order to sell milk, then 

they have no freedom to choose not to belong, and the prcx::esoors have 

no source of supply other than the cooperatives. Such a situation 

would give substantial market power to the cooperatives. We are not 

sure if such a situation describes the reality of any milk market in 

the u.S. For Arizona, a producer has to be member of UDA in order to 

have access to the quota milk market. However, he has the freedom to 

choose not to belong to UDA if he .:an find an independent buyer. SUch 

freedom of choice on the part of the producer exists also in New 

Mexico. Whatever the situation, a valid counterargument is that a 

well coordinated marketing system is required in order to meet the 

standard sanitary conditions, due to the peculiarities of raw milk 

(high perishability, ease of bacterial contamination), and the lack of 

synchronization b=tween production and consumption. 

Cooperatives have used various methods to successful 1 y provide 

a steady supply of milk. In Arizona, UDA operates a base-quota plan 

as milk supply management plans. A "milk base" is a measurement, 

expressed in pounds, of the right to market every day through the UDA 

at the UDA quota price. A "base quota system" is the method by which 

a quota for UDA quota price is assigned to individual meIllh:!rs of UDA. 

Each member's quota is a percentage of the amount of his base owned. 
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FOr milk marketed within his quota, a member producer receives the UDA 

quota price which is generally less than the Class I price but greater 

than the "blend price." For milk marketed in excess of his quota, a 

member producer receives the UDA over quota price which is usually 

equal to the manufacturing price (Class III price). 

unA grants "milk base" to members according to their produc

tion in base earning periods. The amount of base owned by individual 

members differs arrong them. New producers have the option of becoming 

UDA members and building up their own bases in base earning periods, 

or purchasing base from UDA members. 

As we mentioned earlier, UDA has entered supply arrangements 

with most of the processors in Arizona. Under such arrangements, UDA 

requires processors to deal exclusively with it. An independent (non 

UDA member) producer who wants to market his milk in Arizona, must 

sell his milk to UDA at the over quota price, if he cannot find a 

processor-buyer. 

Almost all dairy farmers within the Central Arizona milk 

marketing area are members of UDA. UDA members produce nearly all of 

the milk pooled in Central Arizona federal orders pool. The total 

UDA pooled milk in Central Arizona during the last five years 

accounted far arout 90 percent of the total quantity of milk pooled in 

Central Arizona. A significant portion of the remaining quantity of 

milk pooled in Central Arizona is produced by Shamrock Farms - a non

UDA member. 

The use of base plans is usually seen as a barrier to entry 

into the industry and a means to restrict supply in order to achieve 
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higher prices. In fact, base plans may be designed to accomplish 

specific objectives by altering the following provisions of the plans 

(Fallert and IDugh, 1976): 

1. Length of the base earning periods. 

2. Time interval between base revisions, which nay range from 

yearly or multi-year plans to practically no revisions. 

3. How the base is revised. New .. base may be assigned to 

producers, or base may be held constant and base holders 

may be allotted any increases in fluid milk sales by 

marketing quotas. 

4. Restrictions on base transfers: whether they can be 

transferred, who they can be transferred to. UDA allows 

the transfers of base, only if the member-seller promises 

either not to own, operate or manage a dairy farm in the 

state of Arizona for seven years (AZ vs. UDA, 1980). 

Thus, depending on the provisions, base plans can be used as 

effective barriers to entry and supply management tools. Whether or 

not the use of l:ase plans serves the public interest, remains a debat

able question. One might argue that an increased movement of 

producers into and out of the market may introduce difficulties in 

maintaining product quality and in achieving a successful market 

cooniination. We wish to provide insights on this question following 

our empirical work. 

Review of Previous Work Assessing Federal Milk Marketing Orders 

At this point, it is appropriate to review briefly how 
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previous studies have assessed the r:;erfarmance of federal milk market-

ing orders. Much of the assessment of marketing orders is on two of 

its objectives: Market stability and the improvement of farmers'

income through classified pricing. 

Market Stability 

The Agricultural Marketing Act of 1937 specifies that federal 

milk orders should "establish and maintain such orderly marketing 

conditions as will provide in the interests of producers and consumers 

an orderly flow of the supply thereof through its normal marketing 

season to avoid unreasonable fluctuations in supplies and prices." 

Orderly marketing is one of the most cited justifications for federal 

milk orders. Masson, Masson and Harris (1978) argue that "orderly 

market.ing" implies an absence of certain competitive practices, i.e. 

use of predatory practices (practices of using cost advantages to 

drive competitors out of the market by cutting prices). Dobson and 

Buxton (1977) interpret the terms "unreasonable fluctuations in 

priCEs" as referring to extreme, erratic, or unpredictable milk price 

movements. Babb, et ale (1983) pointed out the difficulty of defining 

"orderly marketing. II They attempted to define "disorderly marketing" 

as the "lack of coordination between buyer and seller at any stage of 

the vertical marketing system for milk. They argued that disorderly 

marketing involves short-run behavior am lrng-run strate:jies which 

reduce the operational efficiency, equity or innovation of the market

ing system. 
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There is a consensus that, in federal order markets, the 

disorder an::l price instability associated with seasonal variations in 

milk production are lower than in the past (robson and Salathe, 1979; 

Babb, et al., 1983; Harris, 1958). A relevant question one might 

ask, is such a situation desirable from the point of view of effi

ciency? If price is to play its allocation mechanism role, it must 

reflect supply and demand conditions. Thus, seasonal variations in 

supply should lead to some fluctuations in prices. 

Undue Price Enhancem=nt 

Much of the attack against the federal milk order program is 

on the alleged undue price enhancement associated with it. Blakley 

(1980) asserts that the classified pricing system results in income 

transfers from consurrers of fluid milk and prodUCErs of manufactured 

grade milk to oonstnners of manufactured milk products and producers of 

fluid milk. Kwoka, (1977) Ippolito and Masson (1978) reached the same 

conclusion. Kwoka (1977) estimated $750 million was transferred fram 

fluid milk oonsurrers to fluid milk prodUCErs for 1970. Ippolito and 

. Masson (1978) estimated the transfers to be $560 million for 1973. 

Dahlgran (1980) estimated the transfers to be over $1 billion for 

1976. 

Buxton (1979) cites evidence that suggests differentials 

tetween Class I and manufacturing milk prices in federal order milk 

markets have been too large. The National Conswners" Congress (capper 

Volstead COmmittee, 1976) contends that certain Class I premiums 

negotiated by milk cooperatives constitute undue price enhancement in 
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violation of the Capper Volstead Act. Eisenstat, Masson, and Roddy 

(1976) charge that some cooperatives operating in federal order 

markets have employed predatory, ooncompeti ti ve practices to obtain 

Class I premiums. Many of the 'opponents of the federal milk order 

progTclm view the classified pricing as a form of price discrimination. 

They argue that the urrlerlying principle of the orders is price being 

raised for fluid or Class I uses of milk where marginal revenue is 

low, and the rest of the supply being dumped into manufacturing uses 

where marginal revenue is higher (Masson and Eisentat, 1980 and 

Harris, 1958). 

Proponents of the program reject the price discrimination 

argument, arguing that fluid milk is not an identical product in 

economic terms to manufacturing milk. The sanitary standard require

ments make fluid milk more ccstly to p:roduce than ma.'1ufacturing milk. 

They also contend that premiums over federal order minimum Class I 

priCES constitute the basis for many of the social costs and transfers 

calculated by same studies. Such premiums, they say, result from many 

factors and include costs of providing ServiCES to processors, tempo

rary shortages in supply, temporary surges in demand. How does one 

know if priCES have been enhanced? Manchester (1977) suggests to look 

at the consequences of prices higher than those justified by economic 

conditions. 

If the supply of the agricultural commodity in question is 

controlled, the consequence of prices that are too high will be excess 

profits. ~f the supply is not controlled, prices that are too high 

will stimulate excess supply. There are no restrictions on milk 
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production in any market of the United States. Moreover, th:re is no 

mechanism under milk orders to achieve supply controls or even to 

prohibit milk producers in any geographic location from selling milk 

under an order in another region. 'rhus, if excess profits were gener

ated by prices that are too high, surpluses of milk would result. 

Therefore, any test to determine whether undue price enhancement 

exists, must be based on an analysis of milk supply in particular 

markets. 

Market Perforrrance of the Dairy Industry 

Market ~farmance is usually neasured by: 

1. Relative efficiency of production. 

2. Price relative to average cost of production. 

3. Sizes of sales prcm:>tion. 

4. Characteristics of prcducts (quality, improvement, vari

ety) • 

5. Technical progressiveness of firms and industry. 

We will use profitability of milk production to assess the 

market performance of the industry. In profitability, we capture sane 

of the effects of production efficiency and price-cost relations. 

Comprehensive figures showing the profitability of dai:r:ying in 

the u.S. seem to be lacking. However, there are some good studies of 

individual dairy markets, which all seem to suggest that dairying is a 

relatively profitable operation. Fbr instance, a study by Manchester 

(USDA AER N. 402, 1978) showed dairy farm returns, measured in terms 

of returns to operator and family labor, management, and equity in 
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investment, for New York and Wisconsin. This study showed that in 

1976, returns on New York dairy farms ranged from $10,000 on fa.rms 

with 31 cows to $64,000 on farms with 200 cows. Wisconsin dairy 

. farmer returns ranged fran $7,200 on fanns with 24 cows to $49,000 on 

fanns with 142 cows. In a study comparing fanner returns from dairy

ing with alternative enterprises in Illinois far the period 1971-75, 

and the years 1977 and 1978, Cook and Hayenga (1981) showed lower 

returns from dairying than from grain, hogs and beef on medium size 

fanns, and less than grain and hogs on small farmso However, during 

the latter part of the 1971-75 period, the prices of each of the oth:r 

commcxii ties inflated faster and further than the price of milk, which 

very likely affected the relative returns. In 1977, dairy was the 

only one of trese alterratives to slDw a positive return to labor and 

management in Northern Illinois. In Southern Illinois, dairy had the 

highest returns both in 1977 and 1978. A more recent study (Buxton, 

et aI, 1984) comparing profitability of milk production in four states 

- Arizona, New Mexiro, Minnesota and Washington - concluded that the 

annual rate of return to investment in dairy farms varies from 1.53 

percent for a 52- cow Minnesota dairy to 19.86 percent for a 200-cow 

New Mexico dairy. In Arizona the rate of return was estimated at 

14.64 percent on the 1,436-cow dairy, and in Washington it was 7.29 

percent far tre l40-cow dairy. 

Cook and Hayenga (1981) reported that profi ts for dairy pro

cessing finns in the last 20 years were generally comparable to those 

for all food manufacturing firms, as well as those for retail food 

chains. Jones and Lasley (1980) found that net margins per dollar of 
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sales of fluid milk processor-distributors were 2048 and 2.67 cents in 

1977 and 1978. Babb (1983) found that returns on equity before taxes 

was 19.7 percent for a sample of 44 Wisoonsin cheese plants in 1978. 

Cheese appears to be the most profitable segment of the industry, 

followed by butter and powder manufacturing, with fluid milk 

distribution coming in lasL However, comprehensive profit analyses 

are not available to fully document this judgment. 

In conclusion, we may say that a positive feeling about the 

performance of the industry exists among researchers. The regulations 

to which the industry is subjected, have contributed significantly to 

its performance. In the next chapter, we will attempt to analyze the 

eoonomic effects of these regulations, and to investigate same alter

native marketing arrangements. 
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roME THEDREl'ICAL ASPECrS OF THE DAIRY INDUSTRY 

This chapter is devoted to an eoonomic analysis of alternative 

market organizations of the dairy industry. We will first consider 

the case where we assume that producers and processors are perfec"t 

oompetitars. Then, we will relax the assumption of perfect competi

tion and cC~lsider the case where processors are monopsonists in the 

input market and monop:>lists in the output market. A third al terna

tive is the situation where producers are organized into cooperative 

associations, i.e., they have some market power, and the marketing of 

milk is regulated by the Federal Order program. Finally, we will 

analyze the case where a base-quota system is added to the third 

alternative. For each pc:stulated market organization, we will attempt 

to analyze the equilibrium priCE-quantity, the social costs associated 

with that particular market organization, and how the fluctuations in 

oomand for processors' products will be signaled to the prodUCErs. 

Producers and Handlers are Perfect Carrpetitors 

The purpose of thi s section is to attempt to develop a per

fectly competitive model where there is no government intervention. 

This hyp:>thetical model will provide an analytical framework 

to assess the working of the industry in the absence of regulations 

and the exercise of market p:>wer by the different participants in the 

market. To develop such a model, we will make some behavioral 

28 
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assumptions with regard to the different participants in the market. 

We will assume that milk producers and milk processors behave com

petitively. 

The conditions that will ensure a perfectly competitive model 

can be summarized as follows: 

1. All producers sell products (milk) that have identical 

physical characteristics. Even though milk sold by pro

ducers can find different uses, we will consider that it 

is homogeneous when sold by farmers, Le., milk used for 

fluid milk and manufacturing milk is exactly the same 

canm:xli ty • 

. 2. The sales of individual farrrers are so sl1E.II relative to 

the total volume of sales in the market that no one farmer 

can affect the price of milk, Le., producers are price 

takers. 

3. Free entry and exit - there are no barriers to entry and 

exit from the market. Abstraction is l1E.de with regard to 

the highly specialized investment in dairy production and 

the family labor nature of dairying, and we postulate that 

the mobility of resources is not restricted. 

4. All sellers and buyers possess p:rfect inforl1E.tion con

concerning the price paid for milk. 

We will further assume that milk producers and processors are 

profit-maximizers. 
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Single Product 

We will first consider the case where there is only one use of 

milk. The aim here is to analyze what the equilibrium price and 

quantity will be. 

Short Run Analysis 

In the short run, there is no exit or entry into the industry. 

The individual farmer is assumed to maximize profit (Pi). 

Max pi = Pq - TC (q,N) 3.1 

The solution of the above unconstrained optimization problem suggests 

a general formulation of the mathematical model for the short run 

analysis for a representative firm model as: 

where: 

P = drrt: (q,N)/dq = MC Individual Finn Supply 3.2 

Q = Nq. Aggregate Supply 3.3 

P = D(Q) Aggregate Demand 3.3 

N=N * Industry Size 3.4 

P is the price of milk, 

q is the quantity of milk produced by the irrlividua1 fann, 

Q is the total quantity of milk produced, 

N is the number of firms in the industry. 

Figure 3a shows the short run equilibrium of the competitive model. 

It is assumed that each firm has identical costs and upon maximizing 

profits produces the same amount, q. 

D(Q) and SRMC represent the industry demand and supply of milk 

at the farm gate. D(Q) reflects the demand for milk net of processing 
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Figure 3a. Short Run Equilibrium of the Competitive Model 
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and transportation costs expressed as a function of the farm gate 

price. SRMC shows the horizontal summation of the marginal costs of 

production for all producers. The costs implicit in this supply curve 

represent market prices or opportunity costs for the inputs used in 

the prcrluction of milk. 

The intersection of D(Q) and SRMC represents the industry 

equilibrium. At the equilibrium price individual farmers may wind up 

with some profits or some losses. In Figure 3a, at Pe and qe the 

representative firm is making zero economic profit. 

Suppose there is an increase in the demand for milk. The 

demand curves D(Q) and D{Q)/N in Figure 1a shift out. As the result 

of this increase in demand, the price of milk increases, the quantity 

of milk prcrluced by the individual farmer (q) and the aggregate supply 

of milk (Q) increase. The representative farmer is making positive 

economic profit. 
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Long Run Analysis 

In the long run, there is exit from or entry into th~ 

industry, i.e., the industry size is not fixed anymore. A general 

formulation of the matherratical model for the long run analysis is: 

P = dTC (q,N)/dq = MC Individual Firm SUWly 3.5 

Q = Nq Aggregate Supply 3.6 

P = D (Q ) Aggregate Derrand 3 . 7 

P = TC/q = ATC Long Run Equilibrium 3.8 

Figure 3b illustrates the long run equilibrium of the com

petitive merlel. In response to profits, firms will enter thereby 

increasing aggregate output until price is driven down to the minimum 

point of the ATC curve. The firm is making zero economic profit. In 

Figure 3b, the upward shift in ATC and MC curves is due to resource 

costs being bid up. However, firms" cost structure might not change 

if the industry is small. The shape of the long run supply curve 

p p 

Q/N Q 

Figure 3b. Long Run Equilibrium of the Competitive Merlel 
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(LRMC in Figure. 3b) depends on the industry cost structure. It could 

be horizontal over a considerable range if firms enter for sometimes 

without any increase in input prices. As a result of entry into the 

industry, the size of the industry (N) increases, the aggregate supply 

of milk (Q) increases, price of milk decreases, and the quantity of 

milk produced by the inti vidual farmer mayor may not change depending 

on the shift in the firm's rost structure. 

On the other hand, if farmers were to incur losses at the 

prevailing market price, we would ~ct sane farmers to quit dairying 

if these losses persist in the long run. This will cause an inward 

shift of the supply curve leading to an increase in the maiket price. 

This exit process from the industry will end when zero economic 

profits are made. Thus, the long run equilibrium price and quantity 

of this model are given by Pe and Oe in Figure 3b, and the representa

tive farm is producing <Ie units of milk. 

This ccmpetitive model describes the behavior of suppliers of 

raw milk under our assumptions. Any fluctuation in the demand for 

milk will be reflected by a shift in the industry demand curve which 

will lead to an increase or decrease in the equilibrium price Pee 

Depending on whether the new equilibrium price will generate substan

tial profits or losses in the industry, entry or exit will take place. 

'l'wo Prcriucts: Fluid Milk and Manufactured Milk 

We consider here the case where milk produced by farmers is 

used as fluid milk and manufacturing milk. We still assume that raw 

milk is a homogeneous product, i.e., no distinction is made at the 
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farm level between milk marketw as fluid or manufacturing milk. Then 

the demand far milk is derived from the demand for fluid milk and the 

demand for manufacturing milk. The standard procedure to derive the 

total demand for milk would be to sum horizontally the quantities of 

milk demanded in each market (fluid milk and manufacturing milk) for 

every price. 

is: 

where 

a 

Me ~ 

qe 

Representative 
Farm 

b 

QI QII 

Fluid 
~Iilk 

c 

QII 
Manufacturin~ 

Milk 

d 

Qe 

Industry 

Figure 4. Competitive Model 

A general formulation of a mathematical model for this cass 

P = dTC (q,N)/dq = Me rndividual Firm Supply 3.9 

Q = Nq Aggregate Supply 3.10 

Qr = Qr(P) Fl uid Milk Demmd 3.11 

Orr = Qrr(P) Manufacturing Milk Demand 3.12 

Q = Qr + Qrr Total Milk Derl'and 3.13 

P = TC/q = ATC Long Run Equilibrium 3.14 

Qr and Qrr are respectively the quantity of fluid milk and 
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manufacturing milk demanded expressed in terms of the farm gate price 

for raw milk. 

Figure 4 shows the model where milk is marketed by processors 

as fluid and manufacturing milk. In Figure 4b, DI is the demand for 

milk used as fluid milk; it is derived from consumers' demand for 

fluid milk and it is expressed as a function of the raw milk price at 

the farm gate. DII in Figure 4c is the derived demand for milk used 

as manufacturing milk, and it is also expressed as a function of the 

raw milk price at the fann gate. It is assumed that the demand curve 

for fluid milk is more inelastic than the demand curve for manufactur

ing milk over the price range we are looking at (since inter-region 

competition is more· likely in the manufacturing milk market due to 

lower transport coots and more elastic final demand far manufacturing 

milk). To derive the total demand for milk at the farm gate, we need 

to sum horizontally the two demand curves, represented as D in Figure 

4d. In Figure 4d, S is the total supply of milk. 

As seen in the one product case, the individual farmer will 

produce at the profit rraximizing level of output (where P = Me), i.e., 

he will produce qe units of milk, as shown in Figure 4a. The total 

quantity of milk produced is Qe' as shown in Figure 4d, where the 

industry supply curve meets the industry demand curve. In Figure 4b, 

QI quantity of milk is used as fluid milk, and the remainder of the 

total supply of milk, shown in Figure 4c as QII' or Q - QI' is used as 

manufacturing milk. The price of milk at the farm gate is P e' regard

less of its use. 
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Suppose now that the consumers' demand for fluid milk 

increases. The iIlUl'ediate consequence would be an outward shift in the 

demand for milk used as fluid milk, smwn as DI in Figure 4b, which in 

turn, would lead to an outward shift in the industry demand curve, 

shown as D in Figure 4d. As a result, more milk will be produced, 

shown as Q' in Figure 4d, more milk will be diverted to fluid use, 

shown in Figure 4b as O:ir and the price of milk at the farm level will 

increase to P e'. In our diagram, the quantity of milk for manufactur

ing purposes is decreased in the short run. The extent to which the 

change in milk production due to an increase in price is allocated 

l::etween milk used for fluid p.rrpcses and milk used for manufacturing 

purposes depends on the relative elasticity of the two market demand 

curves. Profits are realized by farmers as a result of the price 

increase, therefore the entry process that we described in the one 

product case will take place. 

In conclusion, the abstract competitive model that we have 

just analyzed offers some very appealing features. It is efficient 

from the point of view of mobility of resources. The existence of 

substantial economic profits in the industry attracts new investment 

or entry, leading to the disappearance of these profits. Vice versa, 

if losses are incurred, an exit process will take place, unti 1 zero 

economic profit is again realized in the irrlustry. The model does not 

assume a "reserve pool" of milk that is usually thought to be needed 

to meet fluctuations in fluid milk demand or to meet fluid milk demand 

during periods of short supply of milk. However, one might ask if a 

"reserve pool" is really needed. We have seen that the model handles 
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any fluctuation in fluid milk demand by increasing the incentives to 

produce more milk and by rationing the total supply of milk. More

over, as suggested by H3.mmond, Buxton, and 'Ihraen (1979), an alterna-

tive for a "reserve pool" of milk is to use rea:lnstituted milk as the 

source of reserve milk, thus making the "reserve pool" issue totally 

irrelevant. 

Processors are MJnopsonists in the Input Market 
and Monopolists in the o..ttput Market 

In this section, we relax the assumpticns that milk processors 

are perfect competitors, and consider the case where they exercise 

some market power both in the input (raw milk) and product market. 

Indeed, there are few processors relative to producers, and in some 

local markets a large single processor is the only buyer of the 

farmers' milk. If we ignore inter-regional competition, then it 

becomes evident under our assumption of profit maximization, that this 

local handler could affect the buying price of raw milk, i.e., he will 

behave as a monopsonist at least to the point where it becomes profi t-

able to ship to another market. 

Therefore, in the absence of regulations and any marketing 

arrangement, the single processor in a local market is more likely to 

be characterized by a price maker rather than price taker at least up 

to the point where it is possible to ship processed milk in from 

another market or to ship raw milk out. 

Consider the situation where the processor (buyer of raw milk) 

is a monopsonist in the input market and monopolist in the output 

market and faces canpetitive producers (sellers of raw milk). 
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The monopoly processor in the short run would face a market 

specified as follows: 

Pf = dTC (q,N)/dq = Me 

Q = Nq 

Pr = D(Q) 

* N=N 

Individual Finn Supply 3.15 

Aggregate Supply 3.16 

Aggregate Demand 3.17 

Industry Size 3.18 

where: P f is the farm level price of raw milk, 

Pr is the retail price of milk expressed as the farm gate 

price plus any monopoly profit. 

The processor is assumed to maximize profits (Pi ) with respect 

to Q with the processor acting as a price taker in the raw milk 

market, Le., P f is given. 

Max pi = PrQ - PfQ 

Maximizing profit with .respect to output, results in: 

p p 

p~t---;;;::::",-?,,-=:----

Q/N Q 

Figure Sa • Monopoly Model 
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Since the first term in the LHS of equation 3018 is negative 

(dPr/dQ < 0), it follows that the marginal revenue is less than the 

retail price of milk (Pr ). Graphically, the monopoly model can be 

represented by Figure Sa which considers the one proouct case. 

The curve D in Figure Sa is the industry (processor) demand 

curve. The curve MR is the processor's marginal revenue curve~ The 

curve SRMC is again the horizontal summation of the producers' mar

ginal cost curves and is the processor's short-run marginal cost 

curve. The processor monopolist will set the quantity of milk pro-

duced at Qe where marginal revenue is equal to marginal cost. The 

price p:ri.d for milk is P~ and the retail price of milk is P~. 

Suppose there is an increase in the demand for milk. The 

long run resp:mse to this increase in demand for milk is illustrated 

in Figure Sb. 

p 

SR.'le 

LR.'1C 

... --...... _________ ... _I~ 

Figure Sb. Illustration of the Long Run Response to an 
Increase in the Demand for Milk 
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The demand curve and the marginal revenue curve will both 

shift out. As a result, the producer price of milk and the retail 

price of milk will increase. If individual farmers are now making 

above normal profits, then the entry process we described in the 

previous section will take place, shifting the processor's marginal 

cost curve to the right until zero economic profit is again realized 

by the marginal dairy prcducer. In Figure 5b, the long run adjustment 

to an increase in the processor's demand far milk shows an increase in 

the farm level price of milk, an increase in the retail price of milk 

and an increase in the total quantity of milk produced. 

Consider now a situation where there is a single processor 

purchasing from farmers but competing with many other firms in the 

retai 1 market and therefore price takers at retail. 

In the short run analysis: 

Pf = dTC (q,N)/dq = MC 

Q = Nq 

Individual FiDll Supply 3.20 

Aggregate Supply 3.21 

Aggregate Denand 3.22 

Industry Size 3.23 

Max.innlm profits far 3.24 
Monopsony 

The marginal cost of milk for the processor is given by: 

Since the first term in the RHS of the above expression is 

positive [dPf(Q)/dQ > 0], it follows that the marginal cost of 

milk clearly exceeds the producer price of milk for all levels of 
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utilization of milk. Graphically, the monopsony model is illustrated 

in Figure Ga. 

The curve D is the processor's demand curve for milk. The 

curve SRMC is the short run supply curve of milkc The curve MCm is 

the processors marginal cost curve defined here with respect to the 

quantity of milk bought by the processor. The profit-maximizing 

monopsonist will purchase Qe units of milk at a price of Pl. The 

retai 1 price of milk is P~. 

Again, suppose there is an increase in the demand for milk. 

The demand curve D will shift out. As a result, the farm level price 

of milk and retail price of milk will both increase. Dairy farmers 

are row making above normal profit. Entry will take plaCE, shifting 

the supply curve and the processor's marginal cost curve to the right 

until zero economic profit is again realized by dairy farmers. 

P 
P 

SR!'1C 

HC 

/ ATC 

pi 

e 
Pf 

0 

.) 
qe q Qe 

Figure Ga. Monopsony Model 
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Figure 6b illustrates the long run response to an increase in 

the processor's demand for milk. It shows an increase in the total 

quantity of milk bought by the processor and an increase in the retail 

price (Pr ) of milk. 

Consider now a sole processor in the retail market and the 

sole purchaser of raw milk. 

In the short run, the processor will face the following market 

conditions: 

Pf = dTC (q,N)/dq = MC 

Q = Nq 

p , , , , , 

Q" 

Individual Firm Supply 3.25 

Aggregate Supply 3.26 

!!C 

'" , , SR~!C 

L~IC 

Figure 6b. Illustration of the Long Run Adjustment Process to an 
Increase in the Demand for Milk with Monopsony Processor 

Pr = D(Q) 

* N=N 

Aggregate Dem3.nd 

Industry Size 

3.27 

3.28 
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The marginal cost of the monopsony-monopoly processor as for 

monopsonist is: 

and its marginal revenue as for the monopolist is: 

Me or 

MR = (dPr/dQ)Q + Pr 

The profit-maximizing monopsonist will equate its MR with its 

Maximum Profit for 
Monopsony-M:mopol y 

(dPr/dQ)Q + Pr = (dPf/dQ)Q + Pf 

3.29 

[(dPr/dQ)Q(Pr/Pr )] + Pr = [(dPf/dQ)Q(Pf/Pf)] + Pf 

[(dPr/Pr)/(dQ/Q)]Pr + Pr = [(dPf/Pf)/(dQ/Q)] Pf + Pf 

or, in elasticity farm, as 

where: 

~ is the elasticity of demand for fluid milk, 

EQ is the elasticity of supply for raw milk. 

From the last expression it can be seen that, if the processor 

was not a moncpolist in its output market, i.e., if the elasticity of 

demand far fluid milk was very high (approaching perfect competition), 

then l/E~ would be very low (almost zero), and the left-hand side 

reduces to P r=~. 

The mmopsony-monopoly model is illustrated in Figure 7 which 

considers the one product case, i.e., raw milk is used for fluid pur-

poses. 



p 

q 

p 

pOI 
ATC f 

Q/N 

MC 
m 

Qe 
c 

Figure 7. lvDnopol y-!vbnopsany MJdel 
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LR.'!C 

D 

Q 

The curve D is the industry demand curve far milk which is the 

processor's average revenue curve expressed in terms of raw milk. The 

curve MR is the processor's marginal reven~e curve. The curve SRMC is 

the processor's average cost of milk curve. It is obtained by summing 

the individual producer marginal cost curves. The curve M~ is the 

processor marginal cost of milk. The marginal cost of milk is the 

rate of change of its total costs with respect to the quantity of milk 

bought by the processor. 

The monopsonist-monopolist will equate its MR with its MC and 

buy the quantity of milk <le. He will pay the dairy farrrers the price 

Pf which will cover their average costs of production and sell fluid 

milk at the price Pro The processor profit is given by the area 

defined as (Pr - Pf ) Qe . If we assume that the different market 
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structures have the same cost curves, then the monopsonist-monopolist 

processor's purchases of milk are at a level lower than the monopsony 

(~) and p:rfect rompetition (Q~) and to pay farmers a price (Pf ) that 

is lower than the monopsony (Pi) and perfect competition (Pi). 

Indeed, there is a transfer from the produo:rs to the prO<:Essor (Pi -

Pf}Qe. In addition, there is a net welfare loss of ABC, due to 

monopsony only. 

Suppose that we have an increase in the final demand far fluid 

milk. The D curve and the MR curve (in Figure 7b) will both shift 

out. The processor will increase its purchases of raw milk and will 

faY fanners a higher price. Farners are now making positive economic 

profits. Entry will take place in the fanning sector. 'Ihe short-run 

supply curve SRMC and the Me curve (M~) will both shift out and milk 

prices will go down until zero economic profits are realized again in 

the industry. If, on the other hand, there was a decline in the 

demand for fluid milk, the D and the MR curves will both shift in. 

The processor will then decrease its purchases of raw milk and pay 

farmers a price lower than Pf • Farmers will be making negative ero

nomic profits. Exit will take place until zero economic profits are 

realized. 

Now, let's consider the case where milk is marketed by a 

single local processor as fluid and manufacturing milk. We still 

asssume that the processor is monopolist in the fluid milk market, 

rompetitive in the manufacturing milk market, and raw milk is homoge-

neous at the farm level. The analysis emphasizes the monopolistic 

rather than the monopsonistic behavior of this local prO<:Essor, since 



46 

the introduction of a Class rr market that is :r;:erfectly competitive 

eliminates the possibility of the local processor exercising a 

monopsonistic power. Producers can always ship to other Class rr 

processors. 

The short run mathematical model far tl:e monopoly-monopsony in 

a two-product market is: 

Pf = dTC (q,N)/dq = MC Individual Firm Supply 

Q = Nq Aggregate Supply 

Fl uid Milk DeIrand 

3.30 

3.31 

3.32 Pr = D(Qr) 

Prr = D(Q:rr) 

Q ::: Qr + Qrr 

N = N* 

Manufacturing Milk Demand 3.33 

Aggregate DeIrand 3.34 

Industry Size 3.35 

The monopsony-monopolist processor is assumed to maximize profits 

(Pi) • 

Max Pi = PrQr + PrrQrr - PtO 

dPi/dQr = (dPr/dQr)Qr + Pr - Pf = 0 

dPi/dQrr = Prr - Pf = 0 

=) MR.r = Pf 

MR.rr = Prr = Pf 

The two-product case is illustrated in Figure 9. 

3.36 

The curve Dr is the processor's derived demand for fluid milk. 

the curve Drr is the demand curve for manufacturing milk. The LRM:: is 

again the horizontal summation of producers' MC curves. To maximize 

profit, the processor will set tl:e lE!V'el of his purchases of raw milk 

so that MRr = MRrr = Pf ; i.e., he will purchase Q quantity of raw milk 

and will use Qr quantity of it as fluid milk. The farm level price of 



p 

LR.'IC 

Q 

Figure 8. Monopolistic Class I Milk Processor with Perfectly 
Competi ti ve Class II Market 
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milk is shown eqU3.l to Pf = PII in Figure 8, regardless of the use of 

milk. The retail price of fluid milk (Pr ) is equal to PI. The· 

monopolistic profit is given by the area PIABPf" This profit is a 

transfer from Class I consumers to the fluid milk processor and the 

Class II ccnsumers. 

Suppose there is an increase in the demand for fluid milk. 

The curves DI and MR.I will both shift out. As a result, the price and 

quantity of fluid milk will both increase. The farm level price of 

milk will stay the same unless the magnitude of the increase in fluid 

milk demand is such that more milk is needed to be produced. 

An increase in the demand for Class II milk will shift out the 

demand curve DI!" As a result, the farm level price of milk (Pf = 

PII ) will increase. The marginal firms are now making above normal 

profits. Entry will take place. 
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Now, we relax the assumption made in the previous section that 

producers are perfect competitors, and we assume that they are organ-

ized into cooperative associations that have some market power. As 

late as the early 1900"'s, dairy farmers dealt with one or few local 

processors who then determined milk prices. To offset the monop-

sonistic power of processors, dairy farmers began as early as 1910 

to organize themselves into cooperative associations in some local 

markets. The cooperative movement was further encouraged by the 

passage by Congress of the Clayton Act of 1914 and the capper-Volstead 

Act of 1922 (USDA - AMS No. 27, 1981). 

In this section, we will analyze the situation where both the 

processors and producers have sane market p:>wer. We will cx:mcentrate 

on the two-product case, i.e., milk is marketed as fluid and manufac-

turing milk by processors. We still assume that raw milk is a homoge-

neous pIOduct, that processors are monopolists in the fluid milk 

marfet, perfect rompetitors in the Class II milk mru:ket and that the 

producers'" cooperative association controls the raw milk and can 

bargain with the processor, although the cooperative does not directly 

control pIOduction. 

Figure 9 is an illustration of the si tua.tion where the cooper-

ative negotiates the farm level of price (Pf ) with the processor. 

This case looks exactly like the monopoly case we analysed in the 

previous section, with the exception that Pf is no longer equal 
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to Prr• The curves in Figure 9 are derived exactly like those in 

Figure 8. 

The producers through their cooperative and tl:E processor will 

engage in price bargaining to detennine the price of raw milk. 

Pf 
PII~-----r~----~~~~--__ 

QI Q 

LR.'1C 

Figure 9. Monopoly Processor am Cocperative 
Organized Prcx1ucers 

Figure 9 illustrates a wresting of monopsony power from the 

processor. The actual outcome resists analysis in that it depends 

strictly on the relative bargaining strength of the two parties. All 

we can say is that the negotiated price of raw milk will lie sc:mewhere 

between Prr and (PrQr + PrrQrr)/(Qr + Qrr)' where Qr is the profit 

maximizing level of fluid milk for the monopolist processor. This 

situation is different from the bilateral monopoly situation in that 

the cooperative cannot control output without some base program. 

rnd8ed, any increase in the farm level price of milk that the coop-

erative negotiates will be responded to with greater output by the 
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producers regardless of whether the added revenue is distributed 

directly as a price increase, greater cooperative dividends, or more 

highly subsidized serviCEs. In all cases, profits are increased and 

entry will be encouraged until the marginal fanners are making again 

normal profits. However, just as a monopsony Class I processor could 

not be expected to prevent producers from shipping to the Class II 

market leaving its monopsony pcsition ineffective, the cooperative in 

this example would not be expected to be able to prevent Class II 

proCEssors from transshipping to Class I prOCESSorS, thereby leaving 

the cooperative without effective market power. 

In conclusiOl, market power by the processor results in output 

below the perfectly competitive level and consequently results in some 

resource misallocations regardless of whether the power is character-

ized as monopoly, monopsony or both. 

The Marketing of Milk is Perfonned Under Federal Milk Marketing 
orders Without Cooperative Base-Q,lota System 

The same assumptions made with regard to the participants in 

the market in the previous section hold in this section: processors 

have some market power, producers are organized into cooperative 

associations which have some market power, raw milk at the farm level 

is homogeneous. Now, we again consider the situation where milk is 

marketed by processors as fluid and manufacturing milk, and the mar-

keting of raw milk is regulated by the Federal Milk Marketing Order 

program. This situation descrires the marketing of milk in New Mexico 

durmg the period studied. 
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Each Federal order specifies minimum prices to be paid for 

fluid and for manufacturing milk. Processors are required to pay at 

least the federally specified prices. The Federal milk market admin

istrator would then multiply the quantity of fluid (Class I) milk and 

manufacturing (Class II) milk sold times their respective prices and 

divide by the total milk sold to arrive at a weighted average or 

"blend price" for milk and pays this blend price to farmers who 

receive this blend price regardless of the use of each farmer's milk. 

In this section, we will analyse the ''blend price" situation. 

Attempts will be made to analyse the effects of this regulation on 

prices and quantities, as well as the welfare costs associated with 

it. We will then analytically investigate how fluctuations in demand 

will be signaled to producers. 

By means of the equalization scheme which is explained above, 

each farmer receives a ''blend" or average price PB regardless of the 

use of his milk. 

where: 

The blend price is given by: 

3.37 

PB is the blend price, 

PI and PII are Class I and Class II prices, 

QI and QII are quantities of Class I am Class II milk sold to 

processors. 

The supply function of raw milk in its simplest form can be 

expressed as a function of PB• 
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3.38 

At the farm level, milk is demanded either for fluid use or 

for manufacturing use. Therefore, we will have two demand curves 

which can be expressed as: 

QI = QI(PI ) 

OrI = OrI (PII ) 

3.39 

3.40 

We will again assume the demand for. marufacturing milk to be 

infinitely elastic, i.e., each individual order taken separately pro

duces a small portion of milk that goes into the manufacturing of 

dairy products ccnsurned in the u.s. 

The demand for fluid milk at the farm level is generally 

accepted to be on the inelastic portion of the demand curve. We will 

use the common assumption of linear supply and demand schedules 

(Kessel, 1967; Kwoka, 1977; Ippolito and Masson, 1978; DahIgran, 

1980), although it might be expected that sane nonlinearity exists in 

the various demand and supply schedules. 

In reviewing the 1 iterature, conflicting information exists 

with regard to the effects of marketing orders. Kessel (1967) implies 

that farm rents are maximized in regulated areas. Ippolito and Masson 

(1978), us.ing elasticity estimates, conclude that the Class I price PI 

is below the rent-maximizing price. The same result is obtained by 

Kwaka (1977). These conflicting results are mainly due to the 

approach followed in estimating the rent-maximizing price. The use 

of an aggregate U.S. elastici ty to estimate the rent-maximizing price 

has been questioned (Prato, 1973; Dahlgran, 1980; Gardner, 1984). One 

argument given by Dahlgran (1980) and Gardner (1984) is that a 



53 

marketing order may increase the price in the order area, compared 

to no order; however, a system of marketing orders can decrease 

the average price in all areas taken together. Their argument is 

illustrated in Figure 10. 

Consider a two-market model where market 1 is a high cost area 

producing initially only Class I milk, and Class II milk is imported 

from market 2. Market 2 produces only Class II milk. The introduc-

tion of a marketing order in market 1 increases the Class I milk price 

from· PI to P; thereby shifting the effective denarrl curve to AR. The 

blend price is PB and the total quantity of milk produced increases 

from QI to QS• The quantity of milk used as Class I milk is now Qi, 

with the excess milk used as Class II milk whose price is set by 

market 2. In market 2, the demand for Class II milk is now reduced 

from DII to DIl, resulting in a lowering of Class II milk price from 

piI to Plr Therefore, the result of the introduction of an order in 

P 
S 

, 
PI S 

PB 
PI P

rI 

piI 

AR 
D 

DI 

~larket 2 

Figure 10. A Marketing Order in Ma.rket 1 RedUCES the Average 
Price of Markets 1 am 2 and Increases Aggregate Output 
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market 1 for the two markets aggregated is lower average farm prices 

and larger output. This result occurs if the supply curve in market 1 

is sufficiently more elastic than in market 2, and there is a large 

enough quantity of milk in market 2. This result suggests that a 

disaggregate model is needed to analyze the effects of a marketing 

order and that prior aggregate results are inclusive. 

The existence of a Class I milk and a competitive Class II 

milk market limits the ability of the cooperative to exercise any 

market power witmut regulatory help because Class II milk processors 

could always sell to Class I milk processors. 

The model of an order with over-order payments is illustrated 

in Figure lla. DI and DII are respectively the demand curves for 

Class I and Class II milk. The curve LRAC is the long run supply 

curve or the long-run average cost of milk curve. The curve AR in 

Figure lla is the average revenue or blend price function due to 

pooling. Even though we have assumed Unear demand and supply sched

ules, the blend price relationship (AR-cu:r:ve) would be curvilinear and 

asymptotic to the manufacturing demarrl sdledule. 

It is assumed that the minimum Class I price set by the order 

is below the processor's net retail price of Class I milk and is not 

the price that maximizes producers' net returns. Then, to maximize 

producers' net returns, the cooperative would have to negotiate a 

price higher than the minimum price set by the order. This is done 

by negotiating an over-order payment (difference between p~in and 

p~ann in Figure lla), which will capture some of the manoI;Oly profit 

realized by the processor. The effective Class I price is p~arm which 
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Figure lla. Model of an Order with OV'er-Drder Payrrents 

LR.'1C 

Q 

Figure lIb. Unregulated Monopolistic Class I Processor 
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is the processor"s marginal cost for Class I milk. Thus, to maximize 

profit, the Class I milk processor will set PIfarm equal to MRI and 

will buy QI quantity of Class I milk. The total supply of milk in 

this instance is QS and each farmer receives a blend price that is 

determined by the intersection of the LRMC curve and the AR curve for 

each unit of his production. The remainder of the total supply of 

milk (QS - QI) is used as Class II milk. 

Compared to the unregulated model, regulation increases the 

total supply of milk, decreases the quantity of milk used as Class I 

milk, increases the quantity of milk used as Class II milk. Farmers 

receive an average (blend) price which is higher than the marginal 

value of milk PI!' and the processor"s monopoly profits are decreased. 

Compared to the competitive model as a standard against which to 

assess welfare costs, the regulated model has increased producers" 

revenues from OP1IAQ to OPBBQS (Figure lla). To the extent that 

production of milk is increased up to the point where the marginal 

value of milk is below the marginal cost of production, sane economic 

inefficiencies result from the blend pricing. The deadweight loss 

associated with the blend pricing technique is given by the triangle 

ABC. Another deadweight loss associated with the price discrimination 

is the triangle EFG. 

Suppose there is an increase in the demand for fluid milk. 

The demand curve DI and the marginal revenue curve MRI will both shift 

out. The processor's Class I retail price will increase. The blend 

price will increase if the cooperative can bargain for larger over

order payments. 
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The situation we wish to analyze in this section describes the 

marketing of milk in Arizona. 

As we mentioned earlier, Arizona dairy producers are organized 

into one cooperative association, the United Dairymen of Arizona 

(UDA), whose responsibility includes marketing functions such as pick

ing up the milk at the farm level, testing for butterfat content, 

supplying the needs of the processors and its own processing facili-

ties (UDA manufactures dairy products such as butter, unfinished 

cheese, and powdered milk). UDA operates base-quota plans. Base can 

be built up in base earning periods or purchased from UDA members. 

Data on sales of base show that the price of base in Arizona has 

increased significantly during the last 10 years. 

To understand the substantial increase in base values observed 

in Arizona during the last ten years, we need to analyze the economic 

effect of marketing quotas. We should emphasize that we are concerned 

wi th marketing quotas defined in terms of access to certain class 

prices (UDA quota milk prices), thus regulating the amount of milk 

that can be marketed as quota milk. 

Econcmic Effects of Introo.ucing a Base 
Plan in a Federal Order 

The analysis distinguishes between smrt run effects and long 

run effects in that the short run assumes no entry or exit while the 

long run allows entry or exit. The assumptions underlying the analy

sis are the following: 
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1. Individual producers are base-price takers Q 

2. There is no restriction on the sales or purchases of base. 

3. Individual producers are profit maximizers with regard to 

the sales or purchases of base. 

Short Run Effects 

We will consider a tw~part market for milk -- a quota milk 

market and an over-quota milk market. It is assumed that base is 

allocated according to Class I utilization. The ownership of base 

allows access only to the quota milk market. The quota price of milk 

is equal to the Class I price, while the over-quota price is equal to 

the Class II price. 

The short run economic effect of introducing a base plan is 

illustrated in Figure 12a. 

Prior to the introduction of the base plan, the typical firm 

in Figure 12a is making zero ecxmomic profit. It is prcrlucing a total 

quantity of q units of milk and is getting the blend price of PB for 

each unit of milk. 

P P 

HC 

RMC 

AC 

Pa 
PBt----t------------~~--___ AR 

~I~--~~-+----------- l'ull---t--------7f~----

Q 

Figure 12a. Short Run Effect of a Base Plan 
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Now assume that a base plan is introduced to allow qB quantity 

of quota milk. The immediate effect of introducing a base system is 

the upward shift in his average cost curve that results from the 

opportunity cost of the investment in base. As a result, the size of 

the firm will be reduced, thereby reducing the firm~s total milk 

production. The marginal short run supply response to the introduc

tion of the base plan is to the over-quota milk price. Indeed, firms 

will decrease production of milk, increasing the blend price from PB 

to P:S. The introduction of base has enabled the producer to get 

access to the higher blend price P:S and the windfall gains that this 

blend price yields. The base present value in this instance is equal 

to the discounted stream of the annual rents measured by P~Ir 

Lang Run Effects 

In the long run, there would be some entry into or exit fram 

the industry. The long run firm equilibrium is illustrated in Figure 

P 

PI --- ---
I 
I 

P
B 

--------r------

Me 

~ ___ ~AR 

~II-------T-~~~~~---------------------

Figure 12b. Long Run Effect of a Base Plan 
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12b. The typical firm is shown in Figure 12b making zero economic 

profi t. Supply adjustment has taken place in the industry through 

base transfer and exit or entry. The long run average cost curve of 

the irrli vidual producer would be higher than the I rng run average cost 

curve of the unrestricted model, since there are some costs involved 

in base ownership. Even though normal profits are again realized in 

the long run, firms are not producing at the minimum of the average 

cost curve. 

A More Riqorous Analysis of Introducing a Base Plan 

Under a marketing order, the price paid by processors for milk 

sold in the Class I market is determined by the minimum price of Class 

I milk set by the order (plus any over-order payment). The quantity 

of milk going to the Class I market will be determined by the demand 

curve (marginal revenue curve in the mOIlorx:>ly case), therefore QI is 

d . ed 1 d ed Q*I etermll1 exogenous y. Hence QI an PI are treat as constants, 

and ~n, in the models that follow. 

PII = dTC(q,N)/dq 

Q = l\ki 

* QI = QI 

PII = D(OrI) 

Individual Firm Supply 

Aggregate Supply 

Fl uid Milk Denand 

Manufacturing Milk Demand 

3.41 

3.42 

3.43 

3.44 

Q = QI + QII Aggregate Denand 3 .45 

PB = (ptfTIoI + PIIOrI)/(QI + OrI) 

Blend Price Relationship 3.46 

The unknowns in this multi-equation model are q, N, QI' QII' 
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The quota milk price is assumed to be equal to the Class I 

price set by the order. The over quota milk price is equal to the 

Class II price. The Class II price is determined by demand and supply 

conditions at the national level and by the price support program, and 

each market order taken separately is assumed to be so small that it 

cannot affect the Class II price. As a resu~t equation 3.44 will 

specify the Class II price. Given 7 equations and 7 unknowns, the 

system is then determined. 

Figure 13 illustrates the application of the analysis of 

introducing a quota plan to a federal milk market order. Before the 

introduction of the base plan, an abbreviated mathematical representa-

tion of the model is: 

d'lX:(q,N)/dq = PB Individual Firm Supply 

Aggregate Supply = 
Aggregate Denand 

3.47 

3.48 

'lC(q,N)/q = PB Industry Size 3.49 

PB = [~~ + PI~QII]/(Q~ + QII) 

Blend Price Relationship 3.50 

Before the introduction of the base plan, the industry was 

producing Q units quantity of milk. Q~ quantity of milk was used as 

fluid milk and the remainder of the total supply (Q - Q~) was used as 

manufacturing milk. Each farmer was getting the blend price PB for 

each unit of his total production (q). The marginal farmer is shown 

making zero economic profit in Figure 13. 

Now introduce a base quota plan to achieve Q~ quantity of 

quota milk at the price pr-n. The market supply curve shifts to the 
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left because of the increase cost structure of firms due to the fixed 

cost of base ownership rights. This will lead to a decrease in the 

industry's total milk production and an increase in the blend price 

p 

I I 
I I 

~ 
q 

p 

q Q 

Figure 13. Long Run Equilibrium Following 
Introduction of B:lse Plan 

A! 

Compared to the model of an order without a base system, the 

introduction of base decreases the total supply of milk, decreases the 

total supply of manufacturing milk, and increases the average price of 

milk received by the individual base holder. The effect of introduc-

ing the base plan on the size of the individual firm and number of 

firms is uncertain and depends on the relative shift of the firms' 

average cost curves. 

Entry and exit is still free under a base program although in 

order to receive the quota price for any milk the prcrlucer would first 
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have to purchase base accordingly. the possibility of entering the 

industry without base ~akes it possible for firms of various cost 

structures to coexist, further complicating the determination of the 

size and number of f irrns. 

In terms of efficiency, we have seen in the previous section 

that the order program increases the total supply of milk compared to 

the competitive model. The addition of base plan to the order program 

decreases the total supply of milk. However, at this level of analy

sis, we cannot assert whether or not the addition of base program 

moves the industry equilibrium closer to the perfectly competi

tive industry. This question is an empirical issue that is not 

investigated in this thesis. 



MILK SUPPLY RESPON3E AND INVESTMENl' BEHAVIOR IN ARIZCNA 

AND NEW MEXICO 

Milk production during the last decade has increased more 

rapidly in Arizona and New Mexico than anywhere else in the u.s. 

(Buxtcn, McGuckin, Selley and Willet; 1984). An important factor in 

understanding this expansion of milk production in these two states is 

the relative profitability of producing milk in Arizona and New 

Mexico. A recent study comparing the profitability of milk production 

in Minnesota, Arizona, New Mexico and Washington showed that the rate

of-return to investment in dairy operations is highest in New Mexico 

and Arizona (Buxton, McGuckin, Selley and Willet; 1984). The study 

also predicts tlE higher returns in New Mexico and Arizona to continue 

in the future, even though the difference in rate-of-return may be 

squeezed by increasing water costs and feed costs. 

A distinctive feature of milk production in Arizona and New 

Mexico is the presence of large, specialized dairy farms utilizing 

corral feeding of cows with purchased feeds., This type of dry-lot 

production organization is quite common throughout the Southwest. 

The production unit can be thought of as a processing unit, transfonn

ing raw materials into milk. The major raw material is feed. If a 

dairy farm specializes completely in milk producticn, and depends on 

feed purchased off the farm which represents more than half of the 

64 
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production costs, then one would expect a variation in feed costs to 

affect significantly the returns. The dairy fanner may be confronted 

with the locational choice of where to operate, i.e., should he locate 

or move near the sources of cheaper feed stpplies. The investment in 

base in Arizona has frequently approximated the cost of the cow if 

sufficient base were purchased to deliver all of her production as 

Class I (quota milk). As a result, the existence of a base plan would 

be expected to influence locational choice. 

In this chapter, we consider milk supply response in Arizona 

and New Mexico with emphasis on the response to changes in the profit-

ability of milk production. Both Arizma and New Mexico have operated 

under a marketing order during the s·tudy period with a base plan in 

Arizma and no l::ase plan in New Mexico. 

Milk Production in Arizona and New Mexico: Past, Present 
and Future OUtlook 

U.S. milk production during the last ten years has kn::>wn some 

fluctuations, but it has been steadlily increasing since 1979. The 

number of milk cows on farms has been declining up to 1979, then 

steadily increased. The average milk production per cow has been 

continuously increasing. 

In contrast to the U.S. trends, milk production, number of 

milk cows on farm, and average milk production per cow have been 

constantly increasing in Arizona and New Mexico during the last decade 

(Milk Production, Disposition, and Income USDA - Ann. Summary). 

An important factor that affects consumption of milk am dairy 

products is population. Arizona population as of April 1, 1970, was 
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1.7 million, it was 2.7 million as of April 1, 1980, and is predicted 

to be 3.7 as of April 1, 1990 (Arizona's Economy, May 1984). This 

means that population growth in Arizona remains strong with an 

expected 37 percent increase in population in the state in 1990 over 

1980, compared with an expected 9.7 percent increase in u.s. popula

tion. New Mexico population as of April 1, 1970, was around 1 mil

lion, and it was 1.3 million as of April 1, 1980 (1980 Census of 

population). Expected continued rapid population growth in Arizona 

and New Mexico ·suggests that the consumption levels of milk and dairy 

products can be expected to increase rapidly in these two states. 

In the face of an expected increase in market d=mand for milk 

and dai,rl.l products and assuming a continuation of the present insti tu

tional arrangement of the marketing of milk and pricing structure in 

Arizona and New Mexico, the relevant question becomes how and to what 

extent will supply adjust. There are several ways in which supply 

adjustments can be realized. 

One way supply adjustments can take place is the creation of 

new dairy farms. A second way adjustments can take place is through 

the relocation of dairies from other markets. Observations by dairy 

experts suggest that some dairy production units have been moved from 

california to Arizona and New Mexico over the last decade. Relocation 

of dairy farms may be caused by many factors. The most obvious factor 

is urbanization. It applies pressures on farms to relocate through 

conflicts between dairy farmers and their residential neighbors over 

animal noises, odors, and flies. To avoid these conflicts, dairy 
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farmers have the choice of tmdertaJdng cootly programs to control the 

sources of complaints, thus squeezing their return, or of relocating 

to less populated zones. Urbanization also encourages relocation 

through inflation of land values, increasing the opportunity costs of 

dairying in particular areas. Evidence exists that dairies in the IDs 

Angeles County have been under pressures to relocate for several years 

(Fletcher and McCorkle, 1962). Another im:pJrtant factor encouraging 

relocation is the canparative advantage in dairying in specific geo

graphical areas, due to regional price advantage, climate, etc. 

A third way in which supply can be adjusted is through the 

expansion in output of existing dairy farms, which can be accomplished 

by increasing milk production per cow, or by increasing the number of 

milking cows. 

We will investigate t~ese alternatives of supply adjustments 

in Arizona and New Mexico in the next sections. Due to the fact that 

complete information on the bcckground of newly established dairies in 

Arizona and New Mexico is no·t available to us, i.e. we could not 

dichotomize these dairies into newly created or relocated, we will 

merge the two first alternatives into cne category. 

section: 

Location of New Production Facilities in 
Arizona and New Mexico 

The following questions are under consideration in this 

1. Wlat are the factors that make the Arizona and New Mexico 

dairy subsectors attractive to new rnvestors. 
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2. Assuming that a new investor has already made a decision 

to enter the Arizona or New Mexico dairy subsectors, what 

is the probability that he chooses Arizona and what is the 

probability that he chooses New Mexico. 

Assuming the objective of a dairy producer is to maximize 

profit, and given that Arizona and New Mexico offer very similar 

conditions in regional characteristics and in applicable technology, 

we will assume that profit is the main factor affecting the decision 

to locate in Arizona or New Mexico. 

Profitability Variables 

Net return or profit is defined as revenues minus costs. 

Milk sales are the most important source of revenues for a 

dairy farm. Other sources of revenue for a dairy farm include sales 

of young stock (calves) and rull cows. 

Total ccsts include ownership costs, overhead ccsts and direct 

production costs. Ownership costs include insurance on buildings and 

equipment, taxes, depreciation and interest on those investments. 

OVerhead costs include accounting and legal fees, liability insurance 

and management and supervision. Direct production costs are costs 

directly related to the production of milk. These costs include feed 

costs, labor costs, replacement costs, utilities, fuel and interest on 

operating capital. Feed costs account for a large part of direct 

production costs. In Arizona and New Mexico, feeds typically are not 

produced on the dairy farm, but purchased. Replacement costs arise 

because cows need to be replaced with new stock after a certain period 
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and because of deaths. Replacement cost per cow is the cost of a new 

animal mmus the salvage value of the CeM replaced adjusted for death 

rates. However, most replacement cows are raised on the fanno 

Location Choice of New Dairy Producers 

We will consider the decision to invest in the Arizona or New 

Mexico dairy sectors as given, and we will investigate the probability 

that a new investor chooses Arizona or New Mexico, and how the loca

tion choice is related to the profitability variableso 

Theoretical Frarrework 

The essence of the treatment is the behavorial assumption that 

a dairy producer is a rational decision maker who chooses the location 

that gives him the maximum expected profit subject to some capital 

constraints • 

On both the revenue and cost side, we need to' consider only 

those cost items that affect the relative profitability of dairying in 

Arizona and New Mexico. For instance, evidence exists that investment 

costs per cow in Arizona are very similar to those in New Mexico 

(Buxton, McGuckin, Selley and Willett, 1984). The major difference is 

the value of milk l:ase in Arizona which was non-existent in New Mexico 

during the period studied. Therefore, we will assume that the same 

capital investment is required to set up a comparable new dairy in 

Arizona or New Mexico except for the investment in base. Given the 

similarity in technology and regional characteristics between Arizona 

and New Mexico, we will assume that some of the o\erhead costs such as 

insurance on buildings and equipment, depreciation, and some of the 
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direct production costs such as labor costs and maintenance costs are 

identical in the two states. We will further assume tmt all replace

ment cows are raised on farms, thus making replacement costs irrele

vant since they are captured by feed costs and maintenance costs. 

Given the above assumptions, an abbreviated formulation of 

profit of the firm at period t, Pt ' can be expressed as: 

where: 

Pt = PMtQMt - [PCtQCt + PHtQHt + r t P1!t. + (rt + PTt)PLtLt 

+ (rt + PTt)0It 401 

PMt is the average price of milk at period t. 

QMt is the quantity of milk produced during period t. 

Pet is the price of concentrate at period t. 

Oct is the quantity of concentrate during period t. 

PHt is the price of alfalfa hay at period t. 

Or-It is the quantity of alfalfa hay during period t. 

rt is the average iIlterest rate at period t. 

PBt is the price of l:ase at period t. 

PTt is the prcperty tax rate at period t. 

Bt is the amount of l:ase at period t. 

PLt is the market value of lam. at period t, per acre. 

Lt is the number of acres of land at period t. 

OIt is the dollar value of other investment subject to 

property tax. 

The first term on the righ"b-hand side of equation 1 defines 

the revenue from sales of milk. Revenues from young stock sales are 

assumed to be proportional to milk production. 
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The next two terms in the cost expression define the cost of 

feed. The third term in the cost expression is interest payments on 

base acquisition which define the cost of owning base. The next two 

terms in the cost expression define the rent of land, real estate 

taxes, and property taxes on other capital investments. Other costs 

are assumed to proportional to milk production. 

The new producer is interested in rnaximi zing the after tax 

profit. The problem facing this new producer can be formulated as: 

Max (1 - Z~)I1 = (1 - Z~) [~tolit - ·piCto&: - r1itolit - r~~tB~ -

(~ + PTt)PiLt - (r~ + PIi)ortl 
S.T. olit = G[o&:, o1it, L~, OIt] 

where: i = 1,2 i = 1 if Arizona, 

i ? 2 if New Mexico. 

4.2 

A production relationship between output, Q~t' and concentrate, hay, 

land and other capital is assumed. 

Zt is the inccme tax rate at period t. 

The dairy producer is assumed to maximize after tax profit 

over the whole period for which he is in business. However, product 

and factor prices at time t are assumed to be representative of those 

prices over time so that expected profits over the firm life are 

directly proportional to profits in time period t. 

The decision variables in this problem are olit, ~t' ~t' B~, 

Lt, and OIt, given i • • . 

It is assumed the producer would first maximize profits with 

respect to input and output level s given prices and then decide where 



72 

to locate based upon the maximum profit-factor-product mix at each 

location. 

Dropping the time and location subscripts far convenience and 

assuming the level of base to be equal to the production of milk in 

Arizona and zero in New Mexico, maximizing profit would require that 

all derivatives of (4.2) with respect to the decision variables be set 

equal to zero. 

(1 - z) (PM - rPB) - y = 0 

(1 - z)PC - y(dG/dOC) = 0 

(1 - z)PH - y(dG/d~) = 0 

(1 - z) (r + PI'}PL - y(dG/dL) = 0 

(1 - z)(r + PT) - y(dG/dOI} = 0 

4.3 

4.4 

4.5 

4.6 

4.7 

where y is a Lagrange multiplier on the constraint QM = G[QC' QH' L, 

OIl. Solving for y and substituting for y results in four remaining 

equations to determine Oc' ~, L and OI: 

(PM - rPB) (dG/dOC) = Pc 4.8 

(PM - rPB) (dG/d~) = PH 4.9 

(PM - rPB) (dG/dL) = (r + PT}PL 

(PM - rPB)(dG/dOI)= (r + PT) 

4.10 

4.11 

The above equations represent the equations of the unit cost 

of each input with their marginal value product. Note that the income 

tax rate does not affect the profit maximizing input-output ratios. 

The above equations would be solved siIm.lltaneously for Oc, ~, 

L, and OI and substituting back into G would determine the profit 

maximizing level of output. OUtput and input levels will in general 

be a nonlinear function of Pc' PH' (r + PT)PL, (r + PT), and (Pm -
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rPB). Maximum after tax profits will be a nonlinear function of the 

above variables after tax. 

The Econometric Model 

We define occurence as the location of a new facility in New 

Mexico. Nonoccurrence means that the new facility is located in 

Arizona. We assume that the location choice is a function of profit, 

i.e., the probability to locate in New Mexico or Arizona is a function 

of the expected profit in New Mexico or Arizona. 

Thus, letting y i be a dichotomous random variable which takes 

on the value one if the facility is located in New Mexico, and zero if 

it is located in Arizona, we can express the following functional 

relationship referred to as a linear probability model: 

Yi = F(Vl , V2) 4.12 

where: VI is after tax profit in Arizona, and 

V2 is after tax profit in New Mexico. 

Vi = Vi[(l - zi)pt, {l - zi)p~, (l - zi)(ri + PTi)Pt,(l - zi)(ri + 

PTi ), (1 - zi)(~ - ~P~)] 

Equation 4.12 can be written as: 

P (y. = 1) = F(VI - V2 ) r 1 4.13 

Thus, equation (4.13) can be interpreted as describing the 

probability that a new facility will be located in New Mexico, given 

the after tax profitability in New Mexico and Arizona. The logit 

model provides a possible functional form for estimating equation 

(4.13). The logit model is based on the cumulative logistic prob-

ability distribution function and is specified as: 



Pr(Yi = 1) = F(B,xi ) = 1/[1 + (exp(-B'~»] = Pi 4.14 

The logit flll1ction is bolll1ded between 0 and 1. 
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Equation (4.14) can be transformed by first Imlltiplying both 

sides by 

to get 

(1 + exp(-B'~»P = 1 

Dividing both sides by Pi and then subtracting 1, we get: 

exp(-B'~) = (l/Pi) - 1 = (1 - Pi)/Pi 

but 

using the inverse transfornation, we get: 

exp(B'~) = Pi/(l - Pi) 

taking the logarithm of both sides leads to: 

log Pi/(l - Pi) = B'~ 

Thus, a logit specification of equation (4.13) is 

log P/(l - P) = F(vl - v2) 

where F is a linear function of after tax prices. 

4.15 

4.16 

Because of limited degrees of freedom, the difference between 

after. tax prices is used in the empirical results reported here. In 

particular, let 

where the right-hand variables are defined below: 

P;t = (l - z~)P~t - [( 1 - zf)(pAt - rlp§)] 

P~t = (1 - zE)P~ - (1 - zf)P~t 
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P;t = (1 - Z~)P~t -" (1 - zE)pht 

P~t = (1 - z~)(r~ + ~)P:tt - (1 - zE)(rf + PTf)Ptt 

E~ is the disturbance tenn at period t. 

In Equation (4.17), we drq:> the annual costs on otter invest

ments because of the expected high correlation with the annual costs 

on land acquisition. The same indexes (property tax and interest 

rate) are indeed contained in roth explanatory variables. 

Pj is the probability that the jth producer at period twill 

locate in New Mexico. 

Thus, equation (4.17) can be interpreted as describing the log 

of the odds that the jth producer will locate in New Mexico, given the 

after tax prices in New Mexioo and Arizona. 

Methcrls of Estination 

We shall now consider the procedures that can be used to 

estimate the coefficients in the logit specification discussed above. 

The use of least squares to estimate (4.12) is usually reoom-

mended for the pur};Ose of obtaining quick estimates in a preliminary " 

stage, due to its computational simplicity (Arnerniya, 1981). However, 

the use of the least squares method is not made withmt oost in that F 

in equation 4.12 is not constrained to fall between zero and one, thus 

raising t.'1e possibility of violating the probability limits. Least 

squares can be used to estimate (4.1 7), but there is the prospect 

of heteroscedasticity, i.e., the variance of the error term is not 

constant for all observations. However, the presence of hetero-

scedastici ty results in a loss of efficiency but does not in itself 
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resul t in either biased or inconsistent parameter estimates. The 

standard errors of the parameter estimates are biase1, however. 

The maximum likelihood procedure is the most suitable estima-

tion technique far the logit model. Let's consider equaticn (4.14): 

Pr(Yi = 1) = 1/[1 + exp(-B'~) = F(B'~) = Pi 

let i = 1, ••• , n individual observations. 

The likelihood function of the model is: 

L = n Pyt(l - Pi)(l - yi) 4.18 
]. 

The logarithm of the likelihood function is: 

log L = ~ yi log pi + ~ (1 - yi) log (l - Pi) 4.19 

The ML estimator B is the value of B that maximizes equation (4.19). 

To obtain B, we differentiate log L with respect to B and set the 

result equal to zero: 

dlogL/(d B) = ~ yi/Pi * dPi/(d B) - ~ (l-yi)/(l - Pi)* 

d Pi/(d B) = 0 4.20 

Since equation (4.20) is nonlinear, the ML estimator B is 

obtained using an iterative technique. The ML estimator B is oonsis-

tent and asymptotically efficient. 

The ordinary least squares estimator BOLS for equation (4.12) 

and the maximum likelihood estimator BML for the logit model (4.17) 

were obtained using the BMDP computer programs (1983). 

Data 

Data on new dairy facilities brought into production in 

Arizona and New Mexico sectors have been provided by the Arizona Dairy 

Commissioner and by the regional office of AMPI in Texas. 
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A list of other variables used in these models and the sources 

data are presented below. 

Itens 

Price of Milk - AZ 
(quota milk) 

Price of Milk - NM 
(AMPI price) 

Feed Costs 
Hay (P ) 
Concent-ate 14% (PC) 

Cost of Milk Base 

Land Prices (PL) 

Incane Tax (z) 

Prop::rty Tax (PI') 

Interest Rates (r) 

Source of Data 

United Dairymen - official monthly 
pub1icat.ion of the UDA 

AMPI - Regional office in Texas 

Agricultural Prices (Annual sunrnary) 
AMS, USDA 

Interviews with lending institutions 
in Arizona 

Real Estate Market Deve10prents USDA 
- ERS 

Statistical Abstract of the United 
States 

Real Estate Market Deve10prents USDA 
- ERS 

Agricultural Statistics USDA 

Most of the indexes used are season averages, except for the 

price of hay in Arizona and New Mexico which is the average of the 

cost of hay during the months of February through June and October 

through November for Arizona, and dl,1ring the months of May through 

October for New Mexico. Dairymen avoid purchasing hay during the 

remaining periods due to quality differences. Price of milk in New 

Mexico is the AMPI price received by farmers while price of milk in 

Arizona is the ~ quota price. We are implicitly assuming that all 
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new facilities in Arizona include sufficient base to receive the quota 

price for all milk. 

A total of 96 new facilities were brought into prerluction in 

New Mexico and Arizona from 1976 to 1983. 

The Results 

Equation (4.17) is estimated using data deflated by their own 

deflator (1977 = 100) and non-deflated data. Deflated data are used 

to see if the variability in the observations will be reduced. 

The estimation results using the 2 methods described before 

are given below with t statistics for the regression coefficients in 

parentheses. 

1. Linear Probability Model (Non-deflated data) 

* * * * Yit = - 0.02 + 0.6 PMt - 0.017 Pet + 0.04 Pat - 0.013 PLt 
(1.6) (-1.67) (2.07) (-.95) 

4.21 

R2 = 0.06 

2. IDgit Merlel (Nan-deflated data) 

* * * * Log[Pitl(l - Pit)] = - 2.02 + 2.53 PMt- 0.075 Pet+ 0.166 PHt- 0.05 PLt 
(1.63) (-1.68) (1.97) (-0.95) 

4.22 

Goodness of fit Chi-sq = 4.272 p-value = 0.234 

Q)odness of fit Chi-sq (D. Hosmer) = 0.541 p-value = 0.91 

Goodness of fit Chi-sq (C.C. BrCMIl) = 3.371 p-value = 0.185 

The sumrrary description of observed proportion and predicted 

probability caTIp.1ted by the BMPD program for the eight years is shCMIl 

belCM. 
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Number Number Observed Predicted 
Arizona New MOOoo Proportion Prob. of AZ 

2 7 .2222 .2249 

2 6 .2500 .5038 

5 12 .2941 .3462 

4 6 .4000 .3039 

4 5 .4444 .5410 

12 9 .5714 .5048 

9 6 .6000 .5779 

5 2 .7143 .5548 

Letting the ohserved proportion be y and the predicted proportion be y 

and reordering by year, we have: 

Year q y y-y (y _ y}2 Res. (Res.}2 

1 .5548 .7143 .2772 .0769 .1595 .0254 

2 .5410 .4444 .0073 .00005 -.0966 .0093 

3 .2249 .2222 -.2148 .0462 -.0027 .000007 

4 .3039 .4000 -.037 .0014 .0961 .0022 

5 .5779 .6000 .163 .0265 .0221 .00049 

6 .5048 .5714 .1343 .018 .0666 .0044 

7 .3462 .2941 -.1429 .0204 -.0521 .0027 

8 .5038 .2500 -.187 .035 -.2538 .0644 

.2244 .1159 

Y = .43705 

R2 = 1 - (.1159/.2244) = .484 
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3. Linear Probability Model (deflated data) 

* * * * Yit = 1.094 + 0.22 PMt - 0.0124 Pet + 0.03 PHt + 0.0054 PLt (.807) (-1.232) (1.620) (.881) 

R2 = .033 

4. Logit Merle1 (deflated data) 

* * Log[Pit/(l - Pit)] = 2.56 + 0.95 PMt - 0.053 Pet + 0.124 PHt + 
(.817) (-1.23) (1.62) 

* 0.0235 PLt 
(.904) 

Goodness of fit Chi.-Sq 

4.24 

= 6.613 p-va1ue = .085 

Goodness of fit Chi-Sq (D. Hosner) = 5.32 p-va1ue = .26 

Goodness of fit Chi-Sq (C.C. BrONIl) = 4.902 p-va1ue = .09 

The summary description of observed proportion and predicted 

probability computed by the BMDP program for the eight years is shown 

below: 

Number 
Arizona 

2 

2 

5 

4 

4 

12 

9 

5 

Nunber 
New M:xico 

7 

6 

12 

6 

5 

9 

6 

2 

Observed 
Proportion 
Arizona 

.2222 

.2500 

.2941 

.4000 

.4444 

.5714 

.6000 

.7143 

Predicted 
Prob. of AZ 

.3370 

.2601 

.4822 

.4179 

.5285 

.4049 

.5615 

.5467 
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letting again the observed proportion be y and the "predicted pro-

portion be Y and reordering by year, we have: 

Year y y y - y (y _ y)2 Res. (Res)2 

1 .5467 .7143 .27725 .0769 .1676 .0281 

2 .5285 .4444 .0073 .00005 -.0841 .0071 

3 .3370 .2222 -.2148 .0462 -.1148 .0132 

4 .4179 .4000 -.037 .0014 -.0179 .0003 

5 .5615 .6000 .163 .0265 .0385 .00148 

6 .4049 .5714 .1343 .018 .1665 .0277 

7 .4822 .2941 -.1429 .0204 -.1881 .0354 

8 .2601 .2500 -.187 .035 -.0101 .0001 

.2244 .1134 

Y = .43705 

R2 = 1 - (.1134/.2244) = .495 

Alth:mgh the focus of this empirical inquiry is on the loca.-

tion choice of new producers, it should be of interest to point out 

the similarities between the above methods of estimation in the 

models. 

The signs of each of the coefficients in the OLS and logi t 

estimates are in the same direction. Except for the price of hay and 

the cost of land, the signs of the coefficients are as expected. The 

values of the t-statistics are surprisingly quite similar in the two 

techniqueG. The low values of the R2 (0.033 and 0.06) of the OLS 

technique in the two models have limited va1idiity as a measure of 

goodness of. fit since the assumed dependent variable is 0 or 1. In 
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the classical linear model, we wish to obtain an R2 close to 1, 

indicating a good fit. However, in the LP model we are predicting the 

probability that a given choice will be made. We are likely to pre

dict an outcome of 1, Le., the choice will be made if the predicted 

probability is greater than 0.5, and 0, Le., the choice will not be 

made if it is less than 0.5. Therefore, the LP model is not likely to 

yield an R2 close to 1. Morrisson (1972) showed that the upper limit 

of an R2 of 1/3 when the true probabilities of an event occurring are 

uniformly distributed across a gi veIl interval. 

In the first model (with non-deflated data), all the coeffi

cients estimated by the two techniques are significant at the 0.01 

level except for the price of milk and the rent on land. But the 

estimated coefficient of the price of milk is significant at the 0.02 

. level. 

In the second model (with deflated data), only the estimated 

coefficient of the cost of hay is significant at the 0.02 level; 

however, it has a wrong sign. 

The three goodness-of-fi t chi-square tests for the logi t model 

reported for the two models, all indicate that the logistic model is 

adequate for the data, since their p-value is different from zero. 

The goodness-of-fit chi-square and the "C. C. Brown" goodness-of-fit 

are both used to test the hypothesis that tre logistic model fits the 

data adequately. The "Hosmer" goodness-of-fit is used to test the 

hypothesis that the predicted values fit the observed values well. 

To recapitulate, the comparison of the two methods of esti

mation shows a remarkable similarity between the logi t-ML and the 
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LP-OLS estimates. SUch similarity is also obtained by Wilensky and 

Rossiter (1978) in their study of a physician location choice. 

However, since the logi t model is more reliable than the LP 

model due to the problems menti.oned earlier, we will use it to inter-

pret the empirical findings. 

The gom performanCE of the logit mcx1el can be shown not only 

through the three goodness-of-fit tests discussed above, but also 

through the summary observed proportions and predicted probabilities 

oomputed by the BMDP program for the eight year p:!riod and shown above 

with the R2. 

The results of (4.22) show all the estimated coefficients 

except for rental cost of land (P~t) to be significant at the 0.02 

* * level (PMt and PHt). Again, all the signs are as eJq?ected, except for 

the cost of hay. Since equation (4.22) shows better p:!rformance than 

equation (4.24), we will use it to interpret the empirical findings. 

Care must be taken in interpreting the parameters of equations 

(4.22), since the left-hand side of those two equations are the log-

arithm of the odds of probability, not the actual probability. 

Equation (4.22) implies that a ceteris paribus increase of P;t by 1 

will lead to a 2.53 increase in the logarithm of the odds that a new 

facility will be located in New Mexioo, and a ceteris paribus increase 

of P~t by 1 will lead to a .07 decrease in the logarithm of the odds 

that a new facility will be located in New Mexico. To interpret the 

effect of these changes on the actual probability of locating in New 

Mexico, we need to solve far: 

log [P/(l - P)] = (variable) 
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but, 

log [P/(l- P)] = A (log P -log (1- P)] 

= [lIP + 1/ (1 - P)] A P 

= [ lIP (1 - P)] A P 

* * let A PMt = 0.10; but PMt was defined in equation (4.17) as the 

difference in the price of milk in New Mexico and the net price of 

milk" (adjusted for rental cost of base) in Arizona. Therefore, to 

have an increase in P~t by 0.10, the milk price in New Mexico has to 

increase or the n=t milk price in Arizona to decrease. The latter can 

be obtained by an increase in the rental cost of base. 

[lIP(l - P)] P = 0.253 or AP = 0.253[P(1 - P)] 

If we use the mean, i.e., we assume that there is a 50/50 

chance of locating in Arizona or New Mexico, then P = .5. Thus, an 

increase in P~t by 0.1 will lead to an increase in the probability 

that a new facility locates in New Mexico by 0.0633. Using the same 

calculations and letting P~ increase by 1 leads to a decrease in the 

probability that a new facility will locate in New Mexico by 0.004. 

Returning again to the first explanatory variable, we want to know by 

how much the cost of base in Arizona has to increase in order to 

generate an increase in P~t by 0.10. For example, suppose the actual 

price of base is $20/lb, interest rate (r) is 15% and tax rate (z) is 

8%. Given the definition of P~t in equation (4.17), a 4% ceteris 

paribus increase in the actual price of base (80 cents) will lead to 

an increase in P~t by 0.10 and to an increase in the probability that 

a new facility locates in New Mexico by 0.0633. 
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In conclusion, the performance of the two models is satis

factory. They show that the existence of milk base in Arizona is a 

powerful element in explaining why a new facility will most likely 

locate in New Mexico. 

Supply Response of Existing Dairies 

The objective of this section is to investigate supply reponse 

through expansion in output of existing dairy facilities. The empha

sis is again on the impact of the profitability variables on the 

supply of raw milk in Arizona and New Mexico. An attempt is made to 

understand the extent that dairy producers in Arizona and New Mexico 

react to changes in the profitability of milk production. 

Expansion in output of existing dairies can be achieved in 

several ways. One way in which expansion in output can be accom

plished is by increasing milk p~oduction per cow. This can be 

achieved by improving the genetics of the dairy herd, or by improving 

the feeding and management practices. A second way in which expansion 

in output is achieved is by increasing the number of milking cows. 

Output expansion through increasing cow numbers and feed per cow is 

more rapidly achieved than through genetic improvement. However, 

expanding cow numbers involves capital investment as well as increased 

operating expenditures while increased feeding and improved breeding 

can usually be achieved without added capital purchases. Increased 

output can also be achieved by improving health and other management 

practices. 
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Several previous studies have investigated milk supply 

responses. Halvorson (1958) and Wipf and Houck (1967) used the par

tial adjustment model to estimate milk supply response in the u.s. 

Chen et ale (1972) used a polynanial lag fannulation to measure milk 

production response. Prato (1973) used a simultaneous equations model 

to estimate cow numbers and average production per cow in the u.s. 

Milligan (1978) used bimonthly observations in a single equation to 

estimate milk supply response far six california regions. Chavas and 

Klemme (1984) built a model of population growth in which the dairy 

herd is considered as a capital stock to estimate milk supply response 

in the u.S. Empirical results obtained from these studies have 

varied, however. In general, most of the studies fOlIDd the short run 

elasticity of milk supply to be small, between 0.07 and 0.16, while 

the long run elasticity of supply estimates varied from 0.4 

(Halvorson) to 2.53 (Chen et al.) to 6.69 (Chavas and Klemme). These 

wide variations in the lrng run elasticity of supply estimates suggest 

that a closer look at the dynamics of milk supply adjustment is 

needed. 

The aim here, however, is to build a framework to study short 

run milk supply adjustments in Arizona and New Mexico. 

Theoretical Framework of the Model 

We again rely heavily on the behavioral assumption that a 

dairy producer wishes to maximize profit. We will be concerned here 

only with the revenues and costs directly associated with expansion of 

production with existing facilites. In other words, initial plant and 
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equipment investment costs are not relevant here since they are sunk 

costs. 

In contrast, therefore, to the expression of profit provided 

in equation (4.1), expansion of output with an existing parlor would 

normally not include the consideration of purchases of additional 

land, for example. In some cases, output expansion will require 

additional investment and hence added interest and personal property 

tax. Land costs will therefore be omitted from the model, but other 

investment costs retained. Equation (4.1) omitted a number of profi t

ability variables that were expected to be common to Arizc.na and New 

Mexico and were trerefore omitted in considering the decision of where 

to locate. Labor costs, for example, were assumed to be the same in 

Arizona and New Mexico. Many decisions to expand output will require 

additional laror however, and changes in the wage rate will affect the 

profitability of increasing output from an existing facility. 

As argued earlier, income taxes will not affect the profit 

maximizing factor product mix and hence tax rates will not be con

sidered. 

Since the focus here is upon the short run outp.lt response of 

existing firms to changes in the milk price and input prices, and 

output of new entrants is known separately, a theoretical framework 

will be developed to estimate output response of firms excluding 

output resulting from new entry. 

Consider again an industry made up of N repLesentative firms 

of the size q, where q is a function of milk price and input prices. 

The aggregate output can be expressed as: 
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Q = Nq 4.25 

and the smrt run supply response of existing firms to a change in the 

milk price becomes 

dQ/dP = N (dq/dp) 

SUbstituting back in for N results in 

dQ/dP = (Q/q) (dq/dp) 

4.26 

4.27 

so that the resp:>nse of aggregate output is the proparticnal increase 

in the individual firm's output times the original aggregate output 

level. The percentage increase in the individual firm's output in 

response to an increase in milk price can tills be estimated assuming 

the level of response is constant over the study period. The same 

line of reasoning can be used to arrive at an analogous approach to 

estimating output response to factor price changes. 

Aggregate output response is as a result in direct proportion 

to the initial output level and data for Arizona and New Mexico for 

various years can be pooled without additional considerations for 

shifts in the aggregate supply function due to entry or difference in 

the size of the irrlustry between tre two states. An econometric model 

is provided below. 

The Eronanetric Model 

OUtp..lt will be assumed to respond to lagged product and factor 

prices. OUtput response will be estimated for aggregate output for 

New Mexico and for aggregate over quota milk for Arizona. The over 

quota milk price and the blend price will be used for Arizona and New 

Mexico respectively. Since base is fixed in aggregate, the price of 
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base should not affect the quantity of over quota milk to be produced 

in aggregate although individual firms may buY and sell base. There

fare, cost of milk base will be excluded from the model. However, we 

will add the cost of replacement cows in the model, which includes 

annual interest and depreciation ccst. 

Alth:mgh economic theories do not sp:!cify the length of a lag 

structure, one might argue that producers respond to prices lagged two 

or more years. Because of the degree of freecbm problem we face, due 

to a very limited number of observations, it is"necessary to avoid 

long lags. 

Dairymen can respond fairly quickly to milk and concentrate 

prices by modi fying the amount of grain in the ration. As a result 

the current prices of milk and concentrate are included in the mod~l. 

Adding cows hCMever and bringing them into production requires mare 

time. Additional labor and hay will be closely related to the added 

cows. As a result, labor, hay and the annual cost of replacement cows 

would be expected to have a lagged resp:mse. 

Assuming a linear functioral form for the milk supply response 

function, let aggregate output be specified in relation to previous 

output and lagged prices as follows: 

Zt = Qt/Qt-l = 
a + BIFMt + B2Fct + B3FHt-1 + B4FRt-1 + BSWt - 1 + Et 4.28 

where: 

PRt is the annual invesbnent cost far a replacerrent CON 

Wt is the average wage rate at p:!riod t. 

All the other variables are defined as before. 
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One would expect a ceteris paribus increase in the price of 

milk to have a positive effect on the quantity of milk produced, while 

a ceteris paribus increase in the cost of the other independent vari

ab1es to have a negative effect on the quantity of milk produced. 

Methcrls of Estination 

We shall now consider the method to be used to estimate the 

coefficients in equation (4.21). 

Again sufficient observations are not available to estimate 

separately supply respa1ses in Arizona and in New Mexico. Therefore, 

we are obliged to combine the Arizona and New Mexico data, and esti

mate milk supply respmse for the region. In doing so, we are };X)oling 

cross-section am t.ime-series observaticns, which adds a new dirrension 

of difficulty to the model specification problem. The difficulty 

arises because the behavior of the cross-section distrurbances might 

be different from the behavior of the time-series-related disturb

ances, which suggests that the disturbance term of the pooled model 

consists of cross-section disturbances, time-series disturbances, and 

a combination of both. 

The regression equation for the pooled model can be \'lrit.ten 

as: 

Zit = a + B1PMi,t + B2PCi,t + B3PHi,t-1 + B4PRi,t-1 + BSWi,t-1 + Eit 

4.29 

for i = 1, 2 

t = 1, 2, 3, .•. ,·8. (1976 to 1983) 
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i = 1 for Arizona 

i = 2 for New Mexico 

The sample data are then represented by observations on 2 

cross-section units (Arizona and New Mexico) over 8 pericrls of time, 

or altogether 16 observations. 

There are essentially two approaches to pooling of cross

section and time-series data. The first approach is to use dummy 

variables which allow for tlE constant tenn to vary over cross-section 

units and over time. This approach, called the covariance mcrlel, is 

an attempt to specify a model with a disturbance term that has zero 

mean. The model assumes that each cross-secticnal unit and each time 

period are characterized by their own intercept. This feature is 

introduced into the regression model. However, there are several 

problems associated with the use of covariance model (Pindyck and 

Rubinfeld, 1981, Chapter Nine; Maddala, 1971; Wallace and Hussain, 

1969). First, the use of dummy variables does not directly identify 

the variables that might cause the shifts in the regression line, and 

the coefficients of the dummy variables are difficult to interpret. 

Secorrl, the use of dummy variables involves a loss of many degrees of 

freedom, which may decrease considerably the statistical power of the 

Irodel. 

The second approach is to recognize possible correlations 

among the disturbance terms and impose some restrictions on the 

variance-covariance matrix of the disturbances to aca:mnt far tlEse 

correlations, in order to increase the asymptotic efficiency of the 

estimates of the coefficients. Specific assumptions on the behavior 
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of the disturbance terms will lead to specific restrictions on the 

variance-covariance matrix of the disturbance terms. 

We will use the second approach to estimate the model. In 

doing so, we will assume that the distrubance tenn of the pooled model 

is canposed of three independent distrubance tenns - a cross-section 

disturbance t~JOm, a time-series-related disturbance term, and a dis-

turbance term which combines both. In other words, we are assuming 

that the distrubances terms of the pooled model are correlated across 

cross-section units and across time. This model is the so-called 

error-components model. 

The roodel is specified as: 

+ Eit 4.30 

Eit = ui + Vt + Wit 4.31 

where the ui' Vt and Wit components of the disturbance term Eit are 

all random. 

ui - N(O,Su2) is the cross-section disturbance tenm. 

Vt - N(O,Sv 2) is the time-series disturbance tenn. 

Wit - N(O,~2) is the canbined disturbance tenn. 

It is assurred that ui' v t and Wit satis fy the following conditions: 

E(UiVt) = E(u.w· t ) = E(VtWit) = 0 
]. ]. 

E(u·u·) = o for i ~ j ]. J 

E(VtVt ,) = o for t ~ t' 

E(WitWjt) = E(witWit') = E(witWjt') = 0 

for i ~ j and t ~ t' 
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In other words, the individual disturbance terms are not correlated 

with each other and are not auto-correlated. 

It is more convenient to rewrite the model in matrix notation 

as: 

4.32 

where y is a 16 x 1 column vector, 1 is a 16 x 1 column vector, X is a 

16 x 5 matrix, a is scalar, B is a 5 x 1 column vector, and E is 16 x 

1 column vector of disturbances terms. They are defined as follows: 

rZ1'1 
Zl,2 

1 PMl,l PCl,l PHl,l PRl,l WI,l 

1 PMl,2 PCl,2 PHl ,2 PRl,2 WI,2 

1 PM2 ,l PC2 ,1 PH2 ,l PR2 ,l W2,1 

1 PM2 ,2 PC2 ,2 PH2 ,2 PR2 ,2 W2,2 

1 PM2 ,8 PC2 ,8 PH2 ,8 PR2 ,8 W2,8 

EI,l 

EI,2 

Gi ven the assumptions we made about the random disturbance 

vector E, its variance-covariance matrix can be written as (Wallace 

and Hussain, 1969): 

r (EE') = Sl. = $16 + s~ + s~ 

where Sl is a 16 x 16 matrix, I16 is a 16 x 16 identity matrix, and A, 

B are both 16 x 16 matrices defined as follows: 
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r
J8 

J8J~ 
IS' IS' • • • IS 

IS' IS' • . • IS 

A= B= 

~ 
J S 

J S 

J S IS' IS' • Cl • • • • • IS 

where J a is an S x S matrix of ones, and IS is an a x a identity 

matrix. 

If the variance-covariance matrix (r) was known, then the 

Aitken's generalized least squares formula can be used to get the best 

linear, unbiased estimates of B. 

B = (X" n -lX)-l (X" n-ly) 4.33 

The elements of the variance covariance matrix (r) can be estimated as 

follows (Kmenta, 1971, Chap. 12): 

1 T 1 N 2 
1 N T .E

1 
e. ] ,,2 

i~l E [eit - T E e -S = (N-I) (T-1) t=l t=l it N ~= ~t 
w 

"2 1 1 N 2 82 
} 

S = - { (N-I)T 
.E

1 
[Ee

it
] -

u T ~= w 

,,2 1 1 T . N ]2 s2} 
S = - {N(T-1) 

E [i~leit v N t-1 w 



where: N = 2 for our merlel 

T = 8 for our merlel 
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eit is the residuals obtained by applying ordinary least 

squares method to the pooled data. 

These estimates of the variance components are used to find 

the variance covariance matrix. 

4.34 

Replacing n in the equation 4.33, we obtain estimates of the regres

sion coefficients that are asymptotically unbiased, consistent and 

efficient. 

The two-stage estimates of the regression coefficients that we 

have just described were obtained using the Regression Analysis of 

Time Series (RATS) software package. RATS is a computer package for 

the analysis of time series, small cross-section and panel data sets, 

developed by the VllR. Ecx:mometrics (Cq:>yright 1984). 

Data 

Annual milk production of existing dairies in Arizona am New 

Mexico has been obtained by subtracting production of newly estab

lished dairies from the total milk production in the states, and for 

Arizona by further subtracting milk delivered as quota milk. Dis

cussions with dairy experts suggest that a period of at least six 

months should be CDnsidered as an establishment p:riod for a m:w dairy 

before it can operate at or near full capacity. Therefore, dairy 

fanns created between January and June of each year are considered new 

dairies for that year only; dairy farms created between July and 



96 

December of each year are still considered new dairies for their 

second year, unless their second year milk production equals or 

exceeds their third year mi lk production. 

Production data for new dairies in Arizona have been provided 

by the UDA office in Phoenix, Arizona. 'Ibtal milk production and milk 

delivered as quota milk in Arizona were obtained from united Dairymen. 

Production data for new dairies in New Mexico and the total 

milk production in the state have been provided by the regional office 

of AMPI in Arlington, Texas. 

The UDA over-quota milk price is used for Arizona, and the 

AMPI price is used for New Mexico. 

The annual investment cost for a replacement cow (PRt ) is 

obtained by adding the annual depreciation cost to the annual average 

interest payment on the purchase price of a CCM. It is assumed a zero 

sal vage value for a cow and a thirty percent depreciation. The annual 

purchase prices for replacement cows used for Arizona am New Mexico 

are annual average prires and are obtained from Agricultural Prices 

(USDA - CRB - EOCS - annual summary). 

Wage rates are obtained from farm labor (USDA - ESS). 

The sources of the other data userl in this model are 1 isted in 

the previous section. All prices used in the mocel are constant (1977 

= 100) prices, deflated by their own index. 

The Results 

Many regression equations using different lag structures on 

the independent variables and wi thin the limits of the available 
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degrees of freedom were run in order to obtain a model that satisfies 

both the expected signs of the coefficients and an acceptable level of 

significance of the estimated coefficients. It was not possible to 

obtain such regression equation. The best estimated regression 

coefficients as far as the expected signs of the coefficients were 

concerned, were obtained when dropping from the mmel either the price 

of hay or the price of concentrate. Q'le possible explanation was that 

these two variables are highly correlated. However, when we ran the 

price of hay on all the other variables to check for multi-

col linearity, we found that the price of hay was mostly correlated 

with the cost of a replacement cow. We ran the same regression using . 
the cost of concentrate as a dependent variable, and the same result 

was obtained, i.e., the cost of concentrate was highly correlated to 

the cost of a replacement cow. The model including the price of con-

centrate and excluding the price of hay is retained not only because 

of better empirical results, but it is known that dairy farmers use 

more concentrate if they wish to obtain more milk. 

The estimation model is given below with t-statistics for the 
, 

regression coefficients in parentheses. The coefficients of multiple 

determination (R2) and the Durbin-watson (OW) statistic are also 

reported. 

1. The mmel including the price of hay: 

Z = 0.14 + 2.36 PMt + 0.037 Pet + 1.35 PHt-l - 0.17 Wt-l - 0.052 PRt- l (0.589) (0.313) (3.097) (-.554) (-1.996) 

R2 = 0.715 

2. The merlel e}{Cluding the price of hay: 
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Zt = 0.16 + 10.38 PMt - 0.082 Pct - 0.023 Wt - l - 0.039 PRt-l 
(1.206) (2.55) (-0.556) (-0.132) (-1.069) 

R2 = 0.542 DW = 2.31 

All the signs of the regression coefficients are as expected 

in the second model. However, only the coefficient of the price of 

milk is significant at the 5 percent level. At the one percent and 5 

percent levels, the DW value falls in the indeterminate region. 

The coefficients of the variables, except of the price of milk 

are very low, although theory indicates that dairy farmers in Arizona 

and New Mexico do react to changes in the cost of feed, wage rates and 

cost of cows. The sample size is apparently insufficient for those 

variables to show statistical significanCE. The coefficient of the 

milk price is relatively high and is significant at the 5 percent 

level. 

The model suggests that a ceteris paribus increase in the 

price of milk by 1 will increase Z by 10.38. Note that Z is the ratio 

of current to last year milk production, i.e., an increase in the 

current price of milk by $1 per cwt will increase the current year 

production over 10 percent. The own price elasticity of milk was 

estimated and found to be 0.6 which is in line with estimates obtained 

from other studies. We will not interpret the other variables given 

the low significance level of their coefficients. 

In conclusion, this model shows that dairy farmers in Arizona 

and New Mexico respond to changes in the farm level of milk price. 

Gi ven that dairy farms in Arizona and New Mexico are large and spe-

cialized, one might expect that they would have a long run response to 
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alterations in input costs. It was not possible to investigate the 

long run supply response in the region, due again to the degree of 

freedom problem. 



CHAPI'ER 5 

WELFARE COSTS DUE TO THE IID3ULATIONS OF THE ARIZONA 

AND NEW MEX[CO DAIRY MARKETS 

In Chapter 3, we analyzed graphically the welfare costs 

associated with the different postulated market organizations. We 

showed graphically the deadweight losses associated with the classi

fied pricing and base quota used in Arizona and New Mexico, compared 

to a perfectly competitive model and to a mono]';Oly model. 

The objective of this chapter is to estimate the welfare 

effects of regulations u]';On the Arizona and New Mexico dairy markets. 

The concept of consumer's surplus is used and an attempt is made to 

estimate quantitatively the changes in consumer welfare due to the 

regulations of the Arizona and New Mexico dairy markets. 

The concept of consumer surplus has been used frequently to 

quantify welfare c~ges resulting fram actual policies. In the da iry 

literature, many studies have used supply and demand schedules to 

define areas of economic surplus am show the net welfare effects of 

regulations (Dahlgran, 1980; Ippolito and Masson, 1978; Kwoka, 1977; 

Buxton and Hammond, 1974; Blakley and Riley, 1974; Kessel, 1967). The 

use of the Marshallian (market) demand curve provides a reliable 

estimate of economic surplus if and only if the income elasticity of 

demand is zero or close to zero (Currie, Murphy, and Schmitz, 1971). 

The income elasticity of demand for fluid milk was estimated to be 

100 
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0.11 (Halll:erg and Fallert, 1976). We will use in this study the com

peti ti ve market equilibrium as a standard by which to assess consumer 

welfare changes resulting from dairy market manipulations. 

Measurement of Consumer Welfare Change 

Alternative measures of consumer welfare change are found in 

the welfare literature. These are consumer surplus (CS), compensating 

variation (CV), equivalent variation (E.V), Paasche variation (PV) and 

Laspeyres variation (LV). The debate on the merit of each one of 

these measures has dominated much of the welfare literature since 

Marshall (1920) referred to a first description of the notion by 

Dupuit (1844) as consumer surplus. Consumer surplus was and still is 

defined as the area below the market demand curve and above the price 

line. The idea that is reflected in the definition is that a consumer 

pays less for the consumption of a commodity than the maximum amount 

he/she would pay rather than forgo the consumption of that commodity. 

Compensating variation is defined as the amount of compensa

tion, paid or received, that will leave the consumer in his initial 

welfare situation (uo) following the change in price if any quantity 

of the commodity can be bought at the new price. Equivalent variation 

is defined as the amount of compensation, paid or received, that will 

leave the consumer in his subsequent welfare situation (ul) in the 

absence of the price change if he is free to buy any quantity of the 

commodity at the old price. 

Laspeyres variation is the exact change in income required to 

allow the purchase of the original quantities of all goods after 
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prices have changed. Paasche variation is the exact change in income 

required to allow tre purchase of the subsequent set of goods when 

facing the initial price situation. 

The relationship among these altenlative measures of consumer 

welfare change is illustrated in Figure 21 for a single price decline. 
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Figure 14. Illustrations of CV, FN, PV, LV for the 
case of a Price Decline 

In Figure 14, attention is limited to a consideration of a 

commodity under investigation called x and a composite-commodity-

"money" called M. Let Mo represent the consumer's income. At the 

initial price Po' this consumer achieves equilibrium at point A on 

indifference curve 00. He is consuming 00 quantity of x. Now suppose 
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the price of x falls from Po to Pl. Given the same income, the 

consumer achieves tangency solution at point B on indifference curve 

ul. He would have to be given a reduced income of BBI dollars to 

restore him to his initial welfare position (point c on uo ). There

fore, BBI represents the rompensating variations measure of consumer's 

welfare change. This value corresponds to the area PoEGPl in the 

price-oommodity space of Figure 14. Dm is the Marshallian or market 

demand curve, while DC and ~ are compensated demand curves. For the 

consumer initially in equilibrium at point A on indifference curve %' 

he would have to be given an income increment of AAI in order to 

achieve the utility level ul when facing the price Po (point D). AAI 

represents the equivalent variation measure of consumer's welfare 

change, or PoFKPI in the price-commodity space. The change in con

sumer surplus due to the decline in price of good x is given by the 

area PoEKPI • Comparing these three measures for the case of a price 

decline yields the relationship, CV<CS<EV. For the case of a price 

increase, the inverse relationship will hold, i.e., EV<CS<CV. 

Laspeyres variation is represented by AA2 or PoEHPl' while Paasche 

variation is given by BB2 or P~l in the price-commodity space. It 

follows that, for the case of a price decrease, LV is less than CV, 

while PV is greater than EV. Thus, the following relationship among 

the five alternative measures of consumer welfare change is obtained 

for the case of a single price decrease, LV<01<CS<EV<PV. 

The Choice Between Alternative Measures 
of Consumer Welfare Change 

The choice of an appropriate measure of consumer welfare 
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change must be made on the ground of both theoretical and practical 

considerations. Although it is generally accepted that compensating 

and equivalent variations measures of consumer welfare change are more 

. accurate and superior measures fram a theoretical point of view, since 

they indicate whether or not a policy change is a potential Pareto 

improvement (Mishan, 1976; Meade, 1972), some authors (Hicks, 1943) 

had suggested that the distinction among these alternative measures 

would be of very little importance in applied studies. It should be 

noted that the use of CV or EV to estimate consumer welfare change 

requires more information than the use of the other alternative. 

To decide whether or not to choose the theoretically less 

desirable measures of consumer welfare change, one must know the 

magnitude of the potential error of the estimate and the relationship 

between this error and the policy making decision. Willig (1976) 

estab1isred the following guidelines under which consumer surplus can 

be used unapologetically to approximate conpensating and equivalent 

measures of consumer welfare change in applied studies: 

ICS/m * Es/21 ~ .05 and ICS/m Er/21 ~ .05 

ICs/ml ~.9 

If these two conditions are met, then the rules for error for the case 

of a single price increase are: 

Icsl!m * Es/2 ~ (01 - CS)/CS ~ ICS/ml Er/2 

ICSI/m Es/2 ~ (CS - CV)/CS ~ ICSI/m Er/2 

For the case of a single price decrease, the rules for error are: 

Icsl/m Es/2 ~ (CS - 0J)/CS ~ICSI/m Er/2 

ICSI/m Es/2 ~ (EV - CS)/CS ~ Icsl!m Er/2 
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where CS is the consumer's surplus, OJ is the oompensating variation r 

TN is the equivalent variation, m is tre cOlsumer's incane, Es and Er. 
are respectively the smallest and largest values of the income elas

ticity of demand in the region under consideration. However this 

approach of estimating the error requires a lot of information. 

Indeed, we need to know the income elasticities of demand, the con

sumer's surplus and the c.."Onsumer's income. 

A second approach is to approximate OJ and EV using the easily 

oomputed Paasche variation (PV) and Laspeyres variation (LV). Cory et 

a1. (1981), using the bOlmding prcperties of PV and LV, derived addi

tional rules of thumb for approximating CV and EV with either CS or PV 

or LV. Assuming a linear demand curve over the range urrler considera

tion, they showed for the case of a price decrease that: 

(CS - LV)/CS ~ Y when IdQI ~ 2y/(l-y) Oa 

(PV - CS) /CS ~ ywhen I dQ I ~ 2y / ( 1-y) Oa 

where Y is a specified percentage of error, dQ is change in quantity 

demanded resulting from the price change, and Qo is the original 

quantity demanded. It follows from these formulas that LV and PV can 

be used unapologetically to approximate CV and TN whenever the changes 

in quantity demanded are less than 10%, since they will be within 5% 

of CS. Notice that this approach of estimating the error does not 

require information about income elasticity of demand or consumer's 

income. Then, the authors suggested a pragmatic approach to estimate 

consumer welfare change in applied studies. First, compute the 

Paasche and Laspeyres measure of consumer welfare change. These two 

measures provide a range in which the actual value of the consumer 
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welfare change will lie. Next, assuming a direct linear path of 

price-quanti ty adjustment, th:! mi~int of this range is the estimate 

for the change in consumer welfare. 

This two-step procedure will be used in the empirical estima

tion of welfare costs due to regulations of the Arizona and New Mexico 

dairy markets. 

Estimates of Consumer Welfare Change 

Since this investigation is concerned with welfare costs 

within markets, estimation must be performed on individual markets. 

Therefore we will estimate the welfare costs associated with the use 

of milk marketing orders and base system in Arizona and the welfare 

costs due to milk marketing orders alone in New Mexico. We will use 

the hypothetical p:rfectly competitive market equilibrium as a stan

dard against which actual market equilibria ,resulting from actual 

dairy policies will be assessed. The perfectly competitive equilib

rium, reflecting a pareto optimum is the best available standard for 

measuring resource misallocation and change ,tn consumer welfare. 

We showed in Chapter 3 that, in absence of any regulation and 

assuming that raw milk is homogeneous at the farm level, the price of 

milk paid to farmers would be the same regardless of the use of milk. 

For Arizona, the farm price of milk would then approximate the UDA 

over quota price or Class III price, while for New Mexico it would 

then approximate the Class II price. We will assume that, in an 

unregulated environment, the fann level price of milk would be equal 

to the Class III price in Arizona, and to the Class II price in New 
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Mexico. Therefore the differential between Class I and Class III 

prices of milk in Arizona, and betweeen Class I and Class II prices of 

milk in New Mexico are strictly due to regulation. We will further 

assume that these differentials are reflected in the retail price of 

fluid milk. 

Estimates for the measures of consumer welfare change were 

made for 1976-1983 period in each of these two markets, using the two 

step procedure described in the previous section. Estimates of the 

price elasticities of demand for fluid milk in Arizona and in New 

Mexico were unavailable. We set the fluid milk price elasticity in 

the two states at -0.20, based on estimate by Dahlgran fu"1d George and 

King far tre u.s. The percentage of total milk marketed that is used 

as fluid milk in New Mexico and the total quantity of raw milk used as 

fluid milk in Arizona were obtained from the Federal Milk Order Market 

Statistics • 

Estimation Results 

The total lass in consumers' welfare in Arizona and New Mexico 

over the eigh1::-year period are summarized in Tables 3 and 4. Esti

mates of Calsumer welfare losses by year are also recorded, as well as 

the estimates of Paasche and Lapayres Variation. 

In Table 3 are estimates for Paasche Variation, Lapayres 

Variation and consumers' welfare losses by year for Arizona. It is 

estimated that the total welfare loss experienced by Arizona"s fluid 

milk consumers over the eight year period amounts to 120 million 

dollars. Welfare loss in the first year (1976) amounts to 14 million 
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dollars and increases to a level of 17 million dollars in the last 

year (1983). Welfare lcsses as dollar per cwt of milk and as percent 

of total revenue are also reported. It should be noticed that these 

estimated losses are not net welfare lcsses due to regulations of the 

fluid milk market. They are lcsses in Marshallian oonsumers' surplus 

experienced by fluid milk consumers in Arizona and represented by the 

area FII Ppin FG in Figure 10 of -Chapter 3. The net welfare loss due 

to the regulations of fluid market would be smaller, since gains in 

producers' surplus should be subtracted. 

In Table 4 the same estimates are recorded for New Mexico. It 

is estimated that the total loss in Marshallian consumers' surplus 

experienced by fluid milk consumers in New Mexico over the eight year 

period amounts to 67.5 million dollars. Welfare loss in the first 

year (1976) amounts to 6 million dollars and increases to 13 million 

dollars in the last year (1983). 

In conclusion, the manipulation of the dairy markets in 

Arizona and New Mexico enforce a significant tax on fluid milk con

sumers in these states. It is not claiIIEd that the estimated figures 

give the exact amount of this tax, but are a rough approximation of

it. The estimates suggest that, on the average, regulations of the 

dairy market enforce a tax on Arizona's consumers of fluid milk in the 

amount of 10 million dollars per year, and a tax on New Mexico's 

consumers of fluid milk in the amount of 5.6 million dollars per year. 

On the average, these welfare lcsses anount to 1.66 dollars per cwt or 

l3.5 percent of prooucers' total revenue for Arizona and 1.52 dollars 

per cwt or 12.6 percent of producers' total revenue for New Mexico. 



109 

More accurate estimates would certainly be obtained using elasticities 

of demand for Arizona and New Mexico. Estimation of these price

elasticities of demand were beyond this investigation. However, this 

does not diminish the validity of these estimates as a guide for 

policy analysis. 

In the theoretical and empirical analysis of Chapters 3 am 4, 

it was shown that the use of base plan in Arizona not only decreases 

t..l1e total quantity of milk produced by the existing dairies, but also 

decreases the likelihood of a new facility being located in Arizona. 

One could argue that without a base plan, the size of the Arizona 

dairy industry would be larger than what the unrestricted model 

assumes, and the size of the New Mexico dairy industry relatively 

smaller. In that sense, the estimates for the measures of consumer 

welfare (ones recorded for Arizona may be very ca1servative and biased 

downward, and those for New Mexico biased upward. The base plan in 

Arizona can then be viewed as a transfer from Arizona milk consumers 

to New Mexico milk consumers. It was also shown in the theoretical 

analysis of Chapter 3 that regulations of the milk markets increase 

producers' revenues. The increase in producers' revenues due to the 

order program and the base system has been illustrated graphically in 

Figures lla and l2a. In Figure lla it was assumed the processor to be 

a monopolist, and it was shown the cooperative being able to wrest 

some of the monopoly profit because of the order program, and some 

negotiated over-order payments. The order program and the base system 

are then viewed as an income transfer from milk processors to dairy 

fanrers. 



Year 

1976 

1977 . 

1978 

1979 

1980 

1981 

1982 

1983 

'lbtal 
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Table 3. Estinates of CanSl.lIIer Welfare losses - ARIZOOA 

(million dollars) 

COnsUlTErs" 
COnsumers" Welfare 

Paasche Lapayres Welfare losses 
Variation Variation Losses $ per cwt 

13.67 14.40 14.03 1.81 

13.01 13.67 13.34 1.67 

12.73 13.27 13.00 1.65 

14.13 14.70 14.41 1.75 

14.23 14.74 14.48 1.59 

16.40 16.99 16.69 1.65 

16.54 17.13 16.84 1.59 

16.78 17.39 17.08 1.56 

117.49 122.29 119.87 

Consumers" 
Welfare 
losses 

% of 
'lbtal 

Revenue 

18 

16 

15 

14 

11 

12 

11 

11 



Year 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

Total 
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Table 4. Estinates of Cansurrer Welfare Losses - NEW MEXICO 

(million dollars) 

Consurrers' 
COnsumers' Welfare 

Paasche Lapayres Welfare Losses 
Variation Variation Losses $ per cwt 

6.16 6.46 6.31 1.89 

6.57 6.86 6.72 1. 71 

6.02 6.25 6.14 1.43 

6.73 6.97 6.85 1.43 

7.31 7.54 7.42 1.31 

9.78 10.09 9.93 1.55 

11.28 11.64 11.46 1.47 

12.47 12.87 12.67 1.40 

66.32 68.68 67.50 

Consurrers' 
Welfare 

Losses 
% of 

Total 
Revenue 

18 

17 

13 

12 

10 

11 

10 

10 



CHAPI'ER 6 

SUMMARY AND CONCI1JSIONS 

The objective of this study was to analyze theoretically some 

alternative market organizations of the dairy industry, and to inves

tigate empirically milk supply adjustments and consumers' welfare 

changes due to the regulations of the dairy markets in Arizona and New 

Mexico. We argued that it is a bit. naive to think of the dairy indus

try as a perfectly competitive industry because it is more likely to 

be characterized by a price-making behavior on the part of the pro

cessor in absence of regulations. Then we analyzed the situation 

where the processor is monopsonist in the raw milk market and monopo

list in the output market but faces competitive dairy producers. We 

first looked at the monopoly processor and considered the one product 

case, i.e., raw milk finds only cne use. It was soown that, under the 

assumption of profit maximizing, the processor realizes some monopoly 

profits by purchasing milk at a price well below his net retail price. 

The long run response to an increase in the demand for the processor 

milk was illustrated to be an increase in the retail price of milk, an 

increase to the farm level price of milk, and an increase in the total 

quantity of milk produced due to entry into the dairy industry. The 

monopsony processor was then analyzed and it was shown that some 

monopoly profits are again realized by the processor who can exer

cise market power in the purchase of raw milk. An increase in the 

112 
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processor's demand for milk was considered and the result was shown 

to be an increase in the farm level price of milk and the retail price 

of milk. We then considered the case where the processor is a monopo

list-monopsonist. To maximize profits, he will equate MR with MC and 

set his purchases of milk at a level lower than the monopsony alone or 

the mmopoly alone, and will pay farm~rs a price lower than the mon

opoly alone or the monopsony alone. We then releu<ed the assumption of 

one product and considered the case where milk is marketed by the 

processor as fluid and manufacturing milk. We argued that the intro

duction of a Class II market that is perfectly competitive makes it 

difficult for the local processor to behave as a monopsonist in his 

raw milk market, unless producers could not ship their milk outside 

the area to other processors in the Class II market. We showed that 

the processor will pay farmers the sane price for treir milk regard

less of its use and will allocate the total purchase of raw milk 

between fluid and manufacturing uses so that marginal revenues in the 

two markets are equal. 

We then relaxed the assumption that the dairy farmers are 

perfect competitors and considered the situation where the two market 

participants (dairy producers and milk processors) have sane market 

power. We concluded that this type of situation, similar to the 

bilateral monopoly, resists analysis in that the outcome depends 

strictly on the relative bargaining strength of the two parties 

involved. We took the analysis one step further and considered the 

monopoly case where the marketing of raw milk is regulated by the 

Federal Milk Marketing Order program. Such a situation probably 
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approximates the marketing of milk in New Mexico. Under the order 

program, processors are required to pay at least the federally speci

fied prices for Class I and Class II milk. All the receipts from the 

sale of milk are put into a pool, and each dairy farmer receives an 

average or "blend" price for his total milk production regardless of 

its use. We showed that the order program increases the price of 

fluid milk and the total supply of milk. The quantity of fluid milk 

is diminished and the supply of manufacturing milk is increased. 

Regulation also increases producers" revenue since farners are receiv

ing a blend price which is higher than the marginal value of milk. To 

the extent that production of milk is increased up to the point where 

the marginal value of milk is below the marginal cost of production, 

some economic inefficiencies result from the blend pricing technique. 

Finally, we considered the situation where the marketing of 

milk is p:rforned under milk marketing orders coupled with a coop:ra

tive base-quota system. SUch a situation describes the marketing of 

milk in Arizona. Arizona dairy producers are organized into one 

coop:rative association, the United Dairymen of Arizona (UDA) , which 

operates a base-quota system. Under such a system, raw milk at the 

farm level is divided into quota milk and over-quota milk according to 

the amount of effective l:ase owned by the producer. Milk covered by 

base receives the UDA quota price which is higher than the over-quota 

price. We showed that the acquisition of base enables the dairy 

producer to receive a higher average or "blend" price for his total 

milk production and the profits that this price yields. 
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Next, we empirically investigated milk supply adjustments in 

Arizona and New Mexico. 

Three ways in which supply adjustments can be achieved were 

identified: new investment or disinvestment in dairy operations, 

relocation of already existing dairy facilities, and expansion in 

output of existing dairy farms. We merged the first two alternatives 

into one and we considered any new dairy in Arizona and New Mexico as 

new investment in dairy operations. For new facilities, we assumed 

the decision to invest in Arizona or New Mexico as given, and we 

investigated the probability that the new investor chooses Arizona or 

New Mexico. We found tre ccst of milk base being a significant vari

able in explaining the location choice of new producers between 

Arizona and New Mexico. For instance, if we assume that there is a 

50/50 change of choosing Arizona or New Mexico, th=n a reduction by 4 

percent in the cost of milk base in Arizona leads to a decrease in the 

probability of choosing New Mexico by approximately 0.06. On the 

third alternative (expansion in output of existing dairy farms), we 

found the short-run price elasticity of supply of raw milk in the 

region to be 0.6. The estimated coefficients of the input costs were 

very insignificant, which suggests that our sample was too small to 

obtain significant estimates. However, given the large and special

ized dairies in the two states, one might suspect the long run supply 

responses to changes in product and input prices to be significant. 

The last effort of this empirical investigation was on the 

consumer welfare change due to the regulation of the Arizona and New 

Mexico dairy market. We found that regulations on average enforce a 
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tax on Arizona's consumers of fluid milk in the amount of 10 million 

dollars per year, or 13.5 percent of producers' total revenue, and a 

tax on New Mexico's consumers of fluid milk in the amount of 5.6 

million dollars per year, or 12.6 percent of producers' total revenue. 

It was estimated that the total loss in Marsha 11 ian consumers' surplus 

experienced by Arizona's fluid milk consumers over the eight year 

period of this study amounts to 120 million dollars, while it amounts 

to 67.5 million dollars for New Mexico's fluid milk consumers. 

We CDncluded, mwever, that these estimated figures might be 

biased downward far Arizona a.rrl upward for New Mexico on the presump

tion that the base plan in Arizona is a transfer from Arizona milk 

consumers to New Mexico milk consumers. It was also argued that 

regulations of the Arizona and New Mexico dairy markets can be viewed 

as an income transfer from milk processors and Class I consumers to 

dairy producers. 

Conclusions and Recommendations 

In reviewing the dairy literature, two views on u.s. dairy 

policy generally errerge. First, the price discrimination view -- that 

government involvement in the marketing of milk serves the interests 

of dairy farmers at the expense of consumers by raising the price of 

raw milk used as fluid milk, and second, the price stabilization view 

- that government intervention serves the joint interests of produc

ers and consumers by eliminating the possibility of price instability 

that might result from seasonal fluctuations in milk production. 

Government involvement in economic activities is usually praised when 
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there is a need to correct for certain market failures. Conditions 

that existed during the pre-order period justify government assistance 

to dairy producers: monopsonistic or oligopsonistic behavior of milk 

processors, disorderly market conditions, etc. A relevant question, 

do these conditions still exist to warrant a further government 

invol vement in the marketing of milk? 

The th:oretical analysis of the different market organizations 

shows the competitive mcrlel to be the most efficient mcrlel, in that it 

eliminates resource misallocations. However, the dairy industry is 

not an instance of perfect, atomistic competi tiion. In absence of any 

regulation, the industry is more likely to be characterized by a 

monopol y and collective bargaining. Are dairy farmers better equipped 

now to deal with milk processors? one is tempted to answer yes, given 

the existence of large specialized dairy farms (mostly in the South

west), the existence of regional cooperatives with significant market 

power, and the regional nature of today's milk markets due to tech

nological breakthrough in milk storage am transportation. This is 

not to say that current dairy policy should be abolished. To arrive 

at such a ccncl~ion, one must first weigh the benefits of the current 

dairy policy against the costs. Many studies have estimated the costs 

of the milk order program, but estimates of the benefits are virtually 

nonexistent. If stabilization is viewed as a benefit, then an immedi

ate task smuld be an attempt to quantify its effects. 

The existence of private value placed on the ownership of 

quota rights in Arizona suggests that the Arizona dairy sector is 

profi table. But, the empirical investigations show that the use of 
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base system restricts the supply of milk in Arizona by discouraging 

new investment in the Arizona dairy sector in favor of New Mexico, and 

by discouraging expansion of already established dairy farms. The use 

of base system is also seen as a device to transfer income from dairy 

producers. The results of the empirical investigations suggest also 

that the Southwest region with large, specialized dairies exhibits 

very inelastic short run responses to changes in input and product

prices. 

f\lthough the results of the statistical estimations are in 

accordance with the findings of other studies on milk supply 

responses, it has not claimed al:solute precision in the estimates. We 

believe that a research of this magnitude should be supported by many 

more ob~ervations than were available to us, am demarrl elasticities 

for tile region should be computed. 

Recommendations Ear future Research 

Future research directions fall into different areas. An 

investigation of the long run supply response may be useful for policy 

puq:oses given the nature of the dairies in this region. '!he results 

of this research imply a small short run supply elasticity which 

suggests that changes in product and input prices may not create 

noticeable changes in the supply of raw milk. However, the long run 

effects of such changes may be costly because, once these large and 

specialized dairies in the region have expanded or contracted their 

facilities, it may be a difficult task to eliminate any supply dis

equilibrium. 



119 

Estimation of the milk demand elasticities for Arizona and for 

New Mexico would allow a more precise estimation of the consumers' 

welfare losses associated with the regulations of the dairy markets. 

An investigation of the welfare implications of the base plan and 

the order program in Arizona and New Mexico under the framework of 

risk and uncertainty is another area of research that deserves some 

attention. 



Table A 1. 

-Year 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

APPENDIX 

DATA USED IN THE STATISTICAL ESTIMATIONS 

Milk Production Data: Part 1 
(1000 lbs) 

Total Milk Production Production of 
-- -~----...... ...- -~ .... --... -

Arizona a New Mexico b Arizona a --- -------..-....... ~-.... ---
775.541 333,348 28,019 

797,349 392,063 26,721 

786,619 428,503 12,182 

822,270 478,725 14,400 

908,197 564,129 27,960 

1,009,928 642,047 81,993 

1,062,414 781,863 15,817 

1,092,110 905,007 2,585 

a Source: United Dairymen 

b Source: AMPI - Texas 

120 

New Producers 
_ .... ---_ ..... --..-

New Mexico b 
-----....... 

3,106 

8,683 

7,081 

-40,773 

8,695 

55,866 

87,445 

8,290 



Table A2. Milk Production Data: Part 2 
(1000 lbs) 

Total Production Milk Used as Class I a 
of EXisting Producers 
---~~--~----~ -.---~ ~ ............. - - -

Year Arizona New Mexico Arizona New Mexico 
-- ~-- ... ---- -- ...-.----------

1976 74,772 330,242 517,661 260,011 

1977 77,063 383,380 537,822 305,809 

1978 77,444 421,422 565,891 304,237 

1979 80,787 437,952 588,869 317,394 

1980 88,030 555,434 615,935 358,221 

1981 92,794 586,181 650,644 452,643 

1982 104,660 694,418 656 0 269 501,174 

1983 108,953 896,717 665,943 556,579 

a Source: Federal Milk Order Market Statistics - USDA 

121 



Table A3. Price Data: Part 1 

1 2a 3 b 4 c 5 d 6 e 

AZ NM AZ tfo1 AZ AZ NM 

1976 500 425 122 86 19.00 7.0 8.0 9.0 

1977 550 450 138 ·101 20.00 7.1 8.0 9.0 

1978 900 900 154 112 21.00 7.2 8.0 9.0 

1979 1,250 900 199 143 23.00 7.6 8.0 9.0 

1980 1,280 1,180 264 190 18.17 7.9 8.0 9.0 

1981 1,280 1,210 282 203 21.50 8.5 8.0 9.0 

1982 1,210 1,150 29Il 211 30.00 9.3 8.0 9.0 

1983 1,080 1,050 279 200 28.25 9.4 8.0 9.0 

1. Year 
2. Milk ea"s ($Ihead) 
3. l.ald ($/acl'e) 
4. Milk base ($/lb) 
5. Interest Rate, Average on Locns OJt.stmding (fi:>I..r1tain) 
6. Incare Tax (percent) 
7. PropeJ"ty Tax (per $100 of assessed valuation) 

a Source: Agricultural Prices - ~DA 

b 
Solrce: Real EState Market revel.opnents - I.ISOO 

c Source: Interviews with Lending Institutions in Arizona 

d Source: Agricultural. Statistics - USDA 

e Source: Statistical Abstract of the lklltOO States 

122 

7 b 

AZ NM 

.81 .25 

.74 .23 

.60 .20 

.50 .16 

.31 .10 

.29 .09 

.3) .09 

.30 .09 
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Table A4. Price Data: Part 2 
(Arizona Seasonal Average) 

~~--~---~~---~---~----------~- ---~~~~~ -----_ ..... _ ...... ......, 

Milk Prices Feed Prices 
$/cwt $/Ton 

UDA a UDA a Class a Class a Hay b Concentrate b 
quota over- I II 

quota 

1976 10.33 8.48 11.12 8.58 70.07 145.25 

1977 10.30 8.58 11.00 8.68 66.14 141.92 

1978 11.26 9.57 11.82 9.67 61.36 140.58 

1979 12.66 10.91 13.30 11.00 77.00 163.08 

1980 13.51 11.88 14.19 11.98 89.5" 184.00 

1981 14.39 12.57 15.09 12.76 81.86 185.00 

1982 14.27 12.49 15.00 12.58 77.29 185.00 

1983 14.31 12.49 15.05 12.64 93.43 187.67 

a Source: United Dairymen - UDA 

b Source: Agricultural Prices - USDA 



!'able A5. Price Data: Part 3 
(New Mexico Seasonal Average~ 
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---~--~~------~------~-------------~~~~~------ ---~~~~------

1916 

1911 

1918 

1919 

1980 

1981 

1982 

1983 

Milk Price::s 
$/cwt 

AMPI a Class I b Class II b 

9.92 10.95 8.58 

9.86 10.83 8.68 

10.81 11.65 9.67 

12.59 13.13 11.01 

13.52 14.02 11.98 

14.31 14.92 12.16 

14.16 14.83 12.58 

13.84 14.88 12.64 

a Source: AMPI - Texas 

Feed Prices 
$/Ton 

Hay c Concentrate c 

61.33 158.61 

56.42 153.25 

64.50 155.08 

61.83 111.50 

13.92 204.33 

82.66 238.33 

13.83 231.08 

88.66 181.61 

b Source: Federal Milk Order Market Statistics - USDA 

c Source: Agricultural Prices - USDA 
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Table A6. Other Data Used in the Statistical Estimations a 

.. -~- ----------~--------- - -... --~~ 
____ a_a_____ __~ __ ~_ 

WageRate ($/hr) b 
._---- ------

Year p. 
M 

p. 
C 

p* 
H 

p. 
L AZ NM 

~....,-....----

------~ --- -- _Ci _____ .. 

1976 0.92 10.44 - 8.41 - 85.88 2.39 2.07 

1977 0.79 8.89 - 9.51 - 75.27 2.65 2.14 

1978 0.01 12.00 2.30 - 65.19 3.11 2.37 

1979 1.03 10.44 - 8.29 - 68.92 3.16 2.71 

1980 0.67 13.55 - 12.30 - 50.88 3.28 2.84 

1981 0.89 38.40 1.16 - 47.16 3.65 3.24 

1982 1.16 41.22 - 2.00 - 48.39 4.08 3.31 

1983 0.94 18.91 - 2.61 - 45.57 4.23 3.73 

a Variables defined as in equation 4.17 

b Source: Farm Labor - USDA 
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