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Introduction 

Advances in storage, transportation, packaging and management 
have removed many of the old barriers between the Northeast's fluid 
milk markets. As the barriers disappear, the resulting market inter
dependence increases the importance of carefully aligning the minimum 
base prices set for unprocessed milk in the Northeastern federal milk 
marketing orders. For if these prices should get out of line, the lack 
of spatial barriers can encourage interrnarket transfers which run counter 
to the orders' objectives. 

Milk shipments between the markets in the Northeastern federal 
orders can conflict with the orders' provisions in several ways. 
They can go against the provision for effici~nt and orderly marketing 
of dairy products. They can increase the number of milk handlers 
competing in a market who have paid different prices for their raw 
milk. Or, if the interrnarket milk shipments unnecessarily raise the 
total marketing bill in the Northeast region, they can adversely affect 
either the incomes of the milk producers or the prices of the packaged 
products. 

As the need increases for careful alignment of base prices, so 
does the need for methods of evaluating interorder price differentials. 
One such method will be described and evaluated in this paper. It 
consists of a transshipment type of linear programing transportation 
model which has been modified to incorporate the main institutional 
factors present in the Northeast fluid milk markets. 

Early in the development of the method, a decision was made to 
stay within the linear programing framework. It was recognized that 
this decision would rule out demand and supply responses. This was 
a limiting assumption in view of the work of the Northeast Dairy Adjust
ment Committee. [2] The simple framework also meant that all milk 
handlers would be assumed to have the same linear homogeneous variable 
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cost function. Such an assumption is hardly encouraged by Babb's 
work [1] or by the Devino, et.al. study [3] on the economies of size 
in fluid milk processing plants. Nevertheless, the decision was made 
to stay with the simple model and to concentrate on building in the 
institution aspects of the Northeastern federal milk marketing orders. 

Model Description 

A federal order is a multi-purpose device, so four objectives had 
to be incorporated into the interorder price model. One of these objec
tives -- that of maintaining an adequate supply of milk in the federal 
order markets --was only partly fulfilled by the model's set of demand 
and supply constraints. Adequate supply had to be defined exogenously 
before the constraints could be used to enforce this definition. Two 
of the other objectives -- that of promoting marketing efficiency and 
that of increasing milk producer incomes -- were explicitly molded 
into the model's objective equation. The fourth goal -- that of 
placing all handlers in a federal order market under the same external 
cost structure -- was implicitly introduced into the model by a-priori 
choice of allowable milk shipment activities. 

Milk shipments could involve either class 1 or class 2 milk and 
could be either bulk shipments of unprocessed milk, packaged milk 
shipments or shipments of manufactured milk products. Of these various 
types, two were incorporated in the model. Bulk shipments of class 1 
milk from the supply areas to the federal order markets made up the _ 
main type of transfer activity. Shipments of packaged milk between 
markets within the orders were also included. All other types of milk 
shipments were left out of the modified transportation model. 

The line of reasoning supporting the exclusion of class 2 milk 
shipments from the model follows in general the approach taken by 
Stitts and Hammond [9]. The Northeast is assumed to be in a single 
large market for manufacturing milk which is dominated by the Minnesota -
Wisconsin milkshed. The absence of market barriers means class 2 
milk prices in the Northeast are set primarily by the North-Central 
region's prices and by transportation charges. As long as milk produced 
in the Northeast is of relatively homogeneous quality, one can reasonably 
assume that the Northeastern handlers' fluid milk demands will take 
precedence over milk sold for manufacturing. Northeast class 2 milk 
production can consequently be treated as a residual supply with an 
exogenously determined price, and can be disposed of in a transportation 
model through slack activities. This is how the class 2 milk was handled 
in the interorder price alignment model. 

The concepts of spatially perfect markets and uniformly efficient 
dealers lead to the conclusion that there should be only one type of 
class 1 milk shipment in the Northeast. This optimum type of shipment 
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is the bulk transfer of unprocessed milk from the supply source to 
the market area. The argument for the dominance of this shipment 
type goes as follows. Imagine a group of equally efficient fluid 
milk handlers in a set of spatially perfect markets. Each handler 
services one or more markets and every handler has a processing plant 
at each market he services. This situation allows all dealers to 
take full advantage of the transportation rate advantage that exists 
for bulk shipments[6] because each dealer's milk shipments would consist 
exclusively of deliveries of raw milk from the production areas. 
In such a situation, intermarket shipments of either bulk or packaged 
milk would put a dealer at a competitive disadvantage. He would have 
to pay for two milk shipments while his competitors paid for one. 
Consequently the only way a dealer would enter a new market is by 
building a new plant, and the only type of milk shipment which would 
be evident in the region would be bulk shipments of unprocessed milk. 

If either the uniform handler efficiency assumption or the perfect 
spatial market assumption are relaxed, other types of milk shipments 
can become economically rational. A transportation model by its nature 
treats all handlers as though they were equally good at minimizing 
costs. The only way this assumption could be relaxed, at least within 
the context of the transportation model, is to specify the shipments 
of individual handlers. This, of course, is highly impractical from 
a model size and data confidentiality standpoint, and is also rife -
with the possibility of inadvertently favoring some milk handlers 
over others. The assumption of uniform handler efficiently was there
fore not relaxed. In contrast, the assumption of perfect spatial markets 
was obviously never made, for to do so would assume away the problem 
being studied. 

The introduction into the model of packaged milk shipments between 
federal order markets was done to provide a signal that class 1 prices 
were out of line. Such shipments would appear in the model's solution 
only if handlers with plants in one federal order market had a class 1 
price advantage over handlers regulated by another order, and only 
if this price advantage was large enough to more than compensate for 
the additional costs of the intermarket ~lk shipments. The appearance 
of intermarket shipments signals that there is competition in ·a single 
market between handlers who have paid different prices for their raw 
milk. It also indicates that the given class 1 prices are not promoting 
marketing efficiency. Thus., intermarket shipments are associated with 
sets of prices which are highly likely to be in conflict with the 
provisions of a federal order. 

The elimination of intermarket milk shipments in the model provides 
one criterion for judging the interorder price differentials. But it 
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is not a complete criterion because more than one bulk milk shipment 
pattern could satisfy both it and the supply-demand constraints of 
the modified transportation model. Additional criteria were needed, 
and these criteria came from. the goals of promoting efficient marketing 
and of increasing producer incomes which were included in the model's 
objective function. 

The federal order objective of promoting efficient and orderly 
marketing was reinterpreted in the study to mean minimization of the 
Northeast region's total marketing cost. In this form, the federal 
orders' objective could easily replace the minimum total transportation 
cost objective found in a standard transportation model. However, 
the introduction of the federal order goal of increased milk producer 
incomes required extensive modification of the transportation model. 
This modification, when allied with the a-priori selection of milk ship
ment types, constituted the basic difference between the standard linear 
programing transportation model and the interorder price alignment 
model. 

The objectiv.e function in the interorder price alignment model 
simultaneously minimizes total marketing costs. and maximizes total 
milk producers' income. But marketing costs and producer incomes are 
linked in a federal milk marketing order by the way blend prices are 
calculated. Consequently, blend price formulas had to be introduced 
into the interorder price model in order to link the two parts of tlfe 
model's objective function. An orders' blend price is a weighted average 
of the orders' classified milk prices. The weights depend on the end 
use of the milk deliveries regulated under the order. Each time the 
milk shipment pattern changes in the Northeast, the class 1 milk utili
zation proportions of the orders may also change. If they do, the 
weights in the blend price formula shift and new blend prices occur. 
New blend prices obviously mean changed producer incomes, so shifts 
in the milk shipment patterns affect both marketing costs and producer 
incomes. 

Revised forms of the federal order blend price formulas were 
included in the interorder price model's set of constraints. These 
derived forms expressed the total returns ·to the group of milk producers 
regulated under an order as a linear function of the total class 1 
milk sales within the order. The total class 1 milk sales in an order 
is also calculated within the model's constraint set, so the inter
dependence between the cost-minimizing shipment pattern and the receipts 
of the milk producers is endogenous to the model. This is perhaps 
the most attractive attribute of the price alignment model with regard 
to its usefulness either as a component in a simulation model or as 
a tool in setting minimum class prices. 
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Model Performance 

The most important attribute of any model is how it performs. 
The interorder price alignment model just discussed was used to analyze 
the effect of the 1970 merger of the three southernmost federal orders 
of the Northeast region. A detailed description of this analysis, and 
of the model itself, is presented in the Bulletin by Tidhar and Hardie[ll]. 
However, a brief discussion of the main findings will be presented 
here to indicate the type of results which come out of the price-alignment 
model. 

The model was set up with six federal orders, eight federal order 
market areas, and 17 milk production areas. The set of class 1 and 
class 2 prices which actually existed in August 1968 -- about the time 
the impetus came to merge the southernmost three of the six orders --
was put into the model. When it was solved, two interorder shipments 
appeared. One of these was a 20.4 million pound shipment from Springfield, 
Massachusetts (Order 1001) to Hartford, Connecticut (Order 1015). The 
other was a 10.3 million pound shipment from Baltimore, Maryland (Order 
1016) to Philadelphia, Pennsylvania (Order 1004). After the solution 
for the actual prices was obtained, the class 1 prices in the southern
most three orders were set equal to each other. This was done to simulate 
the price effect of the merger. When the model was solved again, the 
interorder shipment between Baltimore and Philadelphia disappeared. -
Since interorder shipments in the model's solution are considered to 
be a signal of possible price misalignments between the orders, this 
disappearance suggested the merger was justified, at least from a 
price-setting standpoint. A further comparison of the two solutions 
showed that: 

(1) some of the bulk shipments from the Maryland producing areas 
shifted between the Baltimore, Washington, D.C., and Philadelphia 
markets. 

(2) the blend prices in the northernmost three orders were not 
affected by the price change. 

(3) the price equalization in the southernmost three orders 
decreased the total marketing costs of the Northeast region 
by $85,000. 

Thus all of the model's criteria supported the merger. 

The 20.4 million pound shipment from Springfield to Hartford 
encouraged the trial of a third price alternative. It had been suggested 
in a December 1967 hearing that the interorder price differential 
between the Connecticut and New York-New Jersey Orders be reduced from 
18¢ per hundredweight to 10¢ per hundredweight. Since this price 
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real i gnment would be an indirect way to adjust to the Springfield -
Hartford shipment and since this intero.rder shipment should be 
relatively insensitive to price changes (the shipping di stance is only 
23 miles), it was felt that more could be learned about how the model 
functioned by analyzing this price change. After the change was made 
and the model solved, a comparison of the second and third solutions 
revealed that: 

(1) the Springfield - Hartford shipment was eliminated 

(2) more milk was purchased from producers in the New York milk 
production areas but class 1 sales were lost by the pro
duction areas of Hyde Park, Vermont and Lewistown, Pennsylvania. 

(3) the Connecticut order's blend price was increased by 60¢ 
per hundredweight, but the Massachusetts - Rhode Island -
New Hampshire order's blend price decreased 10¢. 

(4) total marketing costs in the Northeast region went up $667,000. 

Thus, the criteria of the model were in conflict over the third pricing 
alternative and it was left open to judgement whether or not the price 
proposal would improve the operation of the Northeast federal milk 
marketing orders. 

Conclusion 

The results of the runs made with the interorder price alignment 
model were encouraging. They seemed to pass the test of reasonableness, 
both in the direction of the changes resulting from the class 1 price 
realignments and in the magnitude of these changes. This is not to 
say that the method is without problems. Besides the restrictive 
assumptions introduced by the reliance on the transportation model, 
there are some internal problems yet to be resolved. Some question 
also remains about whether or not the right type of intermarket ship
ment was used, and whether or not it is wise to suppress all class 2 
shipments. Nevertheless, the model seems .to account fairly well for 
the institutional factors present in the Northeast fluid milk markets 
and on that point alone it may be of some interest. 
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APPENDIX 

The interorder price alignment model is summarized below. A 
detailed description of this model can be found in the Bulletin 
"Interorder Relationships Among the Northeastern Federal Milk Marketing 
Orders" which is cited as [13] in the reference list. 

Objective Function: 

Minimize: ~~(c .. +t .. +d .. ) X .. +rl:(p.+s.k) Y.k-l:Wh 
1] 1] 1] 1] 1] jk J J J fi 

Where: i represents production areas 

j,k represents market areas 

h represents federal orders. 

The parameters in the function are: 

The variables are: 

per unit country plant cost 

per unit cost of transporting milk from ·pro
duction area i to market j 

difference between: (1) class 1 zone differentials 
plus any class 1 location differentials, and 
(2) blend price zone differentials plus any 
blend price location differentials 

class 1 base price (nearby zone) for market j 

per unit cost of transporting milk from market j 
to market k. 

units of raw milk .at source ito be shipped 
to market j 

units of milk at market j to be shipped to 
market k 

base blend price of order h multiplied by total 
producer deliveries . regulated under order h. 

Marketing costs are minimized and producer returns are maximized in 
the objective function. Total producer returns are defined as the 
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product of the average zone blend prices and total producer deliveries. 
The objective function separates basing point prices from zone and 
location differentials. Hence both Wh and d .. must be used to find 

~] 
total producer returns. 

Demand-Supply Constraints: 

< 
EX .. -S. 
j ~] ~ 

r,y :::n 
j jk k 

Where: 

S. -total supply of milk at production area i. 
J 

Dk total class 1 milk demanded in market k. 

These constraints guarantee that the market demands are met, that 
available supplies are not exceeded, and that the quantity shipped 
equals the quantity demanded. 

Majority Rule Constraints: 

> 
.51 '£'£YJk-.49 EEYJK- 0 

Jk JK 

Where: 

J,K markets within order h 

k markets outside order h 

The majority rule constraints are simplified and aggregated form
ulations of the federal order pooling requirements. They force 51 
percent of the class 1 sales regulated under an order to be sold in 
the order's marketing areas. One of these constraints is constructed 
for each of the h orders. 

Total Producer Return Constraints: 

where the parameters are: 
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class 1 price of order h 

class 2 price of order h 

milk sales regulated under order h and made outside the 
Northeast region's federal order market areas 

an adjustment factor for cooperative service payments, 
seasonal incentive plans, etc. 

vh = total producer deliveries regulated under order h. 

The variable Zh is the total class 1 sales made within the federal 
order marketing areas and regulated under order h. The Zh are com
puted by a set of regulated delivery constraints: 

EEY -z = 0 
Jk Jk h 

Once Zh is available, the producer return constraints determine Wh. 



-32-

SELECTED REFERENCES 

1. Babb, Emerson M. "Changing Marketing Patterns and Competition of 
Fluid Milk". Journal of Farm Economics, Volume 48, No. 3, Part II 
(August 1966), 53-68. 

2. Northeastern Dairy Adjustments Committee. Dairy Adjustments in the 
Northeast, An Analysis of Potential Production and Market Equilibrium. 
Bulletin 498. New Hampshire Agricultural Experiment Station, June 1968. 

3. Devino, Gary; Alec Bradfield; John Mengel and Fred Webster. Economies 
of Size in Large Fluid Milk Processing Plants, Research Report MP62, 
Vermont Agricultural Experiment Station, May 1970. 

4. Dobson, W. D. and Babb, E. M. An Analysis of Alternative Price 
Structures and Intermarket Competition in Federal Order Milk Markets. 
Research Bulletin 870. Purdue University Agricultural Experiment 
Station, December, 1970. 

5. Hsiao, James C. and Kottke, Marvin W. Spatial Equilibrium Analysis of 
the Dairy Industry in the Northeast Region - An Application of Quadratic 
Programming. Bulletin 405. Storrs Agricultural Experiment Station, 
July 1968. 

6. Johnson, Stewart, Professor of Agricultural Economics. Statement for 
presentation at public hearing beginning December 5, 196] to consider 
proposed admendments to federal milk orders 2, 1 and 15. University 
of Connecticut, Storrs, Connecticut. 

7. Kerchner, Orval. Cost of Transporting Bulk and Packaged Milk by Truck. 
Marketing Research Report No. 791. U.S. Department of Agriculture, May 

8. Kloth, Donald W. and Blakley, Leo V. Optimum Market Organizations of 
the Fluid Milk Industry in the United States Under Alternative Marketing 
Strategies. Technical Bulletin T-133. Oklahoma State Agricultural 
Experiment Station, October, 1971. 

9. Kottke, Marvin W. "Spatial, Temporal and Product-Use Allocation of 
Milk in an Imperfectly Competitive Dairy Industry" American Journal 
of Agricultural Economics, Volume 52, .No .. 1 (February, 1970), 33-40. 

10. Stitts, D.G. and Hammond, J.W. A Method of Estimating Normative Prices 
and Supplies in Federal Order Milk Markets. Technical Bulletin 278, 
University of Minnesota Agricultural Experiment Station, 1970. 

11. Tidhar, Yehoshua. "Class 1 Price Differentials Among the Northeastern 
Federal Milk Marketing Order: A Linear Programming Application." 
Unpublished M.Sc. thesis, University of Connecticut, 1969. 

12. Tidhar, Yehoshua and Hardie, Ian W. Interorder Relationships Among the 
Northeastern Federal Milk Marketing Orders. Bulletin 418. Storrs 
Agricultural Experiment Station, December, 1971. 


