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ABSTRACT

A SPATIAL ECONOMIC ANALYSIS OF THE IMPACT OF
REVERSE OSMOSIS FILTRATION ON THE GRADE A MILK MARKET

by

Ann Nuriel Fleming

The expanding milk surplus, falling support price, and
imminent introduction of productivity booating technologies
have created ean environment of increased tenaion within the
U.S. dairy industry. The result has been an intenasified
effort to identify means for improving economic efficiency
and establishing long-run viability. One area of interesat
has been bulk reduction of fluid milk.

This theais focuses on the economic feasibility and
regional impact of Reverse Oamosis filtration of Grade A
nilk. For analyaia, a ahort-run spatial equilibrium model
was apecified. Solutions were generated under a range of
pricing and policy acenarios including Class I differential
removal and realignment, reduced support price, and
increased tranaportation coatsas.

Resulta indicate that fluid milk price would fall with
the degree of impact varying by region. As a whole
conaumers gain while producers lose, yet, for some regions
Reverse Oamosis may help minimize the negative impact of

certain policy changes.
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CHAPTER ONE
INTRODUCTION

Governaent efforts to curb milk aupply and reduce
SOovearnaent expenditureas within the dairy induatry are
£°!‘e1ng the induatry towarda improved econoamic efficiency.
e ToOducers, finding that they muat reduce expenses in
SXdAar to remain viable, are looking for means by which to
--1nt.1n revenues and secure their livelihooda. One area
== obvioua potential for coat reduction ia the tranapor-
t‘tlon of bulk fluid milk. In a 1980 National Economics
D{Vicion staff report, Ed Jesse determined that substantial
‘ano-ic incentives exist in favor of concentrating and
tl\-n reconstituting whole ailk when the distance between
bt‘Qc:lm:i‘.:l.on and consumption points exceeds 100 miles. Later
‘\‘udio. by Novakovic and Aplin (1981), Novakovic (1982),
“'\d Whipple (1983) have substantiated the potential
‘Qononic incentivea in shipping milk in a concentrated
‘\Qr-. Although there exist a multitude of methods for
k“noving water from milk, recent technological advancesments
* T2 reverse osmosis (RO) filtration, a membrane filtration
t‘chniquo, have generated int'or.ct by producer organ-

:“ === aqtions. One advantage of RO filtration over other
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technologies is that it produces a superior product holding

cons iderable promise for consumer acceptance.
‘This thesis is designed to deteraine reverse osmosis

fil t rxation’s potential for adoption by the Class I (fluid

use> nilk market under e nonrestrictive policy environ-

ment , and to determine what the impact of such adoption

Would be on a regional and industry-wide basia. It is

bal 1 eved that RO filtration of fluid milk could provide
Producers in the Upper Midweat with the opportunity to
S@&ap1italize on their competitive advantage in milk produc-
t“-Qn, by capturing new marketa at greater distances. The
r-.-ult. obtained from this research prove to be both
ir‘-ightful and, in some cases, rather surprising. For
‘*anlo, no production region is found to benefit from RO
= A Jtration to the degree initially hypothesized.

The remainder of this chapter focuses on the current
“'\Viron-ont under which the industry is operating, reasons
¥§r interest in bulk reducing technologies, and the method

. 3 analysis utilized in determining the impact of RO

~ A 1tration upon the market. This will be followed by a

‘tatolont of research objectives and an overview of the

§l\opi:.oz-s comprising this thesis.

= -~ 1 The Industry Environment
Under the present economic, technological and legis-

l “ntive environment, the dairy industry feces an eras of

‘lgnificant change. Recent reductions in the dairy support
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price have forced many producers to drop out of production

wvhi le@ others have enlisted in the government sponsored

Dai xy Termination Program. MNeanwhile, emerging tech-

nologies promise to expand production levels to new

it has been estimated that bovine

hei ghta. For example,
somatotropinl alone could increase long-run productivity by

appxoxinately 15 percent. Sﬁch a shift foretells of a

Ra&ajorx reshuffling within the induatry as inefficient pro-
dAucars are forced out and those remaining in production

®Xpand their operations in order to capture the benefits of

W <ale economies. The effect of these two opposing forces,

th‘ need to decrease supply and the rapid increase in per

“h-‘lt production, has created an atmosphere of increasing

t‘hlion within the industry.
Clearly new technologies will have a key role in deter-

~a~!'n:l.ng the direction and composition of the industry

S
> @r the next decade. Just as some technologies may impact

‘\Q industry through increasing supply, others may help
- x> oducers through this transitional period. Specifically,

®a 1k reduction through membrane filtration techniques has
§‘x‘l.rot.«:l conaiderable attention. Thia proceas could

"Qf.cntiolly allow producers to benefit according to their
=Q:\potitiv. advantage in production while the induatry
" <} vances towards improved economic efficiency.

\
1 Bovine somatotropin, commonly refered to as bovine

gt‘t:mt'.h homone, is a naturslly produced hormone within the
®Taimal which, at incressed levels, significantly enhances

™\ % )k productivity.
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1.2 Interest in Bulk Reducing Technologies

F luid milk contains approximately 87 percent water

(M@earxson and Ginnette, 1970). This water content, due to

its Dbulk and weight, incresses transportation, handling,

satox age, and preservation costs. Clearly then, a natural

areea for cost reduction within dairy marketing is through
Te&duwucing the milk’s bulk prior to shipping.
‘The present marketing order structure supports this

SoOnclusion. Changes in milk marketing orders have in-

Sxreaased the diastance which milk is moved within order

t-gion-, with diatancea often exceeding 1,500 miles (Jesae,

1380). Given this order transfer structure, it seenms

tihcly to reappreaise the current tranaportation ayastea.
O

Tx @ solution to resolving the transportation cost problea
-

“>wld be to transport a concentrated product, which can

t‘\.n be “recombined™ into a whole fluid product nearer the

& > int of consumption. The economic advantages of removing

“<ame of this water can be actualized only as long as the
§Q.t of such removal does not outweigh the savings acquired
\‘\rough reduced bulk and weight.

In the U.S., the majority of regions produce an adequate

« A uid milk supply to meet regional demand. Importing fluid

™ 2.1k from other regionas may be necessary during times of

\‘-porary or seasonal shortage. Given the viability of

™ amconstituted milk as an alternative or supplement to

chll milk production in deficit regions, one would expect

\Q see & reduction in geographic milk price differences



among regionas. The reason for this is that with Class I

dif ferentials based on whole milk transportation costs and
transportation costs being positively correlated with
wvelight and volume, removing the water decreases the cost of
ah i pping milk.

For regionas such as Michigan which produce & high
Pex centage of fluid grade milk (97 percent of total produc-
tiomn) and which have a clear competitive advantage in
Production over all regions excluding the Upper Midwesat,

tha potential impact of reconstituted milk are perticularly

| tractive (NMPF, 1985). Relatively low cost of production

x“sionc could see & rise in export demand leading to an
a Tacrease in the proportion of production going to Class I
"“Q. As a result, producer revenues could increase.
Q‘rtalnly the potential benefits of reducing the bulk and
"\1ght of milk appear attractive but the method of concen-

\bction remains important, especially in terms of consumer

‘Qcoptcnco.
Traditionally, evaporation and spray drying have been

‘hployod to remove water from skim milk and more recently

\l\. ultra filtration proceaas haa gained attention. Liquid

tcbod., however, are very vulnerable to flavor and aroma

“="Menges and each of these processes have negative side

" yfects. For example, exposure to high temperaeatures under
‘mray drying can alter milk’s characteriatics and ultra

= j)tration may result in the loss of some nutrients present

A n rew milk.
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More recently, reverse osmosis filtration has been

appl ied to the concentration of fluid milk. The advantage

of RO filtration over the more traditional forms of reduc-

tion lies in its nondependence on heat. A large percentage

of wrater can, therefore, be removed without altering taste

and nutrient characteristics; thus, minimizing the impact

Oon consumer demand. It is for this latter reason that the

RO fjitration process has gained great interest among bulk

T@&duction technologies. With the aid of technological

®dAvancesents, it sppears the process is also becoming an

-QQnouically feasible alternative. A brief overview of

-Qlo common bulk reducing alternatives is presented in
s~".~S|.|ro 1.1.

Clearly, employing RO filtration presents some very
‘*citing possibilities: (1) low coast production regions
§§'u].«:l benefit from their competitive advantage; (2) the
a Tadustry could realign its production and shipment
b‘ttorn.. gaining increased economic efficiency; and, (3)
§Qnouloro could benefit from the reduction in transpor-
\‘tion costs as reflected in the retail price of =milk.

t\gl.on.].l.y and intraregionally the impacts would certainly

“” wary. For example, consumers in regions farthest from the

& <—urce would necessarily see the greateat potential

= Immpact. Furthermore, low income consumers, who devote

- greater proportion of their income to food purchases,

“=<suld realize appreciable benefits.
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This wide range of potential benefits from the adoption
of RO filtration technology clearly provides sufficient
merit to study its introduction into the fluid milk
induatry. However, it is recognized that not all tech-
nologies will be beneficial to all producers. Given this,
it becomes imperative to determine the projected impact of
a given technological change at both an industry and

regional level.

1.3 Nethod of Analyais

There are a wide range of economic issuea asssociated
with the adoption of RO filtration. Of specific interest
to this study is RO filtration’s affect on fluid milk
markets. The transshipment and regional nature of this
question suggests the need to apatially model the national
fluid milk market. The basic theory behind spatial price
equilibrium illustrates why such enalysis is useful.

Spatial theory of pricing suggests that in the absence
of market distortiona, caused by administered pricing or
monopoly presence, the difference in price between geo-
graphic regions will be equivalent to the cost of moving
the product between regiona. Hence, in a trading
environment free of barrieras, as long as the supply and
demand equilibrium price difference between the two regions
is not less than the cosat of transportation, trade will
occur. Milk will be shipped from the surplus (relatively

low price) to the deficit (relatively high price) region.
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The consequence of a decrease in transportation cost
and, hence, a change in the regional price wedge, would be
evidenced by an altering of the prices, quantities traded,
and distribution patterns within the U.S. fluid milk
market. For example, regions which face very high fluid
milk prices would expect to see a decrease in price and an
increase in consumption. Furthermore, if production costs
are relatively higher in the deficit ragion, a decreaase in
production could be experienced. On the other hand, a
surplus and relatively low cosat of production region, like
Michigan, might enjoy meny benefits arising froam RO
filtration and reconstitution. Export markets may expand
and the blend price increase as surplua fluid grade
milk, which would otherwise be ‘“dumped” into leas prof-
itable manufactured dairy product use, is alloceated to
Class I use.

Spatial equilibrium analysis will eallow determination of
the economic and distributional impacts of introducing RO
filtration to the Grade A market. Several spatial models
of the dairy induatry have been developed (Hallberg et al.,
1978: and Novakovic et al., 1980). Although theae models
are very thorough, they create a limitation aimply because
of their size -- large mainframe models with extensive data
requirements.

For the purposea of this atudy, a general idea of the
narket impact of RO filtration can be obtained through the

use of a more simplistic aspetial equilibrium model run on a
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less demanding computer program. Sharples and Holland
(1984) and Holland (1985) have developed such a progranm,
the Generalized Tranaportation Problem (GTP). Although GTP
is specified for international trade, spatial price theory
remains the same for trade between any spatially separated
regions. The program generates trade flow quantities,
prices and revenues and has ; data requirement commensurate
with the detail level of this study. In sum, GTP and
spacial equilibrium theory present the necessary tools of

analysis for obtaining the research objectives.

1.4 Study Objectives
The objectives of this study are:

(1) To gain a working knowledge of RO filtration, con-
straintas to its adoption, operational parametera and
its potential for future use within the Class I milk
narket.

(2) To understand the fundamental characteristics of the
dairy industry; to reaffirm the relative production
advantages among states and regions; and, to identify
market relationships and policies relevant to the sale
of RO filtrated milk.

(3> To incorporate these market characteristics and
relationships into the design and specification of a
spatial equilibrium model of the Grade A milk market.

(4) To examine the potential Claass I market impact of the
full scale adoption of RO filtration through analysis

of model results run under a range of pricing and
policy scenarios.

1.3 Overview of the Study
This study evaluates the economic feasibility of RO

filtration through spatially modeling a selected segment of
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the U.S. Grade A milk merket. The modeled area is broken
down into nine supply and ten demand regions. The neces-
sary supply and demand data are respecified from state and
federal marketing order atatistics. Estimated costs of
applying RO filtration, transportation cost functions, and
aupply and demand elasticities are all extracted from
previoua research. A aspatial equilibrium model incorpor-
ating thia datea ia apecified according to market character-
istics and the objectives of this thesis. Results froam
this model are generated under numerous economic scenarios.
The regional impact on distribution, prices and revenues
are isolated for croas analysis.

This thesis is divided into six chapters yielding
inaight into the operation of RO filtration, the industry
in which its adoption is being analyzed, and its potential
impact on fluid milk markets.

Chapter Two reviews fundamental characteristicas of the
domestic dairy industry. Areas covered range from the role
of government, the pricing mechanisma involved and regional
costs of production. Discussion focuses on industry
relationshipas which are tied to the adoption of RO filtra-
tion. Additionally, the issues related to reconstituted
milk are discussed.

Chaepter Three deals excluaively with the technology
isoclated for study: RO filtration. The general principles

of RO filtration are presented and the RO system itself is
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described. Potential operational constraints to adoption
of RO for fluid milk are highlighted.

In Chapter Four the relevant industry characteristica
introduced in Chapter Two are placed within the context of
a apatial equilibrium model. The general theory of spacial
equilibrium and previous modeling research are discussed as
well as the specific computer progrem and solution algor-
ithm employed in this study. Finally, the fully specified
model used for snalysis is submitted along with itas
data requirement.

Model results and analysis are preaented in Chapter
Five. The scenarios under which eeach solution is generated
are described, as well as their incorporation into the
model. Additionally, the primaery limitations and caveats
associated with the model are submitted.

Chapter Six summarizes the atudy and the results
obtained. The achievement of study objectives is diacussed
as well as what can and can not be inferred from the
results. In conclusion, 1-p11cet;ono of the results

are submitted.
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CHAPTER 2

RELEVANT DAIRY INDUSTRY CHARACTERISTICS

The deiry induatry, by ita nature, posea unique market-
ing concerna. Fluid milk is a bulky, highly perishable,
continuous flow product subject to heelth contaminantas;
requiring strict sanitary compliance in production, trans-
portation and processing. Furthermore, supply is highly
inelastic in the short-run with producers traditionally
being very vulnerable to the market power held by pro-
prietary handlers and processors. These characteristics
all pose potential marketing problesms.

Milk also has important nutritional qualities. Notably
it is high in protein and calcium and is considered
an important nutritional item in the nation’s diet. It is
because of this combination of aensitive marketing condi-
tiona and nutritional importance that the dairy induatry
has been sepearated from other agricultural industries in
the design of marketing policies. Dairy induatry policy is
unique in that dairy is the only industry where both
government price supports and federal marketing orders
exist.

The degree of regulation and the complexity of the

pricing mechanisms which have evolved, together with the

13
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distinguishing marketing problems associated with milk,
nake it difficult to transfer general knowledge of agricul-
tural marketing and policy to the specific concernas of
the dairy industry. Hence, before one can approach the
task of spatially modeling the marketing of fluid milk
within the United States, a basic understanding of the
industry is essential.

This chapter overviews some of the more prominent
dairy induatry characteristics, £6cu.1ng on areas directly
tied to this study. An examination of the regional
production cost structure upon which the relevance of this
study hinges will follow. Finelly, a close look at
reconstituted milk will be made, including methods of
concentration, the role of current regulations, and some

previous studies addressing these issues.

2.1 Role of Government Within the Domeatic Dairy Induatry
The government has intervened in fluid milk markets by
creating regulations to reduce inequities, uncertainty, and

variability. In general, the government intervenes in
commodity markets because there are unsatisfactory condi-
tiona within the market. For example, milk’s perishability
creates the opportunity for gross inequities to develop,
resulting in merket uncertainty and price and quantity
instability within the induatry.

Before regulation, processors could shift costs between

producers, manufactures and fluid plants, all of which
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1S5
had supply level requirements to ensure efficiency. This
led to instability in the general milk market and, with
marketing power in the handas of processors, inequities
developed (USDA, Jan. 1984). Furthermore, to limit var-
iability, reserves needed to be maintained. Private plant
operators were unwilling to bear the burden of thia
expense, as were producers. The fluid milk market was
clearly claasifiable as disorderly.

Additionally, milk supplies often became contaminated or
failed to meet health atandarda. Incentives were deemed
necessary to encourage invesatment in the coatly equipment
and facilities required to improve senitary atandards.

Such investments would ensure that an adequate supply of
safe Grade A milk was always available. Hence, the central
objective of many dairy program provisions is to provide
price stebility and an equitable income to producers, while
ensuring a reliasble and safe supply of milk for the
nation’s consumers. Regulation primerily ceme in the form

of federal marketing orders and price support programs.

2.1.1 Federal Nilk NMerketing Orders

Federal regulation of fluid milk markets began with the
eastablishment of the Federal Milk Marketing Order (FMMO)
aystem in the 1930’a. This ayatem was designed to addreas
the chronic problems exiating within the market. Federal
orders for milk are issued by the Secretary of Agriculture

and administered by the Dairy Division of the USDA’s
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Agricultural Marketing Service. Each order applies to a
specific geographic region where producers have voted for
its establishment.

The function of FMMOs differs from those common to
fruit and vegetables in that milk marketing orders actually
function to establish an inatitutional structure for
pricing. FMMOs regulate all‘tho fluid milk industry
indirectly via direct regulation of handlers selling their
milk within orderas. This is accompliahed by setting a
ainisum price which muat be paid by processors to producers -
for Grade A milkl. Processors may then use the milk for
any purpose, including manufactured products which only
require the lowver quality standard Grede B milk.

In the 1930’s, when the FMMOs were eatablished, markets
vwere local. Seldom was milk transported between markets:;
the technology was not advanced enough and the risks were
too high. As a result, supply and demand were necessarily
met within the market.

Due to transportation costs being greater for fluid than
for manufactured dairy products, surplus regions developed
large manufactured product industriea. These products were
narketed on & national scale; fluid markets remained
relatively local, within a couple hundred miles. As the
technology (transportation and refrigeration) improved,

transportation costa and risk decreased. As a result, the

1 Only Grade A milk is regulated under federal
orders.
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necessity for adequate reserves to be held locally declined
and federal orders began to merge.

In 1962 the number of FMMOs peaked at 83. Since then
the number has decreased, yet, the amount of milk covered
under federal orders has increased. At present, approxi-
nately two-thirde of ell milk marketed in the U.S. is
covered under federal orders. Theae trends are illua-
trated in Table 2.1.

Teble 2.1. Extent of The Federal Milk Merket Order Program,
1960 to 1985

Volume of Volume as a
Number of Milk Covered Percent of
Year Federal Orders Under Orders U.S. total
(Number) (Bil. 1lbs.) (Percent)
1960 80 48.8 45.0
19693 73 S4.4 48.3
1970 62 6S5.1 $9.6
1979 S6 69.2 62.8
1980 17 84.0 €7.4
1985 44 97.8 70.0

Source: National Milk Producers Federation, 1984 Deiry
Producer Highlightse, 1985, p.20 and USDA, Federal Milk
Order Statistics: 1985 Annual Sumpary. 1986.

2.1.2 Price Support Progranms

Current government policy intervention in the dairy
induatry is primarily in the form of price supporta which
were established in 1949. Acting through it’s Commodity
Credit Corporation (CCC), the government guarantees
purchase of cheese, butter, and nonfat dry milk at a set
price. Theae CCC purchases serve to support the market

price of manufactured dairy products and indirectly help to
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support the price of all milk2. While the price support
program is not directly tied to the federal order progranm,

it does have a direct impact on federal order marketings.

2.2 Pricing Nechanisas

Price is the primary coordinator of activity at each
stage of marketing: production, assembly, processing and
distribution. Price also serves as a production incentive
and helps to maintain adequate supplies for the various
competing sourcea of demand. Pricea for milk and dairy
products are partly administered and partly negotiated in
the aarket place.

The current price structure is a result of the combined
influence of governaent regulations and cooperative action
as allowed by the Cepper-Volatead act. Governament regula-
tions directly impact the NM-W price through price supports
and impact the Class I milk price and the blend price3
through classified pricing. Producer cooperatives have
created over-order premiums, now common in most orders.
Each of these pricing mechenisms ia discussed below with

their mathematical formulations presented in Appendix A.

2 while Class I milk receives a price equal to the
M-W (Grade B milk) price plus a local differential,
government purchases supporting the manufactured goods
market price indirectly supports the fluid grade market.

3 The blend price is that which the producer receives
and is determined by proportion of milk allocated to the
slternative Grade A use classes.
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2.2.1 N-W Price

The Minnesota-Wisconsin Price Series is a weighted
average price paid for non-order (Grade B) milk destined
for manufactured use in the states of MNinnesota and
Wisconsin. Computed on a monthly basis by the USDA, it is
designed to reflect a combination of the wholesale product
price level and manufacture’s profit margin. The former
may be partially deteramined by aupport prices and the
latter is determined in the market place. As a result of
this structure, under FNMOs the price of milk deatined for
storeable manufactured products is set equal to the MN-W

price.

2.2.2 Classified Pricing

Federal milk marketing orders regulate via establishing
a minimum price which handlers must pay and which producers
receive for Grade A raw milk. Although handlers buy milk
from producers, the price they pay and price producers
receive is not the seme. Specifically, handlers pay what
are termed classified prices.

Classified prices are based on the end use, or Class, to
which the milk is put. Depending upon the order, there are
either two of three clasaifications: Cless I products
comprise freah fluid products; Class II are soft manufac-
tured products; and Claas III ere hard manufactured
products. Where there is no Class III division, Class II

represents all manufactured products.
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The Class I price structure differs greatly from that of
Class II milk. Class I milk receives a higher price than
does milk going to either Cleas II or III uae. This is
partly necessitated by the Class I product’s nature: more
expensive to transport and more vulnerable to spoilage.
Regionally, the Class I price will vary according to the
Class I differential, as discussed in the following section.

In contrast to the Clasa I price are the Class II and
111 price which the USDA indirectly supporta through the
N-W price. Specifically, a tentative Class II price is
announced for the following month based on a foramula. Thias
formulation takes the N-W price for the second preceding
month end adjuats it via the weighted change in the groas
value of milk used to make cheddar cheese and butter/nonfat
dry milk. Hence, the Cless II price is nearly equivalent
to the M-VW price and is fairly uniform nationally, while
Class I prices vary positively with distance froa the Upper
Midwest -- the traditional milkshed. This pricing theory

is reflected in the observed differential pricing schenme.

2.2.3 Class I Differentials

Federal order Class I milk pricea are aligned to Eau
Claire, Wisconain, the milkahed’s base point. The Claas 1
differential increases directly with increasing distance
from Eau Claire in such a way as to approximate the coat of
transporting raw milk from the milkshed. Figure 2.1

illuatrates this apatial pricing system: the highest
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Figure 2.1 1985 Class I differential price surface in
dollars per cwt.

Source: Data taken from FMOS, USDA; Contours, estimated.

4 Note, this price surface is an approximation
derived from Class I price differential data for selected
cities. While this figure does provide an illustration of
the general case, not all price differentials coincide with
this surface.
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differentials are in Florida and the lowest in Minnesota.
These differentials are tacked onto the base price which
handlers must pay for milk going to Class I use. Histor-
ically, the USDA has set the Clasa I differentiala. With
the passage of the 1983 Food Security Act, this pricing
role was taken over by Congress.

Although Claass I differentials reflect transportation
costa of raw milk, they are not the primary determinant for
whether milk will be transported. The price which pro-

ducers receive, the blend price, servea that function.

2.2.4 Blend Price

While handlers must pay for Grade A milk according to
its end use, producers do not receive payment according to
how their milk is used. Rather, producers receive what ias
termed a blend price for their milk.

To preserve equity among producers, regardless of their
distance from the fluid milk market, proceeds from both
fluid and manufactured sales in a given order are pooled.
The proceeds are than distributed to producers at a blended
per unit price, with allowances made for location, butter-

fat and marketing servicesS. Hence, the blend price is

S For example, if 80 percent of the milk scld in an
order goes to Claass I products and the remaining 20 percent
to Class 1I, then the blend price per unit received by all
producers selling in that order is comprised of 80 percent
of the Clasa I price and 20 percent of the Class II price.



23
determined by the proportion of milk pooled on a given

order going to each Class usage.

2.2.9 Over-Order Pricing

One consequence of cooperative growth within the federal
order system has been the development of over-order pricing
practicea. Over-order pronihn. represent an additional
charge inatituted by a producer cooperative which the
handler must pay. While cooperatives announce the over-
order premium for the market in advance, decreasing the
uncertainty faced by handlera, these premiums generally
have not been negotiated. It should be noted that pro-
ducers may not receive the full over-order premium.
Producer cooperatives often take a proportion of the
premium to cover opereating expenses. Both the amount
of the premium and the amount which the cooperatives

withhold varies between regions and over tinme.

2.2.6 Commodity Exchanges

For two manufactured goods, butter and cheese, formal
commodity exchangea have been eatabliashed at the Chicago
Mercantile Exchange and the National Cheese Exchange,
respectively. A primary service generated by these
oxch.ngoq is that they form the basis for formula pricing,
location price adjustmentsa, and product characteriastic

adjustments.
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2.3 Role of Producer Cooperatives

The initiation of federal order regulations effectively
decreased the power of processors while increaeasing stabil-
ity in the market. One consequence of these regulations
has been a shift in market power from indusatry processors
to producer cooperatives. These cooperatives began
appearing in the late 1960’s and have a growing role within
the industry.

Cooperatives act to procure, asaemble and coordinate
the cyclically contrasting supply and demand. Addition-
ally, they may provide services such as quality control,
intermarket transfers and surplus management. Presently
more than 835 percent of producers in federal orders are
cooperative members and more than 75 percent of the
nation’s milk, is sold through cooperatives (USDA, Jan.
1984). The primary direct impact which cooperative
presence will have on this study is through the existence

of over-order premiums.

2.4 International Trade in Dairy Products

Dairy is a highly regulated and protected induatry in
most modern industrialized countries. Domestic dairy
programs coamonly have led to significant surpluses and, in
turn, to the imposition of import barriers and/or heavy
export subsidies. In the U.S., importa of dairy products
have averaged less than two percent of total U.S. milk

production annually (USDA, Jan. 1984). On a world wide
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scale, trade in dairy products remains fairly steady near
five percent of total world milk production (USDA, Jan.
1984). The world trade in dairy products will likely
remain relatively small and as such, will not affect the

analysis undertaken in this study.

2.5 HNerket Characteristics of Supply and Demand

Fluid milk marketa diaplay unique characteriatica in
both supply and demand. A fundamental characteriatic of
the fluid milk market is that seasonal patterns exist in
both production and consumption; however, theae patterns do
not coincide. Production peaks in late spring and troughs
in late fall, while conaumption is lowesat in late spring
and highest in early fall. Similarly, consumption shows
strong weekly trends. Hence, for demand to be met on
any given day of the year necessitates surpluses at other
times.

Of particular interesat to this study are the supply and
demand elasticities for fluid milk. Dairying is charac-
terized by a highly inelaatic short-run supply achedule.
Thia is due to high fixed inveatmenta in apecialized facil-
ities which prevent rapid contraction or expanaion.
Additionally, there is a lag of two years from birth until
e heifer enteras the milking herd. As & result, supply is
very unresponsive to price over a two year period, becoming
mnore elastic in the long-run. On the demand side, dairy

product sales characteristically are not very price
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responsive in the short-run and may be more responsive in

the long-run.

2.6 Regional Costs of Production and Competitive Advantage
The existence of competitive advantage in a free market
allows one region to benefit from producing the commodity
for which it has a competitive adventage. The questions
addressed in this study are relevant only so long as the
Upper Midwest really does have a competitive advantage in
the production of milk. Of aspecific interest is Michigan’s
position relative to states ocutaide of the Upper Nidwest

region.

2.6.1 Establishing Nichigan’s Competitive Position

Regional competitive positions in the dairy industry are
linked to costs of production. Given this, it is necessary
to compare the costs of producing milk in Michigan relative
to other regions in order to esstablish the competitiveness
of Michigan’s dairy industry.

Average cost of production figures for milk in Michigan
can be obtained from two reliable sources, Michigan State
University Telfarm reports and the USDA’s Firm Enterprise
Data System (FEDS) budgets. Telfarm is a Cooperative
Extension supported farm accounting project operated by
Michigan State University. It generatesa Michigan fara
accounting records by using a voluntary mail-in asysteam.

Several hundred dairy farms take part in this project.
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Although the data generated may not be represcontative of
all dairy farms in Michigan, given the large sample size,
one can be confident that the data does accurately repre-
sent commercial Grade A dairies grossing greater than
$50,000 annually.

The USDA’as cost of production studiea were mandated by
the federally legiaslated Agricultural Consumer Protection
Act of 1973. Thia Act requirea annual reporta to Congreaaa
on the costs of producing various commodities, including
milk. Although data is originally compiled at the state
level, the USDA publishes its coat of production statistics
annually in regional fora.

A large part of the FEDS technical data used to estimate
costs of production is compiled by the Economics Research
Service (ERS) and National Agricultural Statistics Service
(NASS) through enumerated surveys of farm operators. ERS
presenta cost of production data in enterprise budget
form: a listing of all the coats and returns associated
with the production of a specific commodity. State
enterprise budgets are generated for each state located in
the major production regions for the given coammodity.

Theae budgets are then weighted according to production,
determining the regionel and national average production
costas for that commodity. Cash receipts are also weighted
in this manner. Opportunity coats for feeds, unpaid labor,
and capital are used while coats of machinery and buildings

are generated from a date bease of those itenms.
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There are two major areas of weakness associated with
the USDA generated data. First, the usual problems
associated with aggregating data are likely to exiat
(ie. intraregional variation is masked). Second, the
USDA’s method of estimating machinery and mechinery related
expenses has been questioned (Nott, 1985). However, while
potential weaknesses do exiast, USDA generated data is the
most complete available and reasonable conclusions can be
drawn from analysis based on thia data.

For the purposes of thia theais, the USDA’as coat of
production statistica will be used rather than any Telfara
data. The reason for this hinges on three pointas. First,
the atatisticas are gathered at the atate level in a conaia-
tent fashion. This allows for interregional and even
interstate (when the original data is available) compar-
isons to be made without significant error. Second, using
USDA statiastics enables easy comparisons to be made with
other studies addressing similar issues. Finally, although
variation is present between the USDA and the Telfaram
statistics, when definitions are standardized between the
two sources, total cost of production for milk in Michigan
comes within one percent of each other for 1983 data (Nott,

1983).

2.6.2 Cost of Production
The key elements of total coat of production are the

fixed and variable expenses. Variable costs will increase
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as total production rises, while fixed costs will not,
ceteris paribus. Costs of producing milk vary widely over
time from farm to farm and state to state due to differing
production levels per cow, climatic conditions, management
practices, herd size, feed prices and labor to name a few
of the many influences. In general, the Upper Midwest
(Michigan, Minnesota, South b.kota. and Wisconsin) has
higher fixed coata than other regiona because of heavy
inveataent in buildings and harvesting equipment. On the
other hand, the Upper Midwest enjoys a lower variable cosat
than other regions because its dairy farmers produch a
large portion of their own feed, utilize more family labor
and have a higher average output per cow (due in part to
higher quality forage).

Feed costs represent a very important element in dif-
fering regional costs. Both Appalacia (Kentucky, North
Carolina, Tennessee, and Virginia) and the Southern Plainas
(Texas) are grain deficit regions and as such face large
expenditures on imported feed. Additionally, the forage
grown in these two regiona is generally of a poorer quality
relative to the Upper Midweat, again requiring producera to
pay relatively higher feed costs per hundredweight of milk
produced. For example, in 1984 the Upper Midweat’a feed
costs accounted for 41 percent of the region‘’a total
veriable expenses as compared to 55 and S1 percent for the
Southern Plains and Appalacia respectively (USDA, Sept.

1985). Figure 2.2 helps to illustrate this point.
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2.6.3 HNMichigan’s Relative Position

In contrast to these high feed cost rogiono. Michigan
producers characteristically produce the majority of their
feed requirement in the form of haylage and corn silage.
This self sufficiency has the effect of lowering feed costs
and, with a slightly higher quality forage, helping to
increase production per cow. Together these influences

provide Michigan farmers with a lower variable coat per
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hundredweight than experienced by producers in the South.
Compared with the two other primary producing states in the
Upper Midwest, Minnesota and Wisconsin, Michigan’s variable
costs are generally slightly higher. Table 2.2 illustrates
the relative costs of production and competitiveneas of

selected states.

Table 2.2. Coat of Production, Price, and Return to Riask
Management for Selected Staetea, 1982 (#/cwt)

Fixed Variable Total Price Return to
State Coats Cosats Coats of Milk Risk Mgt
Georgia 3.46 9.09 12.55 14.40 2.42
Kentucky 3.35 8.14 11.49 13.50 1.32
Michigan 3.61 7.12 10.73 13.60 2.135
Minnesota 4.06 6.42 10.48 12.98 0.25
N Carolina 3.15 9.23 12.38 14.70 1.90
Tennessee 3.03 8.955 11.58 13.60 0.94
Virginia 3.29 8.86 12.14 13.90 1.29
Wisconsain 4.03 6.28 10.30 13.22 0.03

Source: USDA, "Firm Enterprise Data System'. Unpublished
data for 1982.

Michigan producers do not hold the same clear advantage
over Southern states in fixed costs. However, even though
Michigan’a fixed costa are higher relative to all Southern
states, they are not significantly higher. Compared to
Minneaota and Wiaconain, Michigan’s fixed coata are
slightly lower. The lower variable costs provide Michigan
with a total cost of production below that of all Southern

atatea, as demonsatrated Figure in 2.3.



(8/cwt)

12

— -
py
L3

-
-

A d

-

are

-~

[ =]

~

—_

g
§

Flaurg |
198,

5°Urce:
tata £,

B°8e<
COnpyy
lichiger
gy,
tota) &
te Uppe
“M“hu
m‘tiv.



32

($/cwt)
13

12 4
11 4
10 4
°
8 4
7 4
6 -
5
4
34
2 4
14

° u
GA KN ™ N Ne ™

%

NV 72722
NV

N\

22 Fixed Coste S Varioble Cost

Figure 2.3. Total cost of production: selected states,
1982.

Source: USDA, “Firm Enterprise Data System". Unpublis
data for 1982.

Based on the data presented here and the subsequent

» it can be said with confidence that

comparisons m
Michigan holds a competitive advantage over Southern states
in milk production. Futhermore, when the difference in
total cost of production between Michigan and the rest of
the Upper Midwest, specifically the heavy surplus states
ofMinnesota and Wiasconsin, is coupled with Michigan’s
relative proximity to the high cost of production deficit

states, it appears Michigan may be in a position to
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establish itself as a key supplier to Southern states. At
a time when technological developments promise large
increases in productivity and expensive dairy policies
which encourage inefficiencies within the industry are
being questioned, Michigan producers could be in a position

to benefit from their competitiveness and location.

2.7 Reconstituted NMilk

The reconstitution of nonfat dry milk powder and milk
fat has been done for many years throughout the world in
areas which are either great distances from supplies or
which have supply consistency problemsa. In the U.S. the
use of concentrated milk, including dry ailk powder, haa
primarily been limited to the production of cheeses,
cultured buttermilk and, to a small extent, fluid beverage
milk. This latter market is supplied by "reconstituted"
ailk and has been limited to a single processor in North
Carolina marketing a blended milk product®, and to the
state of Alaaka, wvhere approximately one third of the fluid
milk demand is supplied by reconatituted milk (Hammond,
Buxton and Thraen, 1979).

There exist several different methods of concentration
which have been applied to fluid milk. With the advent of
new and improved technologiea the liat of potential methoda

of bulk reduction available has expanded. Specifically,

6 A product made from a blend of fresh whole milk,
water and nonfat milk powder allowing the area’s fluid milk
supply to be stretched.
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menbrane separation techniques have been gaining interest.
This study deals directly with a product which would
currently be classified as reconstituted. As such, methods
of concentration, use restrictions imposed on concentrated
milk forms, and previous research addressing these issues
are all of importance. The remainder of this chapter

addresses these areas.

2.7.1 MNethods of Concentration

Edward Jesse (1980) presented a study which listed
several methods of bulk reduction and some of their
inherent weaknessesa. The more traditional methods, apray
drying, conventional evaporation and thermal evaporation,
require large amounts of liquid fuel. As a result, the
milk undergoes a phase change’ resulting in substantial
variation in the final product.

A somewvhat less traditional approach to concentrating
milk involves the use of reverse osmosis filtration (RO)
either on its own or in conjunction with ultra filtration
(UF). Currently, the two-stage UF-RO process is used
commercially in the concentration of cheese whey. An
advantage of filtretion over thermal-evaporation may be in
its reduced liquid fuel requirements. Additionally, £fil-
tration is less detrimental to the solution’s constituents

because in the asbsence of heat, no phase change occurs.

7 A phase change occurs when a discrete homogeneous
characteristic of the solution is separated from the rest
of the solution by some external force.
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To determine the economics of employing these various
methods of concentration, they were ranked by Jesse
according to their processing shipping and assembly cost.
From this a transportation cost surface was developed. The
numbers indicated that for distances greater than 100
miles, some form of concentration is economical. Thernmal
evaporation was found to be the most coat efficient method
of concentration for diatancea up to 900 milea with aspray
drying to dry ingredients becoming most economical at
greater distances. MNembrane separation methods were found
to be attractive due to their non-reliance on heat and
superior taste, however, their cost structure was rather
high relative to the more traditional techniques.

Advancements in membrane technology have greatly
enhanced the potential for applying membrane filtration
techniques to the concentration of whole fluid milk. This
thesis deals solely with the use of RO filtration which is
discussed in greater detail in the following chapter. The
current regulatory environment faced by reconstituted milk

products are examined below.

2.7.2 Use Restrictions

Reverse osmosais filtration of fluid milk produces a
PXxoduct which, under current classifications, would be
TFagulated as a reconstituted milk product. As they

"‘1rrontly stand, the regulations for reconatituted products
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would effectively eliminate the economic incentive for
adopting technologies such as RO filtration.

Under current government regulations, ‘“reconstituted"”
isa a word shrouded by negative connotations. The Grade *“A"
Pasteurized Milk Ordinance of the U.S. Public Health
Service defines reconstituted or recombined milk and milk
products as "...milk products...which result from the
recombining of milk constituents with potable water"
(USPHS, 1965). Given thia definition, any blended milk
product muat be labeled “"recombined" regardleas of the
amount of water which was added to "“reconstitute" it.

Allocation provisiona, compensatory payments, and
pricing proviaions impoase significant penalties on produc-
tion of reconstituted milk. Additionally, reatrictions on
the marketing of reconstituted milk and mandatory pricing
provisions for ingredients exist under both state and
federal marketing orders. For example, the pricing
provisions held by eleven states act to insure that the
handler producing reconstituted milk will pay greater than
or equal to the local Cless I fluid milk price for the
ingredients going into reconstituted milk (Hammond, Buxton
end Threen, 1979). Allocation provisions assign recon-
stituted milk to the loweat use class regardless of its end
use. For every quantity down-allocated an equivelent
amount must be up-allocated. 1If there exists insufficient
resources to "up-allocate”, a compensatory payment equal to

the Class I differential is charged to the excess quantity
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of reconstituted milk. In essence then, processors must
pay the local Class I price for reconstituted ailk made
from Class I1I1I or Grade B products. Several studies,
which have researched the impact of these regulations and
have explored some policy alternatives, are discussed
below.

Federal milk marketing order price differentialas are
deaigned to reflect transportation coata. Charging the
manufactured price for the condensed milk or developing a
second price differential atructure for reconstituted milk
would help to eliminate thias gap. In e study of these two
alternatives it was estimated that reconastituted milk had
the potential for capturing over one third of the fluid
consumption when ingredients were priced at their manufac-
tured price; the second slternative having a leas severe
impact on farm prices (Whipple, 1983).

In 1979 Hammond, Buxton and Thraen published the results
of their research on the potential impact of reconstituted
mailk. They inveatigated what effect reatrictiona placed on
reconstituted milk would have on regional price relation-
shipa between fluid and manufactured productsa, as well as
on production, usage, and consumer/producer welfare.
Specifically, they looked at two alternativea to the
present pricing acheme: 1) alter the differentiala while
continuing to use the assigned Clessa I price for fluid end
reconstituted milk; and 2) maintain regional differentials

between fluid and manufactured prices by way of a Clasaa I
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price on fresah fluid mailk but remove such pricing for milk
used in ingredients for reconatitution.

Their research indicated that under scenario one,
reconstituted milk products would have little impact on the
price of milk going to manufactured use and the Class I
price would decline in three of the eight regions in their
study (the Northeast, Southeast and Southcentral). By
comparison, under scenario two they found that producer
incomes would decrease more and the fall in Class I price
would be greater, as would be the change in utilization and
production. Furthermore, the manufactured goods’ piicc
would increase, producer incomes would decrease and once
again purchases by the CCC would be eliminated.

Similar studies were carried out by Novakovic and Aplin
(1981) and Novakovic (1982) who employed an economic engin-
eering approach to determine the cost of producing blended
and reconstituted milk relative to the standard fresh
milk. Their research results indicated that the cost
advantage of shipping and reconstituting/blending the milk
was sensitive to the Class I price; the advantage being
greater in markets with high Class I pricea. When FMMO
provisions restricting the sale of reconatituted milk were
removed, the cost of producing blended milk became less
than fresh milk processing costs in many major markets.
Hence, in the absence of current restrictive pricing
provisiona, cosat incentives to reconatitution were found to

exist virtually everywhere. The estimated retail level
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cost of these regulations restricting use of reconstituted
milk ranged from 3.2 cents in Chicago to a high of 10.8
cents in Boston for the shelf price of a gallon of milk (in
1981 prices). Clearly then, the current FMMO pricing
proviasions significantly eliminate incentives which would
otherwise exist in favor of reconatituted milk.

Recently there have been several economic studies
(primarily out of Cornell Univeraity) which have looked
specifically et the application of UF at central locations
as well as at the farm level. With the rapid improvements
on the pivotal components of the membrane separation
process, interest in these bulk reduction alternatives will
remain high. In addition to these studies on reconstituted
milk policy issues, several spatial modeling studies have
been published which eapproach these and other policy
areas. A discussion of such studies is presented in

Chapter Four.

2.8 Susnmary

The natural characteristics of milk have led to a unique
and complex aet of institutions deaigned to provide a safe
and secure supply of mailk in an orderly faashion. At the
center of the FNMO aystem is the exiatence of the Upper
Hidwolt'q competitive advantage in the production of milk.
Examining the production cost structure indicated that
Michigan itself holds a competitive advantage over the

non-NMidwvest states with which it would potentially compete.
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Examining the relevant market inatitutions existing
within the dairy industry and establishing Michigan’s
competitive position in milk production were fundamental
firat ateps in addreassing the potential impact of RO
filtration of fluid milk. At present, reconstitution
appears economically viable in the absence of Federal and
State disincentive regulations. If RO filtration is used
to concentrate fluid milk, with the concentrate then being
“recombined” nearer the point of final sale, tranaporta-
tion, handling, and atorage coata will be reduced.
Furthermore, RO filtration provides the moat likely
recombined or reconatituted fluid product for consumer
acceptance. However, before such generalized claims of
feasibility are made, a more detailed description of the
technology is necessary and the effects of RO filtration on
the marketing of fluid milk should be conaidered. Chapters
Four and Five address the latter of these issues while the
RO filtration process and technology are presented in the

following chapter.



CHAPTER 3

REVERSE OSMOSIS FILTRATION

Reverse osmosis (RO) filtration technology was developed
in the 1950a. 1Initial reaesarch focused on uaing RO to
produce pure water from sea and brackish watera. In more
recent years RO has been used to filter apple concentrates,
used in candy manufacturing and, within the dairy industry,
it has been used to proceas whey. Presently within the
dairy induatry, RO filtration ia seen as a reasonable
alternative to evaporation, requiring less heat and not
involving a phase change. Additionally, RO filtration has
the potentiel for becoming an on farm process. Although
under current conditions on farm RO ias not economical,
given greater specialization, improvements in the tech-
nology, and increesed hauling cha;gos. on-farma RO could
find future use.

This chapter presents the technical aspects of employing
RO filtration for the concentration of fluid milk.
Throughout all discussion of RO filtration within this
study, it is assumed that the whole fluid milk will pass

through a separator prior to filtration with the cream then

41
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remixed before shipping. Hence, the actual filtration will

be applied to skim milk.

3.1 Principles of Reverse Osmosis Filtration

The basic principles behind RO filtration are the sanme
regardless of the solution involved. The osmotic proceas
takes place in all organisms where water and a solution are
separated by a membrane and the water naturally paases
through the membrane to dilute the solution. Hence, all
solutes in soclution exert an ocamotic preasaure.

Osmotic pressure is needed to maintain equilibrium
between the solution and the water acroaa a membrane, which
is permeable to the solvent (i.e. water). The flow of the
solvent from its pure state through the membrane and into
the solution (i.e. milk) is termed osmosis. Figure 3.1
illustrates this principle. The maximum work involved is
that which is against the ocsmotic pressure. The osmosis
process will continue until a state of equilibrium is
achieved: hence, the pressures exerted on both sides of the
membrane are equal. An example of this process can be
illustrated with sea water, which is 3.5 percent salt.
Given a strong membrane, the movement of water through the
membrane would continue until a column 750 feet high is
achieved; equaling the osmotic pressure of the salt

(Dunkley, 1971).
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SOLUTION WILL RISE TO THIS
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APPARENT OSMOTIC PRESSURE
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MEMBRANE
4
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\
WATER FLOW

Figure 3.1. The osmosis process

Equilibrium implies reveraibility. To reverse the
oamosias proceas, sufficient pressure aust be applied until
the osmotic pressure of the solution is overcome. Addi-
tional pressure must then be applied in order to cr.ato.
an hydraulic flow in the opposite direction. The reverse

osmosis process is illustrated in Figure 3.2.
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L
~— \
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Figure 3.2 The reverse osmosis process
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RO filtration can be thought of as a pressure driven
membrane process in which substances are fractionated,
separated or concentrated without the substance undergoing
a phase change. The minimum work for this process is the
existing osmotic pressure. Hence, in RO filtration the
driving force is the net result of the resiastance and
oamotic pressure on both sides of the membrane and the
spplied pressure.

The relevant osmotic pressure involved is not that which
ia in the bulk of the solution, rather, it ias the ocsmotic
pressure at the surface of the membrane. In the filtration
of milk, this becomea increasingly important over time. As
water psssea through the membrane, a layer of continually
increasing concentration develops on the membrane surface.
This layer, primarily casein, reducea the effectiveneas of

the membranel.

3.2 The Reverse Oamocsis Syatea

RO membranes must be mounted in equipment providing the
necessary support and flow control. There are four main
variations in design with the general principle remaining
the same. The most common aystem involvea mounting tubular
membranes in a seriea of porous support tubes connected by
headers. A cross section of one of these tubes is illus-
trated in Figure 3.3 and the general RO system presented in

Figure 3.4.

1 Casein is the protein component in milk.
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O-RING  MEMBRANE
Figure 3.3. Standard membrane module used for reverse
osmosis

Source: Osmonica, Inc. Minnetonka, NMN.
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The solution (i.e. milk) to be concentrated passes at
high velocity through the tubes where the filtration takes
place. The resulting permeate then travels through the
aembrane before it is collected ocoutaside the aystem of
tubes.

A primary requirement for filtration is for the solution
to be circulated at very high velocities within the tubes
to prevent the concentrated layers from forming on the
mnembrane surface, fouling the system. To achieve the
required solution velocity, a presaure pump capable of
producing up to 2000/psi throughout the system is
required. Additionally, turbulence promoters or volume
displacing roda are commonly used to generate increased

turbulence near the membrane surface.

3.3 Key Factors Influencing Operation of the RO Syctoa.
The prevention of the casein build-up on the membrane
surface has been one of the major areas for technical
improvement in recent years. Both the membranes and the
cleaning methods have been improved, significantly en-
hancing the procesa’s economic feasibility. Thus, the
membrane and the flow through the membrane, termed the
flux, along with solution velocity, preassure, concentration
level and temperature, are all important elements of the
aysten’s operation and merit further diacussion. Figure
3.5 provides an over view of the key factors influencing

the efficient operation of the RO filtration system.
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3.3.1 The Nembrane

U.S. Government supported research of water purification
in the 1950’s and 1960’s led to increased teating of
the various membranes available for use in RO filtration.
Research led by Reid and Breton (1959) at the University of
Florida found cellulose acetate membranes to be the most
effective in retaining s.lts; Loeb (1962), at the Univer-
aity of California, later developed a special method for
preparing theae membranes giving them significantly
improved properties. Since then, further technological
advances have been made on the membranes available:;
improving the pH and temperature properties in particular.

In general, the membrane used in the RO filtration
process is a synthetic polymer made of a cellulose deriv-
ative or comparable materials. This membrane can be
thought of as a filter capable of working on dissolved
solids of molecular size (Horton, 1973). The membrane
itself is composed of two layers. One side is a soft
porous layer which primarily acts as a support for the
other side, the semi-permeable layer. This semi-permeable
layer is very thin, less than one micron, and provides the
selectivity or rejecting propertiea of the membrane. 1t is
this selectivity property which is of particular interest,
especially in the reverse osmosis process. As Professor
W.L. Dunkley of the Univeraity of California, Davis ex-
plains, "If you are trying to separate salt froa water,

the difference in size of the two molecules is small, so
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the separation is not by a sieving mechanism. What
happens, apparently, is that water is soluble in the
membrane and passes through by a process of solution and
diffusion, whereas the salt is not soluble and is rejected
by the membrane'” (1971, p.48). This same principle applies
to fluid milk whose nutrients are not passed through with
the water moleculea; a key benefit of the RO filtration
proceas.

Most dairy and food processing plants employing reverse
osmosis filtration systems use cellulose acetate mea-
branes. These membranes have performed well but have
limited temperature and pH capabilities and require
expensive neutral pH enzyme detergenta for cleaning. MNore
recently, noncellulosic and ceramic membranes have been
used for the RO proceas. These membranes have signif-
icantly improved pH, temperature, and pressure resistance
characteristics and result in improved separation perfor-
mance.

Noncellulosic membranes are made by adding a thin
£film coating to a standard ultra filtration membrane.
Although this procesa makea the noncelluloaic membrane more
expensive than its cellulose acetate counterpart, the
membrane’s enhanced characteriatics, as mentioned above,
more than offset this additional expense (Johnaton,
undated). Hence, cleaning can be done with the uase of

caustic and acidic materials, dramaticeally reducing time
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and cost. Additionally, they allow pressure to be in-

creased which in turn increases the flux.

3.3.2 Factors Influencing Performance

The rate at which the solution passes through the
membrane, termed the flux (expressed in gallons per day
per square foot of membrane area), is a primary indication
of the RO system’s performance. Three closely related
factors which influence transmembrane flux are solution
concentration, velocity, and temperature. Each, of theae

are diacussed below.

Concentration of the solution. Perhaps the aingle most

important factor influencing operation of RO syatems within
the dairy industry is the level of solution concentration.
Milk’as osmotic pressure is chiefly caused by micro solutes,
or solids, within the solution. As the proportion of total
solids increases, the natural ocsmotic pressure of the
solution will also increase. This, in turn, causes a
decrease in the effective drawlng force or transmembrane
flux. In other words, it becomes increasingly more diffi-
cult to squeeze the water through the membrane. If larger
molecules or proteins are involved as the solution becomes
more concentrated, the phenomenon of concentration polariz-
ation at the membrane surface further reduces solution
flux. This will be true even though the system’s applied

hydrostatic pressure is held constant, because both the
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solution’s osmotic pressure and viscosity tend to decrease

flux rates. This effect is demonstrated in Figure 3.6.
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Figure 3.6. Effect of total solids on permeate flux

Source: Fenton-May et al., "Concentration and Fraction-
ation of Skim milk by Reverse Osmosis and Ultrafiltration®,

Journal of Dairy Science. November 1972, p.1536.

The effect of theae conditiona is significaeant. For
example, the flux will decrease by a factor of approx-
imately two whean a akim milk concentrate, that which has
had one half of the original water removed, is being
processed. Clearly this problem can have a significant

influence on the system’s efficient operation.

Velocity and pressure. The velocity of the solution and

the pressure applied to it play an important role in
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reducing fouling. Increasing the rate at which the
solution is circulated, the velocity, increases the per-
meation rate and, in turn, reduces the opportunity for
highly concentrated layers to be formed on the membrane
surface (Dunkley, 1971). Figure 3.7 illustrates the

relationship between solution flux and velocity.
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Figure 3.7. Effect of feed flow rate on permeation flux
during the concentration of skim milk

Source: Fenton-May et al., op. ¢it. p.1562.

Once the membrane becomes '‘clogged", increasing the flow
rate has little effect on the transmembrane flux. For
example with skim milk, the resistance ceaused by the
deposit is often equal to or greater than that of the
reverse osmosis membrane itaself (Fenton-May et al., 1972).

To help achieve the needed velocity, turbulence promoters
or volume displacing rods are often added to the syste=m.

If 1ncroa;od pressure is applied to an increasingly
concentrated liquid, the smaller molecules within that

liquid will flow through the membrane into the more dilute
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solution (McKenna, 1970). The effect of changes in
pressure can be seen in Figure 3.8. 1In general, the
higher the velocity inside the system tube, the higher the
flux up to a point where increasing velocity has no effect;
raising the pr‘.sure normally will enhance the flux rate up
to the maximum pressure level which the membrane can
withstand. Once this proteinaceous material forms on the
membrane aurface, increaaing the flow rate haa little

effect on the tranamembrane flux.
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Figure 3.8. Effect of pressure level on permeation flux
during akia amilk concentration

Source: Fenton-May et al., op. cit., p.1562.

In sum, the permeate flux ia linearly dependent upon
preasure and partly a function of the thickneass of the
protein deposit on the membrane aurface. The thickneaa of
the deposit is, in turn, a function of the loweat flow rate
at which the system has been .operated. Once this protein

gel forms and consolidates at lower flow rates, it becomes
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necessary to thoroughly flush and clean the system. This

is a time consuming and costly process.

Temperature. The solution temperature level also
affects the transmeambrane flux. The flux level increases
linearly with increasing solution temperature in the range
of 10 to 40 degrees centigrade (Fenton-May et al., 1972).
In general, raising the temperature 1 degree fahrenheit
increases the flux by one to two percent through decreased

viscosity (Figure 3.9).
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Figure 3.9. Effect of temperature and percent protein on
relative viacosity of the concentrate
Source: Goldsmith, et al., "Recovery of Cheese Whey
Proteins Through Ultrafiltration.' Washington D.C.,
November 1970, p.4.

An advantage for on-farm RO concentration may exist due

to the optimal temperature for RO filtration of milk under
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some conditions being approximately the same as the
temperature of milk coming directly from the cow, 90
degrees fahrenheit (Jesse, 1980). This fact may be
important if the location of the RO filtration facilities

is questioned: on-farm or in a central processing plant.

3.4 Sumnmary

The deiry induatry is going through a period of major
adjustment. As apecialization continues within agriculture
and the average dairy operation increases in scale, produc-
tion may become more regionalized. This will require
economical tranafer of a whole milk product for fluid
consumption which meets all aspects of consumer demand.
RO filtrated milk appears to satisfy these requirementa.

Both the RO system deaign and its membrane are contin-
uvally being improved to ensure greater operating effic-
iency. The noncellulosic membranes available today, being
more durable, allow more cost effective cleaning methods to
be employed and yield a longer life. Thia helps reduce the
overall cost of operation and promotes the RO filtration
proceas to an appealing level. With increased uase of RO
filtration in the dairy industry, further improvements
would likely be made. Thia, together with consumer accep-
tance, indicates that RO filtration of milk for f£fluid
consumption could have a futrue role within the dairy

industry.



CHAPTER FOUR

THE MODEL

This chapter addresses the application of spatial
equilibrium modeling to the dairy induastry. A brief
discusaion of the advance of apatial equilibrium modeling
of agricultural commodities is given followed by a descrip-
tion of the apecific apatial equilibrium prograa and
solution algorithm used within this study. Additionally,
the general model’s equilibrium conditionsa, price linkage
function and limitations are set forth. A review of
previous economic research in the dairy industry is
included and finally, the actual model and data incor-

porated into this study are presented.

4.1 Spatial Equilibrium Nodels

Spatial equilibrium modeling provides the appropriate
avenue for analyzing the impact of selected changesa within
the dairy induatry. This form of modeling, which endog-
enize trade flows and market shares, has been used exten-
sively for comparative statics analysis of exogenous
variables, such as policy changes. Of specific importance

to this thesis, this form of modeling is also efficient at

Sé
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determining the effect on the net positions of trading

regions due to changes in transportation costs.

4.1.1 Review of Selected Literature

To obtain spatial equilibrium in the general caase,
prices must be found which will produce equilibrium
quantitiesa and price differentiala in and acroas all
narketa deaignated within the model. Samuelaon (1952)
firat approached thia problem by maximizing the aum of the
areas under the excess demand curves for the importing
regiona, less the area under the excess supply curve for
the exporting regions, less transportation costs. This
formulation, designed for objective function maximization,
provided a spatially competitive equilibrium solution.

Takayama and Judge (1964 and 1971) were key contributors
to this area, applying standard quadratic programming
methods to Samuelson’s model. Later this model was
enhanced to solve across periods (Takayama and Liu, 1975)
and to solve optimally for multi-commodity trade (Takayanma
and Hashimoto, 1976).

Among commodities studied, feed graina have received the
most application of the one-commodity, one-period model.
Beginning in the mid-sixties, empiricel research developed
which applied quadratic programming, spatial-price equilib-
rium models to world agricultural trade (Schmitz, 1968;

Chang, 1972; and McGarry, 1968). Linear programming,
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quadratic programming, and network flow models becanme
standard tools for analysis.

These traditional model formulations have mosat commonly
been used to ascertain optimal freight flows. However,
while they have been used extensively, they are subject to
several limitationa. Primarily, linear programming and
network flow models are concirainod to having linear objec-
tive functions, while quadratic programming models require
linear export supply end import demand functiona.

More recently, researchers have begun to develop and
apply non-linear spatial equilibrium modelas to trade in
agricultural commodities (Warner, 1979:; Holland and Pratt,
1980;:; Holland and Sharplesa, 1984; Randolf, 1986). Not
constrained by the limitation of linearity, these models
have generated a great deal of attention. The spatial
equilibrium algorithm used in this thesis falls within this
class: the Kuhn-MacKinnon Vector Sandwich Method algoritha

(discussed in section 4.2.1).

4.1.2 Generel Spatial Equilibrium Nodel

Each region in the general trade model represents a
narket with its unique supply and demand characteristics.
In any given period, regions may be in a surplus or deficit
standing with respect to the given commodity. It is the
exiatence of surplus and deficit markets which creates

trade across regions.
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The cost of transportation is central to the inter-
regional trade problem. Any change in transportation cost
necessarily will create a shock to the system (away from
the base conditions) resulting in a change in coamodity
price, trade flows, and regional supply and demand quan-
titiea. In a free, open market, theory would suggeat that
a decrease in the tranaportation coat per unit of a given
commodity would precipitate a price increaae of that
commodity in the exporting region and a price decrease in
the importing region. The overall result being an increase
in the quantity traded. In a regulated market one would
expect the degree of adjustment to vary directly with both
the degree of restrictions imposed on the free flow of the
commodity and with the ability of the price mechanisms to
adjust price.

The general interregional spatial-price equilibrium
model can be formulated as follows:

The ith gource (exporter) is a collection of

agents in region i who are willing to supply a

quantity Qi at a per unit price of Py. In turn, the

Jth sink (importer) is a collection of economic

agents in the )th region who are willing to pay Pj

pluas a tranaportation coat of Tj) for the quantity

they demand at price P) (where P = Py + T313).

Equilibrium between each i region (those which are a

net source) and each j region (those which are a net

sink) exists when the regional price differential

equals the transportation coat, Tij. At that point,

equilibrium quantity equals Q" and equilibrium price

equals P"§ in region i and P") in region j where P%")

= P*"y + T3,

Equilibrium across two spatially separated markets is

illustrated in Figure 4.1. This figure represents the
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single product, two region case in the form of a back-to-
back diagram. Region Y’s supply and demand curves are
plotted on the right side and region X’s are on the left
side in reversed form. Each region’s excess supply curve
is derived from regional supply and demand schedules,
representing the amount by which the quantity offered

exceeds (or falls short of) the quantity demanded.

Deficit Surplua
Market (X) Market (Y)

Figure 4.1 Impact of transfer costs, 00’, on prices and
trade between two spatially separated markets2

Source: Raymond G. Bressler Jr. and Richard A. King,

Markets, Prices. end Interregional Trade. 1978, p.Sl.

2 Yhere ESy = excess supply in region X; ESy = excess
supply in region Y; Sx = supply in region X; Sy = supply in
region Y; Dy = demand in region X; Dy = demand in region Y;
Qyx = quantity supplied/demanded in region X; Qy = quantity
supplied/demanded in region Y; P = price; t = per unit
transportation cost.
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Equilibrium price occurs at the level where the excess
supply curve for market X, ESy, intersects the exceas
supply curve for market Y, ESy. Note that the equilibrium
price in the two markets differs exactly by the per unit
cost, 00’, of shipping the good from the excess supply
market, Y, to the excess demand market, X. Furthermore,
equilibrium at each price level ensures that the quantity
of good Q exported from region Y, £°g’, is exactly equal to

that imported by region X, e’d’.

4.2 Generalized Transportation Probleam

Holland and Sharples (1984; Holland, 1985) put the
above general formulation into a form useable for inter-
regional trade analysis. They developed a micro computer
program, Generalized Transportation Problem (GTP), which
solves the spatial equilibrium probleam via the Kuhn-MacKin-
non algorithm in the international trade setting. The
solution algorithm utilized in GTP is briefly discussed

below, followed by a more comprehensive look at GTP itaelf.

4.2.1 Vector Sandwich NMethod Solution Algoritha

The Vector Sandwich Method (VSM) apatial equilibrium
algorithm, developed by Kuhn and MacKinnon (1975) and
MacKinnon (197S), solvesa via a fixed-point, or complemen-
tary-pivoting aslgorithm approach. A priuaty benefit of the
VSM foraulation over the traditional method of soclving

spatial equilibrium problems is that VSM is not bound by
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the restriction of linear excess schedules. It can handle
non-linear demand and supply relationships and can even
accommodate non-smooth (first derivative discontinuous)
functions.

VSM solvesa by searching directly for equilibrium prices
and quantities which will satisfy a specified set of equi-
librium conditions. The process involves dividing the
total solution space into a set of several simplicies.
Then, using a sophisticated search procedure, it generates
a “path"” which leads to an equilibrium point. In this way
VSM yielda the equilibrium conditions for the general

interregional trade model.

4.2.2 GTP Equilibrium Conditions

GTP is not capable of producing an exact solution,
rather, it generates a solution to a piecewise linear
approximation of the system of equations defining the
original problem. While it is true that the solution
generated is not exact, estimated to eight decimal places,
it is satisfactorily accurate. GTP’s solution procedure
ia based on a set of equilibrium conditionas which are
subject to a set of conatraints -- some innate to the
program and others which may be manually specified by the
operator.

The model’s general equilibrium conditions (items 1, 2
and 3) and constraints (items 4, S5, and 6) can be stated as

follows:
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(1) For each region the amount supplied of the commodity
is defined by the quantity dependent excess supply
schedule and must equal total out-shipments.
(2) For each region the amount demanded of the commodity
is defined by quantity dependent excess demand
schedule and must equal the total in-shipments.

(3) The amount in total which is supplied across all
regions must equal the total demand.

(4> Supply and demand schedules define convex, non-empty
feaaible solution sets in non-negative price-quantity
apace.

(5) Asaumption of free diaposal appliea, enauring that the
equilibrium price will be non-negative.

(6) Total excess demand will become negative if the sum of
prices is sufficiently large.
Conditions (4) and (5) are implicitly in the model while

condition (6) is explicitly in the model as part of VSHM.

4.2.3 Price Linkage Mechanism

Within GTP there exiats the ability to account for
regional price differences through the specification of a
price linkage function. This function acts to incorporate
the relationship between exporter price and importer price
via a combination of potential price wedgea such as tariffs
(ad valorem and specific), exchange rates and tranapor-
tation costa. Hence, when no tariffs exiat and the sanme
currency is used in each region, in equilibrium the differ-
ence in price of the traded good between regiona is exactly
equal to the cost of transportation.

The price linkage function can be specified as follows

for trade between the ith exporter and the jth importer:
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Ly(Pj) = (((Pj»(Vj + 1) + Ujd)®Ey + T33)e(Vy + 1)/E)) + U)y)
where: Lj(Pj) = the linkage between the price in regions 1
and ) where Pj pluas this value equals Py,
P{ = price in region i,
Vi = ad valorem tariff imposed by the ith exporter,

Uj = specific tariff (in domestic currency units)
imposed by the ith exporter,

Ei = exchange rate (base relative to domestic
currency) for the ith exporter,

Ti43) = tranaportation cost (in baae currency unitas)
from the ith exporter to the jth importer,

Vj = ad valorem tariff imposed by the jth importer,

Uj = specific teriff (in the domestic currency
units) imposed by the jth importer, and

E) = exchange rate (base relative to domeatic
currency) for the jth importer.
In the final model solution, the price linkage function
is the equivalent of the first order condition for the
surplus maximization formulation of the problem (Holland,

1985).

4.2.4 Linitations of the GTP Program

There are several potential problem areas associated
with this program. While most can be circumvented through
careful model specification, others may actually be
limitations to specification. Two relevant areas, func-
tional form and regional specification, are discuassed

below.
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The GTP program requires that supply and demand sched-
ules take on a specific functional form, Q@ = a + B(P)T,
This form will accommodate constant, linear, and constant
elasticity excess supply and demand schedules but it will
not allow perfectly inelastic functions. This limitation
on the functional form of the exceas achedules implicitly
reatricta the form of the und.rlying regional aupply
and demand achedulea. In other worda, these underlying
functiona must generate excess achedulea which conform to
the form stated above. Additionally, under the given
functional form demand is limited to a single explanatory
variable, price. Therefore, one can not include cross
price variables and muat assume that cross price variables
have a minimal impact on the model. This limitation could
be serious and should be considered.

Through GTP, regions are defined by their excess sched-
uleas. Hence, each must be specified either as an export or
import region. This assumes prior knowledge of whether
a given region will be an exceas supplier or demander in
the final equilibrium solution. An alternative approach
would be to represent each region as an export and import
sub-region; allowing direct uase of each region’s supply
and demand achedulea. This alternative may, however,
create a size problem as the model would then be limited to

ten regiona.
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4.3 NModeling the Dairy Induastry
This thesis presents a short run spatial equilibrium

model of a selected portion of the U.S. Grade A milk
market. Review of previous research of this nature
influenced both aspecification and application of the
model. A brief summary of selected dairy modeling research
is presented below, followed by specification of the model

and the incorporated variables.

4.3.1 Previous Nodels of the Dairy Industry

Economic research and modeling in the dairy induatry can
be clasaified as falling into three general categoriea of
atudy: supply and demand relationships, optimal plant
location, and impact analysis of alternative policies. The
firat category is discussed leter in this chapter (section
4.4.5h) while the latter two are briefly diacuased below.

Optimal plant number, size and location studies have
been applied to many areas within the dairy industry.
Primary research has been conducted by Kloth and Blakley
(1971), Thomas and DeHaven (1977), Buccola and Conner
(1979), and Beck and Goodin (1980). More recently resear-
chers have studied and modeled the spatial organization in
the Northeast dairy industry (Pratt, Novakovic, Elterich,
Hahn, Smith and Criner, 1986>. Their model has been used
to determine the optimal location of Class I, Class II and
Claass III processing plants within the Northeast region

(Pratt, 1986). Results from such a model can then be



67
compared to the plant locations which have evolved under
the existing FMMO system. In this way, the spatial effi-
ciency of processing plants can be examined.

To properly determine the full impact of a policy
change, one must firat have a model which accurately
reflecta the initial market atructure and product flow.
Given the complicated nature of the inatitutiona and
raatrictiona under which the dairy induatry oparates,
modeling and isoclating specific impactsa has provided a
dynamic challenge for researchers. Development of major
dairy industry and policy analysis models began in the late
1960’s (Ruane and Hallberg, 1967). The firast complete
models designed to analyze the impact of policy changeas
emerged in the mid-seventies (Hallberg and Fallert, 1976;
Hallberg, Hahn, Stammer, Elterich, and Fife, 1978). During
this same period, Riley and Blakley (1975) and Novakovic,
Babb, Martella and Pratt (1980) developed models for atatic
analysis of alternative FMMO policies. Figure 4.2 provides
a brief overview of acenarios modeled in selected astudies.
These aspatial modelas have been used extensively to deter-
mine the market impact of altering the Claas I price
differentials, merging federal orders, and increasing the

number of base pricing pointa.
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Policy Scenario Author(a) and Date
Eateabliash single Graff and Jacobson (1973)
national order Hallberg et al. (1978)
Merge regional Graff and Jacobson (1973)
orders Hallberg et al. (1978)
Hallberg and Fallert (1976)
Alternative Babb and Mindon (1971)
Class 1 pricing Blakley (1967)
scenarios Hallberg et al. (1978)

Novakovic et al. (1980)
Riley and Blakley (1976)

Multiple base Hallberg et al. (1978)
pricing pointa Novakovic et al. (1980)
Reconatituted milk Hallberg et al. (1978)
shipments Hammond et al. (1979)

Novakovic (1982)

Novakovic and Aplin (1981)
Novakovic et al. (1980)
Whipple (1983)

Figure 4.2. Selected aspatial atudies of dairy marketing
and scenarios analyzed

This thesis utilizes a leas comprehensive model, yet,
one which will adequately allow analysis of the specific
questions addressed. Proper specification of the model
remains of paramount importance to providing useful and
accurate results. Such specification requires careful
application of the market forces and relationships reviewed

in Chapter Two.

4.3.2 Model Specification
The market relationships put forth in Chapter Two
reflect the price mechaniams at work within the industry;

however, not all of these mechanisms or relationships are



69
actually needed to analyze the impact of reverse osmosis
filtration on shipments of fluid milk. Neither Claas
II demand or price, nor blend price are necessary for
this analysia. The juatification for their elimination is

discussed below.

Elisination of Class II Milk. Although some federal

ordera have three clasaificationa for Grade A milk’a end
use, many do not. In this study Class I is only Class I
while "Clasa III" encompasaes Class 1I end Claas III, where
it exists. Where there is a Class III price it is nearly
equivalent to the M-W price. Due to government regula-
tions, the Class II price, PIl, is approximately the same
in all regions. Hence, PII; = plI,,

As long as the modeled area’s Class 1III price shadowa
the M-W price and it remains "equal’ between regions, no
reason exists for transporting RO filtrated milk for
manufactured use. It need not be included in the model as
an influence upon ahipmenta of reverse osmoasis filtrated
milk. However, Claas III milk demand doesa enter the model
within & balancing role and ia incorporated through region

ten. This is explained in a section 4.3.6b.

Elimination of Blend Price. The blend price is cal-

culated based on a use ratio, or weighted price: PB =
UlapI + UYIIlwplll, There is no characteristic relationship

between regional blend prices, i.e. PBj ¥ £((PBj) + Tji3) in
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equilibrium. Furthermore, while only the UIPI part of the
relationship varies between regionsa, there is no charac-
teristic relationship between utilization ratios among
regiona. Thus, the focus is returned to the Claas I price

as the drawing force for Grade A milk shippments.

4.3.3 Price Linkage Mechanism

As discussed in section 4.1.2, before region j will
import from region i or i will export to j, Py ¢ Pjy + Ti).
This condition for equilibrium holds for all regions. What
remainas then is to link the Claas I price between aocurce
and sink regiona; regional Claass I price being a function
of the over-order premium and fluid differential within the
region. GTP accommodates this through its price linkage
function.

This linkage mechanism was originally designed to accom-
modate tariffs (subsidies), quotas, exchange rates, and
transportation costs. With the fundamental principles of
interregional trade being identical to those of inter-
national trade, the price linkage function allows the
regional price differences, as manifested in over-order
pricing and the Class I differential, to be incorporated
into the model with ease. The appropriately specified

price linkage function can be expressed as follows:

Lj<(Py) = Py + Uy + Ty) where Uj = D3 + 0Oj
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Where Dj = fluid differential in jth importing

region less the fluid differential in the
ith exporting region.

0j = Average over-order premium in the jth
importing region less the average
over-order premium in the ith exporting
region.

TiJ = tranaportation cost per hundredweight
from the ith exporter to the j3th importer

[Note: the cost of RO filtration is incorporated into the
tranaportation coat function, aa diascuased in the following
two sections.)

4.3.4 Cost of Reverse Osmosis Filtration

The coat of operating the kind of RO filtration aystem
aasumed in this study is far from exacting. No large scale
RO plants are known to be operating for the concentration
of whole milk. The moat probable application of RO
filtration for fluid milk would entail putting the whole
milk through a separator, concentrating the skim milk and
then remixing the cream and skim milk concentrate. The
coat of operating a separator is minimal; the cost of
concentrating akim milk via RO ia not documented, and the
coat of reconatitution has been estimated at five centa per
hundredweight (Hammond, Buxton and Thraen, 1979).

This lack of data is underatandable. Current appli-
cation of RO within the dairy industry is almoat exclu-
sively limited to the concentration of whey. The advance
in technology has the potential to change this, but as of

yet, there is little cost data to go by.
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Two applicable sources for the eastimated cost of RO were
reviewed for this study. The first represents estimated
operating costs generated by Jesse (1980). He estimated
the on farm applicetion of RO filtration to be $.32/cwt for
a 1000 cow dairy. Within this thesis, it is assumed that
RO filtration is applied at the processor level so as to
capture scale economies in operation. Given thia, the
estimated data for on-farm filtration for a 1000 cow dairy
ahould be higher than would exiat for filtration at a
central location.

Jesse estimates the cost of filtration by a central
processor for the combined UF-RO process. Thia coat ias
estimated to be $.279/cwt. Unfortunately, the dual UF-RO
process is not addressed in this study. Furthermore, since
the publication of Jesse’s study in 1980, membrane tech-
nology and RO equipment improvements should have led to a
significant decrease in operating costs. Thus, Jesse’s
unadjusted on-farm RO filtration estimate appears to fall
closest to the conditions set forth in this study.

The second source appears to be somewhat arbitrary, yet,
not necessarily inaccurate. It is the preasent '“rule-of-
thumb’ eatimate aasumed within the industry. In general,
plant economiats are said to eatimate the coat of employing

RO filtration techniques to be approximately two cents per



73
pound for whey and 1.5 to 1.7 cents per pound for skim
milk3 (Ottem, 1986).

The corresponding difference between the two estimates
is noticeably substantial. 1In light of the wide range of
coat estimates for the application of RO filtration, the
model is run under three coat alternatives. An adjusted
figure based on Jesse’s eastimate representa the low end of
the range, the induatry eatimate represaents the high, and
an estimate of $.90/cwt representa a middle ground alter-
native. Each RO filtration eatimate is incorporated into
the tranaportation coat function, as developed in the

following section.

4.3.5 Transportation Costs

The coat of transporting milk is of fundemental impor-
tance to the determination of distribution flows. With
each market being at least partially supplied by local
production, this becomes particularly true when great
diatances are involved. The cxtcnt to which RO filtrated
milk will be shipped is dependent upon the difference
between the additional coat to uasing RO filtration versusas
the savings of shipping a reduced bulk and weight product,

and upon the per unit cost of transportation. The trans-

3 Although concentration of whole milk is not stan-
dardly considered, Ottem (1986) eastimates that the cosat
would be approximately 1.7 to 1.9 centa per pound. The 1.5
to 1.7 cents per pound for skim milk should cover the cost
of passing the whole milk through the separation unit prior
to filtration.
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portation cost function employed in this study is discussed
below.

In spatially modeling the fluid milk induatry, resear-
chers have generally adopted previously developed transpor-
tation functionsa. Lough (1977), McBride and Boynton
(1976), and Moede (1979) all estimated tranasportation costs
for bulk milk by drawing information from milk trucking
companies and equipment dealers. These esatimated cost
functions were then updated through an inflation differ-
ential and incorporated into spatial models (Hallberg,

Hehn, Stammer, Elterich, and Fife, 1978; and Jesse, 1980).

For the purposea of this atudy, tranaportation coata are
estimated based on two functiona. For local hauling, less
than 100 one-way miles, the function developed by David
Hahn (1983) using 1983 data to estimate fixed and variable
costs is used. For longer hauls, an updated version of
Lough’s 1977 transportation cost function is employed.

Each of these functions is presented below.

4.3.5a Short Haul Function
For short hauls, Hahn eatimated a tranaportation cost
function based on a standard three axle diesel tractor
pulling a 36 foot refrigerated trailer with a 25,000 pound

capacity4. Costs were based on round trip mileage for

4 The tractor trailor rig’s gross weight is 65,000
pounds yeilding a net weight of 25,000 pounds.



75
6,000 gallon shipments. The total transportation cost
function, representing fixed and variable cost components,

is given as follows:

Total Costs ($/cwt/day) = 41.68 + .8320M (4.3a)

where M = round trip mileage.

Although actual transportation cost functions will vary
according to local economic conditiona and equipment used,
this function provides a reasonable estimate of the short
haul transportation cost under 1983 conditions.

Since 1983, the U.S. has experienced a decline in fuel
costs as well as inflation. 1In general, expensea have
increased at a lower rate from 1983 to 1985 than from 1981
to 19835. It is also believed that efficiency (equipment
and management) has riasen alightly over this period.
Although the total cost of transporting a given quantity of
milk most likely increased from 1983 to 1985, the change is
expected to be relatively minimal. Given this, attempting
to re-estimate a total cost increase for 1985 could not
inaure a aufficient level of improved accuracy to warrant
auch an undertaking. Furthermore, using the 1983 tranapor-
tation cosat function, as estimated by Hahn, will likely
provide equal or greater accuracy as obtained in previous
spatial equilibrium studies for which older functions were

updated by a fixed inflation index.

S The inflation rate over the period 1981 to 1983
averaged 4.77 percent annually as compared to 4 percent for
the period 1983 to 198S.
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4.3.5b Long Haul Function

The transportation cost function used for one-way
distances greater than 100 ailes was developed by Lough
(1977>. This function is based on a dual tanker rig, with
a 47,500 pound capacity, and allows for multiple drivers.
Although Lough’s function was originally estimated for 1976
data, it can be updated to approximate 1985 prices in a
manner analogous to that used in previous studies.
Specifically, the eight year percentage increase in coats
uaed by Hahn to update hia 1975 data was applied to Lough’s
function. Thus, variable costs are said to have increased
98 percent and fixed costs 115 percent. Although this
providesa only an eatimate of the true increase, it yielda a
reasonably accurate function. The updated long haul

function can be stated as follows:

Coat (S/cwt) = ,16491 + .00432M (4.3b)

where M = one-way miles

To apply the above cost function to this thesis, two
simplifying assumptions are made. First, it is assumed
that by reducing the bulk and weight by 50 percent, the
variable coats of trenaporting the milk are alaoc reduced by
that margin. It is further assumed that the backhaul costs
are incorporated into these estimates. To place this
adjustment into the context of the coat function, the fixed

and variable coat terms have been halved.
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Second, it is assumed that milk will only undergo the RO
filtration process when being shipped distances greater
than 100 miles; hence, no adjustment to the cost components
is made to Hahn’s function. This assumption helps to
create a realistic acenario wherein production is firat
used to supply the local market and RO filtration is
epplied to milk shipped gro.ﬁ.r diatances.

The following aet of long haul Total Coat (TC) functiona
result:

No RO applied: TC = .16491 +« .00432M (4.3b)
Coat of RO = $.30/cwt: TC = .38245 + .00216M (4.3c)
Cost of RO = $.90/cwt: TC = .98245 + .00216M (4.3d)
Cost of RO =8$1.75/cwt: TC =1.83245 + .00216M (4.3e)

4.3.95¢c Break Even NMileages

Applying the defined transportation cost functions to the
model requires determination of the point at which the cost
of shipping unfiltrated milk equals the coast of shipping RO
milk. For long haul distances below thias break even point
equation 4.3b would be uaed. For distanceas above that
point the appropriate RO function, 4.3c through 4.3e, would
be used. In all casesa, for diatancesa leas than 100 milea
the short haul equation, 4.3a, is applied.

Broak.ovon pointa have been calculated for each of
the alternative cosats of RO filtration and are presented in
Table 4.1. As expected, the break even mileage increases

faater than the increase in cost of RO filtration.
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Table 4.1. Break Even Cost Distances for Three Alternative
RO Filtration Cost Levels, One-Way NMiles

Cost of Break even Cost Function

RO Distance Sequence
M < 100 (4.3a)

None 100 miles M > 100 (4.3b)
M < 100 (4.3a)

$.30/cwt 100 miles M > 100 (4.3¢)
M < 100 (4.3a)
100 > M > 378 (4.3b)

$.90/cwt 378 miles M > 378 (4.3d)
M < 100 (4.3a)
100 > M > 772 (4.3b)

81.75/cwt 772 milea M > 772 (4.3e)

The break even distance function for increasing costs of
RO filtration is preaented in Figure 4.3. The function
indicates that for diastancea greater than 100 milea,
application of RO filtration is profitable. Analogously,
for any cost of RO leas than $.30/cwt, RO filtration is

profitable at any long haul =mileage.

800
700
00 4
300
400 4
300 1

200 -

One-Way Miles

100

° v v v v v v v v v v v v

0.3 0.8 0?7 0.9 1.1 1.3 1.5 1.7

coats of RO filtration

Figure 4.3. Break even mileage function under normal costs
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4.3.6 Data Requiresment

The data required to run the model is dependent upon how
the various parameters are defined. Efficiency, ease
of operation, consistency with previous studies, and
coincidence with research goals were the primary criteria
used when defining model parametera. Each parameter ia
discussed below with its data requirement and asources

outlined.

4.3.6a Regions

GTP is limited to ten exporting (source) and twenty-five
importing (sink) regions. For the purposes of this study,
each region is included as both a source and a sink,
except for the tenth sink region which has been reserved
as the non-Class I sink. Hence, a maximum of nine Class 1
regions is possible.

Regions for this study were defined along state borders.
The joining together of states to create regions was
baaed on regional importance in the atudy, each atate’s
Juxtaposition to its major export destination(s) and/or
import source(a), compatibility with previous atudiesa, and
data considerations. 1In all, 29 federal orders and 33
atates are incorporated into nine regiona. The primary
data socurce used in defining theae regions was the FMMO,
State of Origin statistics for Class I milk pooled under
federal orders (USDA, FMOMS, March, 1986). A map of the

regional boundaries is presented in Figure 4.4.
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.®

Figure 4.4. Delineation of regions used in this study

4.3.6b The Tenth Region
While Supply data is available for Grade A milk, only a
portion of Grade A milk goes to Class I use. If the model
were run with this Grade A data, yet only Class I demand,
the excess supply of Grade A over Class I demand would
sSwvanp the market forcing the equilibrium price down. 1In
this sense, Claass III demand must be incorporated into the
Mmodel within a balancing role. The tenth region serves
€ his role. Specifically, it is given a near infinite
<desmand elasticity for Grade A milk at the M-W price. In
Tthig way, Grade A milk in excess of fluid demand is

<= 2 2 ocated to Class III use.
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In contrast to the other regions, region ten does not
have a specific location; rather, it is assumed that
every region has a Claas III market which is located at
each region’s supply center. Hence, the transportation
cost from each demand center to region ten is set at zero.
Such a specificaetion further ensures that milk bound for
Class III use will neither be imported nor condensed

through reveraa ocamocaia.

4.3.6c Regional Centers

A market supply and demand center has been designated
for each region. This center serves as the base point for
demand/supply, price, and shipment costs between regions.
Regional market demand centers were designated as the
closest major city to the estimated center of population
for the region. Population data for 1980 was used to
estimate the market demand centers (USDC, 1983).

Regional supply centers were determined by looking
at a milk cow numbers map and selecting the closeat city to
the eatimated center of milk cow population. Data and maps
on milk cow numbars were taken from the 1982 Censuas of
Agriculture (USDC, 1985). Regional supply and demand

Centers are listed in Figure 4.5.
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Region States Demand Supply
Encompassed Center Center

1 Florida Lake Wales, FL Lakeland, FL
2 Alabana Macon, GA Newnan, GA
Georgia
Mississippi
South Carolina
3 Arkansas Lufkin, TX Greenville,TX
Louisiana
Oklahoma
Texas
4 Illinois Galeaberg, IL Ottumwa, IA
Iowa
Missouri
) Kentucky Mount Airy, NC Hazard, KY
North Carolina
Tennessee
Virginia
6 Indiana Newark, OH Mansfield, OH
Ohio .
Weat Virginia
7 Connecticut Port Jarvis, NY Oneonta, NY
Delavare
Maine
Maryland
Massachusetts
New Hampshire
New Jersey
New York
Pennsylvania
Rhode Island
Vermont
8 Minnesota Eau Claire, WI Eau Claire, WI
Wisconsin

S Michigan Highland, MI Lanaing, MI

10 All of above All of above @ ~====-

Fidgure 4.5. States encompassed within regiona, regional
<deamand and regional supply centers
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4.3.6d Length of Run

Each variation of run in this study is based on a one
period, annual model. 1In dairying this is effectively a
short-run period: neither producers nor consumers would
fully adjust to a change in price during that time span.
Furthermore, thias length of time yields resulta based on
the average market conditiona throughout the year. Such an
average muat be conaidered for the implementation of
reversae osmosis filtration technology. Additionally,

narket data is conveniently available in annual form.

4.3.6e Base Period

The base period selected is 1985. This represents the
most recent year for which all necesaary data is available
and provides base data which reflects the current macro
economic conditions as closely as possible. Two major
influences on 1985‘’s data should be mentioned. Firat the
dairy diversion program, initiated in September of 1984 and
extending through February of 1985, effected the pricesa in
aome marketa. Second, the St.Louia-0Ozarka order waa
terminated in April, 1985. The termination of thia order
impacted the data only slightly. The data was adjusted
where possaible to reflect these changes and the regional-
ization and one year length of run should effectively masak
their impact. Also masked are other year to year varia-
tions in base-excess plana, direct delivery differentials

or other similar adjustments within FMMOa.
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4.3.6f Bounds

GTP allows the operator to set upper and lower trade
bounds for each region. This restriction helps to mirmic
actual market conditions and ensure realistic results.
Given the low price elasticity of supply and demand in
dairying, little variation in supply or demand is likely
over one period. No regional trade quantity bounds
are set for Class I use. However, it is assumed that in
each market a minimum amount of supply goes towarda Claasas
III use. For each region this lower trade flow bound ia
set at ten percent of 1985 supply levela. This forced
allocation to the Class III sink is designed to reflect the
combined effect of local production of Class II products
and the natural loass of Class I quality milk which occurs
during marketing. Thus, this trade level reatriction serves

the purpose of ensuring a more realiatic oquilibfiun price.

4.3.6g Prices

The actual 1985 price for each region was calculated as
the sum of the average base Class I price, regional Class 1
diffcr.ntiel, and regional over-order premium. The calcu-
lated regional prices and regional elasticities were used
to generate supply and demand schedules. Additionally, the
Class I fluid differentials were directly incorporated into
the price linkage function. Claas I price differentiala
remained unchanged for each region throughout the base

year.
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Class I differentials were not necessarily unifora
across all marketing orders within a region. In such
cases the region’s differential was estimated by weighting
the separate differentials according to the amount of =milk
pooled in each order. Price differential data and data on
milk pooled under FMMOs waas taken from Federal Milk Order

Marketing Stetistice (USDA, May 1986; August 1986).

Regional over-order premiuma were generated in an analogoua
manner from data on over-order premiums for selected cities
from Dairy Merket Statistics, (USDA, Maarch 1986). The
error involved in estimating regional prices in this
fashion ia believed to have an insignificant impact on

model results.

4.3.6h Demand and Supply Schedules

Rather than specifying each region as being either in a
state of excess supply or excess demand, separate supply
and demand functions are used for each region. This has
the advantage of directly setting the supply and demand
functiona from the available data and reducing the reatric-
tiona on exceas achedule form. Furthermore, predeter-
mination of & region’s final trade status is not required.

For thias atudy supply and demand achedules are entered
under the conatant elasticity format. By uaing thias
form, the schedules are easily derived from available data

for each region. The elasticities employed were obtained
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from other studiea. Specifically, three main socurces of
short-run supply elasticities were available.

Hallberg, Hahn, Stammer, Elterich and Fife (1978)
derived short-run supply elasticities from a report by
Hallberg and Fallert (1976) for nine regions nationally.
For the latter study, regional short-run farm level demand
elasticities were derived primarily from retail level
studies by Boehm (1976) and George and King (1971)>6,

Later Hammond, Buxton and Thraen (1979) used short-run and
long-run supply elaaticities aas generated by Hammond (1974)
and long-run demand elasticities as developed by Fallert
and Buxton (1978).

Supply and demand elaaticities available for fluid milk
generally have not been exacting. It is not unusual for
different supply schedule functional forms to be used for
different regions, as well as inconsistent data sources,
time periods, or method of adjustment across variables.
Recently Huy (1986), has attempted to eliminate some of
this veriability by using a duality approach to estimating
short-run supply elasticitieas?. This methodology avoids

the characteristic over eatimation found with elasticities

€ The farm level elasticities were derived by scaling
up the retail level elasticities by an assumed elaaticity
of price transmission of .5. Reference to this proceedure
is found in George and King (1971).

7 Specifically, the method Huy employes ia a profit
function approach to duality theory using Zellner’s
similarly unrelated regression. This entails developing
one function from which the other functions are derived;
regionalization is achieved through use of dummy variables.
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generated by linear programming (Cilley, 1985). Addition-
ally, Huy’s elasticities cover twenty-nine states on an
annual basis from 1981 to 1985 allowing for more freedom in
region specification.

For the purposes of this study, short-run demand and
aupply elasticities will be taken from Hallberg et al. and
Huy resapectively. While the long-run demand elaaticitiea
eatimated by Hallberg et al. are all leaa than thoae
obtained by Hammond, proportionately they are the same
between rogionsa. These elasticities were generated
for the larger USDA regions, but are not expected to vary
significantly within those regiona. Hence, they can
be transferred to the regions used within this study with
acceptable confidence.

Huy’s initial short-run elasticities are used because of
their current nature, more exacting estimation procedure,
and their availability on a state and regional level. It
should be noted that proportionately Huy’s and Hallberg’s
elaaticitiea appear to be very saimilar. Furthognor.,
comparison of model results generated uaing the two sets of
elasticitiea indicated that the model is relatively
insensitive to a switch between the two. This is discussed

in section 5.7.2.

8 Hallberg et al. suggest long-run demand elasticities
will be 1.5 times greater then their eatimated short-run
demand elasticities. Hammond’s elasticities are uniforaly
approximately 2.16 times greater than Hallberg’s short-run
elasticities.
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To fully develop regional supply and demand schedules,
the function’s slope, 8, and intercept, «, terms are also
needed. Each region’s c and 8 terms are generated from the
price and quantity values existing during the base year for
each state within the defined regions (USDA, FMOMS, May
1986 pp. 40-43). The « and 8 values associated with the
regional supply and demand schedules are listed in Table
4.2.

Table 4.2 Regional Supply and Demand Schedule Slope and
Intercept Values

Supply Demand

Region Intercept Slope Intercept Slope
1 3.820 . 959 25.710 -.153
2 5.431 1.423 37.994 -.219
3 -7.196 4.829 63.867 -.363
4 29.834 2.747 54.396 -.277
) 10.886 5.841 48.330 -.269
() 27.531 2.695 49.049 -.248
7 78.003 11.207 127.668 -.625
8 173.040 5.374 24.554 -.096
9 37.890 . 999 24 .990 -.130
10 - —— 42499.000 -3572.00

The required data was incorporated into the model
presented in this chapter. This fully specified model
provides the tool of analysis through which study objec-
tives can be achieved. Chapter Five presents the model

results and analysis of them.



CHAPTER FIVE

ANALYSIS OF RESULTS

The model specified in the previous chapter was used to
analyze the Claas I market impact of RO filtration under
several pricing and policy scenariosa. Each of the major
scenarios, and the results generated from them, are
diacussed in this chapter. Figure 5.1 provides a reference
to the various model runs and Figure 5.2 presents a diagran
of their incorporation. The primary questions asked under
each alternative case are how supply and demand quantities
are affected, how the distributional pattern is altered,
and what is the resultant impact on costs and revenues.

Results are discussed primarily in terms of all regions
as a whole with five regions, 1, 2, 7, 8, and 9, being
isclated for cross analysis. Any other regions signif-
icantly impacted by a particular parameter change will be
mnentioned as warranted. Model generated prices, quantities
and trade flows for all regions under all runs are presen-
ted in Appendix C. To prevent any confusion in terms of
scale, comparisons are made on a percentage change basis.
Any change of less than one percent is considered insignif-

icant in terms of the model’s sensitivity to minor changeas.

89
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BRO3
BROS

BRO175

SEPT

SRO3

SRO9

SRO17S

CcCC

CCCRO9

ND

D8é

D86RO9

TC2

TC2R09

Description

Initial annual run aerving aa the atandard for
comparisons. 1985 market conditions with
no RO applied.

BASE specification with RO incorporated at a
cost of $.30/cwt.

BASE specification with RO incorporated at a
coat of 8$.90/cwt.

BASE apecification with RO incorporated at a
coat of $1.75/cwt.

Model run generated based on September 1985
market conditions. Serves as a base upon
which RO feaaibility during month when
shipments are high. No RO applied.

SEPT specification with RO incorporated at a
coat of $.30/cwt.

SEPT specification with RO incorporated at a
coat of $.90/cwt.

SEPT specification with RO incorporated at a
cost of $1.75/cwt.

BASE model adjusted for reduced CCC purchases.
An import quota was placed on Claas III milk,
reducing purchased by 444 million pounds.

CCC aspecification with RO incorporated at a coat
of #$.90/cwt.

BASE model adjusted for the full removal of
Clesas I differentials. No RO applied.

BASE model with 1986 Claas I differentials
aubatituted for the 1985 levela. No RO
applied.

D86 specification with RO incorporated at a cost
of 8$.90/cwt.

BASE model with a fifty percent increaase in
tranaportaetion coats incorporated. No RO
applied.

TC2 specification with RO incorporated at a cost
of 8$.90/cwt.

Figure S.1.

Reference of model scenario titles and

deacriptionsa
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into the model

Figure S.2.
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Although great effort was taken to reproduce actual
industry characteristics, many aspects of the dynanmic,
Grade A milk market could not adequately be captured within
this model. A brief reminder of some of the inherent
limitations associated with this model will be discuased

before analyais of the results is made.

S.1. Caveats and Liaitations

Several areas of caution are inherent to both the model
apecified and the spatial equilibrium program upon which it
is run. Firast, the model is specified as a short-run
model. It produces rather sudden ashifts to parameter
changes, neither accounting for the industry’s ability to
redesign policies nor for the long-run market response.

The short-run solution provides what may perhaps be an
extreme response in the absence of dynamic interaction over
time. However, if RO filtration is economically feasible,
a short-run model should indicate so.

Second, the computer program generates a perfectly
competitive solution for an adaittedly “imperfect” market
environment. One would expect then that the solutionsa
generated may deviate from those actually produced by a
complex and dynamic market. There is no way to determine
where clqng the spectrua of economic markets the Class 1
market would eventually find equilibrium under the par-
aneter changes discussed within this chapter. Hence,

within this study the perfectly competitive solution, found
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at one end of that spectrum, will be used as the basis for

comparison. The actual market position would likely be

more liberal as producer cooperatives exercise their
market position and negotiation is utilized.

Third, separating the area studied into only nine

regions restricts analysis. One can not look at model

generated regional results with making comparisons to a

specific marketing order in mind. For example, not

all shipments into or out of & given region must originate

from or arrive at the region’s market center. While in

reality sales along order boundaries may represent a
significant proportion of a region’s trade, when restricted
to shipments between market centers, these sales may not
distributional

continue. Given this understanding, the

patterns generated by the model should be viewed as
guides to changing flow patterns.

Fourth, the vast shifts in Class I production levels
©occurring under some scenarios do not reflect the local
market phenomenon nor the ability for producer cooperatives

€O control markets and/or negotiate prices above the level

generated by a theoretical model. Although this thesis

does not address these factors, they do exist and signifi-

Cantly impact Class I marketings (USDA, January 1984).
Fifth, the greater the restrictions imposed, or the

1arger the alteration made to model parameters, the farther

the Rodel is stretched and the less confidence one can have

in @ny given result. This is to say that given that supply
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and demand schedules were generated from point elastic-
itiea, the further the solution is forced away from the
equilibrium point at which the elasticities were applied,
the less confidence one can have in the results. However,
even though the model may not exactly parallel actual
industry reaction to the conditiona imposed, a sound
theoretical indication can be garnered by comparing
alternative acenario aoclutiona to the BASE solution.

Stating these obviocous limitations is not meant to
detract from the results generated nor the analysis
submitted; rather, it is meant to serve as a reminder of
the inherent limitations of such modeling. No perfect data
sets exist nor is there a perfect theory through which to
apply them. Given these limitations, the results and
analysis from this atudy should be viewed as intended: as
providing a useful indication of the possible impact of
certain technologicel and policy changes, given the

industry as modeled.

S.2 Base Run

The model was run under 1985 data and market conditions
Wwith the resultas generated serving two key purposes.
Firxrst, the results were directly compared to actual 1985
market levels. This comparison served as a test of the
model ‘s performance under normal conditions and it allowed
the model’s specification to be recalibrated. This process

led t o the model as described in the previous chapter.
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The model generated a base solution, BASE, with supply,
demand and price levels very close to those calculated for
1985. Table S.1 lists these levels and the percentage
change between the actual and generated values. 1In
general the model generated values remaining within +/- 2
percent of actual levels; the exception being regions 4
and 8 for which the model generated prices 6.4 and 5.9
percent, respectively, less than the actual prices. While
the model generated highly acceptable results statis-
tically, one should not overlook the potential impact of
even a minor change in variable levels.

Table S.1. Comparison Between Actual and Model Generated
Supply Price and Quantity Levelas

Price (#/cwt) Quantity (mil. cwt)
Region Actual Nodel X Change Actual NModel % Change

1 17.09 17.08 -0.06 20.21 20.20 -0.05
2 15.75 15.72 -0.19 27.8S 27.81 -0.14
3 14.68 14.86 1.23 63.69 64.36 1.37
4 14.22 13.31 -6.40 68.69 66.46 -3.25
S 14.68 14.83 1.02 $2.99 $3.03 0.84
6 14.34 14.06 -1.99 66.18 65.42 -1.15
7 14.79 14.57 -1.49 243.76 241.32 -1.00
8 13.80 12.98 -S5.94 247.20 242.81 -1.78
9 13.88 13.67 -1.951 S51.76 351.85 -0.41

The accuracy of distributional patterns for 1985 is not
as easily determined. A comparison between the source of
@ach region’s 19685 supply and the model’s results match
fairly well for major shipment levels (over 10 million
h“ﬂdr.dvoight). The exceptions being model shipments froa
re@giomns 6 and 9 to region 7, which did not actually occur

in 1935, and the omission of shipments from region 4 to
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region 8, which did occur. At lower minimum trade levels,

the number of “wrong-way"” shipments (going south to north)
increased. This is not surprising given the role of
negotiation and the presence of overlap between states and
marketing orders.

The overlap between regiona and marketing orders
accounts for a large proportion of the difference between
actual 1985 diatribution patterna and thoae genarated by
the model. Region 4’s shipments to region 8 are an example

of this overlap effect. 1In 1985 Illinois shipped approx-

imately 11 million hundredweight of milk to the Chicago
Regional order. Presumedly, the majority of this milk
served the Chicago metropolitan area. Chicago is in
Illinois which is part of region 4 but the Chicago Regional
order is considered within region 8; hence, the large
ahipments appearing to go north in 1989S.

When comparisons were made between actual interregional
trade quantities and those generated by the model, concern
arose over trade flow levelas for region 7. During 1985,
reagion 7 imported approximately 9 million hundredweight,
Yeat, the nodel generated an import level of 35 million
hundredweight. Either due to boundary overlap or not
Capturing some aspect of region 7’s market environment,
reagion 7 appears somewhat "worse-off" in the model. This
ia likely carried through all runa. It was not apparent
what <form of adjustment should be made based on theory and

“"d.r‘tcnding that market; hence, rather than guessing at
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how the specification should be altered, if at all, region
7 was left as is. Interpretation of results tied to that
region should be made with greater care. 1In all, however,
the generated distributional patterns do capture the major
flows and will provide useful inasights as to what the true
distributional patterns would be. Figure 5.3 provides an

illustration of distributional patterns under the BASE run.

-

Fidgure 5.3. Distributional pattern under 1985 market
conditions, (BASE)

The second purpose for the 1985 run was to provide a
bench merk upon which solutions from alternative runs could
be Compared. Given the models good performance relative to
actual 1985 levels, one can feel confident that the 1985

base aolution adequately serves as a basis for comparison.
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5.3 Impact of RO Filtration

The regional impact of RO filtration on the fluid =milk
industry is determined by comparing the model generated RO
solutions to the BASE solution. As diacussed in the
previous chapter, the exact cost of full scale operation of
an RO filtration unit for whole milk ias unknown. To
deteraine the range of poasible impacta of RO filtration on
the induatry, three widely varying coat eatimatea wvere
employed, 8.30, 8.90, and $1.75 per cwt. In addition to
creating a range of possible impacts, such varied cost
levels provide an indication of how sensitive the model is
to increasing the fixed cost component of the transpor-

tation cost function.

5.3.1 Applying RO Filtration at 8.30/cwt

When use of RO filtration is priced at $.30/cwt,
distribution patterns, production levels and Class 1
allocationa change aignificantly. Table 5.2 provides a
reference to the percentage changea occurring under thia
scenario, BRO3. It should be noted that in regard to
changes in exporter revenues, the focua should remain on
total rather than Clasas I revenuea. The reason for this
being that producers receive a blend price, not just the
Claas I price. Total revenues were calculated as a
weighted average of Class I and Class III revenues.

Across all regions Class I sales increase negligibly,

.56 percent, but regionally, the impact is highly skewed.
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The availability of essentially half-priced transportation
allows region 8 to capture significant gains due to its
relatively lower costs of production and Class I differ-
ential. While total exports remain nearly the sanme,
Claas I exports in region 8 increase 824 percent as it
becomes the sole supplier to regions 1, 2, and 4 and the
primary supplier to region 7.

Table S.2. Market Impact Under 1985 Conditions with RO
Applied at #.30/cwt, (BRO3)

Regions
Variable All 1 2 7 8 9
(Numbers are as a percentage change of BASE values)

Exports

Total -10.74 -7.44 0.02 0.01 -0.14
Class I 0.5 -100.00 -100.00 -100.00 824.12 -0.1S
Class III 792.13 824.17 $2.51 -87.50 0.00
Price -6.95 -13.24 -9.25 0.03 0.03 -0.51
Revenues

Total -6.44 -28.84 -7.52 8.02 0.60
Class I -6.42 -100.00 -100.00 -100.00 824.42 -0.66
Imports

Total 1.78 1.29 0.62 .00 0.04
CO.t. -6.26 -150“ -12.25 -7.69 0003 -00‘9

No other region experienced a gain in sales. In fact,
regions 1, 2, 3 and 7 no longer compete in the Class 1
market, to an accountable level, and region 4 experiences
a 93 percent drop in Class I sales. The BRO3 distri-
butional pattern is illustrated in Figure 5.4. A visual
comparison of the BASE and BRO3 distribution pattern

demonstrates how the shift in distribution favors region 8.
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Figure S.4. Distributional pattern undoriz;as market
conditiona with RO applied at #.30/cwt, (BRO3)

In terms of new Grade A production levels, it is unclear
exactly how much milk would continue to be produced solely
f&r Class I1I use within regions no longer competitive in
the Claaa I market. It ia fairly aafe to asay that aome
localized production for Class I uae would continue.
Production for Class III would depend upon local demand
and the producer’s ability to remain in operation at
the government supported Class III price.

As specified, the model dumps excess Class I supply
into the Class III aink. With a government set minimum
Class III price of 11.78, and aggregate regional costs of
production in regions 1, 2, 3, 4, and 7 above that level,

the livelihood in those regions is uncertain. However,
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with the model solutions being generated from annual data
and supply and demand quantities listed in millions of
hundredweight, no steadfast assessment should be made.

This dramatic shift in distribution is tied to the
alteration in regional export prices. Across all regions a
6.9 percent decrease in export price occurs. Region 1
experiences the largest drop; over 13 percent. The
resulting withdrawal of region 1 from the Class I market
suggests that a 13 percent fall in Class I price would not
only put producers in that region at a significant market
disadvantage but also it may force many out of production.

The poasibility of producers dropping out of the market
is further strengthened by the impact on regional Class I
revenues. Producer Class I revenues are dependent upon
total sales and market prices. Regions which fall out of
the Class I market will see a 100 percent decline in Class
I revenues; likewise, region 8 enjoys a revenue increase on
the same proportion as sales, 824 percent.

The more representative total revenues do not shift as
dramatically. Region 8, gains 8 percent, while all other
regions lose in total revenues. The actual decrease for
regions 1, 2, 4 and 7 remains dependent on how many
producers can remain in operation at the Class III price.
The large regional boundaries, quantity units and the
short-run characteristic of the model make determination

impossaible.
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On the consumer side, the import price falls 6.23
percent. Even with this substantial fall in price, the
inelastic nature of milk demand leads to a mere .36 percent
increase in consumption. Regionally, consumers in the
south enjoy the greatest savings as import prices fall

up to 15 percent.

S3.3.2 Applying RO Filtration at $.90/cwt

When the coat of applying RO filtration is tripled to
$.90/cwt, model results are again significantly altered,
albeit not as dramatically. Figure 5.5 illustrates the new
interregional flow pattern and Table 5.3 presents the

percentage changes associated with this run, BRO9.

>’

Figure 35.35. Distributional pattern under 1985 market
conditions with RO applied at #$.90/cwt, (BR0O9)
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Table 5.3. Market Impact Under 1985 Conditions with
RO Applied at #.90/cwt, (BRO9)

Regions
Variable All 1 2 7 8 9
(Numbers are as a percentage change of BASE values)

Exports

Total -9.96 -7.25 0.01 0.01 -0.14
Class 1 0.35 -11.06 -8.06 -100.00 436.59 -0.15
Class III 0.00 0.00 52.20 -46.35 0.00
Price -5.11 -12.27 -9.01 0.02 0.02 -0.52
Revenues

Total -20.41 -15.09 -7.92 4.25 -.061
Claas 1 -4.78 -21.98 -16.35 -100.00 436.72 -.067
Imports

Total 1.39 0.90 0.30 0.00 0.50
Cost -3.86 -12.02 -8.61 -3.77 0.02 -0.50

The stair-atep effect found under the base solution
disappears. Region 8 again captures markets in the two
southernmost regions shipping 135 percent of itas Claass 1
sales, which corresponds to S1 percent and 45 percent of
region 1 and 2’s demand, respectively. Additionally,
region 8 supplies 70 percent of region 7’s Class I require-
ment. Region 7 is the only region under this scenario
which ceases production at the new equilibrium price
level. Region 4 experiences a shift of up to 13 percent of
Class I production either out of production or into the
Class III market.

Across all regiona, the Class I price falls 5.11
percent. As expected, the greatest impact occurs in
regions 1 and 2 where prices decline 12.27 and 9.01
percent. In contrast, regionsa 7 and 9 see no significant

change in their Class I export price.
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The inevitable impact of declining producer prices in
the absence of an equivalent rise in sales leads to a drop
in revenues. Revenues from Class I sales fall 4.78
percent across all regions. Excluding region 7, regions 1
and 2 record the largest falls, 21.98 percent and 16.35
percent respectively. As in the previous case, only
producers in region 8 appear to capture gaina in Claass I
aalea and Claaa I revenuea (436 percent each).

Consumers remain significant gainers under this scen-
ario. Across all regions the import price falls 3.83
percent, ranging from a high of 12 percent in region 1 to
virtually no change in regions 8 and 9. The overall impact

on demand of a lower Class I price remains negligible.

39.3.3 Applying RO Filtration at $1.735/cwt

When RO filtration is priced at $1.75/cwt the market
impact is relatively minimal on the whole, as indicated by
Table S.4 and Figure 5.6. Intuitively this makes asense
given a one-way break even mileage of 772 miles under thias
acenario. With export prices f.lling 1.3 percent, total
Class I exports remain unchanged and the regional diat-
ribution pattern begins to resemble that of the BASE

solution.
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Table S.4. Market Impact Under 1985 Market Conditiona with
RO applied at $1.75/cwt, (BRO175)

Regions

Variable All 1 2 7 8 9

(Numbers are as a percentage change of BASE values)
Exports
Total -5.93 -2.91 0.01 0.00 0.00
Class 1 0.12 -6.58 -3.24 -1.84 62.64 0.00
Claass II1 0.00 0.00 0.01 0.01 0.01
Price -1.30 -7.31 -3.62 0.01 0.01 0.01
Revenues
Total -12.45 -6.22 -0.13 0.61 0.01
Class 1 -1.19 -13.41 -6.74 -1.83 62.62 0.01
Imports
Total 0.82 0.36 0.00 0.00 0.00
Cost -1.21 -7.15 -3.46 0.01 0.01 0.01

* 7
R

\
— | g S

'..
Figure S5.6. Distributional pattern under 1985 market
conditions with RO applied at $1.75/cwt, (BRO17S5)
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0Of significant change is the opening of new markets for
region 8. As in the previous two cases region 8 exports to
regions 1 and 2 when RO filtration is adopted. These
shiprents replace those made by regions 2, 4, and 6 under
the BASE run. Also of importance is the re-entry of region
7 into the Claas I market. 1In fact, region 7 experiences
only a 1.84 percent decline in Clasa I salea. This
auggeata that region 7’a senaitivity to the change in
market variables, arising when RO is applied, is more
likely a result of its relatively high Class I differential
than due to its relative cost of production.

Reductions in Class 1 sales occur as in the previous
ceses. Regions 1 (6.57 percent) and 2 (3.24 percent)
experience significant declines while once again region 8
gains substantially (62 percent). 1In addition, export
prices fall by 7.3 percent in region 1 and 3.6 percent in
region 2 with all other regions experiencing insignificant
changes.

Total producer revenues for Claas I salea fall 1.19
percent with the brunt of this decline again being borne by
producers in regiona 1 and 2 (13.4 and 6.7 percent). In
contrast, region 8 enjoys increased Class I revenues of
more than 62 percent. It is again, however, difficult to

determine the impact on total revenues.
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$.3.4 Interpretation of Annual RO Results

Within the perfectly competitive, short-run, spatial
equilibrium framework applied through this model, RO
filtration would provide no real benefit to producers as a
whole, even when priced at its lowest level. The net
effect of full scale adoption of RO filtration is a
significant loss in total revenues to the industry, under
all RO cost scenarios. In fact, only region 8 stands to
gain and only under the RO equals $.30/cwt and #$.90/cwt
scenarios. Additionally, while the possibility exists for
some regions to capture new markets, without significantly
increased levels of demand, any market gained by one region
will represent a loss to another. Such is the case within
the three scenarios described in this section.

It should be noted that the results are unclear as to
exactly how much milk would continue to be produced in
regions no longer competitive in the Class I market. It is
fairly safe to say that some very localized production of
milk for Class I and Class III use would continue to the
extent which local demand warrants and producers can remain
viable at the government supported Class III price. Hence,
these vast shifts in Class I production levels do not
reflect local market phenomenon nor the ability for
producer cooperatives to control markets and/or negotiate
prices above the level generated by a theoretical equilib-
rium model. This caveat holds true for all the model

generated solutions in this study.



108

Considering the large number of RO facilities which
would likely be operated by producer cooperatives, it is
unforeseeable that those cooperatives would voluntarily
adopt any technology which would result in lost revenues
for their producers. However, recognizing the important
role of negotiation and the acquired market power which
exiata within certain marketsa, it may be posaible for aome
of the beneafit gained by conaumera in the theoretical
case to be usurped by producera. Under BASE acenario
conditions with RO filtration priced at $.90/cwt, this
represents a possible average gain of around 4 percent. In
an industry where profit margins are slim and producers are
struggling to remain viable, this represents a significant
increase. How much of that gain could be negotiated away
from consumers and how it would be distributed regionally

among producers is not clear.

In sum, the future for RO filtration under BASE con-
ditions does not look politically promising. 1In the
theoretical case, sufficient benefits must be created to
compensate the losers. Given the lopsided nature of the
costs and benefits generated by the model and, more
importantly, conaidering the underlying costs associated
with the necessary policy changes and transfera of bene-
fitas, it is doubtful that RO filtration would find use

under these conditions.
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S.4 September Conditions

When modeling the Class I milk market using annual data,
the inherently strong seaacnality of supply and demand is
lost through averaging. 1In attempting to determine the
market feasibility of a technology such aa RO filtration,
which directly impacts the transportation component of
fluid milk shipments, it wouid then seem of obvious
intereat to analyze the technology’s impact during the time
when shipments are naturally highest. Running the model
for the month of September serves this purpose; demand is
near its peak, supply is approaching its trough, and inter-
regional shipments are at their annual high. If this
shipment hypothesis is correct, one would expect to see the
benefits of RO filtration to be greatest during September.
Once again, however, this modeling exercise should be
viewed given the limitations of the model. Specifically,
the following points should be considered.

First, the model was designed for, built upon and
calibrated for annual data. To define short-run as one
month stretches the accuracy of the underlying short-run
supply and demand elasticities. However, given the model’s
relative insensitivity to elasticity changes, as discussed
in a later section, this should not present a significant
problem and no attempt has been made to re-specify the
existing annual model for monthly data.

Secondly, what can be easily averaged out on an annual

basis can not necessarily be disregarded on a monthly
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basis. For example, the existence of sustained call
provisions in New York made it necessary to force a set
quantity of region 7’s September supply to the Class I
market. This should not create any problems.

Third, no adjustments are made to the estimated costs of
RO filtration. It is asssumed, therefore, that RO filtra-
tion ia employed during September at a cost analogous to
that uaed under annual conditiona. Given that Septeaber
test runs wvere made for the $.30 to $1.75/cwt range
of RO costs, the true average coat for any number of use
conditions is presumably covered.

While these pointas of caution exist, none is over-
whelaing. It is believed that the results presented in
this section do serve the purpose for which they were
intended: to gain insight into the posaible impact of RO
filtration on distribution flows, prices and revenues

during September market conditions.

S.4.1 September Base Run

Under the base September run (SEPT), the model gener-
ated regional supply and demand levels averaged within
+/-1.4 percent of actual levels. While prices generated
are higher than actual prices, the more important relative
alignment of prices regionally remains intact.

Diastributional flow patterns for SEPT do not reveal
auch in and of themselves (Figure 5.7). Comparison to

the actual pattern is not possible given the lack of
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Figure S.7. Distributional pattern under September market
conditions, no RO applied, (SEPT)
appropriate data. It is worth noting that while regiona 4
and 8 do not show shipments for September in addition to
their annual average, regions 6 and 9 have each increased
their export markets. This satisfies the belief that
regions with large excess annual Class I supplies are more
likely to make September shipments to regions whose annual
supply and demand quantities are more in line -- suggeating
September supply shortages.

All in all, the base September run indicates that
substituting September data into the fully specified annual
model does provide a reasonably accurate solution upon

which comparisons can be made. Runs were generated for the
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three alternative RO scenarios (SRO3, SR0O9, and SRO17S5)
with the percentage changes listed in Tables 5.5, 5.6 and
S.7. The following discussion of these results focuses on
the RO filtration scenario in which cost is set at
#.90/cwt, SROS.

Table 5.5. Market Impact Under September Conditiona with
RO Applied at $.30/cwt, (SRO3)

Regionsa
Variable All 1 2 4 8 S
(Numbers are as a percentage change of SEPT values)

Exports

Total -10.14 -7.23 0.03 0.01 0.01
Class I 0.64 -100.00 -100.00 0.64 482.91 -31.44
Class 111 782.05 817.75 -0.38 -852.37 S8.42
Price -85.22 -12.54 -9.00 0.04 0.04 0.04
Revenues

Total -32.50 -25.04 0.10 2.11 -1.49
Class 1 -4.62 -100.00 -100.00 0.68 483.16 -31.41
Imports

Total 1.65 1.23 0.66 0.00 0.00
Costs -4,85 -14.53 -11.79 -0.38 0.04 0.04

Table S.6. Market Impact Under September Conditiona with
RO Applied at 8$.90/cwt, (SR09)

Regions

Variable All 1 2 7 8 9

(Numbers are as a percentage change of SEPT values)
Exports .
Total -9.23 -6.71 0.02 0.01 0.01
Class 1 0.42 -10.28 ~7.46 0.64 76.62 -31.44
Class III 0.00 0.00 -0.60 -8.30 S58.41
Price -3.07 -11.42 -8.36 0.02 0.02 0.02
Revenues
Total _ -18.95 -13.95 0.08 0.34 -1.50
Claas I -2.66 -20.52 -15.19 - 0.67 76.66 -31.42
Imports
Total 1.27 0.83 0.47 0.00 0.00

CO.f-. -3001 -11017 -7096 0003 0002 0002
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Table S.7. MNarket Impact Under September Conditions with
RO Applied at #1.7S/cwt, (SRO17S3)

Regions
Variable All 1 2 7 8 9
(Numbers are as a percentage change of SEPT values)

Exports

Total -4.98 -2.14 0.01 0.00 0.00
Class 1I 0.23 -5.35 -2.38 0.64 60.96 -30.89
Class III 0.00 0.00 -0.62 -6.61 957.38
Price -1.17 -6.17 ~-2.66 0.01 0.01 0.01
Revenues

Total -10.50 -4.57 0.06 0.27 -1.49
Class I -0.94 -11.37 -4.98 0.65 60.98 -30.89
Imports

Total 0.69 0.26 0.47 0.00 0.00
Cost -1.07 -6.03 -2.54 0.01 0.01 0.01

5.4.2 Application of RO Filtration

The impact of RO filtration on fluid milk marketing
under September market conditions is substantial. All
ascenarios follow the percentage change pattern outlined
under the annual scenarios. This is to say that when RO
filtration is priced at #.30/cwt (SRO3) the mosat signif-
icant change occurred; when priced at $1.75/cwt (SRO17S5),
the impact was substantially less. For example, under SRO3
export prices fell by 5.2 percent across all regions with
the largesat decrease hitting southern regions and with
greatest gain in Class I sales captured by region 8 (483
percent). The significance of these shifts diminishes
under SR0O175: the market wide export price increases 1.2
percent and region 8‘’s Class I exports incresse 61 percent.

When RO is introduced at a cost of $.90/cwt, the

impact on the industry is significant. The application of .
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RO filtration leads to a 3 percent overall decrease in the
export price. As expected, the burden of this decrease to
producers and the benefit to consumers falls heaviest in
the two southernmost regions. Total revenue loss for
regions 1 and 2 is 19 and 14 percent respectively.

Comparison of Figurea 5.7 (SEPT) and 5.8 (SR09) illua-
tratea how the diatribution pattern of Claaa I amilk
ahifta. Specifically, reagion 8 becomea a competitive
supplier of Class I milk to regionas 2 and S5, and region 4
ships south to region 3. 1In contrast to these market
gaina, however, several regions find markets once open to
them during September, now served by alternate sources.

For example, both region 6 and 9 lose two export marketas.

==
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Figure S5.8. Distributional pattern under S:bt.nbor market
conditions with RO Applied at $.90/cwt, (SRO9)
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The magnitude of this shift presents itself in Table
S5.6. It is interesting to see how application of RO
filtration reduces the price gap once existing between
regions 8 and 9 due to distance. Figure 5.8 suggests that
region 9 may loose its market directly to region 8. This
may suggest that under this scenario, the application of RO
filtration eliminates enough of the mileage disadvantage
faced by region 8 to allow it to capitalize on its relative
competitive advantage in milk production. Furthermore,
while regions 7, 8, and 9 do not see a significant change
in their export price, only region 9 suffers a fall in
Class 1 exports, 31 percent, as its exports shift from
Class 1 markets to Class 1IIl1. 1If region 9’s totel produc-
tion does remain unchanged, the total revenue loss is

limited to 1.5 percent.

In sum, given that the net impact to all producers
rermains negative, even under September market conditions,
RO technology would not likely be adopted under a market
environment described by the model. It is worth noting
however, that the "negative" impact to producers under
September conditions is less than that found under the
annual caese. From the point of view of an "imperfect”
market, this would suggest that for any constant percentage
of benefits negotiated at an annual level, a higher percent
of the consumer’s gains could possibly be transferred to

producers during September.
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5.5 Cut in CCC Purchases

At present the dairy industry is operating during an era
in which government is looking for areas to trim its budget
and agricultural enterprises are buckling under both heavy
debt and a competitively fueled push for increased effic-
iency. Under this environament, government expenditures on
manufaectured dairy products have become highly visible and
open to increaased public criticiam. Without judging the
merits of either U.S. dairy policy or criticiasmas of CCC
operations, the model was run under a scenario of reduced
CCC purchases.

The volume of 1985 CCC purchases was roughly equivalent
to 13.2 billion pounds. An estimated national decrease
of 8.2 billion pounds would be necessary to achieve a
purchase level approximately at equilibrium with government
demand. It was determined that approximately 63 percent of
1985 CCC purchases came from the area covered in this study
(DMS, 1985, Table 7). Hence, 4.44 billion pounda of the
reduction must be met within the model.

The cut in CCC purchases was incorporeted into the model
by setting an upper limit on Claas III imports. Subtrac-
ting 44.4 aillion hundredweight from the total quantity of
Class III shipments in the BASE equilibrium solution
produced the proper Claas III import quota level. Such a
quota should, and in fact does, force more milk onto the
Cless I market. This, in turn, precipitates a price

decrease across all regiona. Results from the reduced CCC
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purchases run (CCC), presented in Table 5.8 support this

chain of events.

Table S5.8. MNarket

Impact Under 1985 Conditions with CCC

Purchases Reduced, (CCC)
Regions
Variable All 1 2 7 8 9
(Numbers are as a percentage change of BASE values)
Exports
Tot.l -6¢92 '6088 -6077 -3023 -2083
Class I 0.70 -7.69 -7.65 24.20 0.60 -3.14
Clasas III 0.00 0.00 -23.02 -3.63 0.00
Price -8,.67 -8.53 -8.55 -10.00 -11.22 -10.66
Revenues
Total -15.34 -15.30 -15.09 -15.04 -13.37
Class 1 -8.04 -15.57 -15.54 11.78 -10.69 -13.47
Imports
Toteal 0.96 0.86 0.77 0.60 0.82
Cost -8.23 -8.3% -8.17 -9.53 -11.22 -10.26
Under limited CCC purchases, the weighted average price

of exports falls 8.7 percent and the weighted average

import price fallas 8.2 percent.

The new Class 111 price

drops approximately 12.4 percent to a level of #10.32,

Of the 4.44 million hundredweight removed from Clasas

IIJ use within the model, only 6.7 percent is absorbed as

additional Class I sales.

represents a decrease in total supply.

The remaining 93.3 percent

This would follow

the hypothesis that under a significant price decrease,

producers operating near the margin will be forced to

discontinue production.

relatively high cost of production regions would be

Regionally, those producers in the

expected to absorb the greatest impact of the reduction,

which they appear to do.

Regions 1 and 2 decrease total
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supply by about 6.9 percent each while regions 8 and 9 see
total supply fall by 3.2 and 2.8 percent respectively.

In regard to lost sales, all of the southern regions’
loss comes from Class I sales. This is alao the case
with region 9. Only region 7 sees significant increases in
Clasa I sales, 24 percent; but, no region experiences an
increase in total revenuea.

Acroaa all raegiona, producer revenuea fall an eatimated
14 percent. The distribution of this lost revenue,
however, is not as clear cut north to south as under
previous scenarios. Specifically, regions 7 and 8 j)oin
regions 1 and 2 in suffering above average losses, over 15
percent, while region 9 suffers less of a loss, 13 percent.

The new distribution pattern is presented in Figure S5.9.
Region 4 begins shipping a small amount of its supply
to region 3, region 2 loocses its region 1 Class I market
and both region 6 and 9 gain markets. It is the addition
of new marketa which helpa to limit revenue losasesa in theae
regions to below the induatry average.

The impact to the consumer of lower CCC purchasea
and, hence, & lower Class I support price, is examined by
looking at the new import price. Across all regions the
price of imports falls 8.2 percent; however, in contrast to
previous scenarios, no longer is the greateat drop in
prices, either import or export, found in the south.
Rather, the greatest percentage change is found in region

8, 11.2 percent.
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Figure 35.9. Distribution pattern under 1985 market
conditions with CCC purchases reduced, (CCC)

35.5.1 Applying RO Filtration at $.90/cwt

The industry impact of both RO filtration and a signi-
ficant drop in the M-W price is not uniform. Results
presented in Table 5.9 and Figure 5.10 (from run CCCRO9)
indicate that application of $.90/cwt RO filtration
benefits regions with relatively low Class I differen-
tials. These are some of the same regions which suffered
the greatest relative burden from the initial decrease in
N-W price. For example, application of RO filtration cuts
the loss in total revenues experienced by producers in

regions 8 and 9 from approximately 15 and 13.4 percent to
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Table 5.9. Market Impact Under 1985, Reduced CCC Con-
ditions with RO Applied at $.90/cwt, (CCCRO9)

Regions

Variable All 1 2 7 8

(Numbers are as a percentage change of BASE values)
Exports
Total -14.7S -12.42 -4.67 -2.23
Class I 0.88 -16.39 -13.80 -100.00 475.21
Class III 0.00 0.00 435.35 -52.93
Price -11.90 -18.19 -15.44 -6.90 -7.75
Revenues
Total -30.22 -25.97 -22.76 -7.49 -
Claaa I -11.12 -31.60 -27.11 -100.00 430.64 -
Imports
Total 2.06 1.55 0.84 0.41
Cost -10.02 -17.80 -14.74 -10.38 -7.75

-2.10
-2.46

0.00
-7.90

10.25
10.17

0.61
"7-61

A

-
: \

-’

o=
. ‘Q’%:;!
NS o
\

Figure 5.10. Distribution pattern under 1985, reduced CCC
purchases market conditions with RO applied at $.90/cwt,

(CCCRO9)
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7.5 and 10.3 percent respectively. (When viewed as imple-
menting RO filtration after the cut in N-W price this
corresponds to an actual increase in revenue of 8.9 and 3.6
percent for a price increase of 4 and 3 percent in regions
8 and 9 respectively). The net effect of a cut in CCC
purchases and application of RO filtration is for the
burden of a lower M-W price to shift away from regions 8
and 9 towards regions 1, 2, and 7.

In contrast to the benefits enjoyed by regions 8 and 9,
RO filtration causes producers in the relatively high
differential regions, such as 1, 2 and 7, to sustain
compound negative impacts. Firat, the cut in CCC causes
them to suffer substantial revenue loses, as discussed
previocusaly. Second, RO filtration forces an additional
lowering of prices and Class I sales, forcing revenues even
further down in these relatively high cost of production

regions.

3.5.2 Interpretations of Results

The market impact of a 8.2 billion pound reduction in
CCC purchases is significant. As CCC purchases decrease
supplies previously allocated to government purchases now
serve to flood the Grade A market. This, in turn, forces
prices down. With the NM-W price set at $10.32, it is
unclear how many producers can remain competitive. Clearly
all dairy operations producing at costa above that level

will be forced out of production over time. This is true
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both within and across regions. The exact number of
producers withdrawing from the market is unclear. The
model generates a short-run solution while reduced CCC
purchases would have a long-run effect.

The results suggeast that in the face of a significant
reduction of the M-W price, to maintain regional production
at levela analogous to current levela, the Clasa I differ-
entials would have to be increased. Intereatingly,
this appears to have happened with the 1985 Food Security
Act. The Class I differentials was increased while the M-W
price fell nearly two dollars over the previous five years.

The net effect of a decrease in CCC purchases and the
adoption of RO filtration is to leave relatively low cost
of production regions relatively better off than other
regions. Specifically, regions 8 and 9 may capitalize
on both their comparative advantage in production and their
relatively low Class I differentials. Once again, policy
changesa, i.e. adjusting the Class I differentials, would

be necessary in order to preaserve the atatua quo.

5.6 Altering the Class I Differentials

One of the barriers commonly cited to full scale
adoption of bulk reducing technologies is the Class 1
differential system. Given this, it should prove interes-
ting to explore the impact which both removing and realig-
ning these differentials would have on model soclutions.

This section discusses each of these policy scenarios.
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S.6.1 Removal of Class I Differentials
With Class I differentials removed from the price
linkage function, the base model was rerun. The new
solution, ND, was than compared to the original BASE
solution. Figure S5.11 illustrates the shifts in shipment
patterns which occur while Table 5.10 highlights the

market changes which lead to these shifts.

-”®

Figure S.11. Distribution patterna under 1985 market
conditions with Class I differentials removed, (ND)
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Table 5.10. Market Impact Under 1985 Market Conditions
with Class I Differentials Removed, (ND)

Regions
Variable All 1 2 7 8 9
(Numbers are as a percentage change of BASE values)

Exports

Total 11.91 6.66 -0.24 -0.17 -0.67
Class I 0.15 13.23 7.40 42.13 0.03 -50.01
Claas III 0.00 0.00 -22.47 -0.19 441.42
Price -13.65 -5.42 -8.59 -19.185 -9.24 -13.79
Revenues

Total 6.59 -1.68 -7.75 -1.14 -13.17
Claas 1 -13.78 7.09 -1.82 14.92 -9.21 -56.91
Imports

Total -1.70 -0.92 -0.06 0.03 0.17

Coat -13.55 -5-31 -8-20 -18.25 -9.2‘ -13.27

An interesting impact under this acenario is on diatri-
bution patterna. One purpose of setting differentials at
levels increasing with distance from the base pricing point
was to ensure a steady supply of milk at the local level.
This was accomplished by the differentials ability to
support production in high cost of production regions via
raising the minimum price. If the differentials are
properly set, their relative level should off-aet tranapor-
tation coatas. Given this, removal of differentials
should have little effect. If they are improperly aligned,
one would expect that their removal would alter prices and
increase interregional shipments as the market realigns
itself to costa of production.

When the differentials were removed from the model,
interregional distribution of Class I milk actually

decreases. The Class I price across all regions falls
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subatantially (over 13 percent) with the relative regional
export price roughly increasing the larger the region’s
cost of production is to its Class I differential.

Corresponding to the price fall is a 13 percent drop in
Class I revenues. Perhaps surprisingly, the greatest
weight of this burden appears to be borne by producers in
region 9. 1In contrast, region 1 sees the lowvest fall in
export price. Furthermore, region 1 actually increases its
total value of exports by increasing production by a
greater percentage than the fall in price. The only sure
gainers are the importers of Class I milk, the consumers.

An additional run was made under which industry wide
application of $.90/cwt RO filtration was instituted after
the removal of Clasa I differentials. While prices did
change, no shift in the distribution pattern occurred.
This is as would be expected when an unconstrained market
in equilibrium receives an equal decrease in transportation

costs across all regions.

If these results are at all indicative of how the
industry would actually react under elimination of Class 1
differentiala, it appears that the 1985 differentials not
only serve to maintain production at the local level but
they also provide the incentive behind a large proportion
of interregional shipments. As long as these shipments are
made to help balance local Class I supply with Claas I

demand, they serve a beneficial role. However, it appears
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that in some regions they may actually decrease the
proportion of Grade A milk going to Class I use due to

the effective subsidization of exports from other regions.

$5.6.2 Realigning Class I Differentials

Testing the impact of alternative Clasa I differentials
becane necessary with p.asag; of the 1985 Food Security
Act. Thia legialation aet new Clasa I differentiala for
all regiona. On average these differentials, increase at
an increasing rate from the base pricing point. To
determine how model results would be altered under this
legislation, new regional differentials were calculated
based on the 1986 levels and incorporated into the BASE
model. It quickly became evident that relative changes
in regional differentialas have a significant impact on

model results.

S.6.2a Impact on Base Run
Initial diatribution patterna, aa illuatrated in Figure
5.12, ahow a rather mild impact of the new differentials
(run D86). Region 6 looses one market and region 8
replaces region 4 as an exporter to region 2. In terms of
regional Class I prices and revenues, however, the impact
is significant. Table 5.11 provides a reference to the

degree of change resulting from the new differentials.
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Figure S5.12. Distribution patterns under 1985 market
conditionas and 1986 Class I differentials, (D86)

Table S5.11. Market Impact Under 1985 Market Conditions and
1986 Class I Differentials, (D86)

Regions
Variable All 1 2 7 8 9
(Numbers are as a percentage change of BASE values)

Exports

Total -4,.30 -2.48 1.20 0.24 0.72
Clasa I 0.00 -4.78 -2.75 -3.13 56.02 0.80
Class III 0.00 0.00 3.48 -5.68 0.00
Price 0.18 -5.29 -3.08 1.78 0.85 2.70
Revenues

Total -9.11 -5.30 1.56 0.92 3.21
Class I 0.18 -9.82 -5.75 -1.41 57.3S 3.52
Imports

Total 0.60 0.31 -0.14 -0.05 -0.21

Cost 0.15 -5.18 -2.94 1.69 0.85 2.60
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Across all regions the export price and revenue from
Class I sales remain unchanged. Regionally, variation
exists. The Class I export price in region 9 shows the
greatest gain, 2.7 percent, with region 1 receiving the
greatest loss, 5.3 percent. In terms of revenues, region 8
atands to gain subatantially with an increase of 57.3
percent; region 9 follows with a 3.5 percent gain. On the
conaumner aide, regiona 7 and 9 appear to feel the greateat
impact as their import prices increase 1.7 and 2.6 percent
respectively.

The changes described above all indicate that the
disproportional increase in Class I differentials tends
to favor producers in regions 8 and 9. This unbalanced
effect is further illustrated by model results when RO
filtration is introduced. Highlights of these results are

discussed below.

5.6.2b Applying RO Filtration at $.90/cwt

The industry wide application of RO filtration, given
1986 differential levelsa, appearas to emphaaize the apparent
imbalance caused by the new Class I differentials.
Percentage changes between this scenario, D86R09, and D86
are listed in Table S.12. Figure S.13 portrays a radical
change in distribution patterns both relative to the BASE
(Figure 5.3) and BRO9 (Figure 5.5) patterna. The most
obvious change is the new role of region 8. It becomes a

key supplier of Class I milk to three regions and the sole
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Table S5.12. Market Impact Under 1985 Conditions and 1986
Class I Differentialas with RO Applied at $.90/cwt, (D86R0O9)

Regions
Variable All 1 2 7 8 9
(Numbers are as a percentage change of D86 values)

Exports

Total -4.87 -3.27 1.20 1.26 0.87
Class I 0.19 -100.00 -100.00 -100.00 848.84 0.96
Class III 850.77 865.82 54.31 -88.74 0.00
Price -4.01 -6.01 -4.06 1.78 4.40 3.27
Revenues

Total -32.27 -25.64 -6.42 13.84 3.89
Class I -3.84 -100.00 -100.00 -100.00 890.59 4.26
Imports

Total 1.76 0.99 0.09 -0.24 -0.25
Cost -1.80 -15.24 -9.47 -1.11 4.40 3.15

P ad

Figure 5.13. Distribution pattern under 1985 market
conditions and 1986 Class I differentials with RO applied
at $.90/cwt, (D86R0O9)
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supplier to two. Region 8’s Class I sales increase
dramatically, over 500 percent, as regions 1, 2, 3 and 7
fall out of the Class I market. Region 9 also benefits
significantly form the adoption of RO filtration under
these market conditions. 1It’s level of total revenue

increasesa nearly 4 percent as market price raises.

S.6.2¢c Interpretation of Results

The results from these runs tend to demonstrate two
important pointa. Firat is the ability of a relative
change in the differential level to alter the existing
balance within the industry. Any marketing activity
operating near the margin is easily influenced by such a
change. Within a spatial equilibrium context, any sig-
nificant alteration to one region’s market will be felt
across all regions. Such is the case with implementation
of new Class I differentials. As relative prices change,
marketings and revenues change.

Second is the choice preaented by the availability of RO
filtration: to allow increases in aome forma of market
efficiency versus maintaining the status quo. The intro-
duction of RO filtration does allow for increased effic-
iency in the sense of comparative advantage and trade
theory; however, the burdens and benefita of transition to
such a market do not fall evenly. Thqro is no Pareto

optimal solution.
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After running the model under a range of alternative

scenarios, two main areas of question remain to be discus-

sed. Specifically, how does the model react to a sign-

ificant increase in the cost of transportation and,

results change when the underlying supply and demand

elasticities are altered.

Each of these areas will

how do

be discussed below with comparisons made where feasible.

S3.7.1 Increasing Transportation Costs

In recent years the transportation industry has seen

significant increases in operation costs.

In an effort to

yield insight into the variability of model results under

conditions of significantly increased shipment costs, each

component within the transportation cost function was

increased by 50 percent.

The following set of transpor-

tation cost (TC) functions result for one-way mileage:

Short Haul:

No RO applied:

Cost of RO = #.30/cwt:
Cost of RO = 8.90/cwt:

Coat of RO =81.75/cwt:

TC

TC

TC

TC

TC

= ,25008

= ,24737

= ,42368

=]1.02368

=]1.87368

+

+

+

+

+

Table 5.13 presents the revised long haul

distances and Figure 5.14 illustrates the

.00998M

.00648M

.00324M

.00324M

.00324M

break even

cost versus

(5.7a)

(5.7b)

(5.7¢)

(4.3d)

(4.3e)

nileage relationship under these increased costs and the

original transportation costs.

Using these new functions,
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the BASE and BRO9 scenarios were regenerated as TC2 and
TC2RO9. Results from these runs are presented in the

following section.

Table S.13. Long Haul Break Even Cost Diatances Under S5O
Percent Increased Transportation Costs

Coat of Break Even Coat Function
RO Distance Sequence
M < 100 (S.7a)
None ———— M > 100 (5.7b)
M < 100 (S5.7a)
$.30/cwt 54 miles M > 100 (5.7¢)
M < 100 (5.7a)
100 > M > 240 (S.7b)
$.90/cwt 240 miles M > 240 ($5.74)
M < 100 (5.7a)
100 > M > S02 (S5.7b)
81.75/cwt 3502 miles M > S02 (S.7e)
800
700 -
600 -
g 800 -
g 400 -
g 300
200 -
100
o L] 1} | | L] ] ¥ 1] L ] i

L} L) 1 §
0.8 1.1 1.3 1.8 1.7
Costs of RO Fiitration
+ Inoregeed

v
0.3 0.5 0.7
o  Actual

Figure S.14. Break even mileage of RO filtration under
unadjusted and fifty percent increased transportation costs
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S.7.1a Impact on Base Run

One would expect a 350 percent increase in transportation
costs to result in both a reduction in interregional Claass
I milk shipments and an increase in intraregional Claas I
sales, especially within newly *isoclated" markets. Indeed,
this is the case. Figure 5.15 illustrates an obvious
reduction in shipments when compared to Figure 5.3. For
example, region 1 becomes self sufficient while region
2 dravws its additional supply from a closer source (region

S versus region 4).

Figure S5.15. Distribution pattern under 1985 market
conditions and fifty percent increased transportation
costs, (TC2)
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The percentage change comparisons shown in Table 5.14
also uphold the solutions compatibility with theory. The
increased per mile transportation cost restricts the
ability of lower relative cost of production regions from
capitalizing on their combined comparative advantage and
lover relative Clasa I differentiala. Region 8 appeara to
be hardesat hit asuffering a SO percent decline in Cleaa I
aalea. Thia correaponda to a loaa in total revenuea of
over 7.7 percent. The biggest gainer is region 7 (total
revenues up 3.9 percent) which no longer finds itself
losing markets to more distant regions because of its
relatively high Cless I differential.

Table S.14. Market Impact Under 1985 Conditions and Fifty
Percent Increased Transportation Costs, (TC2)

Regions
Variable All 1 2 7 8 9
(Numbers are as a percentage change of BASE values)

Exports

Total 7.35 3.03 0.00 0.00 -0.55
Clasa I -0.23 8.16 3.39 S51.49 -0.11 -350.10
Class III 0.00 0.00 -27.02 0.01 443.32
Prlc. 0078 9006 3.78 0.00 0.00 -2009
Revenues

Total 16.69 6.74 3.88 0.00 -7.74
Class I 0.55 17.97 7.30 S51.49 -0.10 -51.14
Imports

Total -1.1S5 -0.61 -0.19 -0.11 0.01
Cosats 2.45 9.92 5.86 2.35 1.95 -0.13

Rogiéns 1 and 2 also gain. The additional cost of
shipping down to region 1 causes its export price to jump
over 9 percent. This, in turn, allows its higher cost of

production induatry to burgeon. Total production in region
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1 increases over 7.3 percent with total Grade A revenues
rising by approximately 16.7 percent. Overall, when trans-
portation costs increase 50 percent, all other variables
held constant, producers stand to come out about even
(total revenues across all regions increase less than .4
percent).

For consumers, the cost of increased transportation is
passed directly on to them. The overall import price
increases 2.45 percent. As expected, southern regions see
the largesat increase in import price (9.9 percent in region
1 and 5.9 percent in region 2). In contrast, the import
price actually falls, though negligible, in region 9 where

the decline in Class 1 exports floods its market.

S.7.1b Applying RO Filtration at $.90/cwt
The application of RO filtration in the face of in-
creased transportation costs allows Upper Midwest producers
to once again become gainers. Under transportation cost
increases, the adoption of RO filtration would allow region
9 to regain its lost market and region 8 to develop new
marketas. Figure 5.16 illustretes the resulting Class I

shipment pattern under this run (TC2R09).



136

1
-
Figure 5.16. Distribution pattern under 1985 market
conditions with transportation costs increased fifty
percent and RO filtration applied at $.90/cwt, (TC2R09)

The increase in Class I sales by both region 8 and 9 are
substantial, 19.5 and 101 percent respectively. However,
the gaina obtained through RO filtration go beyond the
status quo established by the original BASE solutionl.

Thias is illustrated by the percentage changes liated in
Table S5.15. A comparison indicates that revenues in region

1 would actually fall a total of 6.45 percent versus a

revenue gain of 1.4 percent in region 9. Hence, while the

1 Note that this scenario represents a simultaneocus
increase in transportation costs and application of RO
filtration.
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Table 5.15. Market Impact Under 1985 Conditions with Fifty
Percent Increased Transportation Costs and RO Applied at
$.90/cwt, (TC2R09)

Regions
Variable All 1 2 7 8 9
(Numbers are as a percentage change of BASE values)

Exports

Total -3.02 -2.92 0.00 0.00 0.32
Class 1 -0.12 -3.36 -3.25 -2.60 19.33 0.35
Class III 0.00 . 0.00 1.37 -2.05 0.00
Price -0.83 -3.72 -3.63 0.01 0.01 1.19
Revenues

Total -6.4% -6.24 -0.19 0.19 1.41
Class 1 -0.94 -6.95 -6.76 -2.60 19.34 1.55
Imports

Total 0.30 0.13 -0.19 -0.11 -0.24
Costs 1.44 -2.59 -1.22 2.35 1.96 3.02

introduction of RO filtration appears essential for
producers in regions 8 and 9 given a S50 percent increase in
transportation costs, the end result is not an even
distribution of gains when RO filtration is priced at

$.90/cwt.

$.7.2 Alternative Supply Elasticities

Elasticities may be difficult to estimate even for the
simplest of commodities. Judging by the range of elas-
ticity sets developed and of estimation techniques emp-
loyed, estimation of milk supply elasticities has not been
an easy task. Accordingly, the model used in this study
was tested for its sensitivity to changes in regional
supply elasticities.

Initially two sets of short run supply elasticities,

Hallberg et al.’s and Huy’s, were considered for use in
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the model. 1In selecting which of these sets to incor-
porate, base runs were generated for each. When model
generated regional supply and demand levels for the two
runs were compared to actual 1985 levels, Huy’s initial
elasticities provided slightly better results than did
Hallberg et al.’s;: although, the reaulta were not aignif-
icantly different. 1In light of the base run’a role of
providing the opportunity for finer calibration, Huy’a
initial 1985 elasticities were selected.

After all runs were generated, a revised set of Huy’a
1985 elaaticitiea became available. Thia increased
the importance of teating the model’s reaction to alternate
elasticities. As an indication of the new elasticities
impact on regional supply schedules, intercept terams
generated from the new and old elasticities are presented
in Table 5.16. Note that while the ordinal ranking of
regions remained the same, the degree of impact varied
subatantially.

Table $5.16. Regional Supply Schedule Intercept Term Values
Under New and Old Supply Elasticities

Intercept Percentage
Region O1ld New Change
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A problem arose in generating model runs due to the
negative elasticity values associated with regions 8 and
9. GTP only accepts supply elasticities which are greater
than or equal to zero. To test the legitimacy of setting
these to zero, region 9’s elasticity was adjusted downward
from .15 in successive runs, ceteris paribus. Table 5.17
reflects how region 9’s supply schedule coefficients and
the equilibrium supply quantities for all regions changed.
Note that while altering region 9’s supply elasticity did
significantly impact its supply schedule coefficients,
there was a negligible impact on model equilibrium levels.
Table 5.17. Impact of Progressively Lower Supply Schedule

Elasticities on Region 9’s Supply Schedule Terms and
Equilibrium Quantities

Supply
Elasticity Slope Intercept Region 9 All Others
«15 « 36 44.00 51.652 no change
«10 «37 46.58 51.636 no change
.09 .19 49.17 81.766 no change
« 00 .00 S1.76 S51.760 no change

Given this aspparent 1n.on01;1vity to changes in a single
region’s supply elasticity, the model was rerun with region
8 and 9’s elasticities set at zero. The impact on relevant
results was negligible. Table 5.18 displays the overall
impact of the new elasticities on model results under 1985
market conditions (BASE). The distributional patterns and
regional Class I supply and demand quantities levels
remained within +/- 1 percent of initial roculto._with the

exception of regions 4 and 8. Region 4’s supply increased
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2.5 percent while region 8’s increased 1.8 percent.
Interestingly though, all of this additional supply was
shipped to region 10, the Class III sink. Hence, the
effect of the revised elasticities was insignificant in
relation to the analysis presented in this chapter.

Table 5.18. Regional Impact of "New" Supply Elasticities
on Equilibrium Quantity and Price Levels

Region Supply Demand Price
old New Change 0oild New Change Oold New
(mil. cwt) (%) (mil. cwt) (%) (8/cwt)
1 20.2 20.2 0.0 23.1 23.1 0.0 17.08 17.05
2 27.8 27.9 0.0 34.4 34.4 0.0 15.72 15.69
3 64.6 64.5 0.0 S8.1 S8.2 0.0 - 14.86 14.94
4 66.4 68.1 +2.5 50.5 50.5 0.0 13.31 13.28
) 53.0 52.9 -0.3 44.1 44.1 0.0 14.83 14.81
6 65.4 65.9 +0.7 44.5 44.5 0.0 14.06 14.06
? 241.8 243.2 +0.8 118.1 118.1 0.0 14.57 14.57
8 242.8 247.2 +1.8 23.3 23.3 0.0 12.98 12.98
9 S1.6 51.8 +0.4 23.1 23.1 0.0 13.67 13.67
10 412.9 421.4 +2.1

Although there is little doubt that drastic alterations
to supply and demand elasticities would impact model
resulta, the teat conducted in thia section indicatea that
the model is reasonably insenaitive to moderate elaaticity
changea. Thias is especially true for near proportional
changea. Hence, the results and analysis presented in this
atudy, developed using Huy’s initial 1985 elasticities,

provide an acceptable level of accuracy.

S.8 Comparison of Results with Other Studies
This section addresses the cross comparison of results

presented in this thesis with those from other dairy
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modeling studies. Specific studies addressed are those by
Novakovic et al., DAMPS, (1980); Hallberg et al. (1978):;
Whipple (1983); and, Hammond, Buxton and Thraen (1979).
Although these studies most closely follow the design of
this thesis, they differ in specification and intent. 1In
general, the time period covered, data incorporated,
regionalization, and issues addressed vary considerably
among studies. Given these intrinsic differences, only

broad comparisons are made and general insights gained.

The DAMPS study addressed the realigning of rogibnal
differentials according to actual tranaportation costs.
Their results indicate that in no region does the resultant
pricing structure lead to a near or total reduction in
production. 1In contraat, within this thesis the differ-
entials were held constant and, when the transportation
cost atructure changed significantly with adoption of RO
filtration, several production regions experienced a total
withdrawal from the market.

Although the two alternative approaches to handling
Class I differentials do prohibit direct comparison, they
also help to illustrate one effect of the short-run model:
it does not allow for thes industry’s ability to make policy
or marketing adjustments in response to a new technology.
Furthermore, there are several areas where general DAMP’s
results coincide with those obtained within this atudy.

For example, producer price and marketings in the Northeast
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are found to be highest when the Class I price and differ-
ential are highest in that region; consumption varies
relatively minimally with changes in the Class I price;
producers in the Upper Midwest do better the higher the
Class III price; and the Southeast and Southcentral
regions’ prices are lowest when Class I differentials are
aet according to the cost of ahipping milk in ingrediant
form. While theae observationa correapond with the reaultsa
obtained within this thesia, they are more comparisons
with accepted beliefa and theory than a good teat of model
results and they do not provide any new underatanding of

spatial market reaponse under RO filtration.

Hallberg et al. focused on equalizing the pricesa of
fresh and reconstituted milk via altering Class I differ-
ential levels. As with the DAMPS study, there is limited
capacity for cross comparisons to be made. For exanmple,
they found that consumer expenditures increase by a greater
proportion than producer revenuea when Claaa I differ-
entials are increased. Although no proportional increases
in Class I differentiala are made within this thesis, the
general relationship between producer revenues and consumer
expenditures is exhibited when Class I differentials are
removed entirely: Grade A export revenues fall between 7.5
and 11.5 percent while Clasa I import expenditures fall by
13.7 percent. Additionally, Hammond et al. note that

approximately 60 percent of shipments to the Northeast
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region’s demand centers are intraregional. The corres-
ponding region in this study, region 7, supplied 70 percent

of its Class I demand.

Whipple found that if ingredients were priced at their
manufactured price then farm level prices would fall by up
to 15 percent in Florida and by up to 2 percent in the Lake
Statea. Furthermore, the gross farm receipts across all
regions would drop. Although this thesis expresses
producer prices as export prices, responds only in the
short-run, and does not directly deal with the issue of
pricing reconstituted milk (due to only Grade A milk being
RO filtrated), it does produce similar responses in terams
of direction of impact. For example, when RO is priced at
$.30/cwt (yielding a transportation cost function nearest
to that for shipping milk in ingredient form), export
prices in Florida fall by over 13 percent, export prices in
the Upper Midwest increase by approximately .25 percent,
and total export revenue for Grade A milk drops between S
to 40 percent across all regions (depending upon the actual
amount of Grade A produced for Class III use). Again these
results suggest compatibility between research results in

very general terms.

Hammond, Buxton, and Thraen approached analyzing the
regional impact of reconstituted milk on regional Class 1

differentials and production via altering the differentials
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and via pricing ingredients at their manufactured price.
The first method is not used in this study and the second
is not applicable; thus, direct comparison of results is
not feasible. Of general interest however, they find that
changing supply elasticities proportionally has a rather
minor influence on results. While this is analogous to
results presented in this chapter, it is more an indication
of model aenaitivity to elaasticity changea than it ia to

the marketa’ reaction to a policy or technology change.

S.9 Sumnmary

In this chapter the model specified in Chapter Four waas
directly applied to the dairy industry under several
different policy and economic scenarios. When teated
against actual 1985 marketings, the model responded with
reasonable accuracy. As more drastic policy changes were
implemented and the model was stretched further beyond its
original design, less confidence was held in any one
reault. However, even under these more extreme conditiona,
the model does provide inaight as to what the market impact
of alternative scenarios would be under a perfectly
competitive, spatial equilibrium framework.

Throughout all model runas, changes to regional Claas I
sales, revenues, and distribution patterns were used as
indications of the possible market impact of alternative
scenarios. Of specific interest was the viability of RO

filtration within the model.
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Although results under alternative scenarios varied
significantly, across all model runs it was found that the
introduction of RO filtration would benefit importers at
the expense of exporters. Regionally, the impact was
inconsistent across runs. In general, exporters in the
lower relative cost of production and Class I differential
regions saw prices and revenues fall less than did ex-
porters in other regions. The converse was true for
importers.

In terms of impact on the two low cost of production
regions, 8 and 9, introduction of RO filtration had a mixed
impact under alternative scenarios. Under the BASE
scenario series, only region 8 gained export revenues under
RO filtration priced at .30 and $.90/cwt; region 9 saw no
revenue change under RO at any price. During SEPT condi-
tions, adoption of RO filtration actually reduced region
8’s revenues while increasing region 9’s. When Class I
differentials are removed, RO filtration had no significant
impact on any region under any pricing schenme.

It appears region 9 benefits substantially from full
scale adoption of RO filtration under the two remaining
scenarios. First, under the new 1986 differentials both
regions 8 and 9 experienced substantial revenue gainas via
RO filtration. Second, under a significant (SO percent)
increase in transportation costs and RO filtration priced
at either $.30 or $.90/cwt, region 9 enjoyed substantial

revenue gains; region 8 experienced no change in revenues.



CHAPTER SIX

SUMMARY AND CONCLUSIONS

This study examined the potential economic feasibility
and market impact of applying reverae ocamoaia filtration to
fluid milk. The motivation for this research stemmed from
a combination of factors. Primary among them were the
tightening of finencial reaocurcea within the induatry and
improvements in reverse osmosis technology. A short-run
spatial equilibrium model of a selected segment of the U.S.
Grade A milk market was developed and applied under a range
of pricing and policy scenarios. Specific questions asked
were: (1) Who stands to gain from the nation-wide adoption
of RO filtration? (2) How will production shift and what
are the regional implications of such a change? And (3)

Is RO filtration even potentially feasible in the political
economic marketing aense?

This thesis has approached these questions through both
descriptive and quantitative analysis. Regional compet-
itive advantage in milk production was established. The
key marketing variables affecting and potentially affected
by the industry-wide adoption of RO filtration for Class I

use were identified. The current policy constraints to
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narketing reconstituted milk were discussed.

A brief summary of the motivation behind this research,
the model utilized, and the results obtained are presented
below. The remainder of the chapter focuses on the
implications of model results and on conclusions which can

be drawn from thenm.

6.1 Background to Research Issue

The U.S. dairy industry is immersed in an era of tran-
aition. 1In an effort to decrease government expenditures
and reduce the milk surplus, the dairy support price has
been lowered by over two dollars per hundredweight in the
past five years. Under the burden of heavy debt and
reductions in the support price, many dairy operations have
been forced out of production. 1In contrast to these
pressures to reduce supply, productivity expanding tech-
nologies, such as bovine growth hormones, are on the
horizon. The result of these opposing forces is both
increased tension and an intensified effort to identify
means by which to minimize the negative effects of tran-
sition and achieve greater economic efficiency.

Technological advances related to the long distance
transportation of bulk milk have made the topic of greater
efficiency gains through comparative advantage relevant.
Of primary interest is the advance in reverse osmosis (RO)
filtration. This process would allow bulk milk to be

reduced in volume and weight by fifty percent and wculd
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provide a fluid product meeting taste, consistency and
nutritional requirements of the consumer.

While the present regulatory environment restricts the
economic marketing of an RO filtrated milk product, given a
positive environment, RO filtration could be an attractive
means by which transportation costs could be reduced and
efficiency increased. 1In the proceas, the dairy indusatry
could be aligned according to competitive advantagea in
production. Such a realignment would allow the induatry to
achieve increased economic efficiency. It appeara this may

be of importance to the industry’s long-run success.

6.2 The NModel

An annual spatial equilibrium model was specified
according to the market characteristics of the dairy
industry and the objectives of this study. The modeled
area was broken down into nine supply and ten demand
regiona covering 29 federal orders and 33 atatea. Eati-
mated costs of applying RO filtration, transportation coat
functiona, supply and demand elasticitiea, and regional
data were all incorporated into the model.

The fully specified model wes then epplied to esatab-
lishing the potential economic feasibility and regional and
market impact of RO filtration on the Class I milk market.
To capture the range of possible impacta, several pricing
and policy scenarios were developed. Specific scenarios

ware as follows: (1) three possible costs of applying RO
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filtration were incorporated into the base model; (2) the
model was adjusted to reflect market conditions during
September, when supply is low, demand is high and inter-
regional shipments are greatest; (3) a significant cut in
CCC purchases precipitating a drop in the support price wvas
simulated; (4) the total removal and the realignment of
Class I differentials were 1ﬁcorporatod: (5) the impact of
a fifty percent increase in transportation costs was
simulated; and finally, (6) alternative supply elasticities
were applied to determine the model’s sensitivity to that
important parameter. Solutions were then gonoratod4through
the Generalized Transportation Problem microcomputer
program developed by Holland and Sharples (1984) and
Holland (19835).

Results from each of these alternative market scenarios
were compared to their respective baseline runs on a
percentage change basis. Under each scenario the primary
questions addressed were (1) how supply and demand quan-
tities were affected, (2) how the distributional pattern
changed, and (3) what was the resulting impact on costs and
revenues. Specific interest was paid to the regions
believed to experience the greatesat impact under scenario
changes: Florida, Southeast, Northeast, Minnesota-Wiscon-

sin, endlnichigan.
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6.3 Summary of Results

Model generated results were both insightful and, in
some cases, surprising. The fully specified model gen-
erated baseline results reflecting 1985 market levels with
acceptable accuracy. This provided the foundation upon
which alternative scenario results were compared in order
to determine the potential market impact of policy and

price changea.

6.3.1 RO Filtration

When RO filtration waa applied to the baseline model,
regional impacts were significant. Distributional changes
tanded to favor the Minneaota-Wiaconain region to the
detriment of the Florida, Southeast and Northeast regions.
In terms of producer revenues, the overall impact of RO
filtration was a significant loss in total revenues.
Regionally, producers in Florida, the Southeast and
Northeasat suffered the greatest loss in revenues. Under
each pricing acheme, the benefita of full acale adoption of
RO filtration under 19835 market conditions were paased
directly on to consumers. The regions which asaw the
greatest fall in producer prices also saw the largeat fall

in consumer prices.

6.3.2 September
The impact of RO filtration under September market

conditions remained substantial. The Minnesota-Wisconsin
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region gained markets while the two southernmost regions
sustained the largest declines in price. The net impact to
all producers continued to be negative, however, the degree
of this impact wvas less than experienced under the baseline
1985 scenario. Regionally, consumer and producer prices

once again moved together.

6.3.3 Reduction in CCC Purchases

When CCC purchases were limited to 5 billion pounds, the
M-W price dropped to #10.32. This, in turn, led to a
significant decline in the weighted average Grade A market
price. The inelastic nature of milk demand limited the
impact of this price fall to a relatively minor change in
demand; hence, the majority of the 8.2 billion pound
decrease was acheived through reduced supply. Producers in
the relatively high coat of production regions absorbed the
greatest impact of the reduction both in terms of fallen
prices and sales. The Northeast region was the only region
to experience a significant increase in Class I sales but
no region saw an increase in total revenues. The most
significant revenue loss hit the Florida, Southeastern,
Northeastern and Minnesota-Wisconain regions.

When RO filtration was applied under this scenario,
regions with relatively low Class I differentials bene-
fited. As a result, many of the regions which suffered the
largeat losses under decreased CCC purchases received the

greatest benefit from the adoption of RO filtration.
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Specifically, model results indicate that producers in the
Ninnesota-Wisconsin and Michigan regions benefited signifi-
cantly by the market-wide adoption of RO filtration in the
face of significant reductions in CCC purchases or the M-W
price. Producers in the Florida, Southeast and Northeast

regions, however, experienced compound negative impacts.

6.3.4 Change in Class I Differentials

Model results under a one hundred percent removal of
Claas I differentials indicate that interregional shipments
of Class I milk decrease and the market wide Claas I price
falls substantially. Class I revenues drop dramatically
but surprisingly, the greatest loss is felt by the Michigan
region. In contrast, the Florida region becomes an
isoclated market, experiencing a negligible fall in Class 1
price and an increase in total revenues. It appears from
this that Class I differentials actually serve to subsidize
exports to certain regiona -- perhaps preventing local
producers from supplying local Class I marketa. The
application of RO filtretion led to & reduction in prices
but no alteration in distributional patterns, as would be
expected.

When 1986 differentialas were substituted, revenues and
export prices remained unchanged overall, but regionally,
shifts occurred. The Michigan region received the greatesat

gain in overall Grade A price while the Florida region

received the greatesat loss. Regional revenue gains favored
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the two Upper Mid-west regions as the “export subsidy"™
characteristic of relative Class I differentials was
enhanced.

When RO filtration was implemented, the imbalance of
benefits swung even wider. The Minnesota-Wisconsin
region’s Class 1 sales increased dramatically to the
detriment of the two southernmost regions, the Southern

Plains and the Northeast.

6.3.5 Increased Transportation Coats

A fifty percent increase in transportation coasts had the
effect of altering the impact of Class I differentials. As
a result, a decrease in interregional Class I shipments and
en increase in intraregional sales occurred. The Florida
region actually became self-sufficient while other regions
imported their additional supply from closer markets.
Hence, the ability of the low cost of production Upper
Midwest regions to capitalize on their competitive advan-
tage was limited. Minnesota-Wisconsin producers were
mnoat adversely affected while their counterparts in ﬁhe
Florida, Southeast and Northeast regions experienced a
significant increase in total revenues.

Consumers paid directly for the increased cost of trans-
portation; likewise, when RO filtration was applied they
benefited directly from the reduction in transportation
costs. Producer benefits from the application of RO

filtration were primarily allocated to the Michigan and
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Minnesota-Wisconsin regions. This suggests that, in the
face of increasing transportation costs, all other factors
held equal; in order for producers in those regions to
maintain revenues, they may find it necessary to adopt a

bulk reduction technology such as RO filtration.

6.4 Points of Caution

The model utilized to gain theae inaighta ia aimplistic
relative to the dairy induatry itself. It can only give
the theoretical solution to the apatial equilibrium model
as specified. It is a short-run annual model and as such
is not capable of capturing all the subtleties of the
mnarket’s long-run adjustment to a new technology. The
model produces an instantaneocus shift to a new equilibrium
position while in reality the market adjusts in a far more
interactive and dynamic manner. For example, it is
inevitable that policy changes would be made during tran-
sition, altering the path towards the new long-run equilib-
rium. Given thias understanding, it would be misleading to
extract any given model generated coefficient and compare
it to the true value found in an isoclated, dynamic Grade A
market. Even with these caveats, significant insights were
gained in approaching the general objectives of this

research.
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6.5 Conclusions

The impact of RO filtration on the Grade A milk market,
as indicated by model solutions, could be significant.
However, the overall impact appears to effect producers
adversely while providing significant benefits to con-
sumers. This remains true across all pricing and policy
scenarios.

Economic theory suggests that RO filtration would be
implemented if sufficient gainas could be captured to cover
all costs. Therefore, it would be necessary for consumers
to properly compensate producers and for the underlying
political costas to remain unprohibitive. The model can not
account for these elements.

In terms of industry dynamics, market power and bar-
gaining among producer cooperatives play a very real and
important role. The industry does not operate according to
perfectly competitive market theory. Recognizing this, it
is reasonable to suggest that some of the benefit gained by
consumners in the theoretical case could be usurped by
producers. Across scenarios and regions this represents a
possible average revenue gain of four percent. In an
industry where profit margins are slim and producers are
atruggling to remain viable, this represents a significant
increase. How much of that gain could be negotiated away
from consumers and how it would be distributed regionally
is unclear and not the subject of this research. One can

merely say that under the model developed and presented
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within this thesis, it is not likely that RO filtration
would find use within the U.S. Grade A milk market at this
time. Actual long-run results would likely differ from

those presented here to some unknown degree.

To summarize the implication of model results, the
full acale adoption of RO filtration within the Grade A
milk market would depend heavily on three related factors.
Firat, the magnitude of the potential gain to consumera and
the degree to which that gain could be transferred to
producers must be large enough to instigate the necessary
changes. Second, the gain captured by producers must be
large enough to cover the indirect costs of policy changes
(i.e. lobbying and developing new market institutions) and
it must be large enough to compensate the regional losers.
Third, the adoption of RO filtration would be dependent
upon development of a set of mechanisms facilitating these
compensatory transfers between producers.

Thia thesis neither addreases queationa related to the
social welfare and policy implications of RO filtration nor
does it confront issueas of market efficiency and equity.
These are important areas to be researched when adoption of
RO filtration is under serious consideration. This thesis
merely develops and presents a model with the objective of
testing that model and providing inaights as to posaible
changes within the industry. The results obtained together

with the analysis presented meet that objective.
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Allocation Provision: The FMMO accounting syatem whereby
either Class I milk not originating from & federal order
or reconstituted milk is matched in volume by "up-
allocated’”, non-Class I milk. Such milk in exceaa of
what is available to up-allocate is charged a Compensa-
tory Payment equal to the local Class I differential.
Together, allocation provisions and compensatory pay-
ments ensure that the cost of non federal order or
reconstituted milk is at least as great as the minimunm
Class I price within a given federal order; thereby
ancouraging usae of local supplies and effectively
removing the incentive to reconstitution.

Blended Milk Product:! A product made from a blend of fresh
whole milk, water and nonfat milk powder or butter oil.
Blended milk allows an area’s milk supply to be
atretched.

Blend Price:! Tha price which producera receive for their
Grade A milk pooled within federal orders. The blend
price is a weighted average price determined according
to the proportion of milk allocated to the alternative
Grade A classes.

Call Provision: A FMMO proviaion implemented at the
discretion of the Market Adminiatrator and which forces
a set amount of milk to be channeled into fluid use, in
times of deficient local supply.

Capper-Volstead Act: A 1922 Federal act allowing producers
to organize for the purpose of buying and selling farm
products cooparatively. In the absence this
legislation, producer cooperatives were subject to
antitrust suits.

Casein: A protein component found naturally in milk and
cheese. During the RO filtration process, casein often
becomes clogged on the membrane surface, reducing the
the system’s effectiveness and requiring thorough
cleaning of the membrane.
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Classified Pricing: The pricing system under which pro-
cessors regulated by federal order provisions pay for
Grade A milk according to the class in which it is used.

Clasa I Milk: Grade A milk sold for fluid consumption in
federal milk marketing orders.

Class II Milk: Grade A milk sold for use in soft manufac-
tured products, such as sour cream, yogurt and cottage
cheese, under a FMMO with three Grade A clasases. Where
only two classes exist, Clasa II comprises Grade A milk
used in any form of manufacturing.

Class III Milk: Grade A milk aold in federal ordersa with
three classes and used in the manufacturing of hard
products, such as cheese, butter and milk powder.

Class I Differentials: The asseasment added onto the M-W
price for Grade A milk sold in federal orders and going
to Clasa I use. Clasas I differentials from a price
surface which increasea with distance from Eau Claire
Wisconain, the base pricing point.

Commodity Credit Corporation (CCC): Government operated
organization through which atoreable dairy producta are
purchased at a set price. CCC purchases directly serve
to support the market price of manufactured dairy
products and indirectly support the price of all milk.

Compensatory Payments: A FMMO surcharge assessed on either
Class I milk not originating from a federal order or
reconstituted milk above what has been up-allocated
(see Allocation Provision). The payment is equal to the
local Claas I differential.

Flux: The rate at which the solution pessaes through the
menmbrane. The flux within an RO system is a function of
total solidas in solution and the pressure under which
the solution flows through the aystem.

Formula Pricing: An inatitutional pricing system whereby
a given commodity’as price is calculated from a formula
incorporating economic variables related to the
commodity’s value and which act as "price movers®.
Examples of asuch variables are cost indices and prices
of substitute and complementary goods.

Grade A Milk: Milk meeting fluid comsumption health and
quality standarda. Only Grade A milk is regulated under
federal orders.

Grade B Milk: Milk meeting health and quality standards
for manufactured use but not for fluid use.
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M-W Price Series: The USDA estimated average price paid
per hundredweight of milk, f.o.b., by manufacturing
planta in the atates of Minnesota and Wiaconain.

Osmosis: The naturally occurring process in all organianma
where water and a solution are separataed by a membrane.
Under osmosis, the water passes through the membrane to
dilute the solution until the pressure exerted on both
aides of the membrane arae equal.

Osmotic Pressure: The force aexerted by a asolution againat
the membrane system. Each solution exerts a different
oamotic pressure.

Over-Order Premium: An additional charge negotiated by
producer cooperatives and paid by handlers for milk
going towards Claas I use. This premium is often
associated with the costs of marketing services such as
transportation, full-supply agreements, and handling of
Class III milk.

Permeate: The liquid which has passed through the
membrane within the reverse osmosis process.

Phase Change: A phase change occurs when a disacrete
homogeneous characteristic of the solution is separated
from the rest of the solution by some external forcs.
For example, a phase change can be evidenced by altered
taste, consistency, color or odor of the solution.

Price Linkage: The collection of marketing variables which
act as a link between regional equilibrium price
levela. Examplea of these linkage variablea are
tranaportation coata, over-order pramiuma, and Claae I
differentials between regions.

Retentate: The subatance remaining after a removal
procesa, such as RO filtration, is complete.

Reverse Osmosia: When sufficient preassure is applied to
the solution to offset its ocsmotic pressure. Under
reverse osmosis, the water existing within the solution
is forced through the membrane leaving a more concen-
trated solution behind.

Reverse Osmosis (RO) Filtration: A pressure driven menm-
brane separation technique applied to liquid substances
such as milk and cheese whey. The primary difference
between RO filtration and ultrafiltration is the finer
degree of particle separation obtained with RO.
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Spatial Equilibrium: The achievement of an equilibrium
Price surface, across regions, at which regional
equilibrium price levels differ by the price linkage
and the total quantity produced across all markets is
exactly equal to the total quantity demanded.

Ultrafiltration (UF): A pressure driven membrane
separation technique applied to liquids, such as milk,

for water removal.

Whey: The part of milk remaining after the cheese making
pProcess.
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APPENDIX A
SUPLEMENTAL EQUATIONS TO CHAPTER TWO

The market variables which exist within the dairy
industry, eas cutlined in Chapter Two, are complex and
difficult to model in general terms. The pricing mechan-
isms and relationshipa which wvhere discussed can be placed

within the general fluid milk marketing model as follows.

# Processors Price:
The Clasa I price in any region i ias:
yIi = pH-Ui «+ Dy ¢« 04
where, Pl§ = the Class I price
PIII; = the Manufactured goods price (lagged two
monthae)
Dy = the Class I diff.roﬁticl
O34 = the region’s average over-order premium
The Claeassa 11l price for any region i is approximately:
PIIxy = pM-W . v
where V = the weighted change in gross value

of milk used to make chedder
cheese and butter/nonfat dry milk.
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# Producer price:

For each region i the blend price is:

PBy = (PI;Q@Iy + PIIIQIII, )/l « QIIIy)

where: QI3 7 (@l; + QIII ) = Class I utiliza-

tion ratio, Uy, in region i; thus,
PBi = Pli‘uli + P1111Q01111 for any

region {.

» Demand
Demand
Demand

Demand

® Supply
Supply

Supply

Functions
for Class I use: DI = a + bpPIl
for Class III use: DIII = ¢ + apIII

for Grade B milk: Db = ¢ + £pb

Functions
of Grade A milk: S@ = a + bPB

of Grade B milk: Sb = ¢ « dpb

Equilibrium occurs wvhere total supply equals total demand

acroas all regiona.

Frreaa




APPENDIX B
SUPPLENENTAL EQUATIONS TO CHAPTER TWO

Table B.1. Regionally Adjusted 1985 Annual Average Supply,
Demand, Price and Class I Differential Levels

Quantity Quantity Class I Differentials
Region Supplied Demanded Price 1985 1986
(mil. cwt) (dollars per cwt.)
b | 2,021 2,310 14.09 3.03 4.27
2 2,785 3,454 13.30 2.48 3.30
3 6,369 5,854 12.48 2.20 3.07
4 6,890 $,046 12.78 1.44 1.69
S 5,259 4,438 12.80 1.94 2.52
6 6,618 4,350 12.70 1.68 2.03
7 24,376 11,843 12.00 2.79 3.05
8 24,720 2,323 12.60 1.20 1.31
9 S,176 2,318 12.28 1.60 1.7S
10 na 42,079 na na na

Table B.2. Regionally Adjusted Demand, Supply and Revised
Supply Elasticities

Revised

Region Supply Demand Supply
1 .811 -.113 « 500
2 «8035 -.100 «496
3 1.113 -.091 « 775
4 «3567 -.078 .183
S «793 -.089 . 468
6 «584 -.078 <172
7 «680 -.078 133
8 «300 -.057 o
9 . 268 -.078 o
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Table B.3. Regional Weighted Average Class I Utilzation,
Population and Per Capita Consumption, 1985 Adjusted

Class I Per Capita

Region Utilization Population Consumption
1 88 11,219 206
2 79 15,923 217
3 64 26,345 222
49 45 19,9517 258
S 71 20,463 217
6 S8 18,234 250
7 45 35,083 2195
8 17 8,966 259
9 42 9,100 2595

Table B.4. MNileage Matrix Between all Supply and Demand
Regions, One-Way Miles

Supply
Demand 1 2 3 4 S 6 7 8 9
1 30 488 1,200 1,322 840 1,088 1,261 1,486 1,229
2 383 86 892 932 463 732 98S 1,090 838
3 1,048 738 93 917 1,010 1,122 1,628 1,250 1,181
4 1,289 829 762 122 604 S19 986 33s 280
S 684 377 1,146 1,042 210 898 S64 948 624
6 1,018 6353 1,004 609 333 S0 Sée 698 276
7 1,168 913 1,491 1,108 708 S04 128 1,061 613
8 1,498 1,048 1,067 387 811 622 1,153 o S0S
9 1,256 813 1,158 644 SS1 223 760 S72 5SS




APPENDIX C
NODEL GENERATED SOLUTIONS: ALL REGIONS ALL RUNS

Run

Title Deacription

BASE Initial annual run serving as the standard for
comparisona. 1985 market conditions with no

RO applied.

BRO3 BASE specification with RO incorporeted at a
cost of 8$.30/cwt.

BROS BASE specification with RO incorporated at a

coat of #.90/cwt.
BRO17S BASE specification with RO incorporated at a
cost of $1.75/cwt.

CCC BASE model adjusted for reduced CCC purchases.
An import quota was placed on Class III milk,
reducing purchased by 444 =million pounds.

CCCROS CCC aspecification with RO incorporated at a cost
of #.90/cwt.

ND BASE model adjusted for the full removal of
Claas I differentiala. No RO applied.

NDRO9 ND apecification with RO incorporated at a coat
of $.90/cwt

NDCCC ND specification with reduced CCC purchases

NDCCRO9S ND specification with reduced CCC purchases and
RO incorporated at #$.90/cwt

D86 BASE model with 1986 Claas I differentials
subastituted for the 1985 levels. No RO
applied.

D86R0O9 D86 aspecification with RO incorporated at a cost
of #.90/cwt.

165
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Figure C.1. (con’t)

TC2 BASE model with a fifty percent increase in
transportation costs incorporated. No RO
applied.

TC2R09 TC2 aspecification with RO incorporated at a cost
of8.90/cwt .

SEPT Model run generated based on September 1983

market conditions. Serves as a base upon
which RO feasibility during month when
shipments are high. No RO applied.

SRO3 SEPT specification with RO incorporated at a
coat of #.30/cwt.
SRO9 SEPT specification with RO incorporated at a

cost of $.90/cwt.
SRO173 SEPT specification with RO incorporated at a
cost of $1.73/cwt.

HUYOO Base model with Huy’s adjusted supply
elasticities incorporated (region 8 and 9’s
elasticities set equal to zero)

HUYOS HUY apecification with region 9’s supply
elasticity set at .05

HUY10 HUY specification with region 9’s supply
elasticity set at .10

HUY1S HUY specification with region 9’s supply

elasticity set at .15

Figure C.1. Reference to model generated solution titles
and discriptions

Figure C.2. Delineation of model regions
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FMMO’as States Demand Supply
Region Encompassed Encompassed Center Center
b S Upper Florida Florida Lake Wales,FL Lakeland,FL
Tampa Bay
SE Florida
2 AL-VWeat FL Alabana Macon,GA Newnan,GA
Georgia Georgia
New Orleans-MS Miaaisaippi
South Carolina
3 Centreal AR Arkansas Lufkin,TX Greenville,TX
Greater LA Louisiana
Lubbock Oklahoma
TX Panhandle Texas
SW Pleins
Texas
4 Central IL Illinois Galesberg, IL Ottumwa, IA
Iowa Iowa
Southern IL Missouri
St.Louis-Ozarks
S Louis-Lex-Evan Kentucky Mount Airy,NC Hazard, KY
Nemphis North Cearolina
Nashville Tennessee
Puduceah Virginia
TN Valley
6 Indiana Indiana Newark, OH Mansfield,OH
Ohio Valley Ohio
Weat Virginia
? Mid Atlentic Connecticut Port Jarvis,NY Oneonta,NY
New England Delawvare
NY-NJ Maine
E.OH-W.PA Marylend
NMessachusetta
New Hampshire
New Jersey
New York
Pennsylvania
Rhode Islend
Vermont
8 Chicago Reg Ninnesota Eau Claire,WI Eeau Claire,WI
Upper Nid-VWest Wisconsin
9 S. Michigan Michigan Highland, NI Lansing, NI
10 All of above All of above All of above = --=-=--

Figure C.3.

Federal milk marketing order (FMMO’s) and

states encompassed within regions, regional demand and
regional supply centers
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Table C.1. Import/Export Quantities and Prices for All
Regions Under 1985 Market Data (BASE)

Exports Imports
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt.) (8/cwt) (mil.cwt.) (8/cwt)
b b 18.18 17.08 1 18.18 17.44
10 2.02 11.78 2 3.34 17.44
Totall 20.20 Totall 23,05
2 1 3.3% 15.72 2 21.68 16.46
2 21.68 15.72 4q 8.99 16.46
10 2.79 11.78 S 3.72 16.46
Total 27.81 Total 34.38
3 3 S$8.19 14.86 3 S58.19 15.65
10 3.67 11.78 Total 58.19
Total 64.56
4 2 8.99 13.31 4 $0.52 14.00
4 $0.52 13.31 Total $0.52
10 6.89 11.78

Total 66.40

S 2 3.72 14.83 S 44.05 15.91
S 44.05 14.83 Total 44.095
10 S.26 11.78

Total $3.03

® ® 0 20 0000000000000 0000000000000 0000000000000 00080000C0GISIGSESIOLAEIEOGGEESITBSE

6 1 1.52 14.06 6 45.45 14.56
6 45.45 14.06 Total 45.45
7 11.83 14.06
10 6.62 11.78

Total 65.42

7 ? 83.05 14.57 6 11.83 15.29
10 158.27 11.78 7 83.05 15.29
Total 241.32 9 23.23 15.29

Total 118.12

8 8 23.31 12.98 8 23.31 12.99
10 219.%0 11.78 Total 23.31
Total 242.81
9 7 23.23 13.67 9 23.14 14.20
9 23.14 13.67 Total 23.14
10 S.18 11.78

Total 51.99

1 Totals may not equel the sum of the parts due to rounding
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Table C.2. Import/Export Quantities and Prices for All
Regions Under 1985 Market Data with RO Applied at #$.30/cwt
(BRO3)

Exports Imports

Region Importer Quantity Price Exporter Quantity Price

(mil.cwt) (8/cwt) (mil.cwt.) (8$/cwt)

1 10 18.03 11.78 8 23.46 14.75
Totall 18.03 Totall 23.46

2 10 25.74 11.78 8 34.83 14.44
Total 25.74 Total 34.83

3 3 54.25 14.04 3 S54.25 14.83

10 6.37 11.78 4 4.24 14.83
Total 60.62 Total 58.49

4 3 «34 13.23 8 50.56 13.85
10 61.94 11.78 Total 50.56

Total 66.17

S S 44.41 13.73 S 44.41 14.56

10 S.47 11.78 Total 44 .41

Total 49.688

6 6 435.352 13.75 6 45.3%2 14.25
7 12.46 46.73 Total 45.52
10 6.62 11.78

Total 64.60

7 10 241.37 11.78 6 12.46 14.11
Total 241.37 8 83.24 14.11
9 23.15 14.11

Total 118.85

8 b 23.46 12.99 8 23.31 12.99
2 34.83 12.99 Total 23.31
4 $0.36 12.99
7 83.24 12.99
8 23.31 12.99
10 27 .44 11.78
Total 242.83
9 7 23.195 13.60 9 23.19 14.13
9 23.19 13.60 Total 23.13
10 S.18 11.78

Total S1.48

1 Totals may not equal the sum of the parts due to rounding
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Table C.3. Import/Export Quantities and Prices for All
Regions Under 19835 Market Data with RO Applied at $.90/cwt
(BRO9)

Exports Imports

Region Importer Quantity Price Exporter Quantity Price
(mil.cwt) (8/cwt) (mil.cwt.) (8/cwt)
1 1 16.17 14.98 1 16.17 15.35
10 2.02 11.78 8 7.20 15.35

Totall 18.19 Totall 23.37
2 2 23.00 14.30 2 23.01 15.04
10 2.79 11.78 8 11.69 15.04

Total 25.79 Total 34.69
3 3 57.14 14.64 3 $7.14 15.42
10 6.37 11.78 4 1.13 15.42

Total 63.51 Total S$8.27
49 3 1.13 13.23 4 $0.54 13.92

4 50.54 13.23 Total $50.54

10 14.50 11.78

Total 66.17
S S 44.35 13.73 S 44.395 14.80
10 $.93 11.78 Total 44.35
Total 49.88

6 6 45.352 13.75 6 45.52 14.29
7 12.45 13.75 Total 45.352
10 6.62 11.78

Total 64.39

? 10 241.35 11.78 6 12.495 14.71
Total 241.33 8 82.87 14.71
S 23.13 14.71

Total 118.48

8 1 7.20 12.99 8 23.31 12.99
2 11.69 12.99 Total 23.31
? 82.87 12.99
8 23.31 12.99
10 117.76 11.78

Total 242.82

® ® 8 0000000000 0000 000000000000 0000000000000 0000000006000 0000000s0000000

9 ? 23.13 13.60 9 23.195 14.13
9 12.19 13.60 Total 23.15
10 S.18 11.78 .

Total S1.48

1 Totals may not equal the sum of the parts due to rounding
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Teble C.4. Import/Export Quantities and Prices for All
Regions Under 1985 Market Data with RO Filtration Applied
at #1.75/cwt (BRO173)

Exports Imports
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt) (8/cwt) (mil.cwt.) (8/cwt)
1 by 16.98 15.83 1 16.98 16.20
10 2.02 11.78 8 6.26 16.20
Totall 19.00 Totall 23,24
2 2 24.21 15.19 2 24.21 15.89
10 2.79 11.78 S 1.95 15.89
Total 27.00 8 8.35 15.89

Total 34.351

3 3 58.19 14.86 3 58.19 15.65
10 6.37 11.78 Total $8.19
Total 64.56
4 4 S0.54 13.22 4 $0.54 13.92
10 15.62 11.78 Total S0.54

Total 66.16

S 2 1.95 14.27 S 44.20 15.38
S 44.20 14.27 Total 44.20
10 S5.26 11.78

Total S1.41

6 6 45.43% 14.06 6 45.45 14.56
? 13.36 14.06 Total 435.495
10 6.62 11.78

Total 65.42

? 7 81.32 14.57 6 13.36 15.29
10 159.81 11.78 ? 81.32 15.29
Total 241.33 - 23.23 15.29

Total 118.12

8 1 6.26 12.98 8 23.31 12.99
2 8.3% 12.98 Total 23.31
8 23.31 12.98
10 204.91 11.78

Total 242.81

9 7 23.23 13.67 - 23.14 14.20
9 23.14 13.67 Total 23.14
10 S.18 11.78

Total $1.99

1 Totals may not equal the sum of the parts due to rounding
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Table C.3. Import/Export Quantities and Prices for All
Regions Under 1985 Market Data with CCC Purchases Reduced
and no RO Applied (CCC)

Exports Imports
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt)(S/cwt) (mil.cwt.) (8/cwt)
1 1 16.78 15.62 1 16.78 15.99
10 2.02 10.32 6 6.49 15.99
Totall 18.80 Totall 23.27
2 2 23.11 14.38 2 23.11 15.12
10 2.79 10.32 ) 3.28 15.12
Total 25.89 9 8.29 15.12
Total 34.68
3 3 56.67 14.54 3 . 56.67 15.33
10 6.37 10.32 4 1.64 15.33
Total 63.04 Total $58.30
4 2 3.28 11.96 4 $0.89 12.66
3 1.64 11.96 Total 50.89
4 50.89 11.96
10 6.89 10.32
Total 62.70
S S 44.37 13.64 S 44 .37 14.71
10 $.26 10.32 Total 44.37
Total 49.63
6 1 6.49 12.60 6 45.81 13.10
6 45.81 12.60 Total 45.81
4 2.58 12.60
10 6.62 10.32
Total 61.49
7 7 103.15 13.12 6 2.358 13.83
10 121.84 10.32 7 103.18 13.83
Total 224.99 S 13.30 13.83

Total 119.03

® 0 ® 00 0000000 0000000000000 PO OO OO0 SO LSS LNNOSBLOLLLEIELOLILOLEOLIDLEDLNEOGEOSNERNSEDLSTPS DS

8 8 23.45 11.53 8 23.45 11.33
10 211.53 10.32 Total 23.45
Total 234.98
9 2 8.29 12.21 9 23.33 12.74
? 13.30 12.21 Total 23.33
9 23.33 12.21
10 S.18 10.32

Total $0.09

1 Totals may not equal the sum of the parts due to rounding
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Table C.6. Import/Export Quantities and Prices for All
Regions Under 1985 Market Data with Reduced CCC Purchases
and RO Filtration Applied at $.90/cwt (CCCRO9)

Exports Imports
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt) (8/cut) (mil.cwt.)(8/cwt)
1 1 15.20 13.97 1 15.20 14.34
10 2.02 10.32 8 8.32 14.34
Totall 17.22 Totall 23.%2
2 2 21.57 13.29 2 21.%7 14.03
10 2.79 10.32 8 13.35 14.03
Total 24.35 Total 34.92
3 3 $2.67 13.72 3 $2.67 14.50
10 6.37 10.32 4 $5.93 14.90
Total $59.04 10.32 Total S$8.60
4 3 9.93 12.30 4 S50.80 12.99
4 50.80 12.30 Total 50.80
10 6.89 10.32
Total 63.62
S S 43.11 13.19 S 43.11 14.27
10 S$.26 10.32 8 1.38 14.27
Total 48.37 Total 44.49
6 6 45.77 12.74 6 45.77 13.24
7 9.48 12.74 Total 45.77
10 6.62 10.32
Total 61.87
? 10 230.04 10.32 6 9.48 13.70
Total 230.04 8 87.61 13.70
9 22.01 13.70
Totel 119.11
® © 0000000 0000000000000 P OO O L0 PO LOOOOOLNOOLOLBOLEOLIEOGLEOLEOSIEIGOGIEIddOoosPOOSOROLDS
8 1 8.32 11.98 8 23.40 11.98
2 13.39% 11.98 Total 23.40
S 1.38 11.98
7 87.61 11.98
8 23.40 11.98
10 103.33 10.32
Total 237.40
9 ? 22.01 12.99 9 23.28 13.12
9 23.28 12.959 Total 23.28
10 S.18 10.32

Total $0.47

1 Totals may not equal the sum of the parts due to rounding
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Table C.7. Import/Export Quantities and Prices for All
Regions Under 1985 Market Data with Total Removal of Class
I Differentials and no RO Filtration Applied (ND)

Exporta Imports
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt) (8/cwt) (mil.cwt.) (8/cwt)
1 1 20.58 16.19 1 20.58 16.52
10 2.02 11.78 6 2.07 16.52
Totall 22.60 Totall 22.65
2 2 26.87 14.37 2 26.87 15.11
10 2.79 11.78 S 3.8 15.11
Total 29.66 6 3.39 15.11
Total 34.07
3 3 S58.14 12.62 3 S8.14 13.41
10 6.37 11.78 Total S8.14
Total 64.351
4 4 30.5% 11.78 4 50.5% 12.47
10 15.30 11.78 Total 50.55

Total 65.85

S 2 3.80 12.94 S 44.00 14.02
S 44.00 12.94 Total 44.00
10 5.26 11.78
Total $3.06
6 1 2.07 11.78 6 45.62 12.28
2 3.39 11.78 Total 45.62
6 45.62 11.78
10 12.30 11.78

Total 63.38
27 ? 118.04 11.78 7 118.04 12.90
10 122.70 11.78 Total 118.04
Total 240.75
8 8 23.32 11.78 8 23.32 11.79
10 219.07 11.78 Total 23.32
Total 242.39
9 -] 23.18 11.78 9 23.18 12.32
10 28.02 11.78 Total 23.18
Total 51.20

1 Totels may not equal the sum of the parts due to rounding
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Table C.8. Import/Export Quantities and Prices for All
Regions Under 1985 Market Date with Total Removal of Class
I Differentials and RO Filtration Applied at $.90/cwt
(NDRO9)

Exports Imports
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt) (8/cwt) (mil.cwt.) (8/cwt)
1 1 19.40 15.13 1 19.40 15.50
10 2.02 10.32 6 3.45 15.50
Totall 21.42 Totall 22.84
2 2 25.16 13.35 2 25.1%5 14.09
10 2.79 10.32 S 4.86 14.09
Total 27.94 6 4.32 14.09
Total 34.33
3 3 S8.14 12.62 3 S58.14 13.41
10 6.37 10.32 Total S58.14
Total 64.51
4 4 S50.98 10.40 4 $50.98 11.09
10 10.63 10.32 Total S0.98
Total 61.61
S 2 4.86 11.92 S 39.62 13.00
S 39.62 11.92 7 4.70 13.00
10 S.26 10.32 Total 44.32
Total 49.74
6 1 3.45 10.76 6 45.90 11.26
2 4.32 10.76 Total 45.90
6 45.90 10.76
10 6.62 10.32
Total 60.29
7 S 4.69 10.39 7 119.11 11.11
7 119.11 10.39 Total 119.11
10 97.78 10.32
Total 221.S59
8 8 23.46 10.40 8 23.46 10.40
10 210.76 10.32 Total 23.46
Total 234.27
9 9 23.38 10.40 9 23.38 10.93
10 26.25 10.32 Total 23.38

Total 49.64

1 Totals may not equal the sum of the parta due to rounding
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Table C.9. Import/Export Quantities and Prices for All
Regions Under 1985 Merket Date with Removal of Class I
Differentials and Reduced CCC Purchases (NDCCC)

Exports Imports
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt) (8/cwt) (mil.cwt.) (8/cwt)
1 1 18.88 14.69 1 18.88 15.0S
10 2.02 11.78 6 4.05 15.05
Totall 20.90 Totall 22.93
2 2 25.39 13.61 2 25.959 14.3%
10 2.79 11.78 S 1.73 14.35
Total 28.37 6 6.94 14.3S
Total 34.26
3 3 S8.14 12,62 3 S58.14 13.41
10 6.37 11.78 Total S8.14
Total 64.51
4 4 50.5S 11.78 4 50.55 12.48
10 18.30 11.78 Total S50.55

Total 635.86

S 2 1.73 12.37 S 44.18 13.44
S 44.18 12.37 Total 44.18
10 S.26 11.78

Total S1.17

® 0 0000000000 000000000000000000000000000000600000000006000006060008000000

6 1 4.0% 11.78 6 45.62 12.28
2 6.94 11.78 Total 45.62
6 45.62 11.78
10 6.78 11.78

Total 63.39
? 4 118.04 11.78 ? 118.04 12.30
10 122.73 11.78 Total 118.04
Total 240.77

8 8 23.32 11.78 8 23.32 11.79
10 " 219.08 11.78 Total 23.32
Total 242.40
9o 9 23.18 11.78 9 23.19 12.32
10 28.03 11.78 Total 23.19

Total S1.21

1 Totals may not equal the sum of the parts due to rounding
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Table C.10. Import/Export Quantities and Prices for All
Regiona Under 19835 Market Data with Class I Differential
Removed, CCC Purchases Reduced and RO Filtration Applied at
8$.90/cwt (NDCCROS)

Exports Imports
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt) (8/cwt) (mil.cwt.)(8/cwt)
1 1 17.72 13.69 1 17.72 14.06
10 2.02 10.32 6 5.39 14.06
Totall 19.74 Totall 23.11
2 2 23.91 12.61 2 23.91 13.35
10 2.79 10.32 6 2.496 13.35
Total 26.70 -} 8.16 13.35
Total 34.52
3 3 S8.14 12.62 3 58.14 13.41
10 6.37 10.32 Total S58.14
Total 64.51
4 4 50.93 10.56 49 50.93 11.25
10 11.18 10.32 Total 50,93
Total 62.11
S S 43.71 11.69 S 43.81 12.76
10 S.26 10.32 7 .68 12.76
Total 48.97 Total 44.39
6 b $5.37 10.79 6 45.90 11.29
2 2.46 10.79 Total 45,90
6 45.90 10.79
10 6.62 10.32
Total 60.36
7 S .68 10.56 4 118.99 11.28
? 118.99 10.56 Total 118.99
10 104.19

Total 223.86

8 8 23.45 10.96 8 23.45 10.97
10 211.73 10.32 Total 23.495
Total 235.19
9 2 8.16 10.56 9 23.36 11.09
9 23.36 10.56 Total 23.36
10 18.31

Total 49.82

1 Totals may not equal the sum of the parts due to rounding
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Teble C.11. Import/Export Quantities and Prices for All
Regions Under 1985 Market Data with 1986 Class I
Differentials and no RO Applied (D86)

Exports Importas
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt) (8/cwt) (mil.cwt.) (S/cwt)
1 1 17.31 16.17 7 17.31 16.54
10 2.02 11.78 2 S.87 16.54
Totall 19.33 Totall 23.18
2 1 S5.87 15.24 2 18.46 15.98
2 18.46 15.24 S 2.96 15.98
10 2.79 11.78 8 13.07 15.98
Total 27.12 Total 34.49
3 3 S8.19 14.86 6 58.19 15.65
10 6.37 11.78 Total S58.19
Total 64.56
4q 4 50.48 13.47 4 S50.48 14.16
10 16.37 11.78 Total $0.48

Total 66.84

® 9 0 0000008000 00000000000000000006060000 0000060006000 0000000060060060008000s30

S 2 2.96 14.59 S 44.12 15.66
- 44.12 14.59 Total 44.12
10 S.26 11.78
Total 52.34
6 6 45.40 14.23 6 45.40 14.73
7 13.85 14.23 Total 45.40
10 6.62 11.786

Total 65.88

® 0 @090 0000000000000 00 OC0 000000000000 00000000 0000000C00000000000000000

4 7 80.495 14.83 6 13.85 15.9595
10 163.77 11.78 7 80.45 15.595
Total 244.22 9 23.65 15.93

Total 177.96

8 2 13.07 13.09 8 23.30 13.10
8 23.30 13.09 Total 23.30
10 207.03 11.78
Total 243.39
9 7 23.65 14.04 9 23.09 14.57
9 23.09 14.04 Total 23.09
10 S.18 11.78 .

Total 91.92

1 Totals may not equal the sum of the parts due to rounding
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Table C.12. Import/Export Quantities and Prices for All
Regions Under 1983 Market Data with 1986 Class I
Differentials and RO Applied at $.90/cwt (D86R0OS)

Exports Imports
Region Importer GQuantity Price Exporter Quantity Price
(mil.cwt) (8/cwt) (mil.cwt.) (8/cwt)
1 10 19.22 11.78 8 23.45 14.79
Totall 19.22 Totall 23.45
2 10 26.90 11.78 8 34.73 14.90
Total 26.90 Total 34.73
3 10 64.52 11.78 4 10.75 15.48
Total 64.52 8 47.50 15.48
Total 58.25
4 3 10.75 13.89 4 $0.36 14.58
4 50.36 13.89 Total $0.36
10 6.89 11.78
Total 68.00
S S 33.07 14.30 S 33.07 15.37
10 18.49 11.78 8 11.13 15.37
Total S51.952 Total 44.19
6 6 45.44 14.07 6 45.44 14.57
? 13.39 14.07 Total 45.44
10 6.62 11.78

Total 65.45

® 0 0000000000000 0000000000000 0000 000000000000 0000°008000C0POCLGIILIBSOIOEOGEONDOSINEOOL

? 10 244.22 11.78 6 13.39 15.12
Total 244.22 8 81.10 15.12
9 23.74 15.12

Total 118.22

® ® 6000000000000 000000000000000000P00CCLLEOELOOGCCLOCIBLOICGOOLIEOIEGEOCEEOCEOEONOPEOEOEOSIEETOSIEO

8 1 23.45 13.33 8 23.2S5 13.56
2 34.73 13.95 Total 23.2%
3 47.30 13.3S
S 11.13 13.5%
7 81.10 13.55
8 23.25 13.99%
10 24.72 11.78
Total 245.88
9 ? 23.74 14.112 9 23.08 14.65
9 23.08 14.11 Total 23.08
10 S.18 11.78

Total S1.99

1 Totals may not equal the sum of the parts due to rounding
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Table C.13. Import/Export Quantities and Prices for All
Regions Under 19835 Market Data with Tranaportation Costs
Doubled and no RO Filtretion Applied (TC2)

Exports Imports
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt) (®/cwt) (mil.cwt.) (8/cwt)
1 1 19.66 18.63 1 19.66 19.17
10 2.02 11.78 2 3.12 19.17
Totall 21.68 Totall 22.78
2 1 3.12 16.32 2 22.75 17.42
2 22.75 16.32 S 11.42 17.42
10 2.79 11.78 Total 34.17
Total 28.65
3 3 58.06 14.83 3 58.06 16.01
10 6.37 11.78 Total 58.06
Total 64.43
4 4 S0.45 13.22 4 50.45 14.26
10 15.71 11.78 Total S50.43

Total 66.16

S 2 11.42 14.72 S 36.01 16.32
S 36.01 14.72 7 7.93 16.32
10 S.26 11.78 Total 43.94
Total $52.68
6 6 45.53 13.46 6 45.393 14.21
10 18.23 11.78 Total 45.33

Total 63.81

7 S 7.93 14.57 7 117.89 15.695
? 117.89 14.97 Total 117.89
10 113.50 11.78
Total 241.32
8 8 23.28 12.98 8 23.28 13.24
10 219.52 11.78 Total 23.28
Total 242.81
S 9 23.14 13.38 9 23.14 14.18
10 28.12 11.78 Total 23.14

Total S1.26

1 Totals may not equal the sum of the parts due to rounding
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Table C.14. Import/Export Quantities and Prices for All
Regions Under 1985 Market Data with Transportation Costs
Increased Fifty Percent and RO Filtration Applied at
$.90/cwt (TC2RO09)

Exports Imports
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt) (8/cwt) (mil.cwt.)(8/cwt)
1 1 17.57 16.44 1 17.57 16.99
10 2.02 11.78 S 2.32 16.99
Totall 19.%9 8 3.123  16.99
Total 23.12
2 2 24.21 15.19 2 24.21 16.26
10 2.79 11.78 4 8.92 16.26
Total 27 .00 8 1.30 16.26
Total 34.43
3 3 58.06 14.83 3 S58.06 16.01
10 6.37 11.78 Total 58.06
Total 64.43
4 2 8.92 13.26 4 50.44 14.29
4 S50.44 13.26 Total 30.44
10 6.89 11.78
Total 66.29
S 1 2.32 14.34 S 44 .04 15.94
S 44 .04 14.34 Total 44 .04
10 S.26 11.78

Total S1.61

6 6 45.37 14.10 6 45.37 14.8%
7 13.5% 14.10 Total 45.37
10 6.62 11.78

Total 65.54

7 7 80.89 14.57 6 13.59 15.63
10 160.44 11.78 7 80.89 15.695
Total 241.33 9 23.45 15.69
Total 117.89
8 1 3.23 12.98 8 23.28 13.24
2 1.30 12.98 Total 23.28
8 23.28 12.98
10 214.99 11.78
Total 242.81
9 ? 23.45 13.83 9 23.08 14.63
9 23.08 13.83 Total 23.08
10 S5.18 11.78

Total S1.71

1 Totals may not equal the sum of the parts due to rounding
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Teble C.1S. Import/Export Quantities and Prices for All
Regions Under September 1985 Market Date with no RO
Filtration Applied (SEPT)

Exports Imports
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt) (8/cwt) (mil.cwt.) (S/cwt)
1 1 1336.19 16.13 1 1336.19 16.30
10 151.58 11.78 6 717.19 16.50
Totall 1487.76 Totall 2053.37
2 2 1893.81 14.90 2 1893.81 15.64
10 212.97 11.78 6 244.08 15.64
Totel 2106.78 9 867.55 15.64
Total 3005.44
3 3 $020.39 15.02 3 $020.39 15.80
10 307.86 11.78 Total 35020.39
Total 5528.25
4 49 4677.66 12.54 ) 4677.66 13.23
10 1005.951 11.78 Total 4677.66
Total 5683.17
S S 3962.73 14.21 S 3962.73 15.28
10 436.19 11.78 S 1S5.68 15.28
Total 4398.92 Total 3978.41
6 1 717.19 13.12 6 3886.22 13.62
2 244.08 13.12 Total 3886.22
6 3886.22 13.12
? 16.38 13.12
10 S554.195 11.78
Total 35418.02
7 7 9819.00 13.89 6 16.38 14.31
10 9947 .47 11.78 4 9819.00 14.61
Total 19766.47 Total 9835.38
8 8 1910.32 12.30 8 1910.32 12.31
10 17609.27 11.78 Total 1910.32
Total 19519.60
9 2 867.35 12.70 9 1926.36 13.24
S 15.68 12.70 Total 1926.36
9 1926.36 12.70
10 1512.84 11.78

Total 4322.42

1 Totals may not equal the sum of the parts due to rounding
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Table C.16. Import/Export Quantities and Prices for All
Regions Under September 1985 Market Data with RO Filtration
Applied at $.30/cwt (SRO3)

Exports Imports
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt) (8/cwt) (mil.cwt.)(8/cwt)
1 10 1336.73 11.78 6 873.78 14.10
Totall 1336.73 8 1213.%4 14.10
Totall 2087.33
2 10 1954.54 11.78 8 3042.26 13.79
Total 1954.54 Total 3042.26
3 3 4349.02 13.36 3 4319.02 14.195
10 307.86 11.78 4 726.30 14.195
Total 48%56.88 Total 5075.32
q 3 726.30 12.8% 8 4679.28 13.17
10 4958.16 11.78 Total 4679.28
Total 5684.30
S S 3719.34 13.22 S 3719.34 14.06
10 436.19 11.78 8 290.17 14.06
Total 415S.S53 Total 4009.30
6 1 873.78 12.79 6 3893.952 13.29
6 3893.52 12.79 Total 3893.52
7 18.70 12.79
10 $54.19 11.78

Total $5340.19%

? ? 9882.00 13.90 6 18.70 13.11
10 9889.47 11.78 7 9882.00 14.96
Total 19771.47 Total 9900.70

8 1 1213.34 12.31 8 1910.28 12.31
2 3042.26 12.31 Total 1910.28
4 4679.28 12.31
S 290.17 12.31
8 1910.28 12.31
10 8386.42 11.78
Total 19524.9%

9 9 1926.30 12.71 S 1926.30 13.24
10 2396.58 11.78 Total 1926.30

Total 4322.88

1 Totals may not equal the sum of the parts due to rounding
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Table C.17. Import/Export Quantities and Prices for All
Regions Under September 19835 Market Data with RO Applied at
$.90/cwt (SRO9)

Exports Imports
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt) (8/cwt) (mil.cwt.) (8/cwt)
1 1 1198.83 14.29 1 1198.83 14.65
10 151.38 11.78 6 880.64 14.65
Totall 1350.41 Totall 2079.47
2 2 1752.49 13.65 2 1752.49 14.39
10 212.97 11.78 8 1277.81 14.39
Total 1965.46 Total 3030.30
3 3 4621.51 14.04 3 4621.51 14.82
10 507.86 11.78 49 431.52 14.82
Total S5129.37 Total S50353.02
4 3 431.52 12.62 4 4675.63 13.31
4 467S.63 12.62 Total 4675.63
10 $94.80 11.78
Total 35701.94
S S 3808.49 13.38 S 3808.49 14.66
10 426.19 11.78 8 185.82 14.66
Total 4244.69 Total 3994.32
6 1 880.64 12.75 6 3894.53 13.25
6 3894.93 13.75 Total 3894.33
10 554.195 11.78
Total 5329.32
7 7 9882.00 13.90 7 9882.00 14.61
10 9887.93 11.78 Total 9882.00
Total 19769.93
8 2 1277.81 12.32 8 1910.29 12.31
S 185.82 12.31 Total 1910.29
8 1910.29 12.31
10 16147.29 11.78
Total 19521.22
9 S 1926.32 12.71 9 1926.31 13.24
10 2396.42 11.78 Total 1926.31

Total 4322.73

1 Totals may not equal the sum of the parts due to rounding
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Teble C.18. Import/Export Quantities and Prices for All
Regions Under September 1985 Market Data with RO Filtration
Applied at $1.73/cwt (SRO179)

Exportas Imports
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt)(®/cwt) (mil.cwt.)(S8/cwt)
1 b 1262.02 15.13 1 1262.02 15.50
10 151.58 11.78 6 805 .44 15.90
Totall 1413.60 Totall 2067.47
2 2 1848.74 14.50 2 1848.74 15.24
10 212.97 11.78 8 1164.63 15.24
Total 2061.71 Total 3013.37
3 3 4936.65 14.81 3 4936 .65 15.60
10 507.86 11.78 ) 90.58 15.60
Total 5444.51 Total 5027.24
49 3 90.58 12.54 49 4677.62 13.24
4 4677.62 12.54 Total 4677.62
10 915.28 11.78
Total 5683.49
S S 3963.04 14.21 S 3963.04 15.28
10 436.19 11.78 9 15.33 15.28
Total 4399.23 Total 3978.37
6 b 805.44 12.74 6 3894.59 13.24
6 3894.959 12.74 Total 3894.59
10 628.63 11.78
Total 5328.66
7 4 9882.00 13.89 ? 9882.00 14.61
10 9885.70 11.78 Total 9882.00
Total 19767.70
8 2 1164.63 12.30 8 1910.31 12.31
8 1910.31 12.30 Totel 1910.31
10 16445.24 11.78
Total 19520.17
9 S 15.33 12.70 S 1926.34 13.24
9 1926.34 12.70 Total 1926.34
10 2380.86 11.78

Total 4322.33

1 Totals may not equal the sum of the parta due to rounding
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Table C.19. Import/Export Quantities and Prices for All
Regions Under Huy’s New Supply Elasticities with Regions
9’s Elasticity Set Equal to .00, ceteris paribus (HUYOO)

Exports Imports
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt) (8/cwt) (mil.cwt.) (8/cwt)
1 1 18.14 17.05 1 18.14 17.42
10 2.02 10.32 2 4.91 17.42
Totall 20.16 Totall 23.0%
2 1 4.91 15.69 2 20.16 16.43
2 20.16 15.69 49 10.69 16.43
10 2.79 10.32 S 3.54 16.43
Total 27.85 Total 34.39
3 3 S58.16 14.94 3 S8.16 15.73
10 6.37 10.32 Total S58.16
Total 64.33
4 2 10.69 13.28 4 706.08 13.97
4 50.53 13.28 Total 706.08
10 6.89 10.32

Total 68.11

S 2 3.54 14.81 S 44.06 15.88
S 44.06 14.81 Total 44.06
10 S.26 10.32
Total $52.86
6 6 45.435 14.06 6 45.45 14.55
7 13.84 14.06 Total 45.45
10 6.62 10.32

Total 65.90

7 7 80.96 14.57 6 13.84 15.29
10 162.29 10.32 ? 80.96 15.29
Total 243.25 9 23.32 15.29

Total 118.12

8 8 23.31 12.98 8 23.31 12.99
10 223.89 10.32 Total 23.31
Total 247.20
9 7 23.32 13.67 9 23.14 14.20
9 23.14 13.67 Total 23.14
10 S.18 10.32

Total S$51.76

1 Totala may not equal the sum of the parts due to rounding
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Table C.20. Import/Export Quantities and Prices for All
Regionas Under Huy’s New Supply Elasticities with Regions
9’s Elasticity Set Equal to .05, ceteris paribus (HUYOS)

Exports Imports
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt) (8/cwt) (mil.cwt.)(8/cwt)
1 1 18.14 17.05 1 18.14 17.42
10 2.02 10.32 2 4.91 17.42
Totall 20.16 Totell 23.05
2 1 4.91 15.69 2 20.16 16.43
2 20.16 15.69 4 10.69 16.43
10 2.79 10.32 S 3.%54 16.43
Total 27.85 Total 34.39
3 3 58.16 14.94 3 58.16 15.73
10 6.37 10.32 Total 58.16
Total 64.53
4q 2 10.69 13.28 49 706.08 13.97
4 $0.53 13.28 Total 706.08
10 6.89 10.32
Total 68.11
S 2 3.54 14.81 S 44.06 15.88
S 44.06 14.81 Total 44 .06
10 S5.26 10.32
Total $2.86
6 6 45.45 14.06 6 45.45 14.5S
7 13.84 14.06 Total 45.45
10 6.62 10.32
Totel 65.90
7 ? 80.96 14.57 6 13.84 15.29
10 162.29 10.32 7 80.96 15.29
Total 243.2%5 9 23.32 15.29

Total 118.12

8 8 23.31 12.98 8 23.31 12.99
10 223.89 10.32 Total 23.31
Total 247.20
9 7 23.45 13.67 S 23.14 14.20
9 23.14 13.67 Total 23.14
10 S.18 10.32

Total $1.77

1 Totels may not equal the suam of the parts due to rounding
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Table C.21. Import/Export Quantities and Prices for All
Regions Under Huy’s New Supply Elasticities with Regions
9’s Elasticity Set Equal to .10, ceteris paribus (HUY10)

Exports Imports
Region 1Importer Quantity Price Exporter Quantity Price
(mil.cwt) (8/cwt) (mil.cwt.) (8/cwt)
1 1 18.14 17.05 b 18.14 17.42
10 2.02 10.32 2 4.91 17.42
Totall 20.16 Totall 23.0%9
2 1 4.91 15.69 2 20.16 16.43
2 20.16 15.69 9 10.69 16.43
10 2.79 10.32 S 3.54 16.43
Total 27 .85 Total 34.39
3 3 $8.16 14.94 3 58.16 15.73
10 6.37 10.32 Total 58.16
Total 64.53
4 2 10.69 13.28 4 706.08 13.97
4 50.53 13.28 Total 706.08
10 6.89 10.32
Total 68.11
S 2 3.%4 14.81 S 44.06 15.88
S 44 .06 14.861 Total 44 .06
10 S5.26 10.32

Total $52.86

6 6 45.45 14.06 6 45.45 14.55
7 13.84 14.06 Total 45.45
10 6.62 10.32
Total 65.90
7 7 80.96 14.97 6 13.84 15.29
10 162.29 10.32 7 80.96 15.29
Total 243.25 9 23.32 15.29
Total 118.12
8 8 23.31 12.98 8 23.31 12.99
10 223.89 10.32 Total 23.31
Total 247.20
9 7 23.32 13.67 9 23.14 14.20
9 23.14 13.67 Total 23.14
10 S5.18 10.32

Total S1.64

1 Totals may not equal the sum of the parts due to rounding
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Table C.22. Import/Export Quantities and Prices for All
Regions Under Huy’s New Supply Elasticities with Regions
9’s Elasticity Set Equal to .15, geteris paribus (HUY1S)

Exports Imports
Region Importer Quantity Price Exporter Quantity Price
(mil.cwt) (8/cwt) (mil.cwt.) (8/cwt)
1 b 18.14 17.05 1 18.14 17.42
10 2.02 10.32 2 4.91 17.42
Totall 20.16 Totall 23.05
2 1 4.91 15.69 2 20.16 16.43
2 20.16 15.69 4 10.69 16.43
10 2.79 10.32 S 3.54 16.43
Total 27 .85 Total 34.39
3 3 58.16 14.94 3 $8.16 15.73
10 6.37 10.32 Total $58.16
Total 64.53
) 2 10.69 13.28 4 706.08 13.97
4 $50.53 13.28 Total 706.08
10 6.89 10.32

Total 68.11

S 2 3.54 14.81 S 44.06 15.88
S 44.06 14.81 Total 44.06
10 5.26 10.32

Total 52.86

6 6 45.45 14.06 6 45.45 14.55
? 13.84 14.06 Total 45.45
10 6.62 10.32

Total €5.90

7 7 80.96 14.57 6 13.84 15.29
10 162.29 10.32 ? 80.96 15.29
Total 243.25 9 23.32 15.29

Total 118.12
8 8 23.31 12.98 8 23.31 12.99
10 223.89 10.32 Total 23.31
Total 247.20

® © 00 0000800000000 000G 0O OO0 OO0 00000 OS OGSO 000000 0O 0N E NSO SOCEODNPPOOOSDNODONOS

9 7 23.32 13.67 9 23.14 14.20
9 23.14 13.67 Total 23.14
10 S.18 10.32

Total S51.69

1 Totels may not equal the sum of the parts due to rounding
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