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ABSTRACT

A SPATIAL ECONOHIC ANALYSIS OF THE IMPACT OF

REVERSE OSHOSIS FILTRATION ON THE GRADE A HILK NARKET

by

Ann Hurial Planing

Tha axpanding ailk aurplua, falling aupport prica, and

inainant introduction of productivity booating tachnologiaa

hava craatad an anvironuant of incraaaad tanaion within tha

U.S. dairy induatry. Tha raault haa baan an intanaifiad

affort to idantify naana for improving aconoaic afficiancy

and aatabliahing long-run viability. Ona araa of intaraat

haa baan bulk raduction of fluid ailk.

Thia thaaia focuaaa on tha acononic faaaibility and

ragional iapact of Ravaraa Oaaoaia filtration of Grada A

nilk. For analyaia, a ahort-run apatial aquilibriun nodal

waa apacifiad. Solutiona wara gonaratad undor a range of

pricing and policy acanarioa including Claaa I difforantial

ranoval and roalignaont, raducad aupport prica, and

incraaaad tranaportation coata.

Raaulta indicata that fluid ailk prica would fall with

tha dagraa of inpact varying by ragion. Aa a whola

conauaara gain whila producara loaa, yat, for aoaa ragiona

Ravoraa Oanoaia aay halp ainiaiza tha nagativa impact of

cartain policy changoa.
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CHAPTER ONE

INTRODUCTION

Govarnmant afforta to curb milk aupply and raduca

QOVanmant axpandituraa within tha dairy induatry ara

£°rcing tha induatry towarda improvad aconomic afficiancy.

producara, finding that thay muat raduca axpanaaa in

°rdar to ramain viabla, ara looking for maana by which to

Ona araa“1ntain ravanuaa and aacura thair livalihooda.

Q

2‘ obvioua potantial for coat raduction ia tha tranapor-

t

‘tion of bulk fluid milk. In a 1980 National Economica

b"‘Iiaion ataff raport. Ed Jaaaa datarminad that aubatantial

‘§Qnomic incantivaa axiat in favor of concantrating and

hkfin raconatituting whola milk whan tha diatanca batwaan

b*‘Oduction and conaumption pointa axcaada 100 milaa. Latar

‘\\Jd1.l by Novakovic and Aplin (1981), Novakovic (1982),

‘hd Whippla (1933) hava aubatantiatad tha potantial

‘§onomic incantivaa in ahipping milk in a concantratad

%§1m. Although thara axiat a multituda of mathoda for

‘b‘aoving watar from milk , racant tachnological advancamanta

“ ‘3- ravaraa oamoaia (R0) filtration, a mambrana filtration

\‘chniqua, hava ganaratad intaraat by producar organ-

:‘ ‘ationa. Ona advantaga of R0 filtration ovar othar



0.3

g 3

53.

3’6!

153

'1 3
I/



2

tachnologiaa ia that it producaa a auparior product holding

considarabla promiaa for conaumar accaptanca.

Thia thaaia ia daaignad to datarmina ravaraa oamoaia

filtration'a potantial for adoption by tha Claaa I (fluid

3.3a-) milk markat undar a nonraatrictiva policy anviron-

tht, and to datarmina what tha impact of much adoption

Would ba on a ragional and induatry-wida baaia. It ia

b.11avad that R0 filtration of fluid milk could provida

producara in tha Uppar Nidwaat with tha opportunity to

e‘.E>1taliza on thair compatitiva advantaga in milk produc-

tion, by capturing naw markata at graatar diatancaa. Tha

b“ulta obtainad from thia raaaarch prova to ba both

Forj‘hCightful and, in aoma caaaa, rathar aurpriaing.

‘T‘Qmpla, no production ragion ia found to banafit from R0

3 ‘~ ltration to tha dagraa initially hypothaaizad.

Tha ramaindar of thia chaptar focuaaa on tha currant

‘hwironmant undar which tha induatry ia oparating, raaaona

t§=33~ intaraat in bulk raducing tachnologiaa, and tha mathod

‘3 analyaia utilizad in datarmining tha impact of R0

5 i ltration upon tha markat. Thia will ba followad by a

‘tatamant of raaaarch obJactivaa and an ovarviaw of tha

§haptara compriaing thia thaaia.

‘ ~— 1 Tha Induatry Environmant

Undar tha praaant aconomic, tachnological and lagia-

l Qtiva anvironmant, tha dairy induatry facaa an ara of

‘fignificant changa. Racant raductiona in tha dairy aupport
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prica hava forcad many producara to drop out of production

whila othara hava anliatad in tha govarnmant aponaorad

Dairy Tarmination Program. Naanwhila. amarging tach-

nologiaa promiaa to axpand production lavala to naw

haighta. For axampla, it haa baan aatimatad that bovina

lo‘atotropinl alona could incraaaa long-run productivity by

.Pproximataly 15 parcant. Such a ahift foratalla of a

‘.J°r raahuffling within tha induatry aa inafficiant pro-

duCQra ara forcad out and thoaa ramaining in production

-xpand thair oparationa in ordar to captura tha banafita of

-Qfila aconomiaa. Tha affact of thaaa two oppoaing forcaa,

th- naad to dacraaaa aupply and tha rapid incraaaa in par

unit production, haa craatad an atmoaphara of incraaaing

1:

‘hsion within tha induatry.

Claarly naw tachnologiaa will hava a kay rola in datar-

{hing tha diraction and compoaition of tha induatry

Q

‘ar tha naxt dacada. Juat aa aoma tachnologiaa may impact

ha induatry through incraaaing aupply, othara may halp

Spacifically,: §‘<:>clucara through thia tranaitional pariod.

‘3 1k raduction through mambrana filtration tachniquaa haa

§‘naratad conaidarabla attantion. Thia procaaa could

ET§tantially allow producara to banafit according to thair

=§:l3patitiva advantaga in production whila tha induatry

‘Qvancaa .towarda improvad aconomic afficiancy.

\

1 Bovina aomatotropin, commonly rafarad to aa bovina

9“owth homona, ia a naturally producad hormona within tha

himal which. at incraaaad lavala. aignificantly anhancaa

“1 1k productivity.
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1.2 Intaraat in Bulk Raducing Tachnologiaa

Fluid milk containa approximataly 87 parcant watar

(Naaraon and Ginnatta, 1970). Thia watar contant, dua to

its bulk and waight, incraaaaa tranaportation. handling.

atoraga, and praaarvation coata. Claarly than, a natural

air... for coat raduction within dairy markating ia through

erucing tha milk’a bulk prior to ahipping.

Tha praaant markating ordar atructura aupporta thia

cciricluaion. Changaa in milk markating ordara hava in-

erOQaad tha diatanca which milk ia movad within ordar

t5.910na, with diatancaa oftan axcaading 1,500 milaa (Jaaaa,

13BO). Givan thia ordar tranafar atructura, it aaama

t‘haly to raappraiaa tha currant tranaportation ayatam.

Oh. aolution to raaolving tha tranaportation coat problam

“Quid ba to tranaport a concantratad product, which can

{kan ba "racombinad" into a whola fluid product naarar tha

b“int of conaumption. Tha aconomic advantagaa of ramoving

‘§ma of thia watar can ba actualizad only aa long aa tha

§Qat of auch ramoval doaa not outwaigh tha aavinga acquirad

through raducad bulk and waight.

In tha U.S., tha majority of ragiona produca an adaquata

=€ luid milk aupply to maat ragional damand. Importing fluid

‘ ilk from othar ragiona may ba nacaaaary during timaa of

k‘mporary or aaaaonal ahortaga. Givan tha viability of

§E‘conatitutad milk am an altarnativa or aupplamant to

lQcal milk production in daficit ragiona, ona would axpact

kw aaa a raduction in gaographic milk prica diffarancaa
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among ragiona. Tha raaaon for thia ia that with Claaa I

diffarantiala baaad on whola milk tranaportation coata and

tranaportation coata baing poaitivaly corralatad with

9.19111: and voluma, ramoving tha watar dacraaaaa tha coat of

ahipping milk.

l’or ragiona auch aa Nichigan which produca a high

POrcantaga of fluid grada milk (97 parcant of total produc-

tiOn) and which hava a claar compatitiva advantaga in

prOduction ovar all ragiona axcluding tha Uppar Nidwaat,

th- potantial impact of raconatitutad milk ara particularly

-ttractiva (NNPF, 1985). Ralativaly low coat of production

t.‘910na could aaa a riaa in axport damand laading to an

:‘hcraaaa in tha proportion of production going to Claaa I

“‘a. Am a raault, producar ravanuaa could incraaaa.

§‘rtainly tha potantial banafita of raducing tha bulk and

“‘ight of milk appaar attractiva but tha mathod of concan-

~§§‘ation ramaina important. aapacially in tarma of conaumar

‘Qcaptanca .

Traditionally, avaporation and apray drying hava baan

‘§ployad to ramova watar from akim milk and mora racantly

\ha ultra filtration procaaa haa gainad attantion. Liquid

:sQoda, howavar, ara vary vulnarabla to flavor and aroma

§laangaa and aach of thaaa procaaaaa hava nagativa aida

‘d'facta. For axampla, axpoaura to high tamparaturaa undar

‘pray drying can altar milk'a charactariatica and ultra

t dltration may raault in tha loaa of aoma nutrianta praaant

3~ 23 raw milk.
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Hora racantly, ravaraa oamoaia filtration haa baan

appliad to tha concantration of fluid milk. Tha advantaga

of R0 filtration ovar tha mora traditional forma of raduc-

tion liaa in ita nondapandanca on haat. A larga parcantaga

Of watar can, tharafora, ba ramovad without altaring taata

find nutriant charactariatica: thua, minimizing tha impact

on conaumar damand. It ia for thia lattar raaaon that tha

R0 filtration procaaa haa gainad graat intaraat among bulk

r-duction tachnologiaa. With tha aid of tachnological

-dvancamanta, it appaarm tha procaaa ia alao bacoming an

-§°nomically faaaibla altarnativa. A briaf ovarviaw of

-°‘a common bulk raducing altarnativaa ia praaantad in

s‘:.~Sura 1.1.

Claarly, amploying RO filtration praaanta aoma vary

‘*citing poaaibilitiaa: (1) low coat production ragiona

§§\ildzl banafit from thair compatitiva advantaga: (2) tha

{ hduatry could raalign ita production and ahipmant

b"ttarna, gaining incraaaad aconomic afficiancy: and, (3)

§§naumara could banafit from tha raduction in tranapor-

t‘tion coata aa raflactad in tha ratail prica of milk.

t‘gionally and intraragionally tha impacta would cartainly

T ‘ary. For axampla, conaumara in ragiona farthaat from tha

‘fiurca would nacaaaarily aaa tha graataat potantial

“ hpact. Furtharmora, low incoma conaumara. who davota

Q. graatar proportion of thair incoma to food purchaaaa.

§Quid raaliza appraciabla banafita.
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Thia wide range of potential banafita froe the adoption

of R0 filtration technology clearly providee aufficient

merit to atudy ita introduction into the fluid eilk

induatry. However. it ie recognized that not ell tech-

nologiee will be beneficial to ell producara. Given thia,

it becoeea ieperative to deteraine the proaected impact of

a given technological change at both an induatry and

regional level.

1.3 lethod of Analyaia

There are a wide range of econoeic iaauea aaaociated

with the adoption of R0 filtration. 0f apecific intaraat

to thia atudy in R0 filtration'a affect on fluid eilk

aarketa. The tranaahipeent and regional nature of thia

queation euggeata the need to apatially nodal the national

fluid ailk earket. The baaic theory behind apatial price

equilibriue illuatratea why auch analyaia ia uaeful.

Spatial theory of pricing euggeata that in the abaence

of narket diatortione, cauaed by adniniatered pricing or

nonopoly preaence. the difference in price between geo-

graphic regiona will be equivalent to the coat of moving

the product between regiona. Hence, in a trading

environeent free of barriera, ea long aa the aupply and

deaand equilibriun price difference between the two ragiona

ia not leaa than the coat of tranaportation, trade will

occur. Milk will be ahipped fron the aurplua (relatively

low price) to the deficit (relatively high price) region.
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The conaequence of a decreaae in tranaportation coat

and, hence, a change in the regional price wedge, would be

evidenced by an altering of the pricea, quantitiea traded,

and diatribution patterna within the 0.5. fluid ailk

narket. For exaaple, ragiona which face very high fluid

ailk pricea would expect to aee a decreaae in price and an

increaae in conaunption. Furtheraore, if production coata

are relatively higher in the deficit region, a decreaae in

production could be experienced. On the other hand, a

aurplua and relatively low coat of production region. like

Michigan, eight enjoy aany banafita ariaing froa R0

filtration and reconatitution. Export aarketa nay expand

and the blend price increaae aa aurplua fluid grade

nilk, which would otherwiae be ”dunped" into leaa prof-

itable eanufactured dairy product uae. ia allocated to

Claaa I uae.

Spatial equilibriue analyaia will allow detereination of

the econonic end diatributional iapacta of introducing R0

filtration to the Grade A narket. Several apatial nodela

of the dairy induatry have been developed (Hallberg et al..

1978: and Novakovic et al., 1980). Although theae aodela

are very thorough, they create a linitation ainply becauae

of their aize -- large eainfraee aodela with extenaive data

requireaenta.

For the purpoaea of thia atudy, a general idea of the

earket inpact of R0 filtration can be obtained through the

uae of a aore aiapliatic apatial equilibriua aodel run on a
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leaa demanding computer program. Sharplea and Holland

(1984) and Holland (1985) have developed auch a program,

the Generalized Tranaportation Problem (GTP). Although GTP

ia apecified for international trade, apatial price theory

ramaina the aame for trade between any apatially aaparatad

ragiona. The program generatea trade flow quantitiea.

pricea and revenuea and haa a data requirement commenaurate

with the detail level of thia atudy. In aum, GTP and

apacial equilibrium theory praaant the neceaaary toola of

analyaia for obtaining the reaearch objectivea.

1.4 Study Objectivea

The objectivea of thia atudy are:

(1) To gain a working knowledge of R0 filtration. con-

atrainta to ita adoption. operational parametera and

ita potential for future uae within the Claaa 1 milk

market.

(2) To underatand the fundamental characteriatica of the

dairy induatry; to reaffirm the relative production

advantagea among atataa and ragiona: and. to identify

market relationahipa and policiea relevant to the aale

of R0 filtrated milk.

(3) To incorporate theae market characteriatica and

relationahipa into the deaign and apecification of a

apatial equilibrium model of the Grade A milk market.

(4) To examine the potential Claaa 1 market impact of the

full acale adoption of R0 filtration through analyaia

of model reaulta run under a range of pricing and

policy acanarioa.

1.5 Overview of the Study

Thia atudy evaluatea the economic feaaibility of R0

filtration through apatially modeling a aelected aegment of
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the 0.8. Grade A milk market. The modeled area ia broken

down into nine aupply and ten demand ragiona. The necea-

aary aupply and demand data are reapecified from atate and

federal marketing order atatiatica. Eatimated coata of

applying R0 filtration, tranaportation coat functiona. and

aupply and demand elaaticitiea are all extracted from

previoua reaearch. A apatial equilibrium model incorpor-

ating thia data ia apecified according to market character-

iatica and the objectivea of thia theaia. Raaulta from

thia model are generated under numeroua econoeic acanarioa.

The regional impact on diatribution, pricea and revenuea

are iaolated for croaa analyaia.

Thia theaia ia divided into aix chaptera yielding

inaight into the operation of R0 filtration, the induatry

in which ita adoption ia being analyzed, and ita potential

impact on fluid milk markata.

Chapter Two reviewa fundamental characteriatica of the

domeatic dairy induatry. Areaa covered range from the role

of government, the pricing mechaniama involved and regional

coata of production. Diacuaaion focuaaa on induatry

relationahipa which are tied to the adoption of R0 filtra-

tion. Additionally, the iaauea related to raconatitutad

milk are diacuaaed.

Chapter Three deala excluaively with the technology

iaolated for atudy: R0 filtration. The general principlea

of R0 filtration are preaented and the R0 ayatam itaelf ia
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deacribed. Potential operational conatrainta to adoption

of R0 for fluid milk are highlighted.

In Chapter Pour the relevant induatry characteriatica

introduced in Chapter Two are placed within the context of

a apatial equilibrium model. The general theory of apacial

equilibrium and previoua modeling reaearch are diacuaaed as

well aa the apecific computer program and aolution algor-

ithm employed in thia atudy. Finally, the fully apecified

model uaad for analyaia ia aubmitted along with ita

data requirement.

Model reaulta and analyaia are praaantad in Chapter

Five. The acanarioa under which each aolution ia generated

are deacribed, aa well aa their incorporation into the

model. Additionally, the primary limitationa and caveata

aaaociated with the model are aubmitted.

Chapter Six aummarizea the atudy and the reaulta

obtained. The achievement of atudy objectivea ia diacuaaed

aa well aa what can and can not be inferred from the

reaulta. In concluaion, implicationa of the reaulta

are aubmitted.



ha

ti



CHAPTER 2

RELEVANT DAIRY INDUSTRY CHARACTERISTICS

The dairy induatry, by ita nature, poaea unique market-

ing concerna. Fluid milk ia a bulky, highly pariahable,

continuoua flow product aubJect to health contaminanta:

requiring atrict aanitary compliance in production, trana-

portation and proceaaing. Furthermore, aupply ia highly

inelaatic in the ahort-run with producara traditionally

being very vulnerable to the market power held by pro-

prietary handlera and proceaaora. Theae characteriatica

all poae potential marketing problama.

Hilk alao haa important nutritional qualitiea. Notably

it ia high in protein and calcium and la conaidered

an important nutritional item in the nation’a diet. It in

becauae of thia combination of aenaitive marketing condi-

tiona and nutritional importance that the dairy induatry

haa been aaparatad from other agricultural induatriea in

the deaign of marketing policiea. Dairy induatry policy ia

unique in that dairy ia the only induatry where both

government price aupporta and federal marketing ordara

axiat.

The degree of regulation and the complexity of the

pricing mechaniama which have evolved, together with the

13
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diatinguiahing markating problema aaaociated with milk,

make it difficult to tranafar general knowledge of agricul-

tural marketing and policy to the apecific concerna of

the dairy induatry. Hence, before one can approach the

taak of apatially modeling the marketing of fluid milk

within the United Stataa. a baaic underatanding of the

induatry ia eaaential.

Thia chapter overviewa aome of the more prominent

dairy induatry characteriatica, focuaing on areaa directly

tied to thia atudy. An examination of the regional

production coat atructure upon which the relevance of thia

atudy hingea will follow. Finally, a cloae look at

reconatituted milk will be made, including mathoda of

concentration, the role of current regulationa, and aome

previoua atudiea addreaaing theae iaauea.

2.1 Role of Government Within the Domeatic Dairy Induatry

The government haa intervened in fluid milk markata by

creating regulationa to reduce inequitiea, uncertainty, and

variability. In general. the government intervenea in

commodity markata becauae there are unaatiafactory condi-

tiona within the market. For example, milk’a periahability

createa the opportunity for groaa inequitiea to develop,

reaulting in market uncertainty and price and quantity

inatability within the induatry.

Before regulation, proceaaora could ahift coata between

producara. manufacturea and fluid planta, all of which
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had aupply level requirementa to enaure efficiency. Thia

led to inatability in the general milk market and. with

marketing power in the handa of proceaaora, inequitiea

developed (USDA. Jan. 1984). Furthermore. to limit var-

iability, reaervea needed to be maintained. Private plant

operatora were unwilling to bear the burden of thia

expenae, aa were producara. The fluid milk market waa

clearly claaaifiahle ea diaorderly.

Additionally, milk auppliea often became contaminated or

failed to meet health atandarda. Incentivea were deemed

neceaaary to encourage inveatment in the coatly equipment

and fecilitiea required to improve aanitary atandarda.

Such inveatmenta would enaure that an adequate aupply of

aafe Grade A milk waa alwaya available. Hence, the central

objective of many dairy program proviaiona ia to provide

price atebility and an equitable income to producara, while

enauring a reliable and aafe aupply of milk for the

nation’a conaumara. Regulation primarily came in the form

of federal marketing ordera and price aupport prograaa.

2.1.1 Federal Iilk Marketing Ordara

Federal regulation of fluid milk markata began with the

eatabliahment of the Federal Milk Marketing Order (FHHO)

ayatam in the 1930'a. Thia ayatam waa daaignad to addreaa

the chronic problema exiating within the market. Federal

ordara for milk are iaaued by the Secretary of Agriculture

and adminiatered by the Dairy Diviaion of the USDA'a
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Agricultural Harketing Service. Each order appliea to a

apecific geographic region where producara have voted for

ita eatabliahment.

The function of FHHOa differa from thoaa common to

fruit and vegetablea in that milk marketing ordara actually

function to eatabliah an inatitutional atructure for

pricing. FHHOa regulate all the fluid milk induatry

indirectly via direct regulation of handlera aelling their

milk within ordara. Thia ia accompliahed by aetting a

minimum price which muat be paid by proceaaora to producara

for Grade A milk1. Proceaaora may then uae the milk for

any purpoae, including manufactured producta which only

require the lower quality atandard Grade 8 milk.

In the 1930’a. when the FHHOa were eatabliahed, markata

were local. Seldom waa milk tranaportad between markata;

the technology waa not advanced enough and the riaka were

too high. Aa a raault, aupply and demand were neceaaarily

met within the market.

Due to tranaportation coata being greater for fluid than

for manufactured dairy producta, aurplua ragiona developed

large manufactured product induatriea. Theae producta were

marketed on a national acale: fluid markata remained

relatively local, within a couple hundred milea. Aa the

technology (tranaportation and refrigeration) improved.

tranaportation coata and riak decreaaed. Aa a raault, the

 

1 Only Grade A milk ia regulated under federal

ordera.
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neceaaity for adequate reaervea to be held locally declined

and federal ordara began to merge.

In 1962 the number of FHHOa peaked at 83. Since then

the number haa decreaaed. yet. the amount of milk covered

under federal ordara haa increaaed. At praaant. approxi-

mately two-thirda of all milk marketed in the 0.8. ia

covered under federal ordara. Theae trenda are illua-

trated in Table 2.1.

Table 2.1. Extent of The Federal Hilk Market Order Program,

1960 to 1985

 

Volume of Volume aa a

Number of Rilk Covered Percent of

Year Federal Ordara Under Ordara 0.3. total

(Number) (Bil. lba.) (Percent)

1960 80 48.8 45.0

1965 73 54.4 48.3

1970 62 65.1 59.6

1975 56 69.2 62.8

1980 47 84.0 67.4

1985 44 97.8 70.0

 

Source: National Nilk Producera Federation, 12§1_Qgi;1,

W.1985. p-20 and USDA.W

W-1986-

2.1.2 Price Support Prograaa

Current government policy intervention in the dairy

induatry ia primarily in the form of price aupporta which

were eatabliahed in 1949. Acting through it’a Commodity

Credit Corporation (CCC), the government guaranteea

purcheae of cheeae, butter, and nonfat dry milk at a aet

price. Theae CCC purchaaea aerve to aupport the market

price of manufactured dairy producta and indirectly help to
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aupport the price of all milkz. While the price aupport

program ia not directly tied to the federal order program,

it doea have a direct impact on federal order marketinga.

2.2 Pricing Rechaniama

Price ia the primary coordinator of activity at each

atege of marketing: production, aaaembly, proceaaing and

diatribution. Price alao aervea aa a production incentive

and helpa to maintain adequate auppliea for the varioua

competing aourcea of demand. Pricaa for milk and dairy

producta are partly adminiatered and partly negotiated in

the market place.

The current price atructure ia a raault of the combined

influence of government regulationa and cooperative action

aa allowed by the Capper-Volatead act. Government regula-

tiona directly impact the u-w price through price aupporta

and impact the Claaa I milk price and the blend price3

through claaaified pricing. Producer cooperativea have

created over-order premiuma, now common in moat ordara.

Each of theae pricing mechaniama ia diacuaaed below with

their mathematical formulationa praaantad in Appendix A.

 

2 While Claaa I milk receivea a price equal to the

u-w (Grade 8 milk) price plua a local differential.

government purchaaea aupporting the manufactured gooda

market price indirectly aupporta the fluid grade market.

3 The blend price ia that which the producer receivea

and ia determined by proportion of milk allocated to the

alternative Grade A uae claaaea.
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2.2.1 l-W Price

The hinneaota-Wiaconain Price Seriea ia a weighted

average price paid for non-order (Grade 8) milk deatined

for manufactured uae in the atataa of Hinneaota and

Wiaconain. Computed on a monthly baaia by the USDA, it ia

deaigned to reflect a combination of the wholeaale product

price level and manufacture'a profit margin. The former

may be partially determined by aupport pricea and the

latter ia determined in the market place. Aa a raault of

thia atructure. under FIHOa the price of milk deatined for

atoreable manufactured producta ia aet equal to the R-W

price.

2.2.2 Claaaified Pricing

Federal milk marketing ordara regulate via eatabliahing

a minimum price which handlera muat pay and which producara

receive for Grade A raw milk. Although handlera buy milk

from producera, the price they pay and price producara

receive ia not the aame. Specifically, handlera pay what

are termed claaaified pricea.

Claaaified pricea are baaed on the end uae. or Claaa, to

which the milk ia put. Depending upon the order. there are

either two of three claaaificationa: Claaa I producta

compriae freah fluid producta; Claaa II are aoft manufac-

tured producta: and Claaa III are hard manufactured

producta. Where there ia no Claaa III diviaion, Claaa II

repreaenta all manufactured producta.
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The Claaa I prica atructure differa greatly from that of

Claaa II milk. Claaa I milk receivea a higher price than

doea milk going to either Claaa II or III uae. Thia ia

partly neceaaitated by the Claaa I product’a nature: more

expenaive to tranaport and more vulnerable to apoilage.

Regionally, the Claaa I price will vary according to the

Claaa I differential, aa diacuaaed in the following aection.

In contraat to the Claaa I price are the Claaa II and

III price which the USDA indirectly aupporta through the

l-W price. Specifically, a tentative Claaa II price ia

announced for the following month baaad on a formula. Thia

formulation takea the l-W price for the aacond preceding

month and adJuata it via the weighted change in the groaa

value of milk uaad to make cheddar cheeae and butter/nonfat

dry milk. Hence, the Claaa II price ia nearly equivalent

to the R-W price and ia fairly uniform nationally, while

Claaa I pricea vary poaitively with diatanca from the Upper

Hidweat -- the traditional milkahed. Thia pricing theory

ia reflected in the obaerved differential pricing acheme.

2.2.3 Claaa I Diffarantiala

Fadaral ordar Claaa I milk pricea are aligned to Eau

Claire, Wiaconain, the milkahed'a baae point. The Claaa I

differential increaaea directly with incraaaing diatanca

from Eau Claire in auch a way aa to approximate the coat of

tranaporting raw milk from the milkahed. Figure 2.1

illuatratea thia apatial pricing ayatam: the higheat
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Figure 2.1 1985 Claaa I differential price aurfaca in

dollara per cwt.‘

Source: Data taken from FHOS, USDA; Contoura, aatimatad.

 

4 Note, thia price aurfaca ia an approximation

derived from Claaa I price differential data for aalactad

citiea. While thia figure doea provide an illuatration of

the general caae, not all price differentiala coincide with

thia aurfaca.
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differentiala are in Florida and the loweat in Rinnaaota.

Theae differentiala are tacked onto the baae price which

handlera muat pay for milk going to Claaa I uae. Hiator-

ically, the USDA haa eat the Claaa I differentiala. With

the paaaaga of the 1985 Food Security Act, thia pricing

rola waa taken over by Congreaa.

Although Claaa I differentiala reflect tranaportation

coata of raw milk, they are not the primary determinant for

whether milk will be tranaported. The price which pro-

ducara receive, the blend prica, aervea that function.

2.2.4 Blend Price

While handlera muat pay for Grade A milk according to

ita and uae, producara do not receive payment according to

how their milk ia uaad. Rather, producara receive what ia

termed a blend price for their milk.

To preaerve equity among producara. regardleaa of their

diatanca from the fluid milk market. proceeda from both

fluid and manufactured aalea in a given order are pooled.

The proceeda are than diatributed to producara at a blended

per unit price, with allowancaa made for location, butter-

fat and marketing aerviceas. Hence, the blend price ia

 

5 For example. if 80 percent of the milk aold in an

order goea to Claaa I producta and the remaining 20 percent

to Claaa II, than the bland price per unit received by all

producara aelling in that order ia compriaed of 80 percent

of the Claaa I price and 20 percent of the Claaa II price.
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determined by the proportion of milk pooled on a given

order going to each Claaa uaage.

2.2.5 Over-Ordar Pricing

One conaequence of cooperative growth within the federal

order ayatam haa been the development of over-order pricing

practicea. Over-order premiuma repreaent an additional

charge inatitutad by a producer cooperative which the

handler muat pay. While cooperativea announce the over-

order premium for the market in advance. decreaaing the

uncertainty faced by handlera, theae premiuma generally

have not been negotiated. It ahould be noted that pro-

ducara may not receive the full over-order premium.

Producer cooperativea often take a proportion of the

premium to cover operating expenaea. Both the amount

of the premium and the amount which the cooperativea

withhold variea between ragiona and over time.

2.2.6 Commodity Exchangea

For two manufactured gooda, butter and cheeae, formal

commodity exchangaa have been eatabliahed at the Chicago

Mercantile Exchange and the National Cheeae Exchange,

reapactively. A primary aarvice generated by theae

exchangea ia that they form the baaia for formula pricing.

location price adJuatmenta, and product characteriatic

adJuatmenta.



24

2.3 Role of Producer Cooperativea

The initiation of federal order regulationa effectively

decreaaed the power of proceaaora while incraaaing atabil-

ity in the market. One conaequence of theae regulationa

haa been a ahift in market power from induatry proceaaora

to producer cooperativea. Theae cooperativea began

appearing in the late 1960'a and have a growing role within

the induatry.

Cooperativaa act to procure, aaaemble and coordinate

the cyclically contraating aupply and demand. Addition-

ally, they may provide aervicea auch aa quality control,

intermarket tranafera and aurplua management. Preaently

more than 85 percent of producara in federal ordara are

cooperative membera and more than 75 percent of the

nation'a milk, ia aold through cooperativea (USDA, Jan.

1984). The primary direct impact which cooperative

praaence will have on thia atudy ia through the exiatence

of over-order premiuma.

2.4 International Trade in Dairy Producta

Dairy ia a highly regulated and protected induatry in

moat modern induatrialized countriea. Domeatic dairy

programa commonly have led to aignificant aurpluaaa and, in

turn, to the impoaition of import barriera and/or heavy

axport aubaidiaa. In the U.S., importa of dairy producta

have averaged leaa than two percent of total 0.3. milk

production annually (USDA, Jan. 1984). On a world wide
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acale, trade in dairy producta ramaina fairly ateady near

five percent of total world milk production (USDA, Jan.

1984). The world trade in dairy producta will likely

remain relatively amall and aa auch, will not affect the

analyaia undertaken in thia atudy.

2.5 larket Characteriatica of Supply and Demand

Fluid milk markata diaplay unique characteriatica in

both aupply and demand. A fundamental characteriatic of

the fluid milk market ia that aeaaonal patterna axiat in

both production and conaumption: however, theae patterna do

not coincide. Production peaka in late apring and trougha

in late fall, while conaumption ia loweat in late apring

and higheat in early fall. Similarly, conaumption ahowa

atrong weekly trenda. Hence, for demand to be met on

any given day of the year neceaaitatea aurpluaaa at other

timaa.

Of particular intaraat to thia atudy are the aupply and

demand elaaticitiea for fluid milk. Dairying ia charac-

terized by a highly inelaatic ahort-run aupply achadule.

Thia ia due to high fixed inveatmenta in apecialized facil-

itiea which prevent rapid contraction or expanaion.

Additionally, there ia a lag of two yeara from birth until

a heifer antera the milking herd. Aa a raault, aupply ia

very unreaponaive to price over a two year period, becoming

more elaatic in the long-run. 0n the demand aide, dairy

product aalea characteriatically are not very price
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reaponaive in the ahort-run and may be more reaponaive in

the long-run.

2.6 Regional Coata of Production and Competitive Advantage

The exiatence of competitive advantage in a free market

allowa one region to benefit from producing the commodity

for which it haa a competitive advantage. The queationa

addreaaed in thia atudy are relevant only ao long aa the

Upper Midweat really doea have a competitive advantage in

the production of milk. 0f apecific intaraat ia Michigan'a

poaition relative to atataa outaide of the Upper Midweat

region.

2.6.1 Eatabliahing Michigan'a Competitive Poaition

Regional competitive poaitiona in the dairy induatry are

linked to coata of production. Given thia, it ia neceaaary

to compare the coata of producing milk in Michigan relative

to other ragiona in order to eatabliah the competitiveneaa

of Michigan’a dairy induatry.

Average coat of production figurea for milk in Michigan

can be obtained from two reliable aourcea, Michigan State

Univeraity Telfarm reporta and the USDA’a Firm Enterpriae

Data Syatem (FEDS) budgeta. Telfarm ia a Cooperative

Extanaion aupportad farm accounting project operated by

Michigan State Univeraity. It generatea Michigan farm

accounting recorda by uaing a voluntary mail-in ayatam.

Several hundred dairy farma take part in thia proaect.
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Although the data generated may not be repreaentative of

all dairy farma in Michigan, given the large aample aize,

one can be confident that the data doaa accurately repre-

aent commercial Grade A dairiea groaaing greater than

050,000 annually.

The USDA’a coat of production atudiea were mandated by

the federally legialated Agricultural Conaumer Protection

Act of 1973. Thia Act requiraa annual reporta to Congraaa

on the coata of producing varioua commoditiea, including

milk. Although data ia originally compiled at the atate

level, the USDA publiahea ita coat of production atatiatica

annually in regional form.

A large part of the FEDS technical data uaad to eatimate

coata of production ia compiled by the Economica Reaearch

Service (ERS) and National Agricultural Statiatica Service

(MASS) through enumerated aurveya of farm operatora. ERS

preaenta coat of production data in anterpriae budget

form: a liating of all the coata and returna aaaociated

with the production of a apecific commodity. State

anterpriae budgeta are generated for each atate located in

the major production ragiona for the given commodity.

Theae budgeta are then weighted according to production,

determining the regional and national average production

coata for that commodity. Caah receipta are alao weighted

in thia manner. Opportunity coata for feeda, unpaid labor,

and capital are uaad whila coata of machinery and buildinga

are generated from a data baae of thoaa itema.
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There are two major areaa of weakneaa aaaociated with

the USDA generated data. Firat, the uaual problema

aaaociated with aggregating data are likely to axiat

(ie. intraregional variation ia maaked). Second, the

USDA’a method of eatimating machinery and machinery related

expenaea haa been quaationed (Mott, 1985). However, while

potential waakneaaea do axiat, USDA generated data ia the

moat complete available and reaaonable concluaiona can be

drawn from analyaia baaad on thia data.

For the purpoaea of thia theaia, the USDA'a coat of

production atatiatica will be uaad rather than any Telfarm

data. The raaaon for thia hingea on three pointa. Firat,

the atatiatica are gathered at the atate level in a conaia-

tent faahion. Thia allowa for interregional and even

interatate (when the original data ia available) compar-

iaona to be made without aignificant error. Second, uaing

USDA atatiatica enablea aaay compariaona to be made with

other atudiea addreaaing aimilar iaauea. Finally, although

variation ia praaant between the USDA and the Telfarm

atatiatica, when definitiona are atandardized between the

two aourcea, total coat of production for milk in Michigan

comea within one percent of each other for 1983 data (Mott,

1985).

2.6.2 Coat of Production

The key elementa of total coat of production are the

fixed and variable expenaea. Variable coata will increaae



29

aa total production riaaa, while fixed coata will not,

gggggig_ngzigu1. Coata of producing milk vary widely over

time from farm to farm and atate to atate due to differing

production levela per cow, climatic conditiona, management

practicea, herd aize, feed pricea and labor to name a few

of the many influencea. In general, the Upper Midweat

(Michigan, Minnaaota, South Dakota, and Wiaconain) haa

higher fixed coata than other ragiona becauae of heavy

inveatment in buildinga and harveating equipment. 0n the

other hand, the Upper Midweat enjoya a lower variable coat

than other ragiona becauae ita dairy farmera produce 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 coata repreaent a very important element in dif-

fering regional coata. Both Appalacia (Kentucky, North

Carolina, Tanneaaee, and Virginia) and the Southern Plaina

(Texaa) are grain deficit ragiona and aa auch face large

axpandituraa on imported feed. Additionally, the forage

grown in theae two ragiona ia generally of a poorer quality

relative to the Upper Midweat, again requiring producara to

pay relatively higher feed coata per hundredwaight of milk

produced. For example, in 1984 the Upper Midweat'a feed

coata accounted for 41 percent of the region’a total

variable expenaea aa compared to 55 and 51 percent for the

Southern Plaina and Appalacia reapectively (USDA, Sept.

1985). Figure 2.2 helpa to illuatrate thia point.
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2.6.3 Michigan’a Ralativa Poaition

In contraat to theae high feed coat ragiona, Michigan

producara characteriatically produce the majority of their

feed requirement in the form of haylage and corn ailage.

Thia aelf aufficiency haa the effect of lowering feed coata

and, with a alightly higher quality forage, helping to

increaae production per cow. Together theae influencea

provide Michigan farmera with a lower variable coat per
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hundredwaight than experienced by producara in the South.

Compared with the two other primary producing atataa in the

Upper Midweat, Minneaota and Wiaconain, Michigan'a variable

coata are generally alightly higher. Table 2.2 illuatratea

the relative coata of production and competitiveneaa of

aalactad atataa.

Table 2.2. Coat of Production, Price, and Return to Riak

Management for Selected Stataa, 1982 (m/cwt)

 

Fixed Variable Total Price Return to

State Coata Coata Coata of Milk Riak 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 2.15

Minneaota 4.06 6.42 10.48 12.98 0.25

N Carolina 3.15 9.23 12.38 14.70 1.90

Tenneaaee 3.03 8.55 11.58 13.60 0.94

Virginia 3.29 8.86 12.14 13.90 1.29

Wiaconain 4.03 6.28 10.30 13.22 0.03

 

Source: USDA, "Firm Enterpriae Data Syatem”. Unpubliahed

data for 1982.

Michigan producara do not hold the aame clear advantage

over Southern atataa in fixed coata. However, even though

Michigan’a fixed coata are higher relative to all Southern

atataa, they are not aignificantly higher. Compared to

Minneaota and Wiaconain, Michigan’a fixed coata are

alightly lower. The lower variable coata provide Michigan

with a total coat of production below that of all Southern

atataa, ea demonatrated Figure in 2.3.
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Baaed on the data praaantad here and the aubaequent

compariaona made, it can be acid with confidence that

Michigan holda a competitive advantage over Southern atatea

in milk production. Futhermore, when the difference in

total coat of production between Michigan and the rest of

the Upper Midweat, apecifically the heavy aurplua atatee

ofMinneaota and Wiaconain, is coupled with Michigan's

relative proximity to the high coat of production deficit

atataa, it appaara Michigan may be in a poaition to
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eatabliah itaelf aa a key aupplier to Southern atataa. At

a time when technological developmenta promiaa large

increaaea in productivity and expenaive dairy policiea

which encourage inefficienciea within the induatry are

being quaationed, Michigan producara could be in a poaition

to benefit from their competitiveneaa and location.

2.7 Reconatituted Milk

The reconatitution of nonfat dry milk powder and milk

fat haa been done for many yeara throughout the world in

areaa which are either great diatancaa from auppliea or

which have aupply conaiatency problema. In the U.S. the

uae of concentrated milk, including dry milk powder, haa

primarily been limited to the production of cheeae,

cultured buttermilk and, to a amall extant, fluid beverage

milk. Thia latter market ia aupplied by “reconatituted"

milk and haa been limited to a aingle proceaaor in North

Carolina marketing a blended milk products, and to the

atate of Alaaka, where approximately one third of the fluid

milk demand ia aupplied by reconatituted milk (Hammond,

Buxton and Thraan, 1979).

There axiat aaveral different mathoda of concentration

which have been applied to fluid milk. With the advent of

new and improved tachnologiaa the liat of potential mathoda

of bulk reduction available haa expanded. Specifically,

 

5 A product made from a blend of freah whole milk,

water and nonfat milk powder allowing the area’a fluid milk

aupply to be atratched.



leebre

Th1! I

currer

of co:

Iilk :

are e

eddre

Ed

eever

inhtr

dryxr

requ}

lek

valid

lllk

tigh

(UP)

eo..

'dVQ

trat

he.

Chan

°f t:



34

membrane aeparation techniquea have been gaining intaraat.

Thia atudy deala directly with a product which would

currently be claaaified aa reconatituted. Aa auch, mathoda

of concentration, uae reatrictiona impoaed on concentrated

milk forma, and previoua reaearch addreaaing theae iaauea

are all of importance. The remainder of thia chapter

addreaaea theae areaa.

2.7.1 Methoda of Concentration

Edward Jeaae (1980) praaantad a atudy which liatad

aaveral mathoda of bulk reduction and aome of their

inherent waakneaaea. The more traditional mathoda, apray

drying, conventional evaporation and thermal evaporation,

require large amounta of liquid fuel. Aa a raault, the

milk undergoea a phaae change7 raaulting in aubatantial

variation in the final product.

A aomewhat leaa traditional approach to concentrating

milk involvea the uae of ravaraa oamoaia filtration (R0)

either on ita own or in conjunction with ultra filtration

(UF). Currently, the two-atage UF-RO procaaa ia uaad

commercially in the concentration of cheeae whey. An

advantage of filtration over thermal-evaporation may be in

ita reduced liquid fuel requirementa. Additionally, fil-

tration ia leaa detrimental to the aolution'a conatituenta

becauae in the abaence of heat, no phaae change occura.

 

7 A phaae change occura when a diacrete homogeneoua

characteriatic of the aolution ia aaparatad from the reat

of the aolution by aome external force.
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To determine the economica of employing theae varioua

mathoda of concentration, they were ranked by Jeaae

according to their proceaaing ahipping and aaaembly coat.

From thia a tranaportation coat aurfaca waa developed. The

numbera indicated that for diatancaa greater than 100

milea, aome form of concentration ia economical. Thermal

evaporation waa found to be the moat coat efficient method

of concentration for diatancaa up to 900 milea with apray

drying to dry ingredienta bacoming moat economical at

greater diatancaa. Membrane aeparation mathoda were found

to be attractive due to their non-reliance on heat and

auparior taata, however, their coat atructure waa rather

high relative to the more traditional techniquea.

Advancementa in membrane technology have greatly

enhanced the potential for applying membrane filtration

techniquea to the concentration of whole fluid milk. Thia

theaia deala aolely with the uae of R0 filtration which ia

diacuaaed in greater detail in the following chapter. The

current regulatory environment faced by reconatituted milk

producta are examined below.

2.7.2 Uae Reatrictiona

Ravaraa oamoaia filtration of fluid milk producea a

Product which, under current cleaaificationa, would be

r‘gulated aa a reconatituted milk product. Aa they

‘3‘Errently atand, the regulationa for reconatituted producta
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would effectively eliminate the economic incentive for

adopting tachnologiaa auch aa R0 filtration.

Under current government regulationa, “reconatituted“

ia a word ahrouded by negative connotetiona. The Grade “A“

Paateurized Milk Ordinance of the U.S. Public Health

Service definea reconatituted or recombined milk and milk

producta aa ”...milk producta...which raault from the

recombining of milk conatituenta with potable water"

(USPHS, 1965). Given thia definition, any blended milk

product muat be labeled "recombined" regardleaa of the

amount of water which waa added to ”reconatitute" it.

Allocation proviaiona, compenaatory paymenta, and

pricing proviaiona impoae aignificant penaltiea on produc-

tion of reconatituted milk. Additionally, reatrictiona on

the marketing of reconatituted milk and mandatory pricing

proviaiona for ingredienta axiat under both atate and

federal marketing ordara. For example, the pricing

proviaiona held by eleven atataa act to inaure that the

handler producing reconatituted milk will pay greater than

or equal to the local Claaa I fluid milk price for the

ingredienta going into reconatituted milk (Hammond, Buxton

and Thraan, 1979). Allocation proviaiona aaaign recon-

atituted milk to the loweat uae claaa regardleaa of ita and

uae. For every quantity down-allocated an equivalent

amount muat be up-allocated. If there exiata inaufficient

reaourcea to ”up-allocate“, a compenaatory payment equal to

the Claaa I differential ia charged to the exceaa quantity .
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of reconatituted milk. In eaaenca than, proceaaora muat

pay the local Claaa I price for reconatituted milk made

from Claaa III or Grade B producta. Several atudiea,

which have reaearched the impact of theae regulationa and

have explored aoma policy altarnativaa, are diacuaaed

below.

Federal milk marketing order price differentiala are

daaignad to reflect tranaportation coata. Charging the

manufactured price for the condenaed milk or developing a

aacond price differential atructure for reconatituted milk

would help to eliminate thia gap. In a atudy of theae two

altarnativaa it waa aatimatad that reconatituted milk had

the potential for capturing over one third of the fluid

conaumption when ingredienta were priced at their manufac-

tured price: the aacond alternative having a leaa aevere

impact on farm pricea (Whipple, 1983).

In 1979 Hammond, Buxton and Thraen publiahed the reaulta

of their reaearch on the potential impact of reconatituted

milk. They invaatigated what effect reatrictiona placed on

reconatituted milk would have on regional price relation-

ahipa between fluid and manufactured producta, aa well an

on production, uaage, and conaumer/producar welfare.

Specifically, they looked at two altarnativaa to the

praaant pricing acheme: 1) alter the differentiala while

continuing to uae the aaaigned Claaa I price for fluid and

reconatituted milk: and 2) maintain regional differentiala

between fluid and manufactured pricea by way of a Claaa I
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price on freah fluid milk but remove auch pricing for milk

uaad in ingredienta for reconatitution.

Their reaearch indicated that under acenario one,

reconatituted milk producta would have little impact on the

price of milk going to manufactured uae and the Claaa I

price would decline in three of the eight ragiona in their

atudy (the Northeaat, Southeaat and Southcentral). By

compariaon, under acenario two they found that producer

incomea would decreaae more and the fall in Claaa I price

would be greater, aa would be the change in utilization and

production. Furthermore, the manufactured gooda’ price

would increaae, producer incomea would decreaae and once

again purchaaea by the CCC would be eliminated.

Similar atudiea were carried out by Novakovic and Aplin

(1981) and Novakovic (1982) who employed an economic engin-

eering approach to determine the coat of producing blended

and reconatituted milk relative to the atandard freah

milk. Their reaearch reaulta indicated that the coat

advantage of ahipping and reconatituting/blending the milk

waa aenaitive to the Claaa I price: the advantage being

greater in markata with high Claaa I pricea. When FMMO

proviaiona reatricting the aale of reconatituted milk were

removed, the coat of producing blended milk became leaa

than freah milk proceaaing coata in many major markata.

Hence, in the abaence of current reatrictive pricing

proviaiona, coat incantivaa to reconatitution were found to

axiat virtually everywhere. The aatimatad retail level
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coat of theae regulationa reatricting uae of reconatituted

milk ranged from 3.2 centa in Chicago to a high of 10.8

centa in Boaton for the ahelf price of a gallon of milk (in

1981 pricea). Clearly than, the current FMMO pricing

proviaiona aignificantly eliminate incantivaa which would

otherwiae axiat in favor of reconatituted milk.

Recently there have been aaveral economic atudiea

(primarily out of Cornell Univeraity) which have looked

apecifically at the application of UF at central locationa

aa well aa at the farm level. With the rapid improvementa

on the pivotal componenta of the membrane aeparation

procaaa, intaraat in theae bulk reduction altarnativaa will

remain high. In addition to theae atudiea on raconatitutad

milk policy iaauea, aaveral apatial modeling atudiea have

been publiahed which approach theae and other policy

areaa. A diacuaaion of auch atudiea ia praaantad in

Chapter Four.

2.8 Summary

The natural characteriatica of milk have led to a unique

and complex eat of inatitutiona daaignad to provide a aafe

and aacura aupply of milk in an orderly faahion. At the

center of the FMMO ayatam ia the exiatence of the Upper

Midweat’a competitive advantage in the production of milk.

Examining the production coat atructure indicated that

Michigan itaelf holda a competitive advantage over the

non-Midweat atatea with which it would potentially compete.
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Examining the relevant market inatitutiona exiating

within the dairy induatry and eatabliahing Michigan’a

competitive poaition in milk production were fundamental

firat atepa in addreaaing the potential impact of R0

filtration of fluid milk. At praaant, reconatitution

appaara economically viable in the abaence of Federal and

State diaincentive regulationa. If R0 filtration ia uaed

to concentrate fluid milk, with the concentrate than being

"recombined" nearer the point of final aale, tranaporta-

tion, handling, and atorage coata will be reduced.

Furthermore, R0 filtration providea the moat likely

recombined or reconatituted fluid product for conaumer

acceptance. However, before auch generalized claima of

feaaibility are made, a more detailed deacription of the

technology ia neceaaary and the effecta of R0 filtration on

the marketing of fluid milk ahould be conaidered. Chaptera

Four and Five addreaa the latter of theae iaauea while the

R0 filtration procaaa and technology are praaantad in the

following chapter.



CHAPTER 3

REVERSE OSMOSIS FILTRATION

Ravaraa oamoaia (R0) filtration technology waa developed

in the 1950a. Initial reaearch focuaed on uaing R0 to

produce pure water from aea and brackiah watera. In more

recent yeara R0 haa been uaad to filter apple concentratea,

uaad in candy manufacturing and, within the dairy induatry,

it haa been uaad to procaaa whey. Preaently within the

dairy induatry, R0 filtration ia aeen aa a reaaonable

alternative to evaporation, requiring leaa heat and not

involving a phaae change. Additionally, R0 filtration haa

the potential for becoming an on farm procaaa. Although

under current conditiona on farm R0 ia not economical,

given greater apecialization, improvementa in the tech-

nology, and increaaed hauling chargea, on-farm R0 could

find future uae.

Thia chapter preaanta the technical aapecta of employing

R0 filtration for the concentration of fluid milk.

Throughout all diacuaaion of R0 filtration within thia

atudy, it ia aaaumed that the whole fluid milk will paaa

through a aeparator prior to filtration with the cream than

41
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remixed before ahipping. Hence, the actual filtration will

be applied to akim milk.

3.1 Principlaa of Ravaraa Oamoaia Filtration

The baaic principlea behind R0 filtration are the aame

regardleaa of the aolution involved. The oamotic procaaa

takea place in all organiama where water and a aolution are

aaparatad by a membrane and the water naturally paaaea

through the membrane to dilute the aolution. Hence, all

aolutea in aolution exert an oamotic praaaura.

Oamotic praaaura ia needed to maintain equilibrium

between the aolution and the water acroaa a membrane, which

ia permeable to the aolvent (i.e. water). The flow of the

aolvent from ita pure atate through the membrane and into

the aolution (i.e. milk) ia termed oamoaia. Figure 3.1

illuatratea thia principle. The maximum work involved ia

that which ia againat the oamotic praaaura. The oamoaia

procaaa will continue until a atate of equilibrium ia

achieved: hence, the preaaurea exerted on both aidea of the

membrane are equal. An example of thia procaaa can be

illuatrated with aaa water, which ia 3.5 percent aalt.

Given a atrong membrane, the movement of water through the

membrane would continue until a column 750 feet high ia

achieved: equaling the oamotic praaaura of the aalt

(Dunkley, 1971).
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Figure 3.1. The oamoaia procaaa

Equilibrium impliea revaraibility. To reverae the

oamoaia procaaa, aufficient praaaura muat be applied until

the oamotic praaaura of the aolution ia overcome. Addi-

tional praaaura muat than be applied in order to create.

an hydraulic flow in the oppoaite direction. The ravaraa

oamoaia procaaa ia illuatrated in Figure 3.2.
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R0 filtration can be thought of aa a praaaura driven

membrane procaaa in which aubatancea are fractionated,

aaparatad or concentrated without the aubatance undergoing

a phaae change. The minimum work for thia procaaa ia the

exiating oamotic praaaura. Hence, in R0 filtration the

driving force ia the net raault of the reaiatance and

oamotic praaaura on both aidea of the membrane and the

applied praaaura.

The relevant oamotic praaaura involved ia not that which

ia in the bulk of the aolution, rather, it ia the oamotic

praaaura at the aurfaca of the membrane. In the filtration

of milk, thia becomea incraaaingly important over time. Aa

watar paaaea through the membrane, a layer of continually

incraaaing concentration developa on the membrane aurfaca.

Thia layer, primarily caaein, reducea the effectiveneaa of

the membrane1.

3.2 The Ravaraa Oamoaia Syatem

R0 membranea muat be mounted in equipment providing the

neceaaary aupport and flow control. There are four main

variationa in deaign with the general principle remaining

the aame. The moat common ayatam involvea mounting tubular

membranea in a aeriea of poroua aupport tubea connected by

headera. A croaa aection of one of theae tubea ia illua-

trated in Figure 3.3 and the general R0 ayatam praaantad in

Figure 3.4.

 

1 Caaein ia the protein component in milk.
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SPIRAL MODULE
p
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Figure 3.3. Standard membrane module uaad for ravaraa

oamoaia

Source: 0amonica, Inc. Minnetonka, MN.
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The aolution (i.e. milk) to be concentrated paaaea at

high velocity through the tubea where the filtration takea

place. The raaulting permeate than travela through the

membrane before it ia collected outaide the ayatam of

tubea.

A primary requirement for filtration ia for the aolution

to be circulated at very high velocitiea within the tubea

to prevent the concentrated layera from forming on the

membrane aurfaca, fouling the ayatam. To achieve the

required aolution velocity, a praaaura pump capable of

producing up to 2000/pai throughout the ayatam ia

required. Additionally, turbulence promotara or volume

diaplacing roda are commonly uaad to generate increaaed

turbulence near the membrane aurfaca.

3.3 Key Factora Influencing Operation of the R0 Syatem.

The prevention of the caaein build-up on the membrane

aurfaca haa been one of the maJor areaa for technical

improvement in recent yeara. Both the membranea and the

cleaning mathoda have been improved, aignificantly en-

hancing the proceaa’a economic feaaibility. Thua, the

membrane and the flow through the membrane, termed the

flux, along with aolution velocity, praaaura, concentration

level and temperature, are all important elementa of the

ayatam’a operation and merit further diacuaaion. Figure

3.5 providea an over view of the key factora influencing

the efficient operation of the R0 filtration ayatam.
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3.3.1 The Membrane

U.S. Government aupportad reaearch of water purification

in the 1950’a and 1960’a led to increaaed taating of

the varioua membranea available for uae in R0 filtration.

Reaearch led by Reid and Breton (1959) at the Univeraity of

Florida found celluloae acetate membranea to be the moat

effective in retaining aalta. Loeb (1962), at the Univer-

aity of California, later developed a apacial method for

preparing theae membranea giving them aignificantly

improved propertiea. Since then, further technological

advancea have been made on the membranea available:

improving the pH and temperature propertiea in particular.

In general, the membrane uaad in the R0 filtration

procaaa ia a aynthetic polymer made of a celluloae deriv-

ative or comparable materiala. Thia membrane can be

thought of aa a filter capable of working on diaaolved

aolida of molecular aize (Horton, 1973). The membrane

itaelf ia compoaed of two layera. One aide ia a aoft

poroua layer which primarily acta aa a aupport for the

other aide, the aemi-permeable layer. Thia aemi-permeable

layer ia very thin, leaa than one micron, and providea the

aelectivity or rejecting propertiea of the membrane. It ia

thia aelectivity property which ia of particular intaraat,

aapacially in the reverae oamoaia procaaa. Aa Profeaaor

W.L. Dunkley of the Univeraity of California, Davia ex-

plaina, “If you are trying to aeparate aalt from water,

the difference in aize of the two moleculea ia amall, ao
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the aeparation ia not by a aieving mechaniam. What

happena, apparently, ia that water ia aoluble in the

membrane and paaaea through by a procaaa of aolution and

diffuaion, whereaa the aalt ia not aoluble and la rejected

by the membrane" (1971, p.48). Thia aame principle appliea

to fluid milk whoae nutrianta are not paaaed through with

the water moleculea: a key benefit of the RO filtration

procaaa.

Moat dairy and food proceaaing planta employing reverae

oamoaia filtration ayatema uae celluloae acetate mem-

branea. Theae membranea have performed well but have

limited temperature and pH capabilitiea and require

expenaive neutral pH enzyme detargenta for cleaning. More

recently, noncelluloaic and ceramic membranea have been

uaad for the R0 procaaa. Theae membranea have aignif-

icantly improvad pH, temperature, and praaaura reaiatance

characteriatica and raault in improved aeparation perfor-

mance.

Noncelluloaic membranea are made by adding a thin

film coating to a atandard ultra filtration membrane.

Although thia procaaa makea the noncelluloaic membrane more

expenaive than ita celluloae acetate counterpart, the

membrane'a enhanced characteriatica, aa mentioned above,

more than offaet thia additional expenae (Johnaton,

undated). Hence, cleaning can be done with the uae of

cauatic and acidic materiala, dramatically reducing time
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and coat. Additionally, they allow praaaura to be in-

creaaed which in turn increaaea the flux.

3.3.2 Factora Influencing Performance

The rate at which the aolution paaaea through the

membrane, termed the flux (expreaaed in gallona per day

per aquare foot of membrane area), ia a primary indication

of the R0 ayatem’a performance. Three cloaely related

factora which influence tranamembrane flux are aolution

concentration, velocity, and temperature. Each, of theae

are diacuaaed below.

Q2nsantratinn_9f_tha_aelutisns Perhapa th. ‘1391. .03t

important factor influencing operation of R0 ayatema within

the dairy induatry ia the level of aolution concentration.

Milk’a oamotic praaaura ia chiefly cauaed by micro aolutea,

or aolida, within the aolution. Aa the proportion of total

aolida increaaea, the natural oamotic praaaura of the

aolution will alao increaae. Thia, in turn, cauaea a

decreaae in the effective drawing force or tranamembrane

flux. In other worda, it becomea incraaaingly more diffi-

cult to aqueeze the water through the membrane. If larger

moleculea or proteina are involved aa the aolution becomea

more concentrated, the phenomenon of concentration polariz-

ation at the membrane aurfaca further reducea aolution

flux. Thia will be true even though the ayatem’a applied

hydroatatic praaaura ia held conatant, becauae both the
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aolution'a oamotic praaaura and viacoaity tend to decreaae

flux ratea. Thia effect ia demonatrated in Figure 3.6.

 

  
 

200--

a ..1‘

E

E

\

5 Isop

3 -

:e ‘3 9
~

8 o

z x

a

E, ..s
Q '00— IL

1:, *2 »“—‘
..s <

m an

2

us a:

e- us

a a

us

3 1 a J 1 J

g 0 5 so I: 20 25

TOTAL SOLIDS CONCENTRATION

(weight per cent)
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Source: Fenton-May at al., “Concentration and Fraction-

ation of Skim milk by Ravaraa Oamoaia and Ultrafiltration",

1gggngl_9£_flgi£y_§§igggg, November 1972, p.1536.

The effect of theae conditiona ia aignificant. For

example, the flux will decreaae by a factor of approx-

imately two when a akim milk concentrate, that which haa

had one half of the original water removed, ia being

proceaaed. Clearly thia problem can have a aignificant

influence on the ayatem’a efficient operation.

Vglggity_gng_pggggn£g, The velocity of the aolution and

the praaaura applied to it play an important role in
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reducing fouling. Increaaing the rate at which the

aolution ia circulated, the velocity, increaaea the par-

maation rate and, in turn, reducea the opportunity for

highly concentrated layera to be formed on the membrane

aurfaca (Dunkley, 1971). Figure 3.7 illuatratea the

relationahip between aolution flux and velocity.
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Source: Fenton-May at al., Q2, git. p.1562.

Once the membrane becomea “clogged", incraaaing the flow

rate haa little effect on the tranamembrane flux. For

example with akim milk, the reaiatance cauaed by the

depoait ia often equal to or greater than that of the

ravaraa oamoaia membrane itaelf (Fenton-May at al., 1972).

To help achieve the needed velocity, turbulence promotera

or volume diaplacing roda are often added to the ayatam.

If increaaed praaaura ia applied to an incraaaingly

concentrated liquid, the amaller moleculea within that

liquid will flow through the membrane into the more dilute
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aolution (McKenna, 1970). The effect of changes in

praaaura can be aeen in Figure 3.8. In general, the

higher the velocity inaide the ayatam tube, the higher the

flux up to a point where incraaaing velocity haa no effect;

raiaing the praaaura normally will enhance the flux rate up

to the maximum preaaure level which the membrane can

withstand. Once this proteinaceoua material forms on the

membrane aurface, increaaing the flow rate has little

effect on the tranamembrane flux.
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Figure 3.8. Effect of preaaure level on permeation flux

during akim milk concentration
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In aum, the permeate flux is linearly dependent upon

praaaura and partly a function of the thickneaa of the

protein depoait on the membrane surface. The thickness of

the depoait ia, in turn, a function of the lowest flow rate

at which the ayatam haa been operated. Once thia protein

gel forms and conaolidatea at lower flow rates, it becomea
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neceaaary to thoroughly fluah and clean the ayatam. Thia

ia a time conauming and coatly procaaa.

Ignngggtnzg. The aolution temperature level alao

affecta the tranamembrane flux. The flux level increaaea

linearly with incraaaing aolution temperature in the range

of 10 to 40 degreea centigrade (Fenton-May at al., 1972).

In general, raiaing the temperature 1 degree fahrenheit

increaaea the flux by one to two percent through decreaaed

viacoaity (Figure 3.9).
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An advantage for on-farm R0 concentration may axiat due

to the optimal temperature for R0 filtration of milk under
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aoma conditiona being approximately the aame aa the

temperature of milk coming directly from the cow, 90

degreea fahranheit (Jeaae, 1980). Thia fact may be

important if the location of the R0 filtration facilities

ia quaationed: on-farm or in a central proceaaing plant.

3.4 Summary

The dairy induatry ia going through a period of major

adJuatment. Aa apecialization continuea within agriculture

and the average dairy operation increaaea in acale, produc-

tion may become more regionalized. Thia will require

economical tranafar of a whole milk product for fluid

conaumption which meeta all aapecta of conaumer demand.

R0 filtrated milk appaara to aatiafy theae requirementa.

Both the R0 ayatam deaign and ita membrane are contin-

ually being improved to enaure greater operating effic-

iency. The noncelluloaic membranea available today, being

more durable, allow more coat effective cleaning mathoda to

be employed and yield a longer life. Thia helpa reduce the

overall coat of operation and promotea the RO filtration

procaaa to an appealing level. With increaaed uae of R0

filtration in the dairy induatry, further improvementa

would likely be made. Thia, together with conaumer accep-

tance, indicatea that RO filtration of milk for fluid

conaumption could have a futrue role within the dairy

induatry.



CHAPTER FOUR

THE HODEL

Thia chapter addreaaea the application of apatial

equilibrium modeling to the dairy induatry. A brief

diacuaaion of the advance of apatial equilibrium modeling

of agricultural commoditiea ia given followed by a daacrip-

tion of the apecific apatial equilibrium program and

aolution algorithm uaad within thia atudy. Additionally,

the general model’a equilibrium conditiona, price linkage

function and limitationa are aet forth. A review of

previoua economic reaearch in the dairy induatry ia

included and finally, the actual model and data incor-

porated into thia atudy are praaantad.

4.1 Spatial Equilibrium Modela

Spatial equilibrium modeling providea the appropriate

avenue for analyzing the impact of aalactad changea within

the dairy induatry. Thia form of modeling, which endog-

enize trade flowa and market aharea, haa been uaad exten-

aively for comparative atatica analyaia of exogenoua

variablea, auch aa policy changea. Of apecific importance

to thia theaia, thia form of modeling ia alao efficient at

56
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determining the effect on the net poaitiona of trading

ragiona due to changea in tranaportation coata.

4.1.1 Review of Selected Literature

To obtain apatial equilibrium in the general caae,

pricea muat be found which will produce equilibrium

quantitiea and price differentiala in and acroaa all

markata deaignatad within the model. Samuelaon (1952)

firat approached thia problem by maximizing the aum of the

areaa under the exceaa demand curvea for the importing

ragiona, leaa the area under the exceaa aupply curve for

the exporting ragiona, leaa tranaportation coata. Thia

formulation, daaignad for objective function maximization,

provided a apatially competitive equilibrium aolution.

Takayama and Judge (1964 and 1971) were key contributora

to thia area, applying atandard quadratic programming

mathoda to Samuelaon’a model. Later thia model waa

enhanced to aolve acroaa perioda (Takayama and Liu, 1975)

and to aolve optimally for multi-commodity trade (Takayama

and Haahimoto, 1976).

Among commoditiea atudied, feed graina have received the

moat application of the one-commodity, one-period model.

Beginning in the mid-aixtiaa, empirical reaearch developed

which appliad quadratic programming, apatial-price equilib-

rium modela to world agricultural trade (Schmitz, 1968:

Chang, 1972: and McGarry, 1968). Linear programming,
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quadratic programming, and network flow modela became

atandard toola for analyaia.

Theae traditional model formulationa have moat commonly

been uaad to aacertain optimal freight flowa. However,

while they have been uaad extenaively, they are aubJect to

aaveral limitationa. Primarily, linear programming and

network flow modela are conatrained to having linear obJec-

tive functiona, while quadratic programming modela require

linear axport aupply and import demand functiona.

More recently, reaearchera have begun to develop and

apply non-linear apatial equilibrium modela to trade in

agricultural commoditiea (Warner, 1979: Holland and Pratt,

1980: Holland and Sharplea, 1984; Randolf, 1986). Not

conatrained by the limitation of linearity, theae modela

have generated a great deal of attention. The apatial

equilibrium algorithm uaad in thia theaia falla within thia

claaa: the Kuhn-HacHinnon Vector Sandwich Method algorithm

(diacuaaed in aection 4.2.1).

4.1.2 General Spatial Equilibrium Model

Each region in the general trade model repreaenta a

market with ita unique aupply and demand characteriatica.

In any given period, ragiona may be in a aurplua or deficit

atanding_with reapect to the given commodity. It ia the

exiatence of aurplua and deficit markata which createa

trade acroaa ragiona.
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The coat of tranaportation ia central to the inter-

regional trade problem. Any change in tranaportation coat

neceaaarily will create a ahock to the ayatam (away from

the baae conditiona) raaulting in a change in commodity

price, trade flowa, and regional aupply and demand quan-

titiea. In a free, open market, theory would auggeat that

a decreaae 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 decreaae in

the importing region. The overall raault being an increaae

in the quantity traded. In a regulated market one would

expect the degree of adJuatment to vary directly with both

the degree of reatrictiona impoaed on the free flow of the

commodity and with the ability of the price mechaniama to

adJuat price.

The general interregional apatial-price equilibrium

model can be formulated aa followa:

The 1th aource (exporter) ia a collection of

agenta in region i who are willing to aupply a

quantity 01 at a per unit price of P1. In turn, the

3th aink (importer) ia a collection of economic

agenta in the 3th region who are willing to pay P1

plua a tranaportation coat of T1) for the quantity

they demand at price P3 (where P3 8 P; + T13).

Equilibrium between each 1 region (thoaa which are a

net aource) and each J region (thoaa which are a net

aink) exiata when the regional price differential

equala the tranaportation coat, T13. At that point,

equilibrium quantity equala 0' and equilibrium price

equala P“; in region 1 and P'J in region 3 where P“)

I P“; + T1).

Equilibrium acroaa two apatially aaparatad markata ia

illuatrated in Figure 4.1. Thia figure repreaenta the
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aingle product, two region caaa in the form of a back-to-

back diagram. Region Y’a aupply and demand curvea are

plotted on the right aide and region X’a are on the left

aide in reveraed form. Each region’a exceaa aupply curve

ia derived from regional aupply and demand achedulea,

repreaenting the amount by which the quantity offered

exceeda (or falla ahort of) the quantity demanded.

Deficit Surplua

Market (X) Market (Y)

 
 

  
Figure 4.1 Impact of tranafar coata, 00’, on pricea and

trade between two apatially aaparatad markata2

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

W-1978. p-91-

 

2 Where £33 I exceaa aupply in region X: ESy I exceaa

aupply in region Y: S; I aupply in region X: Sy I aupply in

region Y: Dx I demand in region X; Dy 3 demand in region Y:

Ox I quantity aupplied/demanded in region X; 0y I quantity

aupplied/demanded in region Y: P I price: t I per unit

tranaportation coat.
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Equilibrium price occura at the level where the exceaa

aupply curve for market X, ESx, interaecta the exceaa

aupply curve for market Y, ESy. Note that the equilibrium

price in the two markata differa exactly by the per unit

coat, 00’, of ahipping the good from the exceaa aupply

market, Y, to the exceaa demand market, X. Furthermore,

equilibrium at each price level enaurea that the quantity

of good 0 exported from region Y, f’g’, ia exactly equal to

that imported by region X, e'd'.

4.2 Generalized Tranaportation Problem

Holland and Sharplea (1984: Holland, 1985) put the

above general formulation into a form uaeable for inter-

regional trade analyaia. They developed a micro computer

program, Generalized Tranaportation Problem (GTP), which

aolvea the apatial equilibrium problam via the Kuhn-Mackin-

non algorithm in the international trade aetting. The

aolution algorithm utilized in GTP ia briefly diacuaaed

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

4.2.1 Vector Sandwich Method Solution Algorithm

The Vector Sandwich Method (VSM) apatial equilibrium

algorithm, developed by Kuhn and MacKinnon (1975) and

MacHinnon (1975), aolvea via a fixed-point, or complemen-

tary-pivoting algorithm approach. A primary benefit of the

VSM formulation over the traditional method of aolving

apatial equilibrium problema ia that VSH ia not bound by
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the reatriction of linear exceaa achedulea. It can handle

non-linear demand and aupply relationahipa and can even

accommodate non-amooth (firat derivative diacontinuoua)

functiona.

VSM aolvea by aearching directly for equilibrium pricea

and quantitiea which will aatiafy a apecified eat of equi-

librium conditiona. The procaaa involvea dividing the

total aolution apace into a aet of aaveral aimpliciea.

Then, uaing a aophiaticated aearch procedure, it generatea

a ”path" which leada to an equilibrium point. In thia way

VSM yielda the equilibrium conditiona for the general

interregional trade model.

4.2.2 GTP Equilibrium Conditiona

GTP ia not capable of producing an exact aolution,

rather, it generatea a aolution to a piecewiae linear

approximation of the ayatam of equationa defining the

original problem. While it ia true that the aolution

generated ia not exact, aatimatad to eight decimal placea,

it ia aatiafactorily accurate. GTP’a aolution procedure

ia baaad on a mat of equilibrium conditiona which are

aubJect to a eat of conatrainta -- aoma innate to the

program and othara which may be manually apecified by the

operator.

The model’a general equilibrium conditiona (itema 1, 2

and 3) and conatrainta (itema 4, 5, and 6) can be atated aa

followa:
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(1) For each region the amount aupplied of the commodity

ia defined by the quantity dependent exceaa aupply

achedule and muat equal total out-ahipmenta.

(2) For each region the amount demanded of the commodity

ia defined by quantity dependent exceaa demand

achedule and muat equal the total in-ahipmanta.

(3) The amount in total which ia aupplied acroaa all

ragiona muat equal the total demand.

(4) Supply and demand achedulea define convex, non-empty

faaaibla aolution mate in non-negative price-quantity

apace.

(5) Aaaumption of free diapoaal appliea, enauring that the

equilibrium price will be non-negative.

(6) Total exceaa demand will become negative if the aum of

pricea ia aufficiently large.

Conditiona (4) and (5) are implicitly in the model while

condition (6) ia explicitly in the model aa part of VSH.

4.2.3 Price Linkage Mechaniam

Within GTP there exiata the ability to account for

regional price diffarancaa through the apecification of a

price linkage function. Thia function acta to incorporate

the relationahip between exporter price and importer price

via a combination of potential price wedgea auch ea tariffa

(ad valorem and apecific), exchange ratea and tranapor-

tation coata. Hence, when no tariffa axiat and the aame

currency ia uaad in each region, in equilibrium the differ-

ence in price of the traded good between ragiona ia exactly

equal to the coat of tranaportation.

The price linkage function can be apecified aa followa

for trade between the 1th exporter and the 3th importer:
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L3(P1) - (((P1I(V1 + 1) + Ui)IE1 + T13)I(V3 + 1)/EJ) + 03)

where: L3(P1) I the linkage between the price in ragiona i

and 3 where P3 plua thia value equala P1,

P1 I price in region 1,

V; I ad valorem tariff impoaed by the 1th exporter,

Ui I apecific tariff (in domeatic currency unita)

impoaed by the 1th exporter,

E1 I exchange rate (baae relative to domeatic

currency) for the 1th exporter,

T13 I tranaportation coat (in baae currency unita)

from the 1th exporter to the 3th importer,

V3 I ad valorem tariff impoaed by the 3th importer,

U3 I apecific tariff (in the domeatic currency

unita) impoaed by the 3th importer, and

E3 I exchange rate (baae relative to domeatic

currency) for the 3th importer.

In the final model aolution, the price linkage function

ia the equivalent of the firat order condition for the

aurplua maximization formulation of the problem (Holland,

1985).

4.2.4 Limitationa of the GTP Program

There are aaveral potential problem areaa aaaociated

with thia program. While moat can be circumvented through

careful model apecification, othara may actually be

limitationa to apecification. Two relevant areaa, func-

tional form and regional apecification, are diacuaaed

below.
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The GTP program requirea that aupply and demand ached-

ulaa take on a apecific functional form, 0 I c I B<P)T.

Thia form will accommodate conatant, linear, and conatant

elaaticity exceaa aupply and demand achedulea but it will

not allow perfectly inelaatic functiona. Thia limitation

on the functional form of the exceaa achedulea implicitly

reatricta the form of the underlying regional aupply

and demand achedulea. In other worda, theae underlying

functiona muat generate exceaa achedulea which conform to

the form atated above. Additionally, under the given

functional form damand ia limited to a aingle explanatory

variable, price. Therefore, one can not include croaa

price variablea and muat aaaume that croaa price variablea

have a minimal impact on the model. Thia limitation could

be aerioua and ahould be conaidered.

Through GTP, ragiona are defined by their exceaa ached-

ulea. Hence, each muat be apecified either aa an export or

import region. Thia aaaumea prior knowledge of whether

a given region will be an exceaa aupplier or demander in

the final equilibrium aolution. An alternative approach

would be to repreaent each region aa an export and import

aub-region: allowing direct uae of each region’a aupply

and demand achedulea. Thia alternative may, however,

create a aize problem aa the model would then be limited to

ten ragiona.
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4.3 Modeling the Dairy Induatry

Thia theaia preaanta a ahort run apatial equilibrium

model of a aalactad portion of the U.S. Grade A milk

market. Review of previoua reaearch of thia nature

influenced both apecification and application of the

model. A brief aummary of aalactad dairy modeling reaearch

ia praaantad below, followed by apecification of the model

and the incorporated variablea.

4.3.1 Pravioua Modela of the Dairy Induatry

Economic reaearch and modeling in the dairy induatry can

be claaaified aa falling into three general categoriea of

atudy: aupply and demand relationahipa, optimal plant

location, and impact analyaia of alternative policiea. The

firat category ia diacuaaed later in thia chapter (aection

4.4.5h) while the latter two are briefly diacuaaed below.

Optimal plant number, aize and location atudiea have

been applied to many areaa within the dairy induatry.

Primary reaearch haa been conducted by Hloth and Blakley

(1971), Thomaa and DeHaven (1977), Buccola and Conner

(1979), and Beck and Goodin (1980). More recently reaear-

chera have atudied and modeled the apatial organization in

the Northeaat dairy induatry (Pratt, Novakovic, Elterich,

Hahn, Smith and Criner, 1986). Their model haa been uaad

to determine the optimal location of Claaa I, Claaa II and

Claaa III proceaaing planta within the Northeaat region

(Pratt, 1986). Raaulta from auch a model can then be
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compared to the plant locationa which have evolved under

the exiating FHMO ayatam. In thia way, the apatial effi-

ciency of proceaaing planta can be examined.

To properly determine the full impact of a policy

change, one muat firat have a model which accurately

reflecta the initial markat atructure and product flow.

Given the complicated nature of the inatitutiona and

reatrictiona under which the dairy induatry oparatea,

modeling and iaolating apecific impacta haa provided a

dynamic challenge for reaearchera. Development of ma3or

dairy induatry and policy analyaia modela began in the late

1960’a (Ruene and Hallberg, 1967). The firat complete

modela daaignad to analyze the impact of policy changea

emerged in the mid-aeventiea (Hallberg and Fallert, 1976;

Hallberg, Hahn, Stammer, Elterich, and Fifa, 1978). During

thia aame period, Riley and Blakley (1975) and Novakovic,

Babb, Martella and Pratt (1980) developed modela for atatic

analyaia of alternative FMMO policiea. Figure 4.2 providea

a brief overview of acanarioa modeled in aalactad atudiea.

Theae apatial modela have been uaad extenaively to deter-

mine the market impact of altering the Claaa I price

differentiala, merging federal ordara, and incraaaing the

number of baae pricing pointa.
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Policy Scenario Author(a) and Date

Eatabliah aingle Graff and Jacobaon (1973)

national order Hallberg at al. (1978)

Merge regional Graff and Jacobaon (1973)

ordara Hallberg et al. (1978)

Hallberg and Fallert (1976)

Alternative Babb and Mindon (1971)

Claaa I pricing Blakley (1967)

acanarioa Hallberg et al. (1978)

Novakovic at al. (1980)

Riley and Blakley (1976)

Multiple baae Hallberg at al. (1978)

pricing pointa Novakovic et al. (1980)

Reconatituted milk Hallberg et al. (1978)

ahipmenta Hammond at al. (1979)

Novakovic (1982)

Novakovic and Aplin (1981)

Novakovic at al. (1980)

Whipple (1983)

 

Figure 4.2. Selected apatial atudiea of dairy marketing

and acanarioa analyzed

Thia theaia utilizea a leaa comprehenaive model, yet,

one which will adequately allow analyaia of the apecific

queationa addreaaed. Proper apecification of the model

ramaina of paramount importance to providing uaeful and

accurate reaulta. Such apecification requirea careful

application of the market forcea and relationahipa reviewed

in Chapter Two.

4.3.2 Model Specification

The market relationahipa put forth in Chapter Two

reflect the price mechaniama at work within the induatry:

however, not all of theae mechaniama or relationahipa are
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actually needed to analyze the impact of ravaraa oamoaia

filtration on ahipmenta of fluid milk. Neither Claaa

II demand or price, nor blend price are neceaaary for

thia analyaia. The 3uatification for their elimination ia

diacuaaed below.

Blininatien_ef_£leae_ll_nilky Although IOII fIdIral

ordara have three claaaificationa for Grade A milk'a and

uae, many do not. In thia atudy Claaa I ia only Claaa I

while "Claaa III“ encompaaaea Claaa II and Claaa III, where

it exiata. Where there ia a Claaa III price it ia nearly

equivalent to the M-W price. Due to government regula-

tiona, the Claaa II price, P11, ia approximately the aame

in all ragiona. Hence, P111 I P113.

Aa long aa the modeled area’a Claaa III price ahadowa

the M-W price and it ramaina "equal" between ragiona, no

raaaon exiata for tranaporting R0 filtrated milk for

manufactured uae. It need not be included in the model aa

an influence upon ahipmenta of ravaraa oamoaia filtrated

milk. However, Claaa III milk demand doea enter the model

within a balancing role and ia incorporated through region

ten. Thia ia explained in a aection 4.3.6b.

Eliaina519n_ef_llend_£rice. Tho blond pricI 1I cal-

culated baaad on a uae ratio, or weighted price: P3 I

UIIPI I UIIIIPIII. There ia no characteriatic relationahip

between regional blend pricea, i.e. P33 I f[(PBi) + T13] in
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equilibrium. Furthermore, while only the UIPI part of the

relationahip variea between regiona, there ia no charac-

teriatic relationahip between utilization ratioa among

ragiona. Thua, the focua ia returned to the Claaa I price

aa the drawing force for Grade A milk ahippmenta.

4.3.3 Price Linkage Mechaniam

Aa diacuaaed in aection 4.1.2, before region 3 will

import from region i or i will export to 3, P3 2 P1 + T13.

Thia condition for equilibrium holda for all ragiona. What

ramaina than ia to link the Claaa I price between aource

and aink ragiona; regional Claaa I price being a function

of the over-order premium and fluid differential within the

region. GTP accommodatea thia through ita price linkage

function.

Thia linkage mechaniam waa originally daaignad to accom-

modate tariffa (aubaidiea), quotaa, exchange ratea, and

tranaportation coata. With the fundamental principlea of

interregional trade being identical to thoaa of inter-

national trade, the price linkage function allowa the

regional price diffarancaa, aa manifeated in over-order

pricing and the Claaa I differential, to be incorporated

into the model with eaae. The appropriately apecified

price linkage function can be expreaaed aa followa:

L3(P1) I P; + U3 + T13 where U3 I D3 + 03
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Where D3 I fluid differential in 3th importing

region leaa the fluid differential in the

ith exporting region.

03 I Average over-order premium in the 3th

importing region leaa the average

over-order premium in the ith exporting

region.

T13 I tranaportation coat per hundredwaight

from the 1th exporter to the 3th importer

(Note: the coat of R0 filtration ia incorporated into the

tranaportation coat function, aa diacuaaed in the following

two aectiona.)

4.3.4 Coat of Ravaraa Oamoaia Filtration

The coat of operating the kind of R0 filtration ayatam

aaaumed in thia atudy ia far from exacting. No large acale

RO planta are known to be operating for the concentration

of whole milk. The moat probable application of R0

filtration for fluid milk would entail putting the whole

milk through a aeparator, concentrating the akim milk and

than remixing the cream and akim milk concentrate. The

coat of operating a aeparator ia minimal: the coat of

concentrating akim milk via RO ia not documented, and the

coat of reconatitution haa been eatimated at five centa per

hundredwaight (Hammond, Buxton and Thraan, 1979).

Thia lack of data ia underatandable. Current appli-

cation of RO within the dairy induatry ia almoat exclu-

aively limited to the concentration of whey. The advance

in technology haa the potential to change thia, but aa of

yet, there ia little coat data to go by.
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Two applicable aourcea for the eatimated coat of R0 were

reviewed for thia atudy. The firat repreaenta eatimated

operating coata generated by Jeaae (1980). He eatimated

the on farm application of R0 filtration to be 0.32/cwt for

a 1000 cow dairy. Within thia theaia, it ia aaaumed that

R0 filtration ia applied at the proceaaor level ao aa to

capture acale economiea in operation. Given thia, the

eatimated data for on-farm filtration for a 1000 cow dairy

ahould be higher than would exiat for filtration at a

central location.

Jeaae eatimatea the coat of filtration by a central

proceaaor for the combined UF-RO procaaa. Thia coat ia

eatimated to be $.279/cwt. Unfortunately, the dual UF-RO

procaaa ia not addreaaed in thia atudy. Furthermore, aince

the publication of Jeaae’a atudy in 1980, membrane tech-

nology and R0 equipment improvementa ahould have led to a

aignificant decreaae in operating coata. Thua, Jeaae’a

unad3uated on-farm R0 filtration eatimate appaara to fall

cloaeat to the conditiona aet forth in thia atudy.

The aacond aource appaara to be aomewhat arbitrary, yet,

not neceaaarily inaccurate. It ia the praaant “rule-of-

thumb" eatimate aaaumed within the induatry. In general,

plant economiata are aaid to eatimate the coat of employing

R0 filtration techniquea to be approximately two centa per
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pound for whey and 1.5 to 1.7 centa per pound for akim

milk3 (Ottem, 1986).

The correaponding difference between the two eatimatea

ia noticeably aubatantial. In light of the wide range of

coat eatimatea for the application of R0 filtration, the

model ia run under three coat altarnativaa. An ad3uated

figure baaad on Jeaae’a eatimate repreaenta the low and of

the range, the induatry eatimate repreaenta the high, and

an eatimate of 3.90/cwt repreaenta a middle ground alter-

native. Each RO filtration eatimate ia incorporated into

the tranaportation coat function, aa developed in the

following aection.

4.3.5 Tranaportation Coata

The coat of tranaporting milk ia of fundamental impor-

tance to the determination of diatribution flowa. With

each market being at leaat partially aupplied by local

production, thia becomea particularly true when great

diatancaa are involved. The extent to which R0 filtrated

milk will be ahipped ia dependent upon the difference

between the additional coat to uaing RO filtration veraua

the aavinga of ahipping a reduced bulk and weight product,

and upon the per unit coat of tranaportation. The trana-

 

3 Although concentration of whole milk ia not atan-

dardly conaidered, Ottem (1986) eatimatea that the coat

would be approximately 1.7 to 1.9 centa per pound. The 1.5

to 1.7 centa per pound for akim milk ahould cover the coat

of paaaing the whole milk through the aeparation unit prior

to filtration.
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portation coat function employed in thia atudy ia diacuaaed

below.

In apatially modeling the fluid milk induatry, reaear-

chera have generally adopted previoualy developed tranapor-

tation functiona. Lough (1977), HcBride and Boynton

(1976), and Moede (1979) all eatimated tranaportation coata

for bulk milk by drawing information from milk trucking

companiea and equipment dealera. Theae eatimated coat

functiona were than updated through an inflation differ-

ential and incorporated into apatial modela (Hallberg,

Hahn, Stammer, Elterich, and Fife, 1978: and Jaaae, 1980).

For the purpoaea of thia atudy, tranaportation coata are

eatimated baaad on two functiona. For local hauling, leaa

than 100 one-way milea, the function developed by David

Hahn (1983) uaing 1983 data to eatimate fixed and variable

coata ia uaad. For longer haula, an updated veraion of

Lough’a 1977 tranaportation coat function ia employed.

Each of theae functiona ia praaantad below.

4.3.5a Short Haul Function

For ahort haula, Hahn eatimated a tranaportation coat

function baaad on a atandard three axle dieael tractor

pulling a 36 foot refrigerated trailer with a 25,000 pound

capacity“. Coata were baaad on round trip mileage for

 

4 The tractor trailor rig’a groaa weight ia 65,000

pounda yeilding a net weight of 25,000 pounda.
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6,000 gallon ahipmenta. The total tranaportation coat

function, repreaenting fixed and variable coat componenta,

ia given aa followa:

Total Coata (S/cwt/day) I 41.68 + .832OH (4.3a)

where H I round trip mileage.

Although actual tranaportation coat functiona will vary

according to local economic conditiona and equipment uaed,

thia function providea a reaaonable eatimate of the ahort

haul tranaportation coat under 1983 conditiona.

Since 1983, the U.S. haa experienced a decline in fuel

coata ea well aa inflation. In general, expenaea have

increaaed at a lower rate from 1983 to 1985 than from 1981

to 19835. It ia alao believed that efficiency (equipment

and management) haa riaen alightly over thia period.

Although the total coat of tranaporting a given quantity of

milk moat likely increaaed from 1983 to 1985, the change ia

expected to be relatively minimal. Given thia, attempting

to re-eatimate a total coat increaae for 1985 could not

inaure a aufficient level of improved accuracy to warrant

auch an undertaking. Furthermore, uaing the 1983 tranapor-

tation coat function, aa eatimated by Hahn, will likely

provide equal or greater accuracy aa obtained in previoua

apatial equilibrium atudiea for which older functiona were

updated by a fixed inflation index.

 

5 The inflation rate over the period 1981 to 1983

averaged 4.77 percent annually aa compared to 4 percent for

the period 1983 to 1985.
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4.3.5b Long Haul Function

The tranaportation coat function uaad for one-way

diatancaa greater than 100 milea waa developed by Lough

(1977). Thia function ia baaad on a dual tanker rig, with

a 47,500 pound capacity, and allowa for multiple drivera.

Although Lough’a function waa originally eatimated for 1976

data, it can be updated to approximate 1985 pricea in a

manner analogoua to that uaad in previoua atudiea.

Specifically, the eight year percentage increaae in coata

uaad by Hahn to update hia 1975 data waa applied to Lough'a

function. Thua, variable coata are aaid to have increaaed

98 percent and fixed coata 115 percent. Although thia

providea only an eatimate of the true increaae, it yielda a

reaaonably accurate function. The updated long haul

function can be atated aa followa:

Coat (I/cwt) I .16491 I .OO432H (4.3b)

where M I one-way milea

To apply the above coat function to thia theaia, two

aimplifying aaaumptiona are made. Firat, it ia aaaumed

that by reducing the bulk and weight by 50 percent, the

variable coata of tranaporting the milk are alao reduced by

that margin. It ia further aaaumed that the backhaul coata

are incorporated into theae eatimatea. To place thia

ad3uatment into the context of the coat function, the fixed

and variable coat tarma have been halved.
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Second, it ia aaaumed that milk will only undergo the R0

filtration procaaa when being ahipped diatancaa greater

than 100 milea: hence, no ad3uatment to the coat componenta

ia made to Hahn'a function. Thia aaaumption helpa to

create a realiatic acenario wherein production ia firat

uaad to aupply the local market and R0 filtration ia

applied to milk ahipped greater diatancaa.

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

raault:

No RO applied: TC I .16491 + .00432M (4.3b)

Coat of R0 - 0.30/cwt: TC - .38245 + .00216M A (4.3c)

Coat of R0 I 0.90/cwt: TC I .98245 + .00216H (4.3d)

Coat of RO I31.75/cwt: TC I1.83245 + .OO2l6H (4.3a)

4.3.5c Break Even Hileagea

Applying the defined tranaportation coat functiona to the

model requirea determination of the point at which the coat

of ahipping unfiltrated milk equala the coat of ahipping R0

milk. For long haul diatancaa below thia break even point

equation 4.3b would be uaad. For diatancaa above that

point the appropriate R0 function, 4.3c through 4.3a, would

be uaad. In all caaea, for diatancaa leaa than 100 milea

the ahort haul equation, 4.3a, ia applied.

Break even pointa have been calculated for each of

the alternative coata of R0 filtration and are praaantad in

Table 4.1. Aa expected, the break even mileage increaaea

faater than the increaae in coat of RO filtration.
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Table 4.1. Break Even Coat Diatancaa for Three Alternative

R0 Filtration Coat Levela, One-Way Milea

 

Coat of Break even Coat Function

RO Diatance Sequence

M < 100 (4.3a)

None 100 milea M > 100 (4.3b)

H < 100 (4.3a)

0.30/cwt 100 milea M > 100 (4.3c)

H < 100 (4.3a)

100 > M > 378 (4.3b)

6.90/cwt 378 milea M > 378 (4.3d)

M < 100 (4.3a)

100 > M > 772 (4.3b)

01.75/cwt 772 milea M > 772 (4.3a)

 

The break even diatanca function for incraaaing coata of

RO filtration ia praaantad in Figure 4.3. The function

indicatea that for diatancaa greater than 100 milea,

application of R0 filtration ia profitable. Analogoualy,

for any coat of R0 leaa than $.30/cwt, R0 filtration ia

profitable at any long haul mileage.
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4.3.6 Data Requirement

The data required to run the model ia dependent upon how

the varioua parametera are defined. Efficiency, eaae

of operation, conaiatency with previoua atudiea, and .

coincidence with reaearch goala were the primary criteria

uaad when defining modal parametera. Each parameter ia

diacuaaed below with ita data requirement and aourcea

outlined.

4.3.6a Ragiona

GTP ia limited to ten exporting (aource) and twenty-five

importing (aink) ragiona. For the purpoaea of thia atudy,

each region ia included ea both a aource and a aink,

except for the tenth aink region which haa been reaerved

aa the non-Claaa I aink. Hence, a maximum of nine Claaa I

ragiona ia poaaible.

Ragiona for thia atudy were defined along atate bordera.

The Joining together of atataa to create ragiona waa

baaad on regional importance in the atudy, each atate'a

3uxtapoaition to ita ma3or export deatination(a) and/or

import aource(a), compatibility with previoua atudiea, and

data conaidarationa. In all, 29 federal ordara and 33

atataa are incorporated into nine ragiona. The primary

data aource uaad in defining theae ragiona waa the FMMO,

State of Origin atatiatica for Claaa I milk pooled under

federal ordara (USDA, FMOMS, March, 1986). A map of the

regional boundariea ia praaantad in Figure 4.4.
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Figure 4.4. Delineation of ragiona uaed in thia atudy

4.3.6b The Tenth Region

While Supply data ia available for Grade A milk, only a

portion of Grade A milk goea to Claaa I uae. If the model

were run with thia Grade A data, yet only Claaa I demand,

the exceaa aupply of Grade A over Claaa I demand would

«Swamp the market forcing the equilibrium price down. In

thia aenae, Claaa III demand muat be incorporated into the

-Odel within a balancing role. The tenth region aervea

tJ'i:l.a role. Specifically, it ia given a near infinite

d-land elaaticity for Grade A milk at the M-W price. In

thia way, Grade A milk in exceaa of fluid demand ia

‘31 located to Claaa III uae.
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In contraat to the other regiona, region ten doea not

have a apecific location: rather, it ia aaaumed that

every region haa a Claaa III market which ia located at

each region’a aupply center. Hence, the tranaportation

coat from each demand center to region ten ia eat at zero.

Such a apecification further enaurea that milk bound for

Claaa III uae will neither be imported nor condenaed

through ravaraa oamoaia.

4.3.6c Regional Centera

A market aupply and demand center haa been deaignatad

for each region. Thia center aervea ea the baae point for

demand/aupply, price, and ahipment coata between ragiona.

Regional market demand centera were deaignatad aa the

cloaeat maJor city to the eatimated center of population

for the region. Population data for 1980 waa uaad to

eatimate the market demand centera (USDC, 1983).

Regional aupply centera were determined by looking

at a milk cow numbera map and aelecting the cloaeat city to

the eatimated center of milk cow population. Data and mapa

tan milk cow numbera were taken from the 1982 Cenaua of

Agriculture (USDC, 1985). Regional aupply and demand

c-ntera are liatad in Figure 4.5.
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Region Stataa Demand Supply

Encompaaaed Center Center

2 Alabama Macon, GA Newnan, GA

Georgia

Miaaiaaippi

South Carolina

3 Arkanaaa Lufkin, TX Greenville,TX

Louiaiana

Oklahoma

Texaa

4 Illinoia Galeaberg, IL Ottumwa, IA

Iowa

Miaaouri

5 Kentucky Mount Airy, NC Hazard, KY

North Carolina

Tenneaaea

Virginia

6 Indiana Newark, OH Manafiald, OH

Ohio -

Weat Virginia

7 Connecticut Port Jarvia, NY Oneonta, NY

Delaware

Maine

Maryland

Maaaachuaetta

New Hampahire

New Jeraey

New York

Pennaylvania

Rhoda Ialand

Vermont

8 Minneaota Eau Claire, WI Eau Claire, WI

Wiaconain

‘9 Michigan Highland, MI Lanaing, MI

10 All of above All of above ------

‘

F19ure 4.5. Stataa encompaaaed within regiona, regional

c'Omand and regional aupply centera
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4.3.6d Length of Run

Each variation of run in thia atudy ia baaad on a one

period, annual model. In dairying thia ia effectively a

ahort-run period: neither producara nor conaumara would

fully ad3uat to a change in price during that time apan.

Furthermore, thia length of time yielda reaulta baaad on

the average market conditiona throughout the year. Such an

average muat be conaidered for the implementation of

reverae oamoaia filtration technology. Additionally,

market data ia conveniently available in annual form.

4.3.6a Baae Period

The baae period aalactad ia 1985. Thia repreaenta the

moat recent year for which all neceaaary data ia available

and providea baae data which reflecta the current macro

economic conditiona aa cloaely aa poaaible. Two maJor

influencea on l985’a data ahould be mentioned. Firat the

dairy diveraion program, initiated in September of 1984 and

extending through February of 1985, effected the pricea in

aome markata. Second, the St.Louia-Ozarka order waa

terminated in April, 1985. The termination of thia order

impacted the data only alightly. The data waa ad3uated

where poaaible to reflect theae changea and the regional-

ization and one year length of run ahould effectively maak

their impact. Alao maaked are other year to year varia-

tiona in baae-exceaa plana, direct delivery differentiala

or other aimilar ad3uatmenta within FMMOa.
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4.3.6f Bounda

GTP allowa the operator to aet upper and lower trade

bounda for each region. Thia reatriction helpa to mimic

actual market conditiona and enaure realiatic reaulta.

Given the low price elaaticity of aupply and demand in

dairying, little variation in aupply or demand ia likely

over one period. No regional trade quantity bounda

are aet for Claaa I uae. However, it ia aaaumed that in

each market a minimum amount of aupply goea towarda Claaa

III uae. For each region thia lower trade flow bound ia

eat at ten percent of 1985 aupply levela. Thia forced

allocation to the Claaa III aink ia daaignad to reflect the

combined effect of local production of Claaa II producta

and the natural loaa of Claaa I quality milk which occura

during markating. Thua, thia trade level reatriction aervea

the purpoae of enauring a more realiatic equilibrium price.

4.3.6g Pricaa

The actual 1985 price for each region waa calculated aa

the aum of the average baae Claaa I price, regional Claaa I

differential, and regional over-order premium. The calcu-

lated regional pricea and regional elaaticitiea were uaad

to generate aupply and demand achedulea. Additionally, the

Claaa I fluid differentiala were directly incorporated into

the price linkage function. Claaa I price differentiala

remained unchanged for each region throughout the baae

year.
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Claaa I differentiala were not neceaaarily uniform

acroaa all marketing ordara within a region. In auch

caaea the region’a differential waa eatimated by weighting

the aeparate differentiala according to the amount of milk

pooled in each order. Price differential data and data on

milk pooled under FMMOa wea taken from k Or

Mummers; wsm, kay 1986: August 1986»

Regional over-order premiuma were generated in an analogoua

manner from data on over-order premiuma for aalactad citiea

from Qgigy_flg£§gt_§;g§igtigg, (USDA, Maarch 1986). The

error involved in eatimating regional pricea in thia

faahion ia believed to have an inaignificant impact on

model reaulta.

4.3.6h Demand and Supply Schedulea

Rather than apecifying each region aa being either in a

atate of exceaa aupply or exceaa demand, aeparate aupply

and demand functiona are uaad for each region. Thia haa

the advantage of directly aetting the aupply and demand

functiona from the available data and reducing the reatric-

tiona on exceaa achedule form. Furthermore, predeter-

mination of a region’a final trade atatua ia not required.

For thia atudy aupply and demand achedulea are entered

under the conatant elaaticity format. By uaing thia

form, the achedulea are eaaily derived from available data

for each region. The elaaticitiea employed were obtained
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from other atudiea. Specifically, three main aourcea of

ahort-run aupply elaaticitiea were available.

Hallberg, Hahn, Stammer, Elterich and Fife (1978)

derived ahort-run aupply elaaticitiea from a report by

Hallberg and Fallert (1976) for nine ragiona nationally.

For the latter atudy, regional ahort-run farm level demand

elaaticitiea were derived primarily from retail level

atudiea by Boehm (1976) and George and King (1971)5.

Later Hammond, Buxton and Thraen (1979) uaed ahort-run and

long-run aupply elaaticitiea aa generated by Hammond (1974)

and long-run demand elaaticitiea aa developed by Fallert

and Buxton (1978).

Supply and demand elaaticitiea available for fluid milk

generally have not been exacting. It ia not unuaual for

different aupply achedule functional forma to be uaed for

different regiona, aa well aa inconaiatent data aourcea,

time perioda, or method of ad3uatment acroaa variablea.

Recently Huy (1986), haa attempted to eliminate aome of

thia variability by uaing a duality approach to eatimating

ahort-run aupply elaaticitiea7. Thia methodology avoida

the characteriatic over eatimation found with elaaticitiea

 

6 The farm level elaaticitiea were derived by acaling

up the retail level elaaticitiea by an aaaumed elaaticity

of price tranamiaaion of .5. Reference to thia proceedure

ia found in George and King (1971).

7 Specifically, the method Huy employee ia a profit

function approach to duality theory uaing Zellner'a

aimilarly unrelated regreaaion. Thia entaila developing

one function from which the other functiona are derived;

regionalization ia achieved through uae of dummy variablea.
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generated by linear programming (Cilley, 1985). Addition-

ally, Huy'a elaaticitiea cover twenty-nine atataa on an

annual baaia from 1981 to 1985 allowing for more freedom in

region apecification.

For the purpoaea of thia atudy, ahort-run demand and

aupply elaaticitiea will be taken from Hallberg et al. and

Huy reapectively. While the long-run demand elaaticitiea

eatimated by Hallberg at al. are all leaa than thoaa

obtained by Hammond, proportionately they are the aame

between regionaa. Theae elaaticitiea were generated

for the larger USDA regiona, but are not expected to vary

aignificantly within thoaa ragiona. Hence, they can

be tranaferred to the ragiona uaad within thia atudy with

acceptable confidence.

Huy’a initial ahort-run elaaticitiea are uaad becauae of

their current nature, more exacting eatimation procedure,

and their availability on a atate and regional level. It

ahould be noted that proportionately Huy’a and Hallberg’a

elaaticitiea appear to be very aimilar. Furthermore,

compariaon of model reaulta generated uaing the two aeta of

elaaticitiea indicated that the model ia relatively

inaenaitive to a awitch between the two. Thia ia diacuaaed

in aection 5.7.2.

 

3 Hallberg at al. auggeat long-run demand elaaticitiea

will be 1.5 timea greater than their eatimated ahort-run

demand elaaticitiea. Hammond’a elaaticitiea are uniformly

approximately 2.16 timea greater than Hallberg’a ahort-run

elaaticitiea.



To fully develop regional aupply and demand achedulea,

the function’a alope, B,

needed.

and intercept, a, tarma are alao

Each region'a a and B tarma are generated from the

price and quantity valuea exiating during the baae year for

each atate within the defined ragiona (USDA,

1986 pp. 40-43) a

FMOMS, May

The a and B valuea aaaociated with the

regional aupply and demand achedulea are liatad in Table

4.2.

Table 4.2 Regional Supply and Demand Schedule Slope and

Intercept Valuaa

Demand

Intercept Slope

O
t
D
O
I
J
O
‘
U
e
t
h
t
-
I

9

Supply

Intercept Slope

3.820 .959

5.431 1.423

-7.196 4.829

29.834 2.747

10.886 5.841

27.531 2.695

78.003 11.207

173.040 5.374

37.890 .999

25.710

37.994

63.867

54.396

48.330

49.049

127.668

24.554

24.990

42499.000

-e130

-3572.00

 

The required data waa incorporated into the modal

praaantad in thia chapter. Thia fully apecified model

providea the tool of analyaia through which atudy ob3ec-

tivea can be achieved.

reaulta and analyaia of them.

Chapter Five preaanta the model



CHAPTER FIVE

ANALYSIS OF RESULTS

The model apecified in the previoua chaptar waa uaad to

analyze the Claaa I market impact of RO filtration under

aaveral pricing and policy acanarioa. Each of the ma30r

acanarioa, and the reaulta generated from them, are

diacuaaed in thia chapter. Figure 5.1 providea a reference

to the varioua model runa and Figure 5.2 preaanta a diagram

of their incorporation. The primary queationa aaked under

each alternative caaa are how aupply and demand quantitiea

are affected, how the diatributional pattern ia altered,

and what ia the reaultant impact on coata and revenuea.

Raaulta are diacuaaed primarily in tarma of all ragiona

aa a whole with five regiona, 1, 2, 7, 8, and 9, being

iaolated for croaa analyaia. Any other ragiona aignif-

icantly impacted by a particular parameter change will be

mentioned aa warranted. Model generated pricea, quantitiea

and trade flowa for all ragiona under all runa are praaan-

ted in Appendix C. To prevent any confuaion in tarma of

acale, compariaona are made on a percentage change baaia.

Any change of leaa than one percent ia conaidarad inaignif-

icant in tarma of the model’a aenaitivity to minor changea.

89
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BRO3

BRO9

8R0175

SEPT

SRO3

SRO9

SR0175

CCC

occaoe

ND

D86

D86RO9

TC2

T02R09

Deacription

Initial annual run aerving aa the atandard for

compariaona. 1985 market conditiona with

no R0 applied.

BASE apecification with R0 incorporated at a

coat of 8.30/cwt.

BASE apecification with R0 incorporated at a

coat of 0.90/cwt.

BASE apecification with R0 incorporated at a

coat of 81.75/cwt.

Model run generated baaad on September 1985

market conditiona. Servea aa a baae upon

which R0 feaaibility during month when

ahipmenta are high. No RO applied.

SEPT apecification with R0 incorporated at a

coat of 8.30/cwt.

SEPT apecification with R0 incorporated at a

coat of 8.90/cwt.

SEPT apecification with R0 incorporated at a

coat of 01.75/cwt.

BASE model ad3uated for reduced CCC purchaaea.

An import quota waa placed on Claaa III milk,

raducing purchaaed by 444 million pounda.

CCC apecification with R0 incorporated at a coat

of 0.90/cwt.

BASE model ad3uated for the full removal of

Claaa I differentiala. No R0 applied.

BASE model with 1986 Claaa I differentiala

aubatituted for the 1985 levela. No RO

applied.

D86 apecification with R0 incorporated at a coat

of 0.90/cwt.

BASE model with a fifty percent increaae in

tranaportation coata incorporated. No R0

applied.

T02 apecification with R0 incorporated at a coat

of 8.90/cwt.

 

Figure 5.1. Reference of model acenario titlaa and

daacriptiona
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Although great effort waa taken to reproduce actual

induatry charactariatica, many aapecta of the dynamic,

Grade A milk market could not adequately be captured within

thia model. A brief reminder of aome of the inherent

limitationa aaaociated with thia model will be diacuaaed

before analyaia of the reaulta ia made.

5.1. Cavaata and Limitationa

Several areaa of caution are inherent to both the model

apecified and the apatial equilibrium program upon which it

ia run. Firat, the model ia apecified aa a ahort-run

model. It producea rather audden ahifta to parameter

changea, neither accounting for the induatry’a ability to

redeaign policiea nor for the long-run market reaponae.

The ahort-run aolution providea what may perhapa be an

extreme reaponae in the abaence of dynamic interaction over

time. However, if R0 filtration ia economically faaaibla,

a ahort-run model ahould indicate ao.

Second, the computer program generatea a perfectly

competitive aolution for an admittedly “imperfect“ market

environment. One would expect then that the aolutiona

generated may deviate from thoaa actually produced by a

complex and dynamic market. There ia no way to determine

where along the apectrum of economic markata the Claaa I

market would eventually find equilibrium under the par-

ameter changea diacuaaed within thia chapter. Hence,

within thia atudy the perfectly competitive aolution, found
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at one and of that apectrum, will be uaad aa the baaia for

compariaon. The actual market poaition would likely be

more liberal aa producer cooperativea exerciae their

market poaition and negotiation ia utilized.

Third, aeparating the area atudied into only nine

ragiona reatricta analyaia. One can not look at model

generated regional reaulta with making compariaona to a

apecific marketing order in mind. For example, not

all ahipmenta into or out of a given region muat originate

from or arrive at the region'a market center. While in

reality aalea along order boundariea may repreaent a

aignificant proportion of a region’a trade, when reatricted

to ahipmenta between market centera, theae aalea may not

continue. Given thia underatanding, the diatributional

3pmtterna generated by the model ahould be viewed aa

guidea to changing flow patterna.

Fourth, the vaat ahifta in Claaa I production levela

caccurring under aome acanarioa do not reflect the local

market phenomenon nor the ability for producer cooperativea

'ttb control markata and/or negotiate pricea above the level

gorserated by a theoretical model. Although thia theaia

doea not addreaa theae factora, they do exiat and aignifi-

ccntly impact Claaa I marketinga (USDA, January 1984).

.Fifth, the greater the reatrictiona impoaed, or the

19190::- the alteration made to model parametera, the farther

th. nodal ia atratched and the leaa confidence one can have

in “by given raault. Thia ia to aay that given that aupply
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and demand achedulea were generated from point elaatic-

itiea, the further the aolution ia forced away from the

equilibrium point at which the elaaticitiea were applied,

the leaa confidence one can have in the reaulta. However,

even though the model may not exactly parallel actual

induatry reaction to the conditiona impoaed, a aound

theoretical indication can be garnered by comparing

altarnativa acenario aolutiona to the BASE aolution.

Stating theae obvioua limitationa ia not meant to

detract from the reaulta generated nor the analyaia

aubmitted: rather, it ia meant to aerve aa a reminder of

the inherent limitationa of auch modeling. No perfect date

aeta exiat nor ia there a perfect theory through which to

apply them. Given theae limitationa, the reaulta and

analyaia from thia atudy ahould be viewed aa intended: aa

providing a uaeful indication of the poaaible impact of

:certain technological and policy changea, given the

.1nduatry aa modeled.

5-2 Baae Run

The model waa run under 1985 data and market conditiona

I'lsth the reaulta generated aerving two key purpoaea.

Firat, the reaulta were directly compared to actual 1985

Iorket levela. Thia compariaon aerved aa a teat of the

'Odtl'a performance under normal conditiona and it allowed

th. lodel'a apecification to be recalibrated. Thia procaaa

1.9 to the model aa deacribed in the previoua chapter.



95

The model generated a baae aolution, BASE, with aupply,

demand and price levela very cloae to thoaa calculated for

1985. Table 5.1 liata theae levela and the percentage

change between the actual and generated valuea. In

general the model generated valuea remaining within II- 2

percent of actual levela; the exception being ragiona 4

and 8 for which the model generated pricea 6.4 and 5.9

percent, reapectively, leaa than the actual pricea. While

the model generated highly acceptable reaulta atatia-

tically, one ahould not overlook the potential impact of

even a minor change in variable levela.

Table 5.1. Compariaon Between Actual and Model Generated

Supply Price and Ouantity Levela

 

Price (Ilcwt) Ouantity (mil. cwt)

Region Actual Model x Change Actual Model x Change

1 17.09 17.08 -0.06 20.21 20.20 -0.05

2 15.75 15.72 -0.19 27.85 27.81 -0.14

3 14.68 14.86 1.23 63.69 64.56 1.37

4 14.22 13.31 ~6.40 68.69 66.46 -3.25

5 14.68 14.83 1.02 52.59 53.03 0.84

6 14.34 14.06 -1.95 66.18 65.42 -1.15

7 14.79 14.57 -1.49 243.76 241.32 -1.00

8 13.80 12.98 -5.94 247.20 242.81 -1.78

9 13.88 13.67 -1.51 51.76 51.55 -0.41

The accuracy of diatributional patterna for 1985 ia not

C- eaaily determined. A compariaon between the aource of

Galen region’a 1985 aupply and the model'a reaulta match

fairly well for ma3or ahipment levela (over 10 million

hufldrodweight). The exceptiona being model ahipmenta from

z..Ql-Ol'sa 6 and 9 to region 7, which did not actually occur

1" 1985, and the omiaaion of ahipmenta from region 4 to
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region 8, which did occur. At lower minimum trade levela,

the number of "wrong-way“ ahipmenta (going aouth to north)

increaaed. Thia ia not aurpriaing given the role of

negotiation and the preaence of overlap between atataa and

marketing ordara.

The overlap between ragiona and marketing ordara

accounta for a large proportion of the difference between

actual 1985 diatribution patterna and thoaa generated by

the model. Region 4'a ahipmenta to region 8 are an example

of thia overlap effect. In 1985 Illinoia ahipped approx-

imately 11 million hundredwaight of milk to the Chicago

Regional order. Preaumedly, the ma30rity of thia milk

aerved the Chicago metropolitan area. Chicago ia in

Illinoia which ia part of region 4 but the Chicago Regional

lorder ia conaidarad within region 8: hence, the large

.ehipmenta appearing to go north in 1985.

When compariaona were made between actual interregional

'trade quantitiea and thoaa generated by the model, concern

croaa over trade flow levela for region 7. During 1985,

rogion 7 imported approximately 9 million hundredwaight,

Yot, the model generated an import level of 35 million

hundredwaight. Either due to boundary overlap or not

copturing aoma aapect of region 7'a market environment,

t‘910n 7 appaara aomewhat ”worae-off“ in the model. Thia

1. likely carried through all runa. It waa not apparent

”’3‘":- form of ad3uatment ahould be made baaad on theory and

“nSQretanding that market: hence, rather than gueaaing at
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how the apecification ahould be altered, if at all, region

7 waa left aa ia. Interpretation of reaulta tied to that

region ahould be made with greater care. In all, however,

the generated diatributional patterna do capture the ma3or

flowa and will provide uaeful inaighta aa to what the true

diatributional patterna would be. Figure 5.3 providea an

illuatration of diatributional patterna under the BASE run.

 

 

.0‘

Figure 5.3. Diatributional pattern under 1985 market

conditiona, (BASE)

The aacond purpoae for the 1985 run waa to provide a

bonch mark upon which aolutiona from alternative runa could

5‘ compared. Given the modela good performance relative to

actual 1985 levela, one can feel confident that the 1985

bg‘. ‘olution adequately aervea aa a baaia for compariaon.
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5.3 Impact of R0 Filtration

The regional impact of R0 filtration on the fluid milk

induatry ia determined by comparing the model generated R0

aolutiona to the BASE aolution. Aa diacuaaed in the

previoua chapter, the exact coat of full acale operation of

an R0 filtration unit for whole milk ia unknown. To

determine the range of poaaible impacta of R0 filtration on

the induatry, three widely varying coat eatimatea were

employed, 0.30, 0.90, and 01.75 per cwt. In addition to

creating a range of poaaible impacta, auch varied coat

levela provide an indication of how aenaitive the model ia

to incraaaing the fixed coat component of the tranapor-

tation coat function.

5.3.1 Applying R0 Filtration at 0.30/cwt

When uae of R0 filtration ia priced at 0.30/cwt,

diatribution patterna, production levela and Claaa I

allocationa change aignificantly. Table 5.2 providea a

reference to the percentage changea occurring under thia

acenario, BR03. It ahould be noted that in regard to

changea in exporter revenuea, the focua ahould remain on

total rather than Claaa I revenuea. The raaaon for thia

being that producara receive a blend price, not 3uat the

Claaa I price. Total revenuea were calculated aa a

weighted average of Claaa I and Claaa III revenuea.

Acroaa all ragiona Claaa I aalea increaae negligibly,

.56 percent, but regionally, the impact ia highly akewed.



99

The availability of eaaentially half-priced tranaportation

allowa region 8 to capture aignificant gaina due to ita

relatively lower coata of production and Claaa I differ-

ential. While total exporta remain nearly the aame,

Claaa I exporta in region 8 increaae 824 percent aa it

becomea the aole aupplier to ragiona 1, 2, and 4 and the

primary aupplier to region 7.

Table 5.2. Market Impact Under 1985 Conditiona with R0

Applied at 0.30/cwt, (BR03)

 

Ragiona

Variable All 1 2 7 8 A 9

(Numbera are aa a percentage change of BASE valuea)

Exporta

Total -10.74 -7.44 0.02 0.01 -0.14

Claaa I 0.56 -100.00 -100.00 -100.00 824.12 -0.15

Claaa III 792.13 824.17 52.51 -87.50 0.00

Price -6.95 -13.24 -9.25 0.03 0.03 -0.51

Revenuea

Total -6.44 -28.84 -7.52 8.02 0.60

Claaa I -6.42 -100.00 -100.00 -100.00 824.42 -0.66

Importa

Total 1.78 1.29 0.62 .00 0.04

Coata -6.26 -15.44 -12.25 -7.69 0.03 -0.49

 

No other region experienced a gain in aalea. In fact,

ragiona 1, 2, 3 and 7 no longer compete in the Claaa I

market, to an accountable level, and region 4 experiencea

a 93 percent drop in Claaa I aalea. The BRO3 diatri-

butional pattern ia illuatrated in Figure 5.4. A viaual

compariaon of the BASE and BRO3 diatribution pattern

demonatratea how the ahift in diatribution favora region 8.
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Figure 5.4. Diatributional pattern under 1985 market

conditiona with R0 applied at 0.30/cwt, (BROS)

In tarma of new Grade A production levela, it ia unclear

exactly how much milk would continue to be produced aolely

for Claaa III uae within ragiona no longer competitive in

the Claaa I market. It ia fairly aafe to aay that aoma

localized production for Claaa I uae would continue.

Production for Claaa III would depend upon local demand

and the producer'a ability to remain in operation at

the government aupportad Claaa III price.

Aa apecified, the modal dumpa exceaa Claaa I aupply

into the Claaa III aink. With a government aat minimum

Claaa III price of 11.78, and aggregate regional coata of

production in ragiona 1, 2, 3, 4, and 7 above that level,

the livelihood in thoaa ragiona ia uncertain. However,
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with the model aolutiona being generated from annual data

and aupply and demand quantitiea liatad in milliona of

hundredwaight, no ateadfaat aaaeaament ahould be made.

Thia dramatic ahift in diatribution ia tied to the

alteration in regional export pricea. Acroaa all ragiona a

6.9 percent decreaae in export price occura. Region 1

experiencea the largeat drop, over 13 percent. The

raaulting withdrawal of region 1 from the Claaa I market

auggeata that a 13 percent fall in Claaa I price would not

only put producara in that region at a aignificant market

diaadvantage but alao it may force many out of production.

The poaaibility of producara dropping out of the market

ia further atrengthened by the impact on regional Claaa I

revenuea. Producer Claaa I revenuea are dependent upon

total aalea and market pricea. Ragiona which fall out of

the Claaa I market will aee a 100 percent decline in Claaa

I revenuea: likewiae, region 8 enJoya a revenue increaae on

the aame proportion aa aalea, 824 percent.

The more repreaentative total revenuea do not ahift aa

dramatically. Region 8, gaina 8 percent, while all other

ragiona loaa in total revenuea. The actual decreaae for

ragiona 1, 2, 4 and 7 ramaina dependant on how many

producara can remain in operation at the Claaa III price.

The large regional boundariea, quantity unite and the

ahort-run characteriatic of the model make determination

impoaaible.
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On the conaumer aide, the import price falla 6.23

percent. Even with thia aubatantial fall in price, the

inelaatic nature of milk demand leada to a mere .56 percent

increaae in conaumption. Regionally, conaumara in the

aouth en3oy the graataat aavinga aa import pricea fall

up to 15 percent.

5.3.2 Applying R0 Filtration at 0.90/cwt

When the coat of applying R0 filtration ia tripled to

0.90/cwt, model reaulta are again aignificantly altered,

albeit not aa dramatically. Figure 5.5 illuatratea the new

interregional flow pattern and Table 5.3 preaanta the

percentage changea aaaociated with thia run, BRO9.

1 
a”

Figure 5.5. Diatributional pattern under 1985 market

conditiona with R0 applied at 0.90/cwt, (BRO9)
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Table 5.3. Market Impact Under 1985 Conditiona with

R0 Applied at 0.90/cwt, (BR09)

 

Ragiona

Variable All 1 2 7 8 9

(Numbera are aa a percentage change of BASE valuea)

Exporta

Total -9.96 -7.25 0.01 0.01 -0.14

Claaa I 0.35 -11.06 -8.06 -100.00 436.59 -0.15

Claaa III 0.00 0.00 52.20 -46.35 0.00

Price -5.11 -12.27 -9.01 0.02 0.02 -0.52

Revenuaa

Total -20.41 -15.09 -7.52 4.25 -.061

Claaa I -4.78 -21.98 -16.35 -100.00 436.72 -.067

Importa

Total 1.39 0.90 0.30 0.00 0.50

Coat -3.86 -12.02 -8.61 -3.77 0.02 -0.50

 

The atair-atep effect found under the baae aolution

diaappeara. Region 8 again capturea markata in the two

aouthernmoat ragiona ahipping 15 percent of ita Claaa I

aalea, which correaponda to 51 percent and 45 percent of

region 1 and 2’a demand, reapectively. Additionally,

region 8 auppliea 70 percent of region 7’a Claaa I require-

mant. Region 7 ia the only region under thia acanario

which ceaaea production at the new equilibrium price

level. Region 4 experiencea a ahift of up to 13 percent of

Claaa I production either out of production or into the

Claaa III market.

Acroaa all regiona, the Claaa I price falla 5.11

percent. Aa expected, the graataat impact occura in

ragiona 1 and 2 where pricea decline 12.27 and 9.01

percent. In contraat, ragiona 7 and 9 aee no aignificant

change in their Claaa I export price.
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The inevitable impact of declining producer pricea in

the abaence of an equivalent riaa in aalea leada to a drop

in revenuea. Revenuea from Claaa I aalea fall 4.78

percent acroaa all ragiona. Excluding region 7, ragiona 1

and 2 record the largeat falla, 21.98 percent and 16.35

percent reapectively. Aa in the previoua caae, only

producara in region 8 appear to capture gaina in Claaa I

aalea and Claaa I revenuea (436 percent each).

Conaumera remain aignificant gainera under thia acan-

ario. Acroaa all ragiona the import price falla 3.85

percent, ranging from a high of 12 percent in region 1 to

virtually no change in ragiona 8 and 9. The overall impact

on demand of a lower Claaa I price ramaina negligible.

5.3.3 Applying R0 Filtration at 01.75/cwt

When R0 filtration ia priced at 01.75/cwt the market

impact ia relatively minimal on the whole, aa indicated by

Table 5.4 and Figure 5.6. Intuitively thia makea aenae

given a one-way break even mileage of 772 milea under thia

acanario. With export pricea falling 1.3 percent, total

Claaa I exporta remain unchanged and the regional diat-

ribution pattern begina to reaemble that of the BASE

aolution.
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Table 5.4. Market Impact Under 1985 Market Conditiona with

R0 applied at 01.75/cwt, (BR0175)

 

Ragiona

Variable All 1 2 7 8 9

(Numbera are aa a percentage change of BASE valuea)

Exporta

Total -5.93 -2.91 0.01 0.00 0.00

Claaa I 0.12 -6.58 -3.24 -1.84 62.64 0.00

Claaa III 0.00 0.00 0.01 0.01 0.01

Price -1.30 -7.31 -3.62 0.01 0.01 0.01

Revenuea

Total -12.45 -6.22 -0.13 0.61 0.01

Claaa I -1.19 -13.41 -6.74 -1.83 62.62 0.01

Importa

Total 0.82 0.36 0.00 0.00 0.00

Coat -1.21 -7.15 -3.46 0.01 0.01 0.01
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Figure 5.6. Diatributional pattern under 1985 market

conditiona with R0 applied at 01.75/cwt, (BR0175)
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Of aignificant change ia the opening of new markata for

region 8. Aa in the previoua two caaea region 8 exporta to

ragiona 1 and 2 when R0 filtration ia adopted. Theae

ahipmenta replace thoaa made by ragiona 2, 4, and 6 under

the BASE run. Alao of importance ia the re-entry of region

7 into the Claaa I market. In fact, region 7 experiencea

only a 1.84 percent decline in Claaa I aalea. Thia

auggeata that region 7'a aenaitivity to the change in

market variablea, ariaing when RO ia applied, ia more

likely a raault of ita relatively high Claaa I differential

than due to ita relative coat of production.

Reductiona in Claaa I aalea occur ea in the previoua

caaea. Ragiona 1 (6.57 percent) and 2 (3.24 percent)

experience aignificant declinea while once again region 8

gaina aubatantially (62 percent). In addition, export

pricea fall by 7.3 percent in region 1 and 3.6 percent in

region 2 with all other ragiona experiencing inaignificant

changea.

Total producer revenuea for Claaa I aalea fall 1.19

percent with the brunt of thia decline again being borne by

producara in ragiona 1 and 2 (13.4 and 6.7 percent). In

contraat, region 8 en3oya increaaed Claaa I revenuea of

more than 62 percent. It ia again, however, difficult to

determine the impact on total revenuea.
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5.3.4 Interpretation of Annual R0 Raaulta

Within the perfectly competitive, ahort-run, apatial

equilibrium framework applied through thia model, RO

filtration would provide no real benefit to producara aa a

whole, even when priced at ita loweat level. The net

effect of full acale adoption of R0 filtration ia a

aignificant loaa in total revenuea to the induatry, under

all R0 coat acanarioa. In fact, only region 8 atanda to

gain and only under the R0 equala 0.30/cwt and 0.90/cwt

acanarioa. Additionally, while the poaaibility exiata for

aoma ragiona to capture new markata, without aignificantly

increaaed levela of demand, any market gained by one region

will repreaent a loaa to another. Such ia the caaa within

the three acanarioa deacribed in thia aection.

It ahould be noted that the reaulta are unclear aa to

exactly how much milk would continue to be produced in

ragiona no longer competitive in the Claaa I market. It ia

fairly aafe to aay that aoma very localized production of

milk for Claaa I and Claaa III uae would continue to the

extent which local demand warranta and producara can remain

viable at the government aupportad Claaa III price. Hence,

theae vaat ahifta in Claaa I production levela do not

reflect local market phenomenon nor the ability for

producer cooperativea to control markata and/or negotiate

pricea above the level generated by a theoretical equilib-

rium model. Thia caveat holda true for all the model

generated aolutiona in thia atudy.
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Conaidering the large number of R0 facilitiea which

would likely be operated by producer cooperativea, it ia

unforeaeeable that thoaa cooperativea would voluntarily

adopt any technology which would raault in loat revenuea

for their producara. However, recognizing the important

role of negotiation and the acquired market power which

exiata within certain markata, it may be poaaible for aome

of the benefit gained by conaumara in the theoretical

caaa to be uaurpad by producara. Under BASE acanario

conditiona with R0 filtration priced at 0.90/cwt, thia

repreaenta a poaaible average gain of around 4 percent. In

an induatry where profit margina are alim and producara are

atruggling to remain viable, thia repreaenta a aignificant

increaae. How much of that gain could be negotiated away

from conaumara and how it would be diatributed regionally

among producara ia not clear.

In aum, the future for R0 filtration under BASE con-

ditiona doea not look politically promiaing. In the

theoretical caae, aufficient banafita muat be created to

compenaate the loaera. Given the lopaided nature of the

coata and banafita generated by the model and, more

importantly, conaidering the underlying coata aaaociated

with the neceaaary policy changea and tranafera of bene-

fita, it ia doubtful that R0 filtration would find uae

under theae conditiona.
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5.4 September Conditiona

When modeling the Claaa I milk market uaing annual data,

the inherently atrong aeaaonality of aupply and demand ia

loat through averaging. In attempting to determine the

market feaaibility of a technology auch aa RO filtration,

which directly impacta the tranaportation component of

fluid milk ahipmenta, it would then aeem of obvioua

intaraat to analyze the technology’a impact during the time

when ahipmenta are naturally higheat. Running the model

for the month of September aervea thia purpoae; demand ia

near ita peak, aupply ia approaching ita trough, and inter-

regional ahipmenta are at their annual high. If thia

ahipment hypotheaia ia correct, one would expect to aee the

banafita of R0 filtration to be graataat during September.

Once again, however, thia modeling exerciae ahould be

viewed given the limitationa of the model. Specifically,

the following pointa ahould be conaidarad.

Firat, the model waa daaignad for, built upon and

calibrated for annual data. To define ahort-run aa one

month atratchea the accuracy of the underlying ahort-run

aupply and demand elaaticitiea. However, given the model’s

relative inaenaitivity to elaaticity changea, aa diacuaaed

in a later aection, thia ahould not praaant a aignificant

problem and no attempt haa been made to ra-apecify the

exiating annual model for monthly data.

Secondly, what can be eaaily averaged out on an annual

baaia can not neceaaarily be diaregarded on a monthly
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baaia. For example, the exiatence of auatained call

proviaiona in New York made it neceaaary to force a aet

quantity of region 7’a September aupply to the Claaa I

market. Thia ahould not create any problema.

Third, no ad3uatmenta are made to the eatimated coata of

RO filtration. It ia aaaumed, therefore, that RO filtra-

tion ia employed during September at a coat analogoua to

that need under annual conditiona. Given that September

teat runa were made for the 0.30 to 01.75/cwt range

of R0 coata, the true average coat for any number of uae

conditiona ia preaumably covered.

While theae pointa of caution exiat, none ia over-

whelming. It ia believed that the reaulta praaantad in

thia aection do aerve the purpoae for which they were

intended: to gain inaight into the poaaible impact of R0

filtration on diatribution flowa, pricea and revenuea

during September market conditiona.

5.4.1 September Baae Run

Under the baae September run (SEPT), the model gener-

ated regional aupply and demand levela averaged within

+1-1.4 percent of actual levela. While pricea generated

are higher than actual pricea, the more important relative

alignment of pricea regionally ramaina intact.

Diatributional flow patterna for SEPT do not reveal

much in and of themaelvea (Figure 5.7). Compariaon to

the actual pattern ia not poaaible given the lack of
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Figure 5.7. Diatributional pattern under September market

conditiona, no RO applied, (SEPT)

appropriate data. It ia worth noting that while ragiona 4

and 8 do not ahow ahipmenta for September in addition to

their annual average, ragiona 6 and 9 have each increaaed

their export markata. Thia aatiafiea the belief that

ragiona with large exceaa annual Claaa I auppliea are more

likely to make September ahipmenta to ragiona whoae annual

aupply and demand quantitiea are more in line -- auggeating

September aupply ahortagea.

All in all, the baae September run indicatea that

aubatituting September data into the fully apecified annual

model doaa provide a reaaonably accurate aolution upon

which compariaona can be made. Runa were generated for the
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three alternative RO acanarioa (SR03, SR09, and SR0175)

with the percentage changea liatad in Tablea 5.5, 5.6 and

5.7. The following diacuaaion of theae reaulta focuaaa on

the R0 filtration acanario in which coat ia eat at

0.90/cwt, SR09.

Table 5.5. Market Impact Under September Conditiona with

R0 Applied at 0.30/cwt, (SRO3)

 

 

 

Ragiona

Variable All 1 2 7 8 9

(Numbera are aa a percentage change of SEPT valuea)

Exporta

Total -10.14 -7.23 0.03 0.01 0.01

Claaa I 0.64 -100.00 -100.00 0.64 482.91 -31.44

Claaa III 782.05 817.75 -0.58 -52.37 58.42

Price -5.22 -12.54 -9.00 0.04 0.04 0.04

Revenuea

Total -32.50 -25.04 0.10 2.11 -1.49

Claaa I -4.62 -100.00 -100.00 0.68 483.16 -31.41

Importa

Total 1.65 1.23 0.66 0.00 0.00

Coata -4.85 -14.53 -11.79 -0.38 0.04 0.04

Table 5.6. Market Impact Under September Conditiona with

R0 Applied at 0.90/cwt, (SRO9)

Ragiona

Variable All 1 2 7 8 9

(Numbera are aa a percentage change of SEPT valuea)

Exporta .

Total -9.23 -6.71 0.02 0.01 0.01

Claaa I 0.42 -10.28 -7.46 0.64 76.62 -31.44

Claaa III 0.00 0.00 -0.60 -8.30 58.41

Price -3.07 -11.42 -8.36 0.02 0.02 0.02

Revenuea

Total -18.95 -13.95 0.08 0.34 -1.50

Claaa I -2.66 -20.52 -15.19 0.67 76.66 -31.42

Importa

Total 1.27 0.83 0.47 0.00 0.00

Coata -3.01 -11.17 -7.96 0.03 0.02 0.02
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Table 5.7. Market Impact Under September Conditiona with

R0 Applied at 01.75/cwt, (SR0175)

 

Ragiona

Variable All 1 2 7 8 9

(Numbera are aa a percentage change of SEPT valuea)

Exporta

Total -4.98 -2.14 0.01 0.00 0.00

Claaa I 0.23 -5.55 -2.38 0.64 60.96 -30.89

Claaa III 0.00 0.00 -0.62 -6.61 57.38

Price -1.17 -6.17 -2.66 0.01 0.01 0.01

Revenuea

Total -10.50 -4.57 0.06 0.27 -1.49

Claaa I -0.94 -11.37 -4.98 0.65 60.98 -30.89

Importa

Total 0.69 0.26 0.47 0.00 0.00

Coat -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 conditiona ia aubatantial. All

acanarioa follow the percentage change pattern outlined

under the annual acanarioa. Thia ia to aay that when R0

filtration ia priced at 0.30/cwt (SRO3) the moat aignif-

icant change occurred: when priced at 01.75/cwt (SR0175),

the impact waa aubatantially leaa. For example, under SRO3

export pricea fell by 5.2 percent acroaa all ragiona with

the largeat decreaae hitting aouthern ragiona and with

graataat gain in Claaa I aalea captured by region 8 (483

percent). The aignificance of theae ahifta diminiahea

under SR0175: the market wide export price increaaea 1.2

percent and region 8’a Claaa I exporta increaae 61 percent.

When RO ia introduced at a coat of 0.90/cwt, the

impact on the induatry ia aignificant. The application of I
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R0 filtration leada to a 3 percent overall decreaae in the

export prica. Aa expected, the burden of thia decreaae to

producara and the benefit to conaumara falla heavieat in

the two aouthernmoat ragiona. Total revenue loaa for

ragiona 1 and 2 la 19 and 14 percent reapectively.

Compariaon of Figurea 5.7 (SEPT) and 5.8 (SRO9) illua-

tratea how the diatribution pattern of Claaa I milk

ahifta. Specifically, region 8 becomea a competitive

aupplier of Claaa I milk to ragiona 2 and 5, and region 4

ahipa aouth to region 3. In contraat to theae market

gaina, however, aaveral ragiona find markata once open to

them during September, now aerved by alternate aourcea.

For example, both region 6 and 9 loaa two export markata.
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Figure 5.8. Diatributional pattern under September market

conditiona with R0 Appliad at 0.90/cwt, (SRO9)
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The magnitude of thia ahift preaanta itaelf in Table

5.6. It ia intereating to aee how application of R0

filtration reducea the price gap once exiating between

ragiona 8 and 9 due to diatanca. Figure 5.8 auggeata that

region 9 may looae ita market directly to region 8. Thia

may auggeat that under thia acanario, the application of RO

filtration eliminatea enough of the mileage diaadvantage

faced by region 8 to allow it to capitalize on ita relative

competitive advantage in milk production. Furthermore,

while ragiona 7, 8, and 9 do not aee a aignificant change

in their export price, only region 9 auffera a fall in

Claaa I exporta, 31 percent, aa ita exporta ahift from

Claaa I markata to Claaa III. If region 9’a total produc-

tion doea remain unchanged, the total revenue loaa ia

limited to 1.5 percent.

In aum, given that the net impact to all producara

ramaina negative, even under September market conditiona,

R0 technology would not likely be adopted under a market

environment deacribed by the model. It ia worth noting

however, that the ”negative" impact to producara under

September conditiona ia leaa than that found under the

annual caaa. From the point of view of an "imperfect"

market, thia would auggeat that for any conatant percentage

of banafita negotiated at an annual level, a higher percent

of the conaumer'a gaina could poaaibly be tranaferred to

producara during September.
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5.5 Cut in 000 Purchaaea

At praaant the dairy induatry ia operating during an era

in which government ia looking for areaa to trim ita budget

and agricultural enterpriaea are buckling under both heavy

debt and a competitively fueled puah for increaaed effic-

iency. Under thia environment, government axpandituraa on

manufactured dairy producta have become highly viaible and

open to increaaed public criticiam. Without 3udging the

merita of either U.S. dairy policy or criticiama of CCC

oparationa, the model waa run under a acanario of reduced

CCC purchaaea.

The volume of 1985 CCC purchaaea waa roughly equivalent

to 13.2 billion pounda. An eatimated national decreaae

of 8.2 billion pounda would be neceaaary to achieve a

purchaae level approximately at equilibrium with government

demand. It waa determined that approximately 63 percent of

1985 CCC purchaaea came from the area covered in thia atudy

(DMS, 1985, Table 7). Hence, 4.44 billion pounda of the

reduction muat be met within the model.

The cut in CCC purchaaea waa incorporated into the model

by aetting an upper limit on Claaa III importa. Subtrac-

ting 44.4 million hundredwaight from the total quantity of

Claaa III ahipmenta in the BASE equilibrium aolution

produced the proper Claaa III import quota level. Such a

quota ahould, and in fact doea, force more milk onto the

Claaa I market. Thia, in turn, precipitatea a price

decreaae acroaa all ragiona. Raaulta from the reduced CCC
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purchaaea run (CCC), praaantad in Table 5.8 aupport thia

chain of evanta.

 

 

Table 5.8. Market Impact Under 1985 Conditiona with CCC

Purchaaea Reduced, (CCC)

Ragiona

Variable All 1 2 7 8 9

(Numbera are aa a percentage change of BASE valuea)

Exporta

Total -6.92 -6.88 -6.77 ~3.23 -2.83

C1... I 0.70 -7a69 -7e65 24a20 Oe6° -3a14

Price -8.67 -8.53 -8.55 -10.00 -11.22 -10.66

Revenuea

TOt.l -15a34 -15a30 -15a09 -15e04 -13e37

Claaa I -8.04 -15.57 -15.54 11.78 -10.69 -13.47

Importa

Total 0.96 0.86 0.77 0.60 0.82

COI‘E -8e23 -8a35 -8e17 -9e53 -11a22 -10e26

Under limited CCC purchaaea, the weighted average price

of exporta falla 8.7 percent and the weighted average

import price falla 8.2 percent. The new Claaa III price

dropa approximately 12.4 percent to a level of 010.32.

Of the 4.44 million hundredwaight removed from Claaa

III uae within the model,

additional Claaa I aalea.

repreaenta a decreaae in total aupply.

The remaining 93.3 percent

only 6.7 percent ia abaorbad aa

Thia would follow

the hypotheaia that under a aignificant price decreaae,

producara operating near the margin will be forced to

diacontinue production.

relatively high coat of production ragiona would be

Regionally, thoaa producara in the

expected to abaorb the graataat impact of the reduction,

which they appear to do. Ragiona 1 and 2 decreaae total
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aupply by about 6.9 percent each while ragiona 8 and 9 aee

total aupply fall by 3.2 and 2.8 percent reapectively.

In regard to loat aalea, all of the aouthern regiona’

loaa comea from Claaa I aalea. Thia ia alao the caaa

with region 9. Only region 7 aeea aignificant increaaea in

Claaa I aalea, 24 percent: but, no ragion experiencea an

increaae in total revenuea.

Acroaa all regiona, producer revenuea fall an eatimated

14 percent. The diatribution of thia loat revenue,

however, ia not aa clear cut north to aouth aa under

previoua acanarioa. Specifically, ragiona 7 and 8 Join

ragiona 1 and 2 in auffering above average loaaea, over 15

percent, while region 9 auffera leaa of a loaa, 13 percent.

The new diatribution pattern ia praaantad in Figure 5.9.

Region 4 begina ahipping a amall amount of ita aupply

to region 3, region 2 looaea ita region 1 Claaa I market

and both region 6 and 9 gain markata. It ia the addition

of new markata which helpa to limit revenue loaaea in theae

ragiona to below the induatry average.

The impact to the conaumer of lower CCC purchaaea

and, hence, a lower Claaa I aupport price, ia examined by

looking at the new import price. Acroaa all ragiona the

price of importa falla 8.2 percent: however, in contraat to

previoua acanarioa, no longer ia the graataat drop in

pricea, either import or export, found in the aouth.

Rather, the graataat percentage change ia found in region

8, 11.2 percent.
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Figure 5.9. Diatribution pattern under 1985 market

conditiona with CCC purchaaea reduced, (CCC)

5.5.1 Applying R0 Filtration at 0.90/cwt

The induatry impact of both R0 filtration and a aigni-

ficant drop in the M-W price ia not uniform. Raaulta

praaantad in Table 5.9 and Figure 5.10 (from run CCCRO9)

indicate that application of 0.90/cwt R0 filtration

banafita ragiona with relatively low Claaa I differen-

tiala. Theae are aoma of the aame ragiona which auffered \

the graataat relative burden from the initial decreaae in

M-W price. For example, application of R0 filtration cuta

the loaa in total revenuea experienced by producara in

ragiona 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-

ditiona with R0 Applied at 0.90/cwt, (CCCRO9)

Ragiona

Variable All 1 2 7 8 9

(Numbera are aa a percentage change of BASE valuea)

Exporta

T°t.1 -14a75 -12a42 -4e67 -2e23 -2e10

01". I 0e88 -16e39 -13a80 '100.00 475a21 -2e46

Claaa III 0.00 0.00 45.35 -52.93 0.00

Price -11.90 -18.19 -15.44 -6.90 -7.75 -7.90

Revenuea

TOtal -30a22 -25a97 -22a76 -7a49 -10a25

Claaa I -11.12 -31.60 -27.11 -100.00 430.64 -10.17

Importa .

Total 2.06 1.55 0.84 0.41 0.61

(30.11 -10a02 -17a80 -14e74 -10a38 -7a75 -7e61

4 \‘W

N ‘

I

‘

3 \
t

Figure 5.10.

(CCCRO9)

a"

Diatribution pattern under 1985, reduced CCC

purchaaea market conditiona with R0 applied at 0.90/cwt,
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7.5 and 10.3 percent reapectively. (When viewed aa imple-

menting R0 filtration after the cut in M-W price thia

correaponda to an actual increaae in revenue of 8.9 and 3.6

percent for a price increaae of 4 and 3 percent in ragiona

8 and 9 reapectively). The net effect of a cut in CCC

purchaaea and application of R0 filtration ia for the

burden of a lower M-W price to ahift away from ragiona 8

and 9 towarda ragiona 1, 2, and 7.

In contraat to the banafita en30yed by ragiona 8 and 9,

R0 filtration cauaea producara in the relatively high

differential regiona, auch aa 1, 2 and 7, to auatain

compound negative impacta. Firat, the cut in CCC cauaea

them to auffer aubatantial revenue loaea, aa diacuaaed

previoualy. Second, R0 filtration forcea an additional

lowering of pricea and Claaa I aalea, forcing revenuea even

further down in theae relatively high coat of production

ragiona.

5.5.2 Interpretationa of Raaulta

The market impact of a 8.2 billion pound reduction in

CCC purchaaea ia aignificant. Aa CCC purchaaea decreaae

auppliea previoualy allocated to government purchaaea now

aerve to flood the Grade A market. Thia, in turn, forcea

pricea down. With the M-W price eat at 010.32, it ia

unclear how many producara can remain competitive. Clearly

all dairy oparationa producing at coata above that level

will be forced out of production over time. Thia ia true
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both within and acroaa ragiona. The exact number of

producara withdrawing from the market ia unclear. The

model generatea a ahort-run aolution while reduced CCC

purchaaea would have a long-run effect.

The reaulta auggeat that in the face of a aignificant

reduction of the M-W price, to maintain regional production

at levela analogoua to current levela, the Claaa I differ-

entiala would have to be increaaed. Intaraatingly,

thia appaara to have happened with the 1985 Food Security

Act. The Claaa I differentiala waa increaaed while the M-W

price fall nearly two dollara over the previoua five yeara.

The net effect of a decreaae in CCC purchaaea and the

adoption of R0 filtration ia to leave relatively low coat

of production ragiona relatively better off than other

ragiona. Specifically, ragiona 8 and 9 may capitalize

on both their comparative advantage in production and their

relatively low Claaa I differentiala. Once again, policy

changea, i.e. ad3uating the Claaa I differentiala, would

be neceaaary in order to preaerve the atatua quo.

5.6 Altering the Claaa I Diffarantiala

One of the barriera commonly cited to full acale

adoption of bulk reducing tachnologiaa ia the Claaa I

differential ayatam. Given thia, it ahould prove interea-

ting to explore the impact which both removing and realig-

ning theae differentiala would have on model aolutiona.

Thia aection diacuaaea each of theae policy acanarioa.
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5.6.1 Removal of Claaa I Diffarantiala

With Claaa I differentiala removed from the price

linkage function, the baae model waa rerun. The new

aolution, ND, waa than compared to the original BASE

aolution. Figure 5.11 illuatratea the ahifta in ahipment

patterna which occur while Table 5.10 highlighta the

market changea which lead to theae ahifta.

  

Figure 5.11. Diatribution patterna under 1985 market

conditiona with Claaa I differentiala removed, (ND)
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Table 5.10. Market Impact Under 1985 Market Conditiona

with Claaa I Diffarantiala Removed, (ND)

 

Ragiona

Variable All 1 2 7 8 9

(Numbera are aa a percentage change of BASE valuea)

Exporta

Total 11.91 6.66 -0.24 -0.17 -0.67

Claaa I 0.15 13.23 7.40 42.13 0.03 -50.01

Claaa III 0.00 0.00 -22.47 -0.19 441.42

Price -13.65 -5.42 -8.59 -19.15 -9.24 -13.79

Revenuea

Total 6.59 -1.68 -7.75 -1.14 -13.17

Claaa I -13.78 7.09 -1.82 14.92 -9.21 -56.91

Importa

Total -1.70 -0.92 -0.06 0.03 0.17

Coat -13.55 -5.31 -8.20 -18.25 -9.24 -13.27

 

An intereating impact under thia acanario ia on diatri-

bution patterna. One purpoae of aetting differentiala at

levela incraaaing with diatanca from the baae pricing point

waa to enaure a ateady aupply of milk at the local level.

Thia waa accompliahed by the differentiala ability to

aupport production in high coat of production ragiona via

raiaing the minimum price. If the differentiala are

properly eat, their relative level ahould off-aet tranapor-

tation coata. Given thia, removal of differentiala

ahould have little effect. If they are improperly aligned,

one would expect that their removal would alter pricea and

increaae interregional ahipmenta aa the market realigna

itaelf to coata of production.

When the differentiala were removed from the model,

interregional diatribution of Claaa I milk actually

decreaaea. The Claaa I price acroaa all ragiona falla
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aubatantially (over 13 percent) with the relative regional

export price roughly incraaaing the larger the region'a

coat of production ia to ita Claaa I differential.

Correaponding to the price fall ia a 13 percent drop in

Claaa I revenuea. Perhapa aurpriaingly. the graataat

weight of thia burden appeara to be borne by producera in

region 9. In contraat. region 1 aeea the loweat fall in

export price. Furthermore, region 1 actually increaaea ita

total value of exporta by incraaaing production by a

greater percentage than the fall in price. The only aure

gainera are the importera of Claaa I milk, the conaumara.

An additional run waa made under which induatry wide

application of 0.90/cwt R0 filtration waa inatitutad after

the removal of Claaa I differentiala. while pricea did

change, no ahift in the diatribution pattarn occurred.

Thia ia aa would be expected when an unconatrained market

in equilibrium receivea an equal decreaae in tranaportation

coata acroaa all ragiona.

If theae reaulta are at all indicative of how the

induatry would actually react under elimination of Claaa I

differentiala. it appeara that the 1985 differentiala not

only aerve to maintain production at the local level but

they alao provide the incentive behind a large proportion

of interregional ahipmenta. Aa long aa theae ahipmenta are

made to help balance local Claaa I aupply with Claaa I

demand, they aerve a beneficial role. However, it appeara
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that in aoma ragiona they may actually decreaae the

proportion of Grade A milk going to Claaa I uae due to

the effective aubaidization of exporta from other ragiona.

5.6.2 Realigning Claaa I Diffarantiala

Teating the impact of alternative Claaa I differentiala

became neceaaary with paaaage of the 1985 Food Security

Act. Thia legialation eat new Claaa I differentiala for

all ragiona. On average theae differentiala, increaae at

an incraaaing rate from the baae pricing point. To

determine how model reaulta would be altered under thia

legialation, new regional differentiala were calculated

baaad on the 1986 levela and incorporated into the BASE

model. It quickly became evident that relative changea

in regional differentiala have a aignificant impact on

model reaulta.

5.6.2a Impact on Baae Run

Initial diatribution patterna, aa illuatrated in Figure

5.12, ahow a rather mild impact of the new differentiala

(run D86). Region 6 looaea one market and region 8

replacea region 4 am an exporter to region 2. In tarma of

regional Claaa I pricea and revenuea, however, the impact

ia aignificant. Table 5.11 providea a reference to the

degree of change raaulting from the new differentiala.



127

 

 

 

 

\n

1

..0'

Figure 5.12. Diatribution patterna under 1985 market

conditiona and 1986 Claaa I differentials, (D86)

Table 5.11. Market Impact Under 1985 Market Conditions and

1986 Claaa I Differentials, (D86)

Ragiona

Variable All 1 2 7 8 9

(Numbera are as a percentage change of BASE valuea)

Exporta

Total -4.30 -2.48 1.20 0.24 0.72

Claaa I 0.00 -4.78 -2.75 -3.13 56.02 0.80

Claaa III 0.00 0.00 3.48 -5.68 0.00

Price 0.18 -5.29 -3.08 1.78 0.85 2.70

Revenuea

Total -9.11 -5.30 1.56 0.92 3.21

Claaa I 0.18 -9.82 -5.75 -l.41 57.35 3.52

Importa

Total 0.60 0.31 -0.14 -0.05 -0.21

Coat 0.15 -5.18 -2.94 1.69 0.85 2.60
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Acroaa all ragiona the export price and revenue from

Claaa I aalea remain unchanged. Regionally, variation

exiata. The Claaa I export price in region 9 ahowa the

graataat gain, 2.7 percent, with region 1 receiving the

graataat loaa, 5.3 percent. In terma of revenuea, region 8

atanda to gain aubatantially with an increaae of 57.3

percent: region 9 followa with a 3.5 percent gain. 0n the

conaumer aide, regiona 7 and 9 appear to feel the greatest

impact aa their import pricea increaae 1.7 and 2.6 percent

reapectively.

The changea deacribed above all indicate that the

diaproportional increaae in Claaa I differentiala tenda

to favor producera in ragiona 8 and 9. Thia unbalanced

effect ia further illuatrated by model reaulta when R0

filtration ia introduced. Highlighta of theae reaulta are

diacuaaed below.

5.6.2b Applying R0 Filtration at 8.90/cwt

The induatry wide application of R0 filtration, given

1986 differential levela, appeara to emphaaize the apparent

imbalance cauaed by the new Claaa I differentiala.

Percentage changea between thia acenario, D86R09, and 086

are liatad in Table 5.12. Figure 5.13 portraya a radical

change in diatribution patterna both relative to the BASE

(Figure 5.3) and BR09 (Figure 5.5) patterna. The moat

obvioua change ia the new role of region 8. It becomea a

key aupplier of Claaa I milk to three ragiona and the aole
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Market Impact Under 1985 Conditiona and 1986

 

Claaa I Diffarantiala with R0 Appliad at $.90/cwt, (D86R09)

Ragiona

Variable All 1 2 7 8 9

(Numbera are aa a percentage change of 086 valuea)

 

 

  

 

 

Exporta

TOtal -4e87 ‘3e27 1 e20 1 e26 0a87

Claaa I 0.19 -100.00 -100.00 -100.00 848.84 0.96

Claaa III 850.77 865.82 54.31 -88.74 0.00

Price -4.01 -6.01 -4.06 1.78 4.40 3.27

Revenuea

Total -32.27 -25.64 -6.42 13.84 3.89

Claaa I -3.84 -100.00 -100.00 -100.00 890.59 4.26

Importa

Total 1.76 0.99 0.09 -0.24 -0.25

Coat -1.80 -15.24 -9.47 -1.11 4.40 3.15

\\ .‘---~4 '\

‘ \
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Figure 5.13. Diatribution pattern under 1985 market

conditiona and 1986 Claaa I differentiala with R0 applied

at 0.90/cwt, (DBSROQ)
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aupplier to two. Region 8’a Claaa I aalea increaae

dramatically, over 500 percent, aa ragiona 1, 2, 3 and 7

fall out of the Claaa I market. Region 9 alao banafita

aignificantly form the adoption of R0 filtration under

theae markat conditiona. It’a level of total revenue

increaaea nearly 4 percent aa market price raiaea.

5.6.2c Interpretation of Raaulta

The reaulta from theae runa tend to demonatrate two

important pointa. Firat ia the ability of a relative

change in the differential level to alter the exiating

balance within the induatry. Any markating activity

operating near the margin ia eaaily influenced by auch a

change. Within a apatial equilibrium context, any aig-

nificant alteration to one region'a market will be felt

acroaa all ragiona. Such ia the caaa with implementation

of new Claaa I differentiala. Aa relative pricea change,

marketinga and revenuea change.

Second ia the choice praaantad by the availability of R0

filtration: to allow increaaea'in aome forma of market

efficiency veraua maintaining the atatua quo. The intro-

duction of R0 filtration doea allow for increaaed effic-

iency in the aenae of comparative advantage and trade

theory: however, the burdena and banafita of tranaition to

auch a market do not fall evenly. There ia no Pareto

optimal aolution.
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5.7 Additional Runa

After running the model under a range of alternative

acanarioa, two main areaa of queation remain to be diacua-

aed. Specifically, how doea the model react to a aign-

ificant increaae in the coat of tranaportation and,

reaulta change when the underlying aupply and demand

elaaticitiea are altered. Each of theae areaa will

how do

be diacuaaed below with compariaona made where faaaibla.

5.7.1 Increaaing Tranaportation Coata

In recent yeara the tranaportation induatry haa aeen

aignificant increaaea in operation coata. In an effort to

yield inaight into the variability of model reaulta undar

conditiona of aignificantly increaaed ahipment coata, each

component within the tranaportation coat function waa

increaaed by 50 percent. The following eat of tranapor-

tation coat (TC) functiona raault for one-way mileage:

Short Haul: TC 8 .25008 +

No R0 applied: TC - .24737 O

Coat of R0 8 8.30/cwt: TC I .42368 O

Coat of R0 - 0.90/cwt: TC I1.02368 O

Coat of R0 n81.75/cwt: TC 81.87368 9

Table 5.13 preaenta the reviaed long haul

diatancaa and Figure 5.14 illuatratea the

.00998H

.00648H

.00324H

.00324!

.00324H

break even

coat veraua

(5.7a)

(5.7b)

(5.7c)

(4.3d)

(4.3a)

mileage relationahip under theae increaaed coata and the

original tranaportation coata. Uaing theae new functiona,
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the BASE and BR09 acanarioa were regenerated aa TC2 and

TC2R09. Raaulta from theae runa are praaantad in the

following aection.

Table 5.13. Long Haul Break Even Coat Diatancaa Under 50

Percent Increaaed Tranaportation Coata

 

 

 

 
 

Coat of Break Even Coat Function

R0 Diatance Sequence

h < 100 (5.7a)

Nona ---- H > 100 (5.7b)

h < 100 (5.7a)

0.30/cwt 54 milea H 100 (5.7c)

H < 100 (5.7a)

100 > H > 240 (5.7b)

0.90/cwt 240 milea H > 240 (5.7d)

N < 100 (5.7a)

100 > H > 502 (5.7b)

81.75/cwt 502 milea H > 502 (5.7a)

OM)

7001

8001

g aaa-4

4g 400

2 300-1

200-1

100

0| I I f I I 1 T I r I 1  I I I

0.3 0.5 0.7 0.9 1 .1 1.3 1 .3 1 .7

mnucflROmeMmI

u ~nMu t mmwmnd

Figure 5.14. Break even mileage of R0 filtration under

unad3uated and fifty percent increaaed tranaportation coata
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5.7.1a Impact on Baae Run

One would expect a 50 percent increaae in tranaportation

coata to raault in both a reduction in interregional Claaa

I milk ahipmenta and an increaae in intraregional Claaa I

aalea, aapacially within newly ”iaolated" markata. Indeed,

thia ia the caaa. Figure 5.15 illuatratea an obvioua

reduction in ahipmenta when compared to Figure 5.3. For

example, region 1 becomea aelf aufficient while region

2 drawa ita additional aupply from a cloaer aource (region

5 veraua region 4).

 

 

.0

J

Figure 5.15. Diatribution pattarn under 1985 market

conditiona and fifty percent increaaed tranaportation

coata, (TC2)
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The percentage change compariaona ahown in Table 5.14

alao uphold the aolutiona compatibility with theory. The

increaaed per mile tranaportation coat reatricta the

ability of lower relative coat of production ragiona from

capitalizing on their combined comparative advantage and

lower relative Claaa I differentiala. Region 8 appeara to

be hardeat hit auffering a 50 percent decline in Claaa I

aalea. Thia correaponda to a loaa in total revenuea of

over 7.7 percent. The biggeat gainer ia region 7 (total

revenuea up 3.9 percent) which no longer finda itaelf

loaing markata to more diatant ragiona becauae of ita

relatively high Claaa I differential.

Table 5.14. Narkat Impact Under 1985 Conditiona and Fifty

Percent Increaaed Tranaportation Coata, (TC2)

 

Ragiona

Variable All 1 2 7 8 9

(Numbera are aa a percentage change of BASE valuea)

Exporta

Total 7.35 3.05 0.00 0.00 -0.55

Claaa I -0.23 8.16 3.39 51.49 -0.11 -50.10

Claaa III 0.00 0.00 -27.02 0.01 443.32

Price 0.78 9.06 3.78 0.00 0.00 -2.09

Revenuea

Total 16.69 6.74 3.88 0.00 -7.74

Claaa I 0.55 17.97 7.30 51.49 -0.10 -51.14

Importa

Total -1.15 -0.61 -0.19 -0.11 0.01

Coata 2.45 9.92 5.86 2.35 1.95 -0.13

 

Ragiona 1 and 2 alao gain. The additional coat of

ahipping down to region 1 cauaea ita export price to Jump

over 9 percent. Thia, in turn, allowa ita higher coat of

production induatry to burgeon. Total production in region
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1 increaaea over 7.3 percent with total Grade A revenuea

riaing by approximately 16.7 percent. Overall, when trana-

portation coata increaae 50 percent, all other variablea

held conatant, producera atand to come out about even

(total revenuea acroaa all ragiona increaae leaa than .4

percent).

For conaumara, the coat of increaaed tranaportation ia

paaaed directly on to them. The overall import price

increaaea 2.45 percent. Aa expected, aouthern ragiona aee

the largeat increaae in import price (9.9 percent in region

1 and 5.9 percent in region 2). In contraat, the import

price actually falla, though negligible, in region 9 where

the decline in Claaa I exporta flooda ita market.

5.7.1b Applying R0 Filtration at 0.90/cwt

The application of R0 filtration in the face of in-

creaaed tranaportation coata allowa Upper Midweat producera

to once again become gainera. Under tranaportation coat

increaaea, the adoption of R0 filtration would allow region

9 to regain ita loat market and region 8 to develop new

markata. Figure 5.16 illuatratea the raaulting Claaa I

ahipment pattern under thia run (TC2RO9).
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Figure 5.16. Diatribution pattern under 1985 market

conditiona with tranaportation coata increaaed fifty

percent and R0 filtration applied at 0.90/cwt, (TC2RO9)

The increaae in Claaa I aalea by both region 8 and 9 are

aubatantial, 19.5 and 101 percent reapectively. However,

the gaina obtained through R0 filtration go beyond the

atatua quo eatabliahed by the original BASE aolutionl.

Thia ia illuatrated by the percentage changea liatad in

Table 5.15. A compariaon indicatea that revenuea in region

1 would actually fell a total of 6.45 percent veraua a

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

 

1 Note that thia acanario repreaenta a aimultaneoua

increaae in tranaportation coata and application of R0

filtration.
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Table 5.15. Rarket Impact Under 1985 Conditiona with Fifty

Percent Increaaed Tranaportation Coata and R0 Applied at

0.90/cwt, (TC2RO9)

 

Ragiona

Variable All 1 2 7 8 9

(Numbera are aa a percentage change of BASE valuea)

Exporta

Total -3.02 -2.92 0.00 0.00 0.32

Claaa I -0.12 -3.36 -3.25 -2.60 19.33 0.35

Claaa III 0.00 , 0.00 1.37 -2.05 0.00

Price -0.83 -3.72 -3.63 0.01 0.01 1.19

Revenuea

Total -6.45 -6.24 -0.19 0.19 1.41

Claaa I -0.94 -6.95 -6.76 -2.60 19.34 1.55

Importa

Total 0.30 0.13 -0.19 -0.11 -0.24

Coata 1.44 -2.59 -1.22 2.35 1.96 3.02

 

introduction of R0 filtration appeara eaaential for

producera in ragiona 8 and 9 given a 50 percent increaae in

tranaportation coata, the and raault ia not an even

diatribution of gaina when R0 filtration ia priced at

8.90/cwt.

5.7.2 Alternative Supply Elaaticitiaa

Elaaticitiaa may be difficult to eatimate even for the

aimpleat of commoditiea. Judging by the range of elaa-

ticity aeta developed and of eatimation techniquea amp-

loyed, eatimation of milk aupply elaaticitiea haa not been

an aaay taak. Accordingly, the model uaed in thia atudy

was teated for ita aenaitivity to changea in regional

aupply elaaticitiea.

Initially two aeta of ahort run aupply elaaticitiea,

Hallberg at al.'a and Huy’a, were conaidarad for uae in
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the model. In aelecting which of theae aeta to incor-

porate, baae runa were generated for each. when model

generated regional aupply and demand levela for the two

runa were compared to actual 1985 levela, Huy'a initial

elaaticitiea provided alightly better reaulta than did

Hallberg et al.’a: although, the reaulta were not aignif-

icantly different. In light of the baae run'a role of

providing the opportunity for finer calibration, Huy‘a

initial 1985 elaaticitiea were aelected.

After all runa were generated, a reviaed eat of Huy'a

1985 elaaticitiea became available. Thia increaaed

the importance of teating the model’a reaction to alternate

elaaticitiea. Aa an indication of the new elaaticitiea

impact on regional aupply achedulea, intercept tarma

generated from the new and old elaaticitiea are preaented

in Table 5.16. Note that while the ordinal ranking of

ragiona remained the aame, the degree of impact varied

aubatantially.

Table 5.16. Regional Supply Schedule Intercept Term Valuaa

Under New and 01d Supply Elaaticitiaa

 

Intercept Percentage

Region Old New Change
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A problem aroae in generating model runa due to the

negative elaaticity valuea aaaociated with ragiona 8 and

9. GTP only accepta aupply elaaticitiea which are greater

than or equal to zero. To teat the legitimacy of aetting

theae to zero, region 9’a elaaticity waa ad3uated downward

from .15 in aucceaaive runa, cg;g;ig,pg£ibgg, Table 5.17

reflecta how region 9’a aupply achedule coefficienta and

the equilibrium aupply quantitiea for all ragiona changed.

Note that while altering region 9’a aupply elaaticity did

aignificantly impact ita aupply achedule coefficienta,

there waa a negligible impact on model equilibrium levela.

Table 5.17. Impact of Prograaaivaly Lower Supply Schedule

Elaaticitiaa on Region 9’a Supply Schedule Tarma and

Equilibrium Ouantitiaa

 

Supply

Elaaticity Slope Intercept Region 9 All 0thera

.15 .56 44.00 51.652 no change

.10 .37 46.58 51.636 no change

.05 .19 49.17 51.766 no change

.00 .00 51.76 51.760 no change

 

Given thia apparent inaenaitivity to changea in a aingle

region'a aupply elaaticity, the model waa rerun with region

8 and 9’a elaaticitiea aet at zero. The impact on relevant

reaulta waa negligible. Table 5.18 diaplaya the overall

impact of the new elaaticitiea on model reaulta under 1985

market conditiona (BASE). The diatributional patterna and

regional Claaa I aupply and demand quantitiea levela

remained within +/- 1 percent of initial reaulta, with the

exception of ragiona 4 and 8. Region 4’a aupply increaaed
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2.5 percent while region 8’a increaaed 1.8 percent.

Intereatingly though, all of thia additional aupply waa

ahipped to region 10, the Claaa III aink. Hence, the

effect of the reviaed elaaticitiea waa inaignificant in

relation to the analyaia praaantad in thia chapter.

Table 5.18. Regional Impact of "New“ Supply Elaaticitiaa

on Equilibrium Quantity and Price Levela

 

Region Supply Demand Price

Old New Change Old New Change Old New

(mil. cwt) (8) (mil. cwt) (X) (l/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 58.1 58.2 0.0 ' 14.86 14.94

4 66.4 68.1 +2.5 50.5 50.5 0.0 13.31 13.28

5 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

7 241.8 243.2 +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 51.6 51.8 +0.4 23.1 23.1 0.0 13.67 13.67

10 412.9 421.4 +2.1

 

Although there ia little doubt that draatic alterationa

to aupply and demand elaaticitiea would impact model

reaulta, the teat conducted in thia aection indicatea that

the model ia reaaonably inaenaitive to moderate elaaticity

changea. Thia ia aapacially true for near proportional

changea. Hence, the reaulta and analyaia preaented in thia

atudy, developed uaing Huy’a initial 1985 elaaticitiea,

provide an acceptable level of accuracy.

5.8 Compariaon of Raaulta with Other Studiea

Thia aection addreaaea the croaa compariaon of reaulta

praaantad in thia theaia with thoae from other dairy
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modeling atudiea. Specific atudiea addreaaed are thoaa by

Novakovic at al., DANPS, (1980): Hallberg at al. (1978):

Whipple (1983): and, Hammond, Buxton and Thraen (1979).

Although theae atudiea moat cloaely follow the deaign of

thia theaia, they differ in apecification and intent. In

general, the time period covered, data incorporated,

regionalization, and iaauea addreaaed vary conaidarably

among atudiea. Given theae intrinaic diffarancaa, only

broad compariaona are made and general inaighta gained.

The DANPS atudy addreaaed the realigning of regional

differentiala according to actual tranaportation coata.

Their reaulta indicate that in no region doea the reaultant

pricing atructure lead to a near or total reduction in

production. In contraat, within thia theaia the differ-

entiala were held conatant and, when the tranaportation

coat atructure changed aignificantly with adoption of R0

filtration, aaveral production ragiona experienced a total

withdrawal from the market.

Although the two alternative approachea to handling

Claaa I differentiala do prohibit direct compariaon, they

alao help to illuatrate one effect of the ahort-run model:

it doea not allow for the induatry'a ability to make policy

or marketing ad3uatmenta in reaponae to a new technology.

Furthermore, there are aaveral areaa where general DANP’a

reaulta coincide with thoaa obtained within thia atudy.

For example, producer price and marketinga in the Northeaat
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are found to be higheat when the Claaa I price and differ-

ential are higheat in that region: conaumption variea

relatively minimally with changea in the Claaa I price:

producera in the Upper Midweat do better the higher the

Claaa III price: and the Southeaat and Southcentral

regiona’ pricea are loweat when Claaa I differentiala are

aet according to the coat of ahipping milk in ingredient

form. While theae obaervetiona correapond with the reaulta

obtained within thia theaia, they are more compariaona

with accepted beliefa and theory than a good teat of model

reaulta and they do not provide any new underatanding of

apatial market reaponae under R0 filtration.

Hallberg et al. focuaed on equalizing the pricea of

freah and reconatituted milk via altering Claaa I differ-

ential levela. Aa with the DANPS atudy, there ia limited

capacity for croaa compariaona to be made. For example,

they found that conaumer axpandituraa increaae by a greater

proportion than producer revenuea when Claaa I differ-

entiala are increaaed. Although no proportional increaaea

in Claaa I differentiala are made within thia theaia, the

general relationahip between producer revenuea and conaumer

axpandituraa ia exhibited when Claaa I differentiala are

removed entirely: Grade A export revenuea fall between 7.5

and 11.5 percent while Claaa I import axpandituraa fall by

13.7 percent. Additionally, Hammond et al. note that

approximately 60 percent of ahipmenta to the Northeaat
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region’a demand centera are intraregional. The correa-

ponding region in thia atudy, region 7, aupplied 70 percent

of ita Claaa I demand.

Whipple found that if ingredienta were priced at their

manufactured price than farm level pricea would fall by up

to 15 percent in Florida and by up to 2 percent in the Lake

Stataa. Furthermore, the groaa farm receipta acroaa all

ragiona would drop. Although thia theaia expreaaea

producer pricea aa export pricea, reaponda only in the

ahort-run, and doea not directly deal with the iaaue of

pricing reconatituted milk (due to only Grade A milk being

R0 filtrated), it doea produce aimilar reaponaea in tarma

of direction of impact. For example, when R0 ia priced at

8.30/cwt (yielding a tranaportation coat function neareat

to that for ahipping milk in ingredient form), export

pricea in Florida fall by over 13 percent, export pricea in

the Upper Nidweat increaae by approximately .25 percent,

and total export revenue for Grade A milk dropa between 5

to 40 percent acroaa all ragiona (depending upon the actual

amount of Grade A produced for Claaa III uae). Again theae

reaulta auggeat compatibility between reaearch reaulta in

very general tarma.

Hammond, Buxton, and Thraen approached analyzing the

regional impact of reconatituted milk on regional Claaa I

differentiala and production via altering the differentiala
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and via pricing ingredienta at their manufactured price.

The firat method ia not uaed in thia atudy and the aacond

ia not applicable: thua, direct compariaon of reaulta ia

not faaaibla. 0f general intaraat however, they find that

changing aupply elaaticitiea proportionally haa a rather

minor influence on reaulta. While thia ia analogoua to

reaulta preaented in thia chapter, it ia more an indication

of model aenaitivity to elaaticity changea than it ia to

the marketa’ reaction to a policy or technology change.

5.9 Summary

In thia chapter the model apecified in Chapter Four waa

directly applied to the dairy induatry under aaveral

different policy and economic acenarioa. When teated

againat actual 1985 marketinga, the model reaponded with

reaaonable accuracy. Aa more draatic policy changea were

implemented and the model waa atratched further beyond ita

original deaign, leaa confidence waa held in any one

reault. However, even under theae more extreme conditiona,

the model doea provide inaight aa to what the market impact

of alternative acanarioa would be under a perfectly

competitive, apatial equilibrium framework.

Throughout all model rune, changea to regional Claaa I

aalea, revenuea, and diatribution patterna were uaad aa

indicationa of the poaaible market impact of alternative

acenarioa. 0f apecific intaraat waa the viability of R0

filtration within the model.
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Although reaulta under alternative acanarioa varied

aignificantly, acroaa all model runa it waa found that the

introduction of R0 filtration would benefit importera at

the expenae of exportera. Regionally, the impact waa

inconaiatent acroaa rune. In general, exportera in the

lower relative coat of production and Claaa I differential

regiona aaw pricea and revenuea fall leaa than did ex-

portera in other regiona. The converae waa true for

importera.

In tarma of impact on the two low coat of production

regiona, 8 and 9, introduction of R0 filtration had a mixed

impact under alternative acenarioa. Under the BASE

acanario aeriea, only region 8 gained export revenuea under

R0 filtration priced at 3.30 and 0.90/cwt; region 9 aaw no

revenue change under R0 at any price. During SEPT condi-

tiona, adoption of R0 filtration actually reduced region

8’a revenuea while incraaaing region 9’a. When Claaa I

differentiala are removed, R0 filtration had no aignificant

impact on any region under any pricing acheme.

It appeara region 9 banafita aubatantially from full

acale adoption of R0 filtration under the two remaining

acenarioa. Firat, under the new 1986 differentiala both

regiona 8 and 9 experienced aubatantial revenue gaina via

R0 filtration. Second, under a aignificant (50 percent)

increaae in tranaportation coata and R0 filtration priced

at either 8.30 or 8.90/cwt, region 9 enjoyed aubatantial

revenue gaina: region 8 experienced no change in revenues.



CHAPTER SIX

SUNNARY AND CONCLUSIONS

Thia atudy examined the potential economic feasibility

and market impact of applying reverae oamoaia filtration to

fluid milk. The motivation for thia reaearch atemmed from

a combination of factora. Primary among them were the

tightening of financial reaourcea within the induatry and

improvementa in reverae oamoaia technology. A ahort-run

apatial equilibrium model of a aelected aegment of the U.S.

Grade A milk market was developed and applied under a range

of pricing and policy acenarioa. Specific queationa aaked

were: (1) Who atanda to gain from the nation-wide adoption

of R0 filtration? (2) How will production ahift and what

are the regional implicationa of auch a change? And (3)

Ia R0 filtration even potentially feasible in the political

economic marketing aenae?

Thia theaia haa approached theae queationa through both

deacriptive and quantitative analyaia. Regional compet-

itive advantage in milk production waa eatabliahed. The

key marketing variablea affecting and potentially affected

by the induatry-wide adoption of R0 filtration for Claaa I

uae were identified. The current policy conatrainta to
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marketing reconatituted milk were diacuaaed.

A brief aummary of the motivation behind thia reaearch,

the model utilized, and the reaulta obtained are preaented

below. The remainder of the chapter focuaea on the

implicationa of model reaulta and on concluaiona which can

be drawn from them.

6.1 Background to Reaearch Iaaue

The U.S. dairy induatry ia immeraed in an era of tran-

aition. In an effort to decreaae government expenditures

and reduce the milk aurplua, the dairy aupport prica haa

been lowered by over two dollara per hundredwaight in the

paat five yeara. Under the burden of heavy debt and

raductiona in the aupport price, many dairy oparationa have

been forced out of production. In contraat to theae

preaaurea to reduce aupply, productivity expanding tech-

nologiea, auch aa bovine growth hormonea, are on the

horizon. The raault of theae oppoaing forcea ia both

increaaed tenaion and an intenaified effort to identify

maana by which to minimize the negative effecta of tran-

aition and achieve greater economic efficiency.

Technological advancea related to the long diatanca

tranaportation of bulk milk have made the topic of greater

efficiency gaina through comparative advantage relevant.

Of primary intaraat ia the advance in reverae oamoaia (R0)

filtration. Thia procaaa would allow bulk milk to be

reduced in volume and weight by fifty percent and would
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provide a fluid product meeting taata, conaiatency and

nutritional requirementa of the conaumer.

While the preaent regulatory environment reatricta the

economic marketing of an R0 filtrated milk product, given a

poaitive environment, R0 filtration could be an attractive

meana by which tranaportation coata could be reduced and

efficiency increaaed. In the procaaa, the dairy industry

could be aligned according to competitive advantagea in

production. Such a realignment would allow the induatry to

achieve increaaed economic efficiency. It appeara thia may

be of importance to the induatry'a long-run aucceaa.

6.2 The Nodal

An annual apatial equilibrium model waa apecified

according to the market characteriatica of the dairy

induatry and the objectivea of thia atudy. The modeled

area waa broken down into nine aupply and ten demand

regiona covering 29 federal ordara and 33 atataa. Eati-

mated coata of applying R0 filtration, tranaportation coat

functiona, aupply and demand elaaticitiea, and regional

data were all incorporated into the model.

The fully apecified model waa then applied to eatab-

liahing the potential economic feaaibility and regional and

market impact of R0 filtration on the Claaa I milk market.

To capture the range of poaaible impacta, aaveral pricing

and policy acanarioa were developed. Specific acanarioa

were aa followa: (1) three poaaible coata of applying R0
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filtration were incorporated into the baae model; (2) the

model waa ad3uated to reflect market conditiona during

September, when aupply ia low, demand ia high and inter-

regional ahipmenta are graataat: (3) a aignificant cut in

CCC purchaaea precipitating a drop in the aupport price was

aimulated: (4) the total removal and the realignment of

Claaa I differentiala were incorporated: (5) the impact of

a fifty percent increaae in tranaportation coata waa

aimuleted: and finally, (6) alternative aupply elaaticitiea

were applied to determine the model’a aenaitivity to that

important parameter. Solutiona were then generated through

the Generalized Tranaportation Problem microcomputer

program developed by Holland and Sharplea (1984) and

Holland (1985).

Raaulta from each of theae alternative market acanarioa

were compared to their reapective baaeline runa on a

percentage change baaia. Under each acanario the primary

queationa addreaaed were (1) how aupply and demand quan-

titiea were affected, (2) how the diatributional pattern

changed, and (3) what waa the raaulting impact on coata and

revenuea. Specific intaraat waa paid to the regiona

believed to experience the graataat impact under acanario

changea: Florida, Southeaat, Northeaat, Hinneaota-Wiacon-

ain, and_Hichigan.
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6.3 Summary of Raaulta

Nodal generated reaulta were both inaightful and, in

aome caaea, aurpriaing. The fully apecified model gen-

erated baaeline reaulta reflecting 1985 market levela with

acceptable accuracy. Thia provided the foundation upon

which alternative acanario reaulta were compared in order

to determine the potential market impact of policy and

price changea.

6.3.1 R0 Filtration

When R0 filtration waa applied to the baaeline model,

regional impacta were aignificant. Diatributional changea

tended to favor the Hinneaota-Wiaconein region to the

detriment of the Florida, Southeaat and Northeaat regiona.

In tarma of producer revenuea, the overall impact of R0

filtration waa a aignificant loaa in total revenuea.

Regionally, producera in Florida, the Southeaat and

Northeaat auffered the graataat loaa in revenuea. Under

each pricing acheme, the benefita of full acale adoption of

R0 filtration under 1985 market conditiona were paaaed

directly on to conaumara. The regiona which aaw the

greateat fall in producer pricea alao aaw the largeat fall

in conaumer pricea.

6.3.2 September

The impact of R0 filtration under September market

conditiona remained aubatantial. The Hinneaota-Wiaconain
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region gained markata while the two aouthernmoat regiona

auatained the largeat declinea in price. The net impact to

all producera continued to be negative, however, the degree

of thia impact waa leaa than experienced under the baaeline

1985 acanario. Regionally, conaumer and producer pricea

once again moved together.

6.3.3 Reduction in CCC Purchaaea

When CCC purchaaea were limited to 5 billion pounda, the

H-W price dropped to 810.32. Thia, in turn, led to a

aignificant decline in the weighted average Grade A market

price. The inelaatic nature of milk demand limited the

impact of thia price fall to a relatively minor change in

demand: hence, the majority of the 8.2 billion pound

decreaae waa acheived through reduced aupply. Producara in

the relatively high coat of production regiona abaorbad the

graataat impact of the reduction both in terma of fallen

pricea and aalea. The Northeaat region waa the only region

to experience a aignificant increaae in Claaa I aalea but

no region aaw an increaae in total revenuea. The moat

aignificant revenue loaa hit the Florida, Southeaatern,

Northeaatern and Hinneaota-Wiaconain regiona.

When R0 filtration waa applied under thia acanario,

regiona with relatively low Claaa I differentiala bene-

fited. Aa a raault, many of the regiona which auffered the

largeat loaaea under decreaaed CCC purchaaea received the

greateat benefit from the adoption of R0 filtration.
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Specifically, model reaulta indicate that producera in the

Hinneaota-Wiaconain and Nichigan regiona benefited aignifi-

cantly by the market-wide adoption of R0 filtration in the

face of aignificant raductiona in CCC purchaaea or the H-W

price. Producara in the Florida, Southeaat and Northeaat

regiona, however, experienced compound negative impacta.

6.3.4 Change in Claaa I Diffarantiala

Hodel reaulta under a one hundred percent removal of

Claaa I differentiala indicate that interregional ahipmenta

of Claaa I milk decreaae and the market wide Claaa I price

falla aubatantially. Claaa I revenuea drop dramatically

but aurpriaingly, the graataat loaa ia felt by the Nichigan

region. In contraat, the Florida region becomea an

iaolated market, experiencing a negligible fall in Claaa I

price and an increaae in total revenuea. It appeara from

thia that Claaa I differentiala actually aerve to aubaidize

exporta to certain regiona -- perhapa preventing local

producera from aupplying local Claaa I markata. The

application of R0 filtration led to a reduction in pricea

but no alteration in diatributional patterna, aa would be

expected.

When 1986 differentiala were aubatituted, revenuea and

export pricea remained unchanged overall, but regionally,

ahifta occurred. The Hichigan region received the greateat

gain in overall Grade A price while the Florida region

received the graataat loaa. Regional revenue gaina favored.
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the two Upper Hid-weat regiona aa the "export aubaidy"

characteriatic of relative Claaa I differentiala was

enhanced.

When R0 filtration waa implemented, the imbalance of

banafita awung even wider. The Hinneaota-Wiaconain

region’a Claaa I aalea increaaed dramatically to the

detriment of the two aouthernmoat regiona, the Southern

Plaina and the Northeaat.

6.3.5 Increaaed Tranaportation Coata

A fifty percent increaae in tranaportation coata had the

effect of altering the impact of Claaa I differentiala. Aa

a raault, a decreaae in interregional Claaa I ahipmenta and

an increaae in intraregional aalea occurred. The Florida

region actually became aelf-aufficient while other regiona

imported their additional aupply from cloaer markata.

Hence, the ability of the low coat of production Upper

Hidweat regiona to capitalize on their competitive advan-

tage waa limited. Hinneaota-Wisconain producera were

moat adveraely affected while their counterparta in the

Florida, Southeaat and Northeaat regiona experienced a

aignificant increaae in total revenuea.

Conaumera paid directly for the increaaed coat of trana-

portation: likewiae, when R0 filtration waa applied they

benefited directly from the reduction in tranaportation

coata. Producer banafita from the application of R0

filtration were primarily allocated to the Hichigan and
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Hinneaota-Wiaconain regiona. Thia auggeata that, in the

face of incraaaing tranaportation coata, all other factora

held equal: in order for producera in thoaa regiona to

maintain revenuea, they may find it neceaaary to adopt a

bulk reduction technology auch aa R0 filtration.

6.4 Pointa of Caution

The model utilized to gain theae inaighta ia aimpliatic

relative to the dairy induatry itaelf. It can only give

the theoretical aolution to the apatial equilibrium model

aa apecified. It ia a ahort-run annual model and aa auch

ia not capable of capturing all the aubtletiea of the

market’a long-run ad3uatment to a new technology. The

model producea an inatantaneoua ahift to a new equilibrium

poaition while in reality the market ad3uata in a far more

interactive and dynamic manner. For example, it ia

inevitable that policy changea would be made during tran-

aition, altering the path towarda the new long-run equilib-

rium. Given thia underatanding, it would be mialeading to

extract any given model generated coefficient and compare

it to the true value found in an iaolated, dynamic Grade A

market. Even with theae caveata, aignificant inaighta were

gained in approaching the general objectivea of thia

reaearch.
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6.5 Concluaiona

The impact of R0 filtration on the Grade A milk market,

aa indicated by model aolutiona, could be aignificant.

However, the overall impact appeara to effect producera

adveraely while providing aignificant banafita to con-

aumera. Thia ramaina true acroaa all pricing and policy

acenarioa.

Economic theory auggeata that R0 filtration would be

implemented if aufficient gaina could be captured to cover

all coata. Therefore, it would be neceaaary for conaumara

to properly compenaate producera and for the underlying

political coata to remain unprohibitive. The model can not

account for theae elementa.

In tarma of induatry dynamica, market power and bar-

gaining among producer cooperativea play a very real and

important role. The induatry doea not operate according to

perfectly competitive market theory. Recognizing thia, it

ia reaaonable to auggeat that aome of the benefit gained by

conaumara in the theoretical caaa could be uaurpad by

producera. Acroaa acanarioa and regiona thia repreaenta a

poaaible average revenue gain of four percent. In an

induatry where profit margina are alim and producera are

atruggling to remain viable, thia repreaenta a aignificant

increaae. How much of that gain could be negotiated away

from conaumara and how it would be diatributed regionally

is unclear and not the aubJect of thia reaearch. One can

merely aay that under the model developed and praaantad



156

within thia theaia, it ia not likely that R0 filtration

would find uae within the U.S. Grade A milk market at thia

time. Actual long-run reaulta would likely differ from

thoaa praaantad here to aoma unknown degree.

To aummarize the implication of model reaulta, the

full acale adoption of R0 filtration within the Grade A

milk market would depend heavily on three related factora.

Firat, the magnitude of the potential gain to conaumara and

the degree to which that gain could be tranaferred to

producera muat be large enough to inatigate the neceaaary

changea. Second, the gain captured by producera muat be

large enough to cover the indirect coata of policy changea

(i.e. lobbying and developing new market inatitutiona) and

it muat be large enough to compenaate the regional loaera.

Third, the adoption of R0 filtration would be dependent

upon development of a eat of mechaniama facilitating theae

compenaatory tranafera between producera.

Thia theaia neither addreaaea queationa related to the

aocial welfare and policy implicationa of R0 filtration nor

doea it confront iaauea of market efficiency and equity.

Theae are important areaa to be reaearched when adoption of

R0 filtration ia under aerioua conaidaration. Thia theaia

merely developa and preaenta a model with the objective of

teating that model and providing inaighta aa to poaaible

changea within the induatry. The reaulta obtained together

with the analyaia preaented meet that objective.
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Allocation Proviaion: The FHHO accounting ayatem whereby

either Claaa I milk not originating from a federal order

or reconatituted milk is matched in volume by ”up-

allocated", non-Claaa I milk. Such milk in excess of

what ia available to up-allocate is charged a Compensa-

tory Payment equal to the local Claaa I differential.

Together, allocation proviaiona and compenaatory pay-

menta enaure that the coat of non federal order or

reconatituted milk ia at leaat as great aa the minimum

Claaa I price within a given federal order; thereby

encouraging uae of local auppliea and effectively

removing the incentive to reconatitution.

Blended Hilk Product: A product made from a blend of freah

whole milk, water and nonfat milk powder or butter oil.

Blended milk allowa an area’a milk aupply to be

atratched.

Blend Price: The price which producera receive for their

Grade A milk pooled within federal ordara. The blend

price ia a weighted average price determined according

to the proportion of milk allocated to the alternative

Grade A claaaea.

Call Proviaion: A FHHO proviaion implemented at the

diacretion of the Market Administrator and which forcea

a aet amount of milk to be channeled into fluid uae, in

timea of deficient local aupply.

Cepper-Volatead Act: A 1922 Federal act allowing producera

to organize for the purpoae of buying and selling farm

producta cooperatively. In the abaence thia

legialation, producer cooperativea were subject to

antitruat auita.

Caaein: A protein component found naturally in milk and

cheeae. During the R0 filtration procaaa, caaein often

becomea clogged on the membrane aurfaca, reducing the

the ayatem’a effectiveneaa and requiring thorough

cleaning of the membrane.
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Claaaified Pricing: The pricing ayatam under which pro-

ceaaora regulated by federal order proviaiona pay for

Grade A milk according to the class in which it is used.

Claaa I Nilk: Grade A milk sold for fluid consumption in

federal milk marketing ordara.

Claaa II Hilk: Grade A milk aold for use in soft manufac-

tured producta, auch aa aour cream, yogurt and cottage

cheeae, under a FHHO with three Grade A classes. Where

only two claaaea exiat, Claaa II comprises Grade A milk

uaed in any form of manufacturing.

Claaa III Hilk: Grade A milk sold in federal orders with

three claaaea and uaed in the manufacturing of hard

producta, auch aa cheeae, butter and milk powder.

Claaa I Differentiala: The aaaeaament added onto the H-W

price for Grade A milk aold in federal orders and going

to Claaa I uae. Claaa I differentials from a price

aurfaca which increaaea with distance from Eau Claire

Wiaconain, the baae pricing point.

Commodity Credit Corporation (CCC): Government operated

organization through which atoreable dairy products are

purchaaed at a set price. CCC purchases directly serve

to aupport the market price of manufactured dairy

producta and indirectly support the price of all milk.

Compenaatory Paymenta: A FHHO surcharge assessed on either

Claaa I milk not originating from a federal order or

reconatituted milk above what haa been up-allocated

(aee Allocation Provision). The payment is equal to the

local Claaa I differential.

Flux: The rate at which the solution passes through the

membrane. The flux within an R0 ayatam is a function of

total aolida in aolution and the praaaura under which

the aolution flows through the ayatam.

Formula Pricing: An institutional pricing system whereby

a given commodity’a price is calculated from a formula

incorporating economic variables related to the

commodity’a value and which act as "price movers".

Examplea of such variables are cost indices and prices

of aubatitute and complementary gooda.

Grade A Nilk: Hilk meeting fluid comaumption health and

quality atandarda. Only Grade A milk ia regulated under

federal ordara.

Grade B Hilk: Hilk meeting health and quality standards

for manufactured uae but not for fluid uae.
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H-W Price Series: The USDA estimated average price paid

per hundredwaight of milk, f.o.b., by manufacturing

plants in the states of Hinneaota and Wisconsin.

Oamoaia: The naturally occurring process in all organisms

where water and a solution are separated by a membrane.

Under oamoaia, the water passes through the membrane to

dilute the solution until the pressure exerted on both

sides of the membrane are equal.

Osmotic Pressure: The force exerted by a solution against

the membrane system. Each aolution exerts a different

osmotic pressure.

Over-Order Premium: An additional charge negotiated by

producer cooperatives and paid by handlers for milk

going towards Class 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 discrete

homogeneous characteristic of the solution is separated

from the rest of the solution by some external force.

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

levels. Examples of these linkage variables are

transportation costs, over-order premiums, and Class I

differentials between regions.

Retentate: The substance remaining after a removal

process, such as R0 filtration, is complete.

Reverse Oamoaia: When aufficient pressure is applied to

the solution to offset its osmotic pressure. Under

reverse osmosis, the water existing within the solution

is forced through the membrane leaving a more concen-

trated solution behind.

Reverse Oamoaia (RO) Filtration: A pressure driven mem-

brane separation technique applied to liquid substances

such as milk and cheese whey. The primary difference

between R0 filtration and ultrafiltration is the finer

degree of particle separation obtained with R0.
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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 (OF): A pressure driven membrane

aeparation technique applied to liquids, such as milk,

for water removal.

Whey: The part of milk remaining after the cheese making

process.
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APPENDIX A

WPLENENTAL EQUATIONS TO CHAPTER TWO

The urkat variables which exist within the dairy

industry, as outlined in Chapter Two, are complex and

 

difficult to model in general terms. The pricing mechan-

isms and relationships which where diacuaaed can be placed

within the general fluid milk marketing model as follows.

. Processors Price:

The Class I price in any region i is:

p11 . pH-W1 e 01 e 01

where, P11 I the Class I price

PIIIi I the Hanufactured gooda price (lagged two

months)

D; - the Class I differential

01 - the region's average over-order premium

The Class III price for any region i is approximately:

pIIIt . pH-W e v

where V I the weighted change in gross value

of milk used to make cheddar

cheese and butter/nonfat dry milk.
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I Producer price:

For each region i the blend price is:

pB1 . (pI£QIi e pIIItoIII1)/(011 + oIIIi)

where: 011 l (011 + 01111) I Class I utiliza-

tion ratio, 01, in region is thus,

981 I P11DU11 + pIIItauIIIi for .ny

region 1.

I Demand Functions

Demand for Class I use: 01 I a + bPI

Demand for Class III use: 0111 I c + dPIII

Demand for Grade B milk: Db I e + be

I Supply Functions

Supply of Grade A milk: 8‘ I a + bPB

Supply of Grade B milk: Sb I c + de

I Equilibrium occurs where total supply equals total demand

across all regions.

  



APPENDIX D

SUPPLENENTAL EQUATIONS TO CHAPTER TWO

Table 8.1. Regionally Adjusted 1985 Annual Average Supply,

Demand, Price and Class I Differential Levela

 

 

 

Ouantity Ouantity Class I Differentials

Region Supplied Demanded Price 1985 1986

(mil. cwt) (dollars per cwt.)

1 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 5,046 12.78 1.44 1.69

5 5,259 4,438 12.80 1.94 2.52

6 6,618 4,550 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 5,176 2,318 12.28 1.60 1.75

10 na 42,079 na na na

Table 8.2. Regionally Adjusted Demand, Supply and Revised

Supply Elaaticitiaa

 

Revised

Region Supply Demand Supply

1 .811 -.113 .500

2 .805 -.100 .496

3 1.113 -.091 .775

‘ e 567 " e 078 a 183

5 .793 -.089 .468

6 .584 -.078 .172

7 .680 -.078 .133

8 .300 -.057 0

9 .268 -.078 0
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Table 8.3. Regional Weighted Average Class I Utilzation,

Population and Per Capita Consumption, 1985 Adjusted

 

Class I Per Capita

Region Utilization Population Consumption

1 88 11,215 206

2 79 15,923 217

3 64 26,345 222

4 45 19,517 258

5 71 20,463 217

6 58 18,234 250

7 45 55,085 215

8 17 8,966 259

9 42 9,100 255

 

Table 8.4. Hileage Hatrix Between all Supply and Demand

Regions, One-Way Hiles

 

Supply

Demand 1 2 3 4 5 6 7 8 9

1 30 488 1,200 1,322 840 1,058 1,261 1,486 1,229

385 86 892 932 463 732 985 1,090 838

1,048 738 93 917 1,010 1,122 1,628 1,250 1,181

1,289 829 762 122 604 519 986 335 280

684 377 1,146 1,042 210 898 564 948 624

1,018 655 1,004 609 355 50 584 698 276

1,168 913 1,491 1,108 708 504 128 1,081 613

1,498 1,045 1,067 387 811 622 1,153 0 505

0
0
‘
1
0
0
8

(
1
)
”

1,256 813 1,158 644 551 223 760 572 55

 



APPENDIX C

NODEL GENERATED SOLUTIONS: ALL REGIONS ALL RUNS

 

Run

Title Description

BASE

BROS

BROS

BR0175

CCC

CCCR09

ND

NDRO9

NDCCC

NDCCRO9

D86

D86R09

Initial annual run serving as the standard for

comparisons. 1985 market conditions with no

R0 applied.

BASE specification with R0 incorporated at a

coat of 8.30/cwt.

BASE specification with R0 incorporated at a

coat of 8.90/cwt.

BASE specification with R0 incorporated at a

coat of 81.75/cwt.

BASE model ad3uated for reduced CCC purchases.

An import quote was placed on Class III milk,

reducing purchased by 444 million pounds.

CCC specification with R0 incorporated at a cost

of 0.90/cwt.

BASE model ad3uated for the full removal of

Class I differentials. No R0 applied.

ND specification with R0 incorporated at a cost

of 8.90/cwt

ND specification with reduced CCC purchases

ND specification with reduced CCC purchases and

R0 incorporated at 8.90/cwt

BASE model with 1986 Class I differentiala

substituted for the 1985 levels. No R0

applied.

D86 specification with R0 incorporated at a cost

of 9.90/cwt.
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Figure 0.1. (can't)

TC2

TC2RO9

SEPT

SR03

SRO9

SR0175

HUYOO

HUYOS

HUYlO

HUY15

BASE model with a fifty percent increase in

transportation costs incorporated. No RO

applied.

TC2 specification with R0 incorporated at a coat

of9.90/cwt.

Hodel run generated based on September 1985

market conditions. Serves as a base upon

which R0 feasibility during month when

shipments are high. No R0 applied.

SEPT specification with R0 incorporated at a

cost of 9.30/cwt.

SEPT specification with R0 incorporated at a

cost of 8.90/cwt.

SEPT specification with R0 incorporated at a

cost of 91.75/cwt.

Base model with Huy’s ad3uated supply

elasticities incorporated (region 8 and 9’s

elaaticitiea set equal to zero)

HUY specification with region 9’s aupply

elasticity set at .05

HUY specification with region 9's supply

elasticity set at .10

HUY specification with region 9’s supply

elasticity sat at .15

 

Figure C.1. Reference to model generated aolution titles

and discriptions

 
Figure (3.2. Delineation of model regions  
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FNNO’s

Region Encompaaaed

States

Encompaaaed

Demand

Center

Supply

Center

1 Upper Florida

Tampa Bay

SE Florida

Florida Lake Wales,FL Lakeland,FL

2 AL-Weat FL

Georgia

New Orleans-NS

Hacon,GA

Georgia

Hississippi

South Carolina

3 Central AR

Greater LA

Lubbock

TX Panhandle

SW Plains

Texas

Arkanaaa

Louisiana

Oklahoma

Texas

Lufkin,TX Greenville,TX

4 Central IL

Iowa

Southern IL

St.Louis-Ozarka

Illinois

Iowa

Hissouri

Galeaberg,IL

5 Louis-Lex-Evan

Hemphis

Nashville

Puducah

TN Valley

Kentucky

North Carolina

Tennessee

Virginia

Hount Airy,NC

6 Indiana

Ohio Valley

Indiana

Ohio

West Virginia

Newark,OH

7 Hid Atlantic

New England

NV-NJ

E.0H-W.PA

Connecticut

Delaware

Heine

Haryland

Hessachusetts

New Hampshire

New Jersey

New York

Pennsylvania

Rhode Island

Vermont

Port Jarvis,NY 0neonta,NY

8 Chicago Reg

Upper Hid-West

Hinnesota

Wisconsin

10 All of above

Figure 0.3.

All of above All of above

Federal milk marketing order (FHHO’a) and

states encompassed within regions, regional demand and

regional supply centers
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Table C.1. Import/Export Ouantitiaa and Prices for All

Regions Under 1985 Narkat Data (BASE)

 

 

Exports Imports

Region Importer Ouantity Price Exporter Ouantity Price

(mil.cwt.)(8/cwt) (mil.cwt.)(G/cwt)

1 1 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 3.35 15.72 2 21.68 16.46

2 21.68 15.72 4 8.99 16.46

10 2.79 11.78 5 3.72 16.46

Total 27.81 Total 34.38

3 3 58.19 14.86 3 58.19 15.65

10 3.67 11.78 Total 58.19

Total 64.56

4 2 8.99 13.31 4 50.52 14.00

4 50.52 13.31 Total 50.52

10 6.89 11.78

Total 66.40

5 2 3.72 14.83 5 44.05 15.91

5 44.05 14.83 Total 44.05

10 5.26 11.78

Total 53.03

6 l 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 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

10 219.50 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 5.18 11.78

Total 51.55

 

1 Totals may not equal the sum of the parts due to rounding
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Table 0.2. Import/Export Ouantitiaa and Prices for All

Regions Under 1985 Harket Data with R0 Applied at 8.30/cwt

(BROS)

Exports Imports

Region Importer Ouantity Price Exporter Ouantity Price

(mil.cwt)(s/cwt) (mil.cwt.)(s/cwt)

1 10 18.03 11.78 8 23.46 14.75

Total1 10.03 Total1 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 54.25 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

5 5 44.41 13.73 5 44.41 14.56

10 5.47 11.78 Total 44.41

Total 49.88

6 6 45.52 13.75 6 45.52 14.25

7 12.46 46.75 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 1 23.46 12.99 8 23.31 12.99

2 34.83 12.99 Total 23.31

4 50.56 12.99

7 83.24 12.99

8 23.31 12.99

10 27.44 11.78

Total 242.83

9 7 23.15 13.60 9 23.15 14.13

9 23.15 13.60 Total 23.15

10 5.18 11.78

Total 51.48

 

1 Totals may not equal the sum of the parts due to rounding
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Table C.3. Import/Export Ouantitiaa and Prices for All

Regions Under 1985 Narkat Data with R0 Applied at 0.90/cwt

(BR09)

 

 

Exports Imports

Region Importer Ouantity Price Exporter Ouantity Price

(mil.cwt)(8/cwt) (mil.cwt.)(O/cwt)

1 1 16.17 14.98 1 16.17 15.35

10 2.02 11.78 8 7.20 15.35

Total1 13.19 Total1 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 57.14 15.42

10 6.37 11.78 4 1.13 15.42

Total 63.51 Total 58.27

4 3 1.13 13.23 4 50.54 13.92

4 50.54 13.23 Total 50.54

10 14.50 11.78

Total 66.17

5 5 44.35 13.73 5 44.35 14.80

10 5.53 11.78 Total 44.35

Total 49.88

6 6 45.52 13.75 6 45.52 14.25

7 12.45 13.75 Total 45.52

10 6.62 11.78

Total 64.59

7 10 241.35 11.78 6 12.45 14.71

Total 241.35 8 82.87 14.71

9 23.15 14.71

Total 118.48

8 1 7.20 12.99 8 23.31 12.99

2 11.69 12.99 Total 23.31

7 82.87 12.99

8 23.31 12.99

10 117.76 11.78

Total 242.82

9 7 23.15 13.60 9 23.15 14.13

9 12.15 13.60 Total 23.15

10 5.18 11.78 .

Total 51.48

 

1 Totals may not equal the sum of the parts due to rounding
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Table C.4. Import/Export Ouantitiaa and Prices for All

Regions Under 1985 Narkat Data with R0 Filtration Applied

at 91.75/cwt (BR0175)

 

 

Exports Imports

Region Importer Quantity Price Exporter Ouantity Price

(mil.cwt)(l/cwt) (mil.cwt.)(8/cwt)

1 1 16.98 15.83 1 16.98 16.20

10 2.02 11.78 8 6.26 16.20

Total1 19.00 Total1 23.24

2 2 24.21 15.15 2 24.21 15.89

10 2.79 11.78 5 1.95 15.89

Total 27.00 8 8.35 15.89

Total 34.51

3 3 58.19 14.86 3 58.19 15.65

10 6.37 11.78 Total 58.19

Total 64.56

4 4 50.54 13.22 4 50.54 13.92

10 15.62 11.78 Total 50.54

Total 66.16

5 2 1.95 14.27 5 44.20 15.38

5 44.20 14.27 Total 44.20

10 5.26 11.78

Total 51.41

6 6 45.45 14.06 6 45.45 14.56

7 13.36 14.06 Total 45.45

10 6.62 11.78

Total 65.42

7 7 81.52 14.57 6 13.36 15.29

10 159.81 11.78 7 81.52 15.29

Total 241.33 9 23.23 15.29

Total 118.12

8 1 6.26 12.98 8 23.31 12.99

2 8.35 12.98 Total 23.31

8 23.31 12.98

10 204.91 11.78

Total 242.81

9 7 23.23 13.67 9 23.14 14.20

9 23.14 13.67 Total 23.14

10 5.18 11.78

Total 51.55

 

1 Totals may not equal the sum of the parts due to rounding
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Table C.5. Import/Export Ouantitiaa and Prices for All

Regions Under 1985 Harket Data with CCC Purchases Reduced

and no R0 Applied (CCC)

 

 

Exports Imports

Region Importer Ouantity Price Exporter Ouantity Price

(mil.cwt)(a/cwt) (mil.cwt.)(a/cwt)

1 1 16.78 15.62 1 16.78 15.99

10 2.02 10.32 6 6.49 15.99

Total1 13.30 Total1 23.27

2 2 23.11 14.38 2 23.11 15.12

10 2.79 10.32 4 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 50.89 12.66

3 1.64 11.96 Total 50.89

4 50.89 11.96

10 6.89 10.32

Total 62.70

5 5 44.37 13.64 5 44.37 14.71

10 5.26 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

7 2.58 12.60

10 6.62 10.32

Total 61.49

7 7 103.15 13.12 6 2.58 13.83

10 121.84 10.32 7 103.15 13.83

Total 224.99 9 13.30 13.83

Total 119.03

8 8 23.45 11.53 8 23.45 11.53

10 211.53 10.32 Total 23.45

Total 234.98

9 2 8.29 12.21 9 23.33 12.74

7 13.30 12.21 Total 23.33

9 23.33 12.21

10 5.18 10.32

Total 50.09

 

1 Totals may not equal the sum of the parts due to rounding
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Table C.6. Import/Export Ouantitiaa and Prices for All

Regions Under 1985 Narkat Data with Reduced CCC Purchases

and R0 Filtration Applied at 8.90/cwt (CCCR09)

 

 

Exports Imports

Region Importer Ouantity Price Exporter Ouantity Price

(mil.cwt)(a/cwt) (mil.cwt.)(I/cwt)

1 1 15.20 13.97 1 15.20 14.34

10 2.02 10.32 8 8.32 14.34

Total1 17.22 Total1 23.52

2 2 21.57 13.29 2 21.57 14.03

10 2.79 10.32 8 13.35 14.03

Total 24.35 Total 34.92

3 3 52.67 13.72 3 52.67 14.50

10 6.37 10.32 4 5.93 14.50

Total 59.04 10.32 Total 58.60

4 3 5.93 12.30 4 50.80 12.99

4 50.80 12.30 Total 50.80

10 6.89 10.32

Total 63.62

5 5 43.11 13.19 5 43.11 14.27

10 5.26 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

7 10 230.04 10.32 6 9.48 13.70

Total 230.04 8 87.61 13.70

9 22.01 13.70

Total 119.11

......0.00.00.........OOISOIOOOOOOI.......-0.0.00.00.00.00.00.08...

8 1 8.32 11.98 8 23.40 11.98

2 13.35 11.98 Total 23.40

5 1.38 11.98

7 87.61 11.98

8 23.40 11.98

10 103.33 10.32

Total 237.40

9 7 22.01 12.59 9 23.28 13.12

9 23.28 12.59 Total 23.28

10 5.18 10.32

Total 50.47

 

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





174

Table C.7. Import/Export Ouantitiaa and Prices for All

Regions Under 1985 Harket Data with Total Removal of Class

I Differentials and no R0 Filtration Applied (ND)

 

 

Exports Imports

Region Importer Ouantity Price Exporter Ouantity Price

(mil.cwt)(a/cwt) (mil.cwt.)(a/cwt)

1 1 20.58 16.15 1 20.58 16.52

10 2.02 11.78 6 2.07 16.52

Total1 22.60 Total1 22.65

2 2 26.87 14.37 2 26.87 15.11

10 2.79 11.78 5 3.8 15.11

Total 29.66 6 3.39 15.11

Total 34.07

3 3 58.14 12.62 3 58.14 13.41

10 6.37 11.78 Total 58.14

Total 64.51

4 4 50.55 11.78 4 50.55 12.47

10 15.30 11.78 Total 50.55

Total 65.85

5 2 3.80 12.94 5 44.00 14.02

5 44.00 12.94 Total 44.00

10 5.26 11.78

Total 53.06

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

7 7 118.04 11.78 7 118.04 12.50

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 9 23.18 11.78 9 23.18 12.32

10 28.02 11.78 Total 23.18

Total 51.20

 

1 Totals may not equal the sum of the parts due to rounding
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Table C... Import/Export Ouantitiaa and Prices for All

Regions Under 1985 Harket Data with Total Removal of Class

I Differentials and R0 Filtration Applied at 9.90/cwt

(NDRO9)

 

 

Exports Imports

Region Importer Quantity Price Exporter Ouantity Price

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

l 1 19.40 15.13 1 19.40 15.50

10 2.02 10.32 6 3.45 15.50

Total1 21.42 Total1 22.34

2 2 25.16 13.35 2 25.15 14.09

10 2.79 10.32 5 4.86 14.09

Total 27.94 6 4.32 14.09

Total 34.33

3 3 58.14 12.62 3 58.14 13.41

10 6.37 10.32 Total 58.14

Total 64.51

4 4 50.98 10.40 4 50.98 11.09

10 10.63 10.32 Total 50.98

Total 61.61

5 2 4.86 11.92 5 39.62 13.00

5 39.62 11.92 7 4.70 13.00

10 5.26 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 5 4.69 10.39 7 119.11 11.11

7 119.11 10.39 Total 119.11

10 97.78 10.32

Total 221.59

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 parts due to rounding
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Table C.9. Import/Export Ouantitiaa and Prices for All

Regions Under 1985 Narkat Date with Removal of Class I

Differentials and Reduced CCC Purchases (NDCCC)

 

 

Exporta Imports

Region Importer Ouantity Price Exporter Ouantity Price

(mil.cwt)(alcwt) (mil.cwt.)(O/cwt)

1 1 18.88 14.69 1 18.88 15.05

10 2.02 11.78 6 4.05 15.05

Total1 20.90 101.11 22.93

2 2 25.59 13.61 2 25.59 14.35

10 2.79 11.78 5 1.73 14.35

Total 28.37 6 6.94 14.35

Total 34.26

3 3 58.14 12.62 3 58.14 13.41

10 6.37 11.78 Total 58.14

Total 64.51

4 4 50.55 11.78 4 50.55 12.48

10 15.30 11.78 Total 50.55

Total 65.86

5 2 1.73 12.37 5 44.18 13.44

5 44.18 12.37 Total 44.18

10 5.26 11.78

Total 51.17

6 1 4.05 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

7 7 118.04 11.78 7 118.04 12.50

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

9 9 23.18 11.78 9 23.19 12.32

10 28.03 11.78 Total 23.19

Total 51.21

 

1 Totals may not equal the sum of the parts due to rounding
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Table 0.10. Import/Export Ouantitiaa and Prices for All

Regions Under 1985 Harket Data with Class I Differential

Removed, CCC Purchases Reduced and R0 Filtration Applied at

0.90/cwt (NDCCRO9)

 

 

Exports Imports

Region Importer Ouantity Price Exporter Ouantity Price

(mil.cwt)(a/cwt) (mil.cwt.)(alcwt)

1 1 17.72 13.69 1 17.72 14.06

10 2.02 10.32 6 5.39 14.06

Total1 19.74 701.11 23.11

2 2 23.91 12.61 2 23.91 13.35

10 2.79 10.32 6 2.46 13.35

Total 26.70 9 8.16 13.35

Total 34.52

3 3 58.14 12.62 3 58.14 13.41

10 6.37 10.32 Total 58.14

Total 64.51

4 4 50.93 10.56 4 50.93 11.25

10 11.18 10.32 Total 50.93

Total 62.11

5 5 43.71 11.69 5 43.81 12.76

10 5.26 10.32 7 .68 12.76

Total 48.97 Total 44.39

6 1 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 5 .68 10.56 7 118.99 11.28

7 118.99 10.56 Total 118.99

10 104.19

Total 223.86

8 8 23.45 10.56 8 23.45 10.57

10 211.75 10.32 Total 23.45

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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Table 0.11. Import/Export Ouantitiaa and Prices for All

Regions Under 1985 Harket Data with 1986 Class I

Diffarantiala and no R0 Applied (DB6)

 

 

Exports Imports

Region Importer Quantity Price Exporter Ouantity Price

(mil.cwt)(a/cwt) (mil.cwt.)(a/cwt)

1 1 17.31 16.17 7 17.31 16.54

10 2.02 11.78 2 5.87 16.54

Total1 19.33 101.11 23.13

2 1 5.87 15.24 2 18.46 15.98

2 18.46 15.24 5 2.96 15.98

10 2.79 11.78 8 13.07 15.98

Total 27.12 Total 34.49

3 3 58.19 14.86 6 58.19 15.65

10 6.37 11.78 Total 58.19

Total 64.56

4 4 50.48 13.47 4 50.48 14.16

10 16.37 11.78 Total 50.48

Total 66.84

5 2 2.96 14.59 5 44.12 15.66

5 44.12 14.59 Total 44.12

10 5.26 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 11.78

Total 65.88

7 7 80.45 14.83 6 13.85 15.55

10 163.77 11.78 7 80.45 15.55

Total 244.22 9 23.65 15.55

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 5.18 11.78 .

Total 51.92

 

1 Totals may not equal the sum of the parts due to rounding
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Table 0.12. Import/Export Ouantitiaa and Prices for All

Regions Under 1985 Harket Data with 1986 Class I

Differentials and R0 Applied at 8.90/cwt (D86R09)

 

 

Exports Imports

Region Importer Ouantity Price Exporter Ouantity Price

(mil.cwt)(a/cwt) (mil.cwt.)(a/cwt)

1 10 19.22 11.78 8 23.45 14.79

Total1 19.22 Total1 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 50.36 14.58

4 50.36 13.89 Total 50.36

10 6.89 11.78

Total 68.00

5 5 33.07 14.30 5 33.07 15.37

10 18.45 11.78 8 11.13 15.37

Total 51.52 Total 44.19

6 6 45.44 14.07 6 45.44 14.57

7 13.39 14.07 Total 45.44

10 6.62 11.78

Total 65.45

7 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

3 1 23.45 13.55 3 23.25 13.56

2 34.73 13.55 131.1 23.25

3 47.50 13.55

5 11.13 13.55

7 31.10 13.55

3 23.25 13.55

10 24.72 11.73

Total 245.88

9 7 23.74 14.11 9 23.08 14.65

9 23.08 14.11 Total 23.08

10 5.18 11.78

Total 51.99

 

1 Totals may not equal the sum of the parts due to rounding
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Table 0.13. Import/Export Ouantitiaa and Prices for All

Regions Under 1985 Narkat Data with Transportation Costs

Doubled and no R0 Filtration Applied (TC2)

 

 

Exports Imports

Region Importer Ouantity Price Exporter Quantity Price

(mil.cwt)(a/cwt) (mil.cwt.)(a/cwt)

1 1 19.66 18.63 1 19.66 19.17

10 2.02 11.78 2 3.12 19.17

Total1 21.68 761.11 22.73

2 1 3.12 16.32 2 22.75 17.42

2 22.75 16.32 5 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 50.45 13.22 4 50.45 14.26

10 15.71 11.78 Total 50.45

Total 66.16

5 2 11.42 14.72 5 36.01 16.32

5 36.01 14.72 7 7.93 16.32

10 5.26 11.78 Total 43.94

Total 52.69

6 6 45.53 13.46 6 45.53 14.21

10 18.25 11.78 Total 45.53

Total 63.81

7 5 7.93 14.57 7 117.89 15.65

7 117.89 14.57 Total 117.89

10 115.50 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

9 9 23.14 13.38 9 23.14 14.18

10 28.12 11.78 Total 23.14

Total 51.26

 

1 Totals may not equal the sum of the parts due to rounding
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Table 0.14. Import/Export Ouantitiaa and Prices for All

Regions Under 1985 Narkat Data with Transportation Costs

Increased Fifty Percent and R0 Filtration Applied at

9.90/cwt (TC2RO9)

 

 

Exports Imports

Region Importer Ouantity Price Exporter Ouantity Price

(mil.cwt)(I/cwt) (mil.cwt.)(8/cwt)

1 1 17.57 16.44 1 17.57 16.99

10 2.02 11.78 5 2.32 16.99

731.11 19.59 3 3.123 16.99

Total 23.12

2 2 24.21 15.15 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 58.06 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 50.44 13.26 Total 50.44

10 6.89 11.78

Total 66.25

5 1 2.32 14.34 5 44.04 15.94

5 44.04 14.34 Total 44.04

10 5.26 11.78

Total 51.61

6 6 45.37 14.10 6 45.37 14.85

7 13.55 14.10 Total 45.37

10 6.62 11.78

Total 65.54

7 7 80.89 14.57 6 13.55 15.65

10 160.44 11.78 7 80.89 15.65

Total 241.33 9 23.45 15.65

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 7 23.45 13.83 9 23.08 14.63

9 23.08 13.83 Total 23.08

10 5.18 11.78

Total 51.71

 

1 Totals may not equal the sum of the parts due to rounding
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Table C.15. Import/Export Ouantitiaa and Prices for All

Regions Under September 1985 Harket Data with no R0

Filtration Applied (SEPT)

 

 

Exports Imports

Region Importer Ouantity Price Exporter Ouantity Price

(mil.cwt)(a/cwt) (mil.cwt.)(a/cwt)

1 1 1336.19 16.13 1 1336.19 16.50

10 151.58 11.78 6 717.19 16.50

161311 1487.76 761311 2053.37

2 2 1893.81 14.90 2 1893.81 15.64

10 212.97 11.78 6 244.08 15.64

Total 2106.78 9 867.55 15.64

Total 3005.44

3 3 5020.39 15.02 3 5020.39 15.80

10 507.86 11.78 Total 5020.39

Total 5528.25

4 4 4677.66 12.54 4 4677.66 13.23

10 1005.51 11.78 Total 4677.66

Total 5683.17

5 5 3962.73 14.21 5 3962.73 15.28

10 436.19 11.78 9 15.68 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

7 16.38 13.12

10 554.15 11.78

Total 5418.02

7 7 9819.00 13.89 6 16.38 14.31

10 9947.47 11.78 7 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 2 867.55 12.70 9 1926.36 13.24

5 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 Ouantitiaa and Prices for All

Regions Under September 1985 Narkat Data with R0 Filtration

Applied at 9.30/cwt (SR03)

 

 

Exports Imports

Region Importer Ouantity Price Exporter Ouantity Price

(mil.cwt)(l/cwt) (mil.cwt.)(9/cwt)

1 10 1336.73 11.78 6 873.78 14.10

731311 1336.73 3 1213.54 14.10

731.11 2037.33

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 14.15

10 507.86 11.78 4 726.30 14.15

Total 4856.88 Total 5075.32

4 3 726.30 12.55 8 4679.28 13.17

10 4958.16 11.78 Total 4679.28

Total 5684.50

5 5 3719.34 13.22 5 3719.34 14.06

10 436.19 11.78 8 290.17 14.06

Total 4155.53 Total 4009.50

6 1 873.78 12.79 6 3893.52 13.29

6 3893.52 12.79 Total 3893.52

7 18.70 12.79

10 554.15 11.78

Total 5340.15

7 7 9882.00 13.90 6 18.70 13.11

10 9889.47 11.78 7 9882.00 14.56

Total 19771.47 Total 9900.70

8 1 1213.54 12.31 8 1910.28 12.31

2 3042.26 12.31 Total 1910.28

4 4679.28 12.31

5 290.17 12.31

8 1910.28 12.31

10 8386.42 11.78

Total 19524.95

9 9 1926.30 12.71 9 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 0.17. Import/Export Ouantitiaa and Prices for All

Regions Under September 1985 Narkat Data with R0 Applied at

8.90/cwt (SRO9)

 

 

Exports Imports

Region Importer Ouantity Price Exporter Ouantity Price

(mil.cwt)(I/cwt) (mil.cwt.)(a/cwt)

1 1 1198.83 14.29 1 1198.83 14.65

10 151.58 11.78 6 880.64 14.65

Total1 1350.41 731311 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 4 431.52 14.82

Total 5129.37 Total 5053.02

4 3 431.52 12.62 4 4675.63 13.31

4 4675.63 12.62 Total 4675.63

10 594.80 11.78

Total 5701.94

5 5 3808.49 13.58 5 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 3894.53 13.75 Total 3894.53

10 554.15 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 12.31 8 1910.29 12.31

5 185.82 12.31 Total 1910.29

8 1910.29 12.31

10 16147.29 11.78

Total 19521.22

9 9 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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Table C.1.. Import/Export Ouantitiaa and Prices for All

Regions Under September 1985 Harket Data with R0 Filtration

Applied at 91.75/cwt (SR0175)

 

 

Exports Imports

Region Importer Ouantity Price Exporter Ouantity Price

(mil.cwt)(a/cwt) (mil.cwt.)(a/cwt)

1 1 1262.02 15.13 1 1262.02 15.50

10 151.58 11.78 6 805.44 15.50

731311 1413.60 761.11 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 4 90.58 15.60

Total 5444.51 Total 5027.24

4 3 90.58 12.54 4 4677.62 13.24

4 4677.62 12.54 Total 4677.62

10 915.28 11.78

Total 5683.49

5 5 3963.04 14.21 5 3963.04 15.28

10 436.19 11.78 9 15.33 15.28

Total 4399.23 Total 3978.37

6 1 805.44 12.74 6 3894.59 13.24

6 3894.59 12.74 Total 3894.59

10 628.63 11.78

Total 5328.66

7 - 7 9882.00 13.89 7 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 Total 1910.31

10 16445.24 11.78

Total 19520.17

9 5 15.33 12.70 9 1926.34 13.24

9 1926.34 12.70 Total 1926.34

10 2380.86 11.78

Total 4322.53

 

1 Totals may not equal the sum of the parts due to rounding
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Table C.19. Import/Export Ouantitiaa and Prices for All

Regions Under Huy’s New Supply Elaaticitiaa with Regions

9’s Elaaticity Set Equal to .00, ggtgxig_pg;ihgg_(HUY00)

 

 

Exporta Imports

Region Importer Ouantity Price Exporter Ouantity Price

(mil.cwt)(a/cwt) (mil.cwt.)(a/cwt)

1 1 18.14 17.05 1 18.14 17.42

10 2.02 10.32 2 4.91 17.42

131311 20.16 T0t811 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 5 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

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

5 2 3.54 14.81 5 44.06 15.88

5 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

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 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 5.18 10.32

Total 51.76

 

1 Totals may not equal the sum of the parts due to rounding
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Table C.20. Import/Export Ouantitiaa and Prices for All

Regions Under Huy’s New Supply Elaaticitiaa with Regions

9’s Elasticity Set Equal to .05, Qgtgzig_pgzihgg_(HUY05)

 

 

Exports Imports

Region Importer Ouantity Price Exporter Quantity Price

(mil.cwt)(8/cwt) (mil.cwt.)(a/cwt)

1 1 18.14 17.05 1 18.14 17.42

10 2.02 10.32 2 4.91 17.42

131311 20.16 Total1 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 5 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

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

5 2 3.54 14.81 5 44.06 15.88

5 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

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 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 23.45 13.67 9 23.14 14.20

9 23.14 13.67 Total 23.14

10 5.18 10.32

Total 51.77

 

 

1 Totals may not equal the sum of the parts due to rounding
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Table C.21. Import/Export Ouantitiaa and Prices for All

Regions Under Huy’s New Supply Elaaticitiaa with Regions

9’s Elasticity Set Equal to .10, Q.§.£11_pggihgg,(HUY10)

 

 

Exporta Imports

Region Importer Ouantity Price Exporter Ouantity Price

(mil.cwt)(I/cwt) (mil.cwt.)(a/cwt)

1 1 18.14 17.05 1 18.14 17.42

10 2.02 10.32 2 4.91 17.42

731.11 20.16 731.11 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 5 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

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

5 2 3.54 14.81 5 44.06 15.88

5 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

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 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 5.18 10.32

Total 51.64

 

 

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



189

Table 0.22. Import/Export Ouantitiaa and Prices for All

Regions Under Huy’s New Supply Elaaticitiaa with Regions

9’s Elasticity Set Equal to .15, ggtggig_pggihngp(HUY15)

 

 

Exports Imports

Region Importer Ouantity Price Exporter Ouantity 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

Total1 20.16 131311 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 5 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

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

5 2 3.54 14.81 5 44.06 15.88

5 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

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 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 5.18 10.32

Total 51.65

 

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