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AB3TRACT

This study was concerned with the delineation of milk
supply areas for the Detroit, Jackson, Battle Creek, Kalae
nazoo, Lansing, Grand Rapids, Muskegon, DBay City, Saginaw,
and Flint, Michigan, consuming areas in such a way that
total transport costs would be at a minimum, The nine areas
include all counties having one or more citlies with a pope
ulation of 40,000 or more and contain 75,65 of the populae

tion in Lower Michigan,
Based on the per capita consumption in milk equivalents

of 28,603 pounds for November, plus a 157 fluctuation allowe
ance, the total fluld milk requirements for the nine areas
was found to dbe 185,855,260 pounds,

Total milk production in Lower Michigan for November,
1959, was 363,831,640 pounds, of which 216,498,324 pounds
were avallable to the marketiing areas for fluid use, The
remainder was used for non-fluid purposes and by people
living outside the marketing areas,

To minimize total transport costs it was found that
all supply area boundaries had to be defined by points of
price indifference to the receivinz stations in reference to

the competing markets, These points of indifference form a
hyperbolic funoction enclosing the smaller market, The

iv



roints on the boundary line werea defined by the intersection
of corresponding 1soe-price lines radiating from the cone
peting nmariets,

The 180=nrice lines were sat at ten mile intervals
representing a change in price of 30,01, This anount ree
flecta the added cost of moving a hundred weisht of mil% ten
ziles and 1s linear with dlstance,

Through a series of f,0.b, city rlant price annroximae
tions the supply areas for the nine mar~ets were simule

taneously determined, All supply area boundaries conmon to
more thin one mari:et were comnetitively defined over their

entire range,

The price variation between the mar:ets and the basing
point was found to be influenced by the location of the mare
ket in reference to the surnlus area, density of production,
distance to the dasing point and the number and location of
competing mariets,

To determine the degree of accuracy with which the
idéal price variation could be predicted the above factors
were quantified as indenendent variables in the formula

Y= bIXi + b2x2 + b313 + b, X, All the factors were found
to be significant in determining price variation, A correla-

tion coefficient of ,00067 was obtained when the estimated
rrice variations were tested asninat the observed, indioate
ing a hich degree of asssociation between the desired prices

and the independent variables,
To determine the savings which would result if the

v



supply areas were organized in accordance with the theoret-
ical model, a model was constructed representing the existing
conditions, Price change with distance remained the seme
but the price variations among the market was taken to be
equal to the location adjustments provided for in the Southe
ern Michigan larketing Order, V¥hen the models were compared
it was found that the variable cost incurred to move the
total market requirements of November, 185,855,360 pounds,
wag $120,967.83 in the existing model and $110,030,56 in the
theoretical, The £10,937.32 decrease was the result of a
£0,00583 decrease in the average total variable cost asso-
ciated with transporting a hundred weight of milk, The
average length of trip decreased from 65,1 miles in the model
representing the existing conditions to 59,5 miles in the
theoretical model making these savinga possibdle,

The following general conclusions can be drawn from

this study:

1, It 1s poasible within the perfect market concept
to develop a most efficient system of supply areas,

2. The correct price variation among the market will
insure total cost minimization,

3« Price variation %3 a function of the 9haraotorls-
tics of the market in relation to the basing
point,

4, The f.0.b, city plant prices must be greater than
the basing point price minus the variable cost of
transportation between the basing point and the

vl






5.

6.

market 1f the supply area boundaries are to be
defined,

The fixed costs of transportation must be included
in the f.o0.b. c¢ity plant prices, leaving only the
variadle cost to determine a competitive boundary
if supply areas are to reflect minimum cost.

The present system of supply areas does not insure
meximization of the average price paild to all

receiving stations and minimization of total costs

to the city plants.

Total costs can be decreased 1f the present system
of supply areas are reorganized through price
variation adjustment in accordance with the model

developed.
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CHAPTER I
INTRODUCTION

The allocation of a given supply of fluid milXx émong

competing markets 18 a function of the price offered by
those markets, Transportation costs, deneity of production,

and narkot’looation must be oconsidered in establishing these

prices 1f the market supplies are to be adequate and secured

in the most efficient nanner.1

Oblective and Problem

Southern Michigzan, as any area encompassing a number
of martets, is subject to supply area inefflciencios. These
inefficlencles generally come about through a misallocation
of the available supply, A major factor to be considered
in rectifying these inefficiencies 1s the interrelationship
of prices among the markeﬁi.

It 18 éhe objective of this study to devise a set of
supply areas for nine Southern Michigan marketing areas
wvhich are consistent with the odjective of adequately supvly-
ing each market with its fluid milk needs while minimizing

1For the purpose of this study efficiency is defined

48 securing an adenuato auogl of milk for all marrets at the
lovest total cost for all city plantas and the highest average
price for all receiving stations (producers), For further
discussion of efficlency refer to Scitovsky, Tibor, Welfare
and Competition., R.D. Irwin, Inc,, 1951.

1






total transportation costs,

A further task 18 to determine the variables affecte
ing price variation and to construct a formula in which they
may be used in a price predicting capacity,

As an ultimate objective it 1is hoped that this study
will be beneficial to all who have a general interest in
orderly milk marketing,

Theoretical Framework

The interaction of the laws of supply and demand dee
termine the merket price of a commodity under oconditions of
rerfect compotitlon.1

If demand exceeds supply price will dbe bid up and the
supply will tend to increase, Conversely if supply exceeds
demand the price will tend to decreass, Eventually, through
a series of price quantity adjustments, a point of balance
between supply and demand will be reached. This is said to
be the point of equilibrium,

The supply side may de affected by many factors,

Von Thunen early in the nineteenth century eombined
the place and form aspects of the perfect market model in
an atteapt to explain agricul tural production about an 1so-
lated city. In essence his theory states that as one moves

awvay from the city, production becomes less intensive and
becomes increasingly devotsd to production of items that are

1F‘ox- a detailed discussion of the Laws of Supplg and
[

Demand refer to R, H. Leftwich, The Price System and Resource
ocat » Rinehart and Company, Inc.,'ﬂev York, 1§5§ Ehapterj

PP. .






relatively less perishable and whose value 1s great enough
to bear the coat of transportauon.1

Milk being convertible into many forms serves as a
good 1llustration of his principle. If the principle holds
we would expect to find the more perishable and bulky pro-
ducts produced near the centers of population, On the basis
of bulk alone we would expect fluild milk to come from the
nearby areas and butter from the most distant., If per-
1shebility 18 the primary concern we would again expect to
find fluid milk produced in the nearby areas with condensed
milk coming from the most distant areas., These tendencies
become evident when looking at local markets or the United
States as a whole, The Detroit metropolitan area secures
more than eighty percent of its fluid milk from twelve sur-
rounding counties but relies on the large surplus areas of
the midwest for much of its butter, cheese and condensed
milk, The production on the East Coast is similarly devoted
to fluid production as population in that area is intense
and again relies on the midwest surplus area for most of

its manufactured product.a.2

Diagrammatically Von Thunen's Principle looks as

followa:3

1G. Quackenbush, "The Perfect Market, Von Thunen's
Principle, Fetter's Law of Markets," Michigan State Univer=

sity, Agricultural Economics Department, mimeograph, 19583,

2;b1do » Po 40

3John M. Cassels, A Study of Fluid Milk Prices,
Harvard University Press, 1937, p. 20.
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The bdoundary line between two
areas is defined by the forme
ula P1 - '.l‘lR = P2 - ‘1'2R vhere
P1 equals the price of one
hundred pounds equivalent of
milk made into product 1,7 =

trangportation rate for proe-

duet 1.1’2 = city prioce for one hundred pounds equivalent of
the original product made into product 2 and T. = the assooci-
ated transportation rate, The equation 1s solved for R,

¥hen considering the milk industiry several nodifying
factors must be kept in aind wvhen discussing Von Thunen's
thesls:

1) Naturael boundaries

2) Overlapping metropolitan areas

3) BRealth regulations

4) Competition of manufactured produots from distant

surplue areas,!

In discussing location theory with reference to two
markets Fetter's Lav of Markets is useful, In drief
Fetter's Lav states that the boundary line between geograph-
ically competing markets or territories is & hyperbolioc
eurve, At any given point on the bdoundary line the Aaif-

G, M, Beal and H, H, Bakken, Fluid Milk Marketi ’
Mimir Publishers Ine,, Madison, 'a'uconlInTm: PPe B‘II?






ference in transfer costs is just equal to the difference
in market price.1 From this 1t can be seen that prices in
4different markets determine the location of the boundary
line between then,

“hen plasing the milk industry into Fetter's ocontext
ve are confronted with a centripetel mariiet or one that is
characterized by the movement of goods toward the market.2

“hen conaldering a single market Fetter's Law says that
price will vary from the base price at the nmarket center only
by the cost of procurinz the product.3 hen two markets are

oonsidered the law would rezcd that the prices received in
eithor market cannot vary by more than the ebst of transporte-

tion between them or, in other words, price differences can e
only less or equal to the differenses in transportation ccat&"

Baced on Fetter's analyeis 1t can then be sa2id that
the size of a given supply area i1s a function of the market
base price relative to its peosrephical comnetitors or that
the supply area of comneting markets is a fubction of the
differences in freight costs, base price remaining constant,

The boundary curve will change in location and in shane
with changes in price but will elways be curved around the
market with the lower price and awvay from that with the

1Frank A, Fetter, 8 Yanaquerade on Yonoro
Brace and Company, MNew Yorlk, 1931, D, 3e

°Ivi4., D. 279.
31bldes pPe 233

albigo. Pe 224,

s Harcourt,
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It shwoulld te roted that even 1f frei:ht rotes are not
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CHAPTZER I1I
REVIEW OF LITERATURE

Introduction
A number of studies have been made concerning fluid
milk supply areas for various cities., Likewise there are a

number of published works concerning single market and inter-
market pricing of milk, Works combining these two along

with the applications of general location theory have been
few. The study of these earlier works, however, gives the
broad basis on which this study has been built,

Literature Review
Aoccording to Cassels, fluctuations in the size of mar-
ket supply areas for a given commodity can be directly cor-
related with fluctuating supply and demand equilibrium
points.1 These changing equilibrium points are felt to be
the results of those in the market seeking the best possibdble

market outlet, thus foreing prices that will equalize the
advantages and disadvantages of the different outlotn.2

1
Op. cit., John M, Cassels, p. 19.

2
ibid., v. 18.
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Based on a8 Von Thunen type analysis, Cassels sets up

the following model.1

z00
The Relation of the Price of Milk
to Distance from Market in

ifferent Product Zones

¢ 200 rﬁ
S ¥11k Gream | Butter
i Zone Zone Zone
S
§ 100
S
3
[ )
&
o5 ) 150 00

Distance in Miles

Price itself depends on the interaction of supply and

demand, The supply depends on the area enclosed by the
zone boundary. On this basis it can be seen that a change
in iny one of the factors influencing the equilibrium point
woﬁld cause a readjustment of the marketing area,

Cassels' consideration of two markets reverts back to
a Fetter type analysis, Market size, being affected by the
supply and demand equilidrium point, will dbe equal and the
tvo markets will be separated by a straight line if their
prices are equal, Equal changes in price will bring about
a similar adjustment in both markets, the boundary line

1john M. Cassels, Op,cit., p. 21,



remaining straight and any polnt on it will be an equal dise
tance from the center of either market.l
where prices 4iffer between markets we have a hypere

bolioc curve as a boundary line, Tach point on the boundary
will have an a=b=x ( x being constant ) relationship between

the two markets, The market area changes as does the price
thus altering the shape of the hyperbola, The hyperbola
always tends to be convex toward the higher priced market
enclosing the lower price market.2
RoJko, like Cassels, when oconaidering an isolated mare

ket believes specialized zones of production are oreated

based on ecornozies obtainable from shipping concentrated

dairy products long dist.anoon.3

W“here dairy products move between several markets their
prices tend to differ by tranasfer costs, the largest dbeing

transportation, VWhere regional movement occurs, as with
gamufactured dairy products, prices are said to be determined

on a national market and prices smong markets are closely

ﬂlatod.4

RoJko's model illustrating the above 1s as followass

!John M, Cassels, op.cit,, PPe. 27=30,
21p14,, Pe30,

3Anthony 8. RoJko, The Demand and Price Structure f
fz ngduggg (Washington, DeCe! UsdeDeAes) Technnical
etin No. 163’ 1953, p.201.
;_;3.. PPe 201204,

5;b1d.. p.2C2,
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Milk in Mamifacturing and Fluld Outlets:Price 1
Premiums in Specified Areas _ c
D
B
A E
- W
x y

u ‘ z
jGrmenemn Rogion A Reglon B cumsmscmmmdy|

Dlatance

The base 1line u z represents any number of prbduclpg areas

and consuming centors, The elevation of u w from ﬁ s 18 the

amount over u memufacturing milk is worth at any given point,
Prices of fluid milk are closely related among regions

only when interregional movement of fluid milk produocts ean
or could occur. As noted earlier, fluld milk prices are

related directly to mamufacturing prices in an isolated mar-
ket, RoJko states that wvhen several oonsﬁntng centers come
pete with one another for milk from seversl common producing
areas, prices of milk for fluid use in each market may not
be directly related to prices of milk rof mamufacturing oute
lets, Instead, prices are determined by the supply and de-
mand for fluid milk in the loocal market and by prices of
ailk produced primarily for fluid use in competing or nearby
markets, Based on this, only those markets at the edge of
the surplus area would be directly related to manufacturing
milk prion.1

lAnthony S. RojJko, op, 61t., v. 203,

i B84y SAOQY ENiwes¢ 0O|4d
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On the previous graph x is the point of indifference
between producing mamifacturing milk and fluid milk, and
v « A 18 the added premium needed to produce fluld milk,
If there were a close relationship between markets, the price
of fluid milk would take the form of ABC throughout region
Be This 18 ¢qual to the price at A plus the transportation
oost to other points on the line, 1If the supply demand ree
lationships between the markets are not interregional then

& 1line such as AED would represent the prices roooivod.l

Hoover, also 4rawing from Fetter's concepts, says that
the mrea supplying a market will be determined by the proe
duct cost plus minimum transportation coats.2 He uses the
sonoentric ring oconocept to illustrate looci of different
points of equal cost, (product and transportation), When
tvo markets are considered, the boundary line represents the
loous of all points of equal cost and will be either a straight
1ine or hyperbolis curve depending upon the price ree
lationship,.

Andoo.3 also concerned with market areas and boundaries,
stated that as the amount of fluid milk oonsumed in a mare
ket 1s rather constant while coats of transporting dife
ferent dairy products vary with the product, distance bew

Adid.s Po 2054, |

25,M, Hoover, Location Theory and the Shoe and Leather
Jndustry, Cambridge, ﬁaasa%muse s, liarva iversity Press,
1948,

3James Andes, Problems in the Base Surplus Plan in the
Phlladolghia Milkshed, (University of Pennsey¥snia: Une

pu ahe rxer) as S. 1937) pp.’ 11-120




12

comes a factor in determining price, and that price de-
termines the milk shed or supply aree,

Hoover deseribes the basing roint system as estabe
1ishing price patterns in vhich delivered prices of all sell-
ers or buyers grade up or down according to freight rates
from a designated dbasing point, The bhasing noint is usually
located in a largze production area 1f it's 2 sellers market
or in a large consumption area 1f 1t's a large buying marked

such as with fluid mnk.1 Hoover says that the economies

of long haules make boundary lines sharper curves than hypere
bolas and also account for the fact that one market or
supply area may completely surround .nothor.2

One of the first apnlications of location theory in

developing supply areas for fluid milk for a given area was
done in Conmecticut by Hammerberg, Parker, and Broulor.3
They defined a market as a population or area subject

to the same general economic forces, The most efficlent
supply areas for a combination of these markete woulld be dee
rived as & result of competitive bidding for the available

milk supply. This in turn would equate supply and demand
and determine the various price relationships between the

1
Edgar M, Hoover (2 ation of Eg A
(New Yorki Heoraw RAL1’ HOSEEORPERY.Te, ToRaf o yatle -
®Ibid.s e 61,
3

D.0, Hammerberg, L.¥. Parker, and R,G, Bressler,Jr,,

Efficiency of Milk Marketing in Comnecticu SStorro.
mmmmﬁmm&n Part'l,
Bulletin, No. 237, 1942
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nartots.l

It was noted that market population and density of

production will determine the size of the supply area needed

and that in turn these should affect the prevalling market
prices.2
The major conclusion drawn from the study was that 1t

is possible to allocate producing areas to milk markets in
e mammer that will minimize the costs of moving milk from
farms to markets,

Bredo's and RojJko's study in Massachusetts im 1952

wvas directed along similar 11nos.3 Ansvwers were sought to
the folloving questions: 1) how efficient are price re-
lationships between milk markets, 2) how adequate is the

adjustment in the location of milk supply areas in these
markets, and 3) vhat is the amount and process of adjuste

ment in milk priees and supply areas among Northeastern mare

kets under varying economic conditions.4

The results of the study showed interregional and
intermarket movements were hindered by varying quality stand-
ards, This in turn was found to hinder the efficiency of
the resul ting milksheds in most of the rogiona.s It was

l1vi1a 4-6

e9g DPe 4=0,
Ibid., p. 17,

3w. Bredo and Anthony S, Rojko, Prices and Mi%ksheds
9f Northeastern Markets, Massachusetts Agricultura X
periment Station, Bulletin No, 470, 1952,

4;big.. p. 8.

Ibid., p. Tl.
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found that small deviations in price were all that vere

required between cities to insure effiocient supply areas,
On this basis it was felt that by eliminating the costs
of price and market uncertainty the theoretical and observed

intermarket prices would de approximately the same and pro-
vide for an efficient supply aroa.l

Prices in and among markets are often predetermined

by Federal Milk Marketing Ordora.2

Federal Orders establish a minimum f.o.b, price at
the basing point of the marketing area, Prices paid or
received in other markets within the marketing area are
then influenced by the location adjuétment applicable to
their location. The resulting price in any of the markets
is equal to the f.0.b. basing point price minus the loca-
tion differential,

The purpose of these Aifferentials 1s to make possible
the procurement of milk throughout the supply area at a
uniform cost to all handlers.3

The location differentials are based primarily on
transportation costs although coﬁvohionco. certainty,

seasonal uniformity, etc., are also considered, The A4if-

ferentials fall generally into two categories: 1) those

1w. Bredo and Anthony S. RoJko, op,0it., p. 71,

2”Rogu1ations Affecting the Movement and Merchandizing
of Milk," Market Research Report, No.98, U.S.D.A.

Agrioculturel Marketing Service, 1955,
SIpsd., ». 61.
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extending over an infinite area, and 2) those that reach
out only & given radius., The latter in particular, if not
properly adjusted to the supply requirements of the market,

serves as & barrier to milk movements into the market.1

The adbove studies all represent valuable contributions

toward a better understanding of the problem at hand,

lxgld. ['] p. 610



CHAPTER III

MZTHODOLOGY AND PROCED'RE
3tudy and Setting

Ten cities in Michigan's lower peninsula were selected
for detalled study, These were Bay City, Battle Creek,
Detroit, Flint, Grand Rapids, Jackson, kalauazoo, Lansing,
Muskegon, and Saginaw, These cities and their metropolitan

areas contain 75,6 percent of the population in Lower Miche

igan and thus provide the primary outlet for fluid milk and

0!‘03‘01

The cities and their wmetropolitan areas have been com-
bined into nine marketing areas, as shown in Figure 3-1,
In all cases the marketing areas are the same as the metro-
politan areas except for the Bay c(ty and Saginaw areas

whieh are 6onbiuod because of their proximity.
To achieve the odbjective of maximizing efficiency

based on the criteris set forth in the previous chapters,

lrho definition of a metyopolitan area as used in this
study is any ocounty within which & ocity of 40,000 or more

persons is located, Where two or more continuous counties
satisfy this condition they may or may not be considered as

one metropolitan area depending on the location of the
major population concentration and other charaoteristics

of the area,

16
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"EMMET

K
CHEBOYGAN 1
PRESQUE
ISLE
OTSEGO MONTMORENCY ALPENA
’ r
LEELANAUL
%J’KALKASKA CRAWFORD OSCODA ALCONA
GRAND
TRAVERSE
WEXFORD MISSAUKEE Tscouuou OGEMAW 10SCO
MASON  |LAKE OSCEOLA CUARE GLADWIN ARENAC
HURON
BA
OCEANA _ |[NEWAYGO MECOSTA ISABELLA MIDLAND
TUSCOLA SANILAC
Aaw BAY -
MUSKEGON MONTCALM GRATIO SAGINAW
MUSKECON N APEER
SAINT CLAIR
OTTA PONIA CLINTON
»
GRARD FLINT
RAPIDS IOAKLAND
[}
IVINGSTON
GHAM
ALLEGAN BARRY EATON 0
LANSING
WAYNE
WASHTENAW
VAN BUREN OUN DETROI
. tTLE CcrEEK
KALAMAZOO Jackdon
BERRIENICASS SAINT JOSEPH [BRANCH HILLSDALE LENAWEE
—
STEUBEN mSCAS
LA PORTE | SAINT JOSEF"? I:Lxmuu |LAGRANGE | o T ]
Figure 3-1

Marketing Areas in Michigan, 1959

Each Marketing Area is composed of one or more Metropolitan

Areas.

A Metropolitan Area is defined as a county containing

one or more cities with a population of 40,000 or more.
Population data based upon the 1960 census.
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certsin assumntions concerning the ovnerational characteristics
of the markets must be made,

It 1s assumed that producers will want to maximize the
price they receive for their product and thus ship to the
market paying the hizhest price, Handlers will act in a way
which will zinimize their costs of procurement and thus pure
chase the product as near to the market as possible,

A second necessary assumption is that of absence of

price makers in the market, Under thie condition neither
the producer nor dealer can influence prices received for
thelir products or prices paid for inputs uged in producing

the final products,

The Theoretical Model

The model 1s constructed on the basis of data for 1559,
Supply areas are set up on the basls of supply and demand
data for November of that year, Noveamber is chosen as it
s usually the month of lowest total production, Because of
this, supply areas that are applicable during November will
also be of sufficient size %0 supply the market requirements
during the remainder of the jear. As noted 1in Appendix A,
there is a eignificant difforonco in total milk production
between the high production month of June and the low pro=-

duetion month of Kovember,

Market Requirement

The amount of fluid milk required to fulfill the needs
of a market 1s a function of the number of people in that
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market and their per capita consumption, In the model 1960
census data are used to determine the population of the mar-
kets, Consumption is determined on the basis of the 1959
per capita consumption of fluid milk and cream in milk
equivalent, Fifteen percent 1s added to this amount to

allow for variations in consumption and production,

Market Supply
The available supvly of fluid milk for the marketing

areas 1s based on total milk production data. Total milk
production 18 determined for each county and 1s based upon
average production and the number of cows in the county,
Deductions are made from the total to take into account milk
produced which is not of fluld quality, milk used on the
farm for other than human consumption, and that milk which
is consumed by persons living outside the marketing areas,
From the above net figures the total supply of milk of fluid
quality avallable to the marketing areas is determined by
adjusting the data for net exports or imports and making an

allowance for deficit counties outside the marketing areas,

Supply Areas and Market Prices
With the aveailable supply determined and the market
requirement known, supply areas for the markets are simulta-
neously determined., In essence, the procedure is that of
successive approximationa until supply and demand are equated
for all markets, As will be discussed and illustrated in

Chapter IV, these supply areas involve no cross hauling or
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overlapping and the total transportation costs involved are
mininized,

When the supply areas are determined the exact market
price and price relationships among the markets are also dee
termined as each must be such as to secure the appropriate
supply. Prices and price variation among the markets are in
relation to a base price f.0.b. cilty plant, Detroit. The
Detroit market is used because it is the most distant market
from the surplus area of those being considered, It also
contains 67.7 percent of the population under consideration,
and thus has the larzest demand, and as will be seen in
Chapter IV, 1s the market which uuit travel the greatest dis-

tance to satisfy its requirements,

Price Variation Formula

A formula expressing the price variation found to be
consistent with efficient supply areas is constructed in
Chapter IV, The variables used in the formula are those
found to have been important in determining the supply areas,
They are density of production, population, distance to
basing point, and relationship with the surplus area, Co-
efficients for the variables are determined by regression
analysis., The coefficients are then applied to the variables
to obtain estimates of the price variation, By comparing
the estimated price variation with thoss found in the model
the formula 1s tested for accuracy, This formula can then

be used to predict the correct price variations for the given
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markets, though time as the values of the variablea change,
Under the Southern Kichigan Karketing Order price
variation ezong the markets is essentially fixed by the
applicable location 2djustments set forth in the order for
the county in which the market 1s located, 1In Chapter V a
eet of supply areas is constructed using the same procedures
88 in the model except market prices are talken to be those
indicated by the Federsl order. In section 2 of that chapter

a comparison of the two sets of sunply areas 1s made,



CHAPTER IV

Analysls

The objectives of thlis thesis, as stated previously,
are to determine the most efficient sunply ereas for nine
centers of poonulation located in Michigzen's lower peninsula
and to comstruct a formula which will reflect and can be
used to compute price variation among these markets,

The first section of the analyeis deals with the con-
struction of a model in which the supply areas for the nine
markets are determined, In developingzg the model, population,
market requirements, milk production and transportation costs
are taken into account,

In section two the price variation formula is developn=-
ed, The variables considered include the density of proe
duction, the relative size of the pornulation centers, the
relationeahip between the market and the surplus area, and

the distance to the basing point,

Bection 1
Population

According to the 1960 census there were 7,778,200

people Mving in Michigan, of which 96 percent were located

in the Lower Peninsula.l

iUnitod Stetes Devartment of Commerce, Burean of the
22
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Theoretically every source of demand regardlees of
size has a corresponding supply area. In the éaae of a self
sufficient unit, the supply aree consists of the area de-
voted to producing the product. In the caio of villages,
towns and cities the supply areas consist of the location

from which the product is secured. To make a manageable and

perhaps meaningful analysis of an area, howovor,-tho number
of markets to be considered must be limited to those which
are of a dominant size.

As indicated in Table 4-1, there are twenty-two cities
in Lower Michigan with a population of 40,000 or lom.1
Seven of these cities and their respective counties comprise
seven of the marketing areas under study. (See Tadble 4-1)
Bay Citj and Saginaw aﬁd the counties in which they are lo-
cated comprise the eighth area., The ninth area is the De-
troit market which encompasses the remaining thirteen cities
and the counties in which they are located. The exception
to'tho above is ¥ashtenaw county of which only half is con-
sidered a part of the Detroit marketing area,

The nine areas desoribed above composed of about 13
counties include 75.6 percent of the total population in

the lowver peninsula and all areas of population concentration

of greater than 40,000 persons. They constitute the dominant

demand forces in Lower Michigan. The remaining 24.4 percent

Census re inary Reports, Populations Counts for States

PC !?i’ - 5% %ugus%. 1935. P. 1.

1
.c1t., Preliminary Reports, Population Counts for

Statu.% 5. y Heporte, ot
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TAELE 4.]

CITIES IN MICHIGAN WITH A POPULATION OF 40,000
OR MORE BA3ED ON THE 1960 CiN37I3

Population County in Marketing
City 1960 Vhich City Areas to
18 Looated Which City
Belongs
Ann Arbor 67,527 Yashtenaw Detroit
Varren 88,766 ¥acomb Detroit
Roseville 50,676 Macomd Detroit
Pontiac 81,651 Oekland Detrolit
Detroit 1,654,125 Wayne Detroit
Dearborn 111,077 Wayne Detroit
East Detroit 45,925 Macomb Detroit
Lincoln Park 53,225 vayne Detroit
Livonia 63,539 Wayne Detroit
Royal Oak 81,140 Oakland Detroit
St. Clalr Shores 77,879 Yacomb Detroit
Wyandotte 42,214 Wayne Detroit
Wyoming 45,712 Wayne Detroit
Battle Creek 44,003 Calhoun Battle Creek
Bay City 534247 Bay Bay City
Saginaw 97,031 Saginaw Saginaw
Flint 194,958 Genesee Flint
Muskegon 45,925 Muskegon Yuskegon
Grand Rapids 175,344 Kent Grand Rapids
Lansing 103,128 Ingham Lansing
Jackson 50,244 Jackson Jackaon
Kalamazoo 81,823 Kalamazoo Kalamazoo

1/ United 3tates Department of Commerce, Bureau of Census,
Preliminary Reports, Population Counts for States,

Po(PI) =24,

August, 1960,

3=5,
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of the population in the state is much less concentrated,

¥arl:et Area Requiréments
The average per capita consumption of fluid milk and
cream (on a milk equivalent basis) for the United States
is used to determine the market requirements, In 1959 this
wag 348 pounda.1 This is equivalent to 23,503 pounds per
person for the month of November, The market requirements
for the nine areas for Rovember, 1959, are shown in Table 42,

To allow for fluctuations in market receiorts and cone

sumption fifteen percent of the normal per capita consumption
18 added to each market, This allowance for fluctuations is
consistent with the allowances made under most Federal Yare

keting Orders,

Milk Availadble to the }Market Areas

The amount and location of milk available to the cone
suming centers is derived from total production figures on
a county basis, Table 4«3 shows the computation of the
total available milk supply.

The number of cows and heifers two years o0ld or older
by county are indicated in column 1 of the table, To de-
termine the total number of cows producing milkx a deduction
must be made from the number of two year olds and over for
those which are not producing, To make this allowance the

Michigan Crop Renorting Service' data relating to number of

AT ! g
: gan Department of Agriculture, Michigzan
Agricultural Statistics, July, 1960, p. §°.
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TABLE 42

FLUID MILK AND CREAM REQUIREMENTS IN MILK EQUIVALENTS
FOR THE NINE MARKETING AREAS IN MICHIGANW
FOR NOVEMBER 1959

Total Market
Fluid Milk & Cream Requirements

Population Requirements for including 15%
1/ Novem?:g 1?59 2/ all?wanco 3/
S,

Marketing Area 1960 1bs.)
Battle Creek 133,378 3,958,026 4,551,730
Bay City-Saginaw 294,831 8,433,051 9,693,009
Flint 370,303 10,591,777 12,180,544
Muskegon 148,950 4,260,417 4,899,480
Grand Raplds 360,574 10,313,498 11,860,522
Lansing 211,634 6,053,367 6,961,372
Jackson 130,948 34745,506 4,307,332
Kalamazoo 169,151 4,838,226 54 563,960
Detroit 32825,455 109,419,489 125,832,412
Total 5,650,224 161,613,357 185,855,360

1/ United States Department of Commerce, Bureau of the
Census, Prel ary Repo Po ation Counts for States
PC (PI’ ugus » Do

Population of Marketing area times 28.603, the per
capita consumption of fluid milk and cream for November, 1959,

3/

Fluid milk and oream requirements for November, 1959,
plus 15% of that amount,
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milking cows 1s used.l It is assumed that the ratio of

cows two years old and over to the number of milk cows is
oconstant, The percent of the total cows two years o0ld and
over in each district is determined and that percentage
apnlied to the number of total milk cows, This approximse
tion of milk cows per district is shown in column 3 of the
table, In a similar manner the percent of cows two years
old and over in each county 1s determined and that figure
apprlied to the total milk cows per district to determine the
milk covw numbers in each county, as shown in column 4 of the
table,

Production per cow wae found to vary ty district in
1951.2 The variation ranged from 5654 pounds per cow in dis-
trict two to 6973 pounds per cow in district nine, It is
assuned that a similar varlation has existed since that time,
Based on the sbove the percent variation from the overall
average in 1951 is computed for each district and that pere
centage applied to the 1959 average production to determine
the average production per cow in each distriet., These

figures are shown in colurn 5, Table 4-3, The computations
of the averages are shown in appendix B, Total production

per county can now be computed as in column 6 by multiply-

ing the number of milk cows in each county by the average

1Op.clt.. Michizon Axricultural Statistics, p. 37,

zwiohigan,nopartment of Agriculture, Dairy Trends in
chhlgan. Jun’. 1955. Pe 160
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production per cow for the apnropriate district,

As discussed earlier, the theoretical model 1s cone-
structed on the basis of the Rovember 1959 supnly and dee
mand, As noted in Apnendix A based on a ten year average
November production has averaged 7.2% of the yearly pro=-
duction, %“hen this percentage 1s applied to the total
production figures for 1959 the Novoﬁbor production per
county is determined., These fizures are shown in column 7
of Table 43,

To determine the amount of fluid milk that is available
to the marketing areas certain deductions must be made from
the total milk produced. These deductions are shown in

Table 4-4,
The deduction that 1s made for milk utilized on the

farm as livestock feed and in vroducing butter amounts to
3.4% of the total production.l. The net figures on a county
basis are shown in column 2, Table 4«4,

It 1s also necessary to adjust the production figures
for that milk which is not of fluid quality or for milk
produced for manufacturing purposes only. A atudy cone
ducted in 1957 indicated that the volume of milk produced
for manufacturing purposes was decreasing at the rate of
2

13.7% per year, more recent study conducted in October

lnichigan Departmént of Agriculture, Op,cit., Michigan
Agricultural Statistics, p. 37. '

23, McBride and W,H, Blanchard, “hanres in Michigzan's
¥apufacturins Eilk Industry, Michisan State Urlversity, —

Devartment of Agricultural Fconomica, 3pecial Bulletin 427,
1959, pp. 18-19,
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of 1960 indicated a continuation of that trend at approxe
imately the same rato.l ¥hen this percentage 1s apnlied to
the amount of manufacturing milk produced in 1957 an estizate
of production in November of 1959 is obtained, This estimate
is shown in column 3 of Table had,?

Making the above deductions from the total amount of
milk produced gives us an estimate of the total fluid milk
svailable in the Lower Peninsula as shown in column 4 of
Table A4,

To determine the portion of this amount available to
the marketing areas further deduction must be made for per-
sons living in counties other than those included in the
marketing areas, for deficit producing counties, and for the
net difference between exports and imports., The amount of
these deductions are shown in columnris 5, 6, and 7 of Table
44,

Deductions for those counties outside of the marketing
areas are based on the population of those counties and
their per capita consumption of fluid milk and cream,

The Cleveland, Toledo, South Bend, and Chicego mare
kets are the sizable markets located near Michigzan, The
amount of milk of fluid quality moving to or from the Chicagp
and South Bend markets was found to be negligible and thus

1G. McBride and ¥%,B, Hellegas, Fgwer Producers of
Yanufacturding ¥ilk, Michigan Farm Economics, Ko. 216, Jane
uar .19616.gggartmont of Agricultural Eoconomics, Michigan

State Uni ty.

QRofor to Appendix C for computation of estimate,






38

is not coneiderod.1 That moving to and from the Cleveland
and Toledo markets, however, is significant and consequently
its effect on the total supply availadble muat be taken into
account.2 As noted in Table 4-5 in both cases exports fronm
Michigan exceed imports. The excess of exports is deducted
from the total available supply as followa.3 In the case of
Toledo the counties from which the milk originﬁted and the
percent of each county's contribution to the total is pube
lished in the Market Administrator Roport.a These percent-
ages are used to determine the amount of the net export
which comes from each county and this amount in turn is de-
ducted from the available milk in that county. In the case
of Cleveland no such figures are availadble., The amount by
which exports exceed imports in this market are allocated

to the area in which the Cleveland receiving stations are

located, The allocation 18 dbased on the amount of milk
availadle in the county in which the station 1s located and

those surrounding it. The allocations are shown in Appendix

D and the amount 18 again shown in column 7 of Table 4«4,

1Basod on discussions with Mr, G, A, Swanson, Michigan
Cooperative Crop Reporting Service and in}ormation recelived

from plants which ship to these markets from time to time,

a y
Data obtained from the Tolado, Detroit, and Cleveland
Market Administrators and the plarts which are involved in
exporting and importing of milk of fluid quality.

3800 Appendix D for allocation to counties,

Toledo, Ohilo Marketing area, Analysis of Producers
Receipts, for months of January, June, and December, 1959,
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TABLE 4-5

FLJID MILK IMPORT3 AND EXPORTS3,
MICHIGAN, NOVEMBIR, 1959

¥ilk 111k Exports fronm
imported exported Michligan in excess
to Michigan to the area of imports to
from the area from Michigan ¥ichigan
Market~ 4n November 1959 November 1959  Xovember 1959
ing Area (pounds) (pounds) (pounde) )/
Cleveland 387,142 2,413,982 2,026,840
Toledo - 301,775 366,575 64,800
South Bend 2/ F-74 -
Chicaga 2/ _2‘/ -

)/ For allocations of deductions see Appendix D,

2/ Negligidvle

Source: Personal interview with Mr, G,A, Swanson of the
Michigan Cooperative Crop Reporting Service, 3eptember, 1960,
Personal letters from Mr, Georce Irvine, Market Administraton
Southern Michigan Marketing Order, September 30, 1960,

¥r, R,J. Quaintance, Deputy Merket Administrator Tolodo Milk
Marketing Area, Sep{embor s 1960, Mr, A, W, Jois

Managevr, Constantine Cooperative Creamery Company, Soptombor.

30, 1960, and Mr, A, Wiersma, Manager, Mead Johnson and
Company, September 30, 1960, .
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A final adjustment must be made for those counties
which do not produce enough milk to cover the above de=
ductions, It is assumed that these counties wlll obtain
milk from neighboring counties to take care of their def-
ioits, The allocation of the deficit to neighboring coun-
tlies 1s shown in appendix D, These counties as noted in
column 8 of Table 4«4 have no excess milk from which the
marketing area may draw, |

Column 8 of Table 4-4 indicates the amount of fluid
milk by county avallable to the market areas being examined,
In column 9 of that table the relative density per square

mile 18 shown,

Transportation Costs

To determine the most efficient suvply areas for the
nine markets, it is necessary to again set forth the assump-
tions upon which this analysis is being made, It is assumed
that the receiving stations (reoresenting the producers) will
sell to the point of highest return and that the city plants
will purchase from the points of lowest procurement cost,
Under the perfect market concept the cost of moving milk
from one point to another then becomes the lozical basis on
which compnetitive choice is made,

Maximum offlclenqy is reached when the total costs of
transportation for all markets is minimized. It should be
noted that this is not noéessarily consistent with minimiz-

ing the transportation costs of any one of the markets. With
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transportation costs minimized the receiving station in
total will receive the highest average price for thelr milk,
and the city plants when all markets are considered will de
paying a minimum amount to secure the milk,

To minimize the cost of transportation it is necessary
to determine how total transportation costs vary with dise
tance, Total costs, or costs per mile times miles traveled,
are relevant for our purposes al it is these costs which
must be minimized,

The total cost of transportation is broken down into
three classes, fixed costs, fixed costs of operation and
variable cosats.

Fixed Costs « Fixed costs are those which cammot be
varied within the time period being considered, They are
composed of costs such as depreclation allowanooo.“liconaoa.
insurance, etc,

Fixed Costs of Operation « These are the costs which
can be varied within a given time period but which are fixed
and do not vary if the unit is utilized., The cost of load-

ing and unloading compose this cost item, This cost does

not vary with miles traveled and thus cannot be considered
a variable cost,

Varisble Costs =~ The variable costs of transportation
are composed of costs incurred by drivers' wages, repairs,
fuel, etc., which will vary within the given time period

based on the nuxber of miles the means of transport travels,
The variable costs assoclated with milk hauling are



42

assumed to be linear in naturo.l That 18, fuel costs, labor
costs, etc., increasse at a constant rate with miles traveled,

The following figure shows & general graphical rep-
resentation of these cost functions for a given size load

carried any number of miles,

Costs of Transportation

Tig

TC

D / ve
Cc //////
B //////

FCO

FC
A B g"

Miles (per unit of time)

As depicted in the figure price varies with miles traveled

by the increase in variable cost, The variable cost being

linear with distance, indicate a constant rate of increase

in cost with miles traveled or a constant marginel cost ine

dicating the addition to total oost of moving one more mile

1s constant,

On the basis of the above the concentric ring analysis

1
This assumntion appears justified and is dbased on
data examined by the author and on discussion with
Dr, E,¥, Smykay, Associate Professor, Department of Mare

keting and Transportation Administration, Michigan State
University,
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used in constructing the model will conslist of rinzs which
move out from the market origin at a constant rate, The
rings renresent a constant increase in cost or miles, These
increases are equal to the increase in cost incurred by
moving a given number of miles or the number of miles that

can be traveled at a given cost,

The above cdoes not suzzest that the fixed costs of
transportation are unimnortant or forezone, It does, howvwever,
indicate that they ars not functionally distributel on the
basis of miles traveled, but rather included on a cost per
unit dasls in the f,0,b. plant prices,

Theoretically ell milk consumed in a market must be
relocated from its point of production or collection, The
fixed cost incurred to move this milk will then represent a
portion of the value of that milk regardless of its source,
For this reason it should be included in the quoted f,0.b.
price,

The following example further exemplified the above,

In a concentric ring analysis with the rings varyinz
in radius by a constant number of units the lines of indif-
ference between the two merkets or the lines defining the
market boundaries will take on the form of a hyperbolie

funetion, This function by definition will satisfy the cone
dition of A « B = K where A and B are the distances from

the tvo markets to the point orn the boundary line, The cone-
stant, X, is important as it relates the distance from B to-
ward A (the dbasing point) at which the hyperbolic f:mection
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will cross the X saxis. In case 1, K 1s considered the units
from A to B either based on mliles or the variable cost of

transportation,

Market Prices Based on Total Variable Cost

C )
>

5.00

The basing point, or Market A, price 1s equal to the

surplus price ($3.00) plus the fixed cost of transportation
(40.50) plus the variable cost of transportation, 30,10 per
10 mile unit ($2.00). The f.0.db, price offered by A will be
equal to this total cost of $5.50 minus an allowance per
hundred welight to cover the fixed cost of transportation for
the milk purchased ($0.50) or £5.00, The f.o0.b, price at

B 18 equal to the basing point f.o.b. price minus the vare
jable cost of moving milk between A and B or %5.00-7 .§2.10 =
$4.30,

At one unit from B towards A, A will offer its f.o0.Db.
price minus the variable cost incurred by moving six units
or $5.00 = 30.60 = $4.40, B will offer its f,o0,b. price
minus the variable cost associated with one unit of dis-
tance or 33,30 - 30,10 = %4,20. From this we can see that
A will offer a higher price at all points between A and B

and thus secure all the milk in that area, As we move to-
ward C, A and B will offer the same price in the checked
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area, For example at point D each will offer their market
f.0,b, price ninus the appropriate variable costt:
A= 35.00 - 80.90 = 24,103 B = $4.30 -« 20,20 = #4,10.

As a result of the above we can see that when the
f.0.b. prices vary only and exactly by the variable cost of
transportation it 1s not economically profitable for a pro-
ducer in an area such as indicated above to sell to one
market in preference to the other, thus the market-supply
area 1s 1ndeterminate, |

The above illustrates the importance of K., If K is
equal to the total numbder of units by which the two markets
differ the supply area beocomes indeterminate, If K 1s less
than the total number of units it reflects the amount by
which the f,0.b, price in market B is above the base price
minus the variable cost of transportation between the two
points and thus the distance which the supply area for B
will project toward A,

In case 2 we examine what will result if the f.o0.D,

prices vary by the total cost of transportation (fixed plus

variable).

Market f.o0.b., Prices Based on Total
Transportation Costs (adjusted)




46

The costs are assuzned to be the sare as in case 1, In this
snalysis, hovever, the f,0.b, price at B 1s increased by

30.10 80 that the sunply erea boundary will not bte indetere
ninate,

The basing point, or karket A, price will then egual
the surplus price plus the total cost of transportation to
A or 5,50, The Price at 3 would be equal to the basing
roint price nimis the total cost of transportation between
the two points ¢ 20.10 or 25,50 « £0,50 = (0,70 + 20,10 =344,
The following prices will be offered at point C & D based
on the above f,0,b, prices and the total cost of moving milk

between those points and the markets,

Fe0eb, Prices F o Price
Price at C for A = 55.50 - .50 e ,90 = 3“.10

P!‘lc0 .t c fO!‘ B 8:4.1‘0 - .50 - .30 =2 33.60

Price at D £or A = 15,50 @ 50 » 80 = 34,20
Price at D for B = 4,40 @ ,50 « ,20 = 3,70

Althouch mileajze units indicate a market boundary s
dofined as A =« B = K in nelther case do the two markets pay
an equal price at the conmon points, From this it is cone
cluded that competitive market supply areas are not defined
if prices differ by the total cost of transportation,

In cass 3 the fixed costs of trananortation are ine
oluded in the f.,0.b. prices and thus contribute nothing to |

the price variation among points in the market, In this
ocase the f,0,b, price at B will again be increased by 70,10
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s0 that the supply area will be defined. The costsof transe

portation are assumed the same as in the previous oases,

Market f,0.b, Prices Based on Total
Variable Cost (adjusted)

$5.50 7 Units 34590

As in case 1 vhere the f,0.d. price makes allowvance

to cover fixed costs the f,0.b, price at A is equal to
$3,00. The f.0.d. price at B is then equal to the market

A price mimus the variadle cost of transporting milk freoa

A to B plus $0,10 or 35,00 « 20,70 + 20,10 or 24,40,
The following are the prices that will be offered at

points C and D by markets A and B assuming just the variable
oost 1s deducted from the f.e.,b, price,

;§282 Viriablo Price
Price at C for A 38,00 40. 24,10

Price at C for B 34.40 $°¢3° 8#.10
Price at D for A 35,00 $0680 34,20
Price at D for B 8‘4.40 30,20 24,20

In both cases the oonditions of A « Bwx K are satisfied
using either cost or mileage units, At both C and D each

sarket offers the same price., From this it 1s concluded

that to competitively define market supply areas the f.0.b.
prices must include the fixed cost of transportation and
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must be somewhat less than the varilable cost of transporting
milkx between the two points,
The above three cases are summarized as follows:
1) the fixed costs of transportation must be in-
cluded in the f.o.b. prices 1f competitive

supply areas are to be defined
2) the f,o,b, basing point price must be greater

than that which would result from subtracting
the total cost variation from one point to
another,

3) the net prices offered to receiving stations
(Producers) are less than the f,0.b, market
prices in two competing markets by an amount

equal to the variable cost of transportation

and are equal on the market boundary.

In developing the theoretical model the concentric

rings will vary in radius by a constant number of miles and
cost as discussed earlier in the chapter, Based on pre-
viously published data and other data examined by the author
a variable cost of approximately $0,001 per hundredweight
per mile 1s applicable for tankers with a capacity of 50,000
to 55,000 pounds per trlp.1 The concentric rings in the

model will be approximately ten miles &apart and thus renre-

sent a cost change of approximately 0.0l per zone,

lA mile in this study refers to trip mile or the cost
inourred e.g., one mile round trip.
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arket Supply Arees
The carket supply aress are determired simultaneously
for all the markets considered, This is done escentially
by & serlies of approxinations varying tihe amount by which

the f.0.b. mariet price exceeds the base priio minus the

cost of tranaporting milk from the bese point Lo the mare
kets, ‘hen all the maurket demands are exactly satlisfled and
each decreasing price line represented by the concentrie

rings movinz away from the basing point are continuous over
the entire arez the nost efficlent supply areas are defined.

The supply aress for the markets are ;llustréted in Figure
4el, It can be noted that each decresse in price is cone
timious over the vwhole area under considsration, In this
case, 12,8 units 1s the maximum deviation from the bdbasing
point f,0.b, price, ihere a price line i3 not continuous
1t represents an increase in pricea for the market in which
1t 18 located, These increases come about in areas such as
Crand Rapids where price actually increanes with distance
frox the basing point over a given rance, In the case of
Grand Rapids this range is between A and B as indioétod on
the map, These inoreases in price sre the result of less
competition in the immediate area, Again using Orand Rapids
as an example we can sse on the map that it can radiate out
using almost full rings as the requirements of the other mare
kets are satisfied before reaching the Grand Rapida area,

In deteraining the correct price variation the f,0.b.
prices will not necessarily be expressed in even dollars end
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cents but in general will involve fractions of a cent, This
results from the fact that the initial ring moving away from
the city determines the size of the area included for that
market, In most eases this ring is not a full ten miles
and thus represents only a fractlion of the cost of moving
ten niles or a fraction of a cent, The radius of the initial
ring 1s influenced by faotors such as the density of pro=-
duction in the area in which the market is located and the
effects of other competing markets, These factors will be
discussed in more detall in Section II of this chapter whioch
deals with the factors affecting price variation,

The price variation among the markets as conputed on
the baeis of Figure 4«) are shown in the Table 4-6, Each
supply area covers an area which will supply exactly the

amount of milk required by that market, The amount of milk
included in the supply areas are determined geometriocally,

Each county's contribution in square miles is determined and
then multiplied by the deneity of avallable production per
square mile for that eounty, The total of all the county

eontributions are equal te the market requirements,
Section II

Price Variation
As shown in the preceding section when supply areas

are deternined for a set of markets the price variation
among these markets are also determined, Table 4«5 shows

the price variation among markets based on the theoretical






52

0 s

89TTu Q| 2uTAcw JO 3500 X0 (0°Og8TENba 3TUN BU \.m

ne*e €e €ce 51°2 55°2 s6°1
63°2 gL gLe oLy 50°2 05°1
o 19°€ 19°€ 61°1 g 19°t
0 0 g7°e £€g°2 82°5

0 g1°2 €32 g2°C

0 s 06°2

0 sne

0

co*ol oozeweTzy]
55°6 ¥23x) eT33es
99°9 uosyoer
mm»o- uoZaysn,
g€eot eptdey pussp
sg°L Sutsue
03°L meurieg=£31) Leg
§0°S IUTTL

0 310x33q

oozeumTey NI ITIE:

UGS o8 UO.aN8N; SPJcty PUBI[ <LUSUE] ABULZBy=A3710 A8

IS IFOII

\m TITE TYOILSE0THL T4 NI AINTiM-LAT Sv 6861 H4iWIA0H HO4

RYCLOTH RI SVIYV ON WL IV JHIY THO CN0Lf SN RI
9=N TIEVL

NOTIVIEVA J5TWd



53

model,
In this section a price variation formula is cone

structed, UWith this formula the price variation that must

exist among the markets to insure minimum transfer costs
for the whole area under conaideration caon be estimated,
For such a formula to be useful throuch time and have

general anplicability, the variadbles included must represent
the relevant factors which effect the size, shape and thus
the price in the markets and be capable of doing so as the
market characteriatics change,

The market characteristics or variables after being
defined and quantified are put into the general formula dee
scribed above and tested statistically for accuracy in come
ruting price variation, The resulting formula, within its
statistical limits, can then be used to determine the price
variation which would insure a system of supply aroaé or=-

ganized in accordance with the criteria set forth in this

studye.
Factora Affecting Price Variation

Location in Reference to the Basing Point
As previously stated this study 1s concerned only with

the derivation of & most efflcient set of supply areas based
upon milk transport cost, In constructing the model in this
manner we are assuming that labor costs, land costs, feed
costs, eto., are constant throughout the area and consequently

have no affect on price variation,
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Based on the above we can see that price variation
among the markets will be the same regardless of the basing
point used., This is true since there is dnly one geometrio
combination of supply areas that will minimize total trane-
portation costs for all markets, This does not say that
the formula being developed will not change if the basing
point 1s other than Detroit. The variables will remain the
same but their quantitative values will change &and einoe we

are using a mathematioal solution, so will their coefficients,
Detroit is used as the basing point because it has the

largest market requirement and thus will have the largest
supply area., Because of this it muat have the greatest
price at its origin relative to other markets to enable it
to compete at distant locations. All price deviations will
then result in f.o.b. prices which are less than Detroit's,
If another market was used the variation would result in
f.0.b. prices higher and lower than that of the dbasing point.
The variations expressed in units would remain the same but

they would be more difficult to handle mathumatically.
In using Detroit as the basing point the concentric

rings or iso-pricelines moving out from its origin represent

the maximum amount by which price can vary betwesn the base

‘point and a market located on a given radius if the supply
area for that market is to be defined.

As dlsocussed earlier if the variation is greater the

supply area will not be defined in any manner and if it 1is
exactly equal to that varliation the supply area boundaries,
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although indieated, will not be exactly defimed. For this
reason a variadble expressing the relationship of the basing
point to the individual markets must be included in the fore

sula,
The importance of distance from the baasing point 1is

illustrated in the following example,
The density of availabdle milk supply is assumed oone
stant throughout the area in which the markets ocompete for

ailk, The requirements of A and B are also constant thus
the geometric area in the respective supply ares will be the

same in all three cases,

Effects of Market Location in Reference
to the Rasing Point

Case 1

B o

D)) &

Case 2

D)) ) k2

A = Basing Point

In case 1, market B is looated relatively close to
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the basing point, To satisfy the requirements of effi.
ociency, B's market bdoundary is a line of indifference ex-
tending out as far as the two must move to satisfy their
total requirements, As a result B's market talkes the form
of a long narrow hyperbola, In order to define such a hyper-
bola the price at B 1s Just slightly above the base prioce
mims transportation cost, The extent of this increase can
be measured either dy the distance CD or EF, If its deviae
tion from the base price minus transportation cost were
greater than this amount the market would secure its supply
in a more oircular manner and inefficiencies of cross haul
would result,

In case 2, B is more distant from A, It can be noted
in the example that most of A's market requirement is sat=-
f1sfied before A and B compete for the available supply. Be-
cause of this the relative price variation with distance
from the basing point deocreases from that found in the first
case, As discussed in the previous section the consentric
ring representing the lowest price or greatest differential
from the base point must be the lowest for all markets, Bee
eause of this, market B's £,0.b. price 1s increasing with
distance from the dasing point between points GH, Thls ine
crease represents the amount by which the f.0.b. price at B
is greater than the f£,0.b, base point price minus $ranse
portation costs, It can be seen even thouch B's requiree

mnonts are the same this deviation is greater than in the
earlier case, The amount of deviation is proportional to
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the distance the market 1s located from the basing point,

Case 3 represents a situation wherein A and B secure
their supply independent of direct competition, VWith A
representing the basing point its ocuter concentrio ring sets
a price 1imit subject to transportation costs, which sets a
maxinum limit on the price variation at B or the minimum
price that B can pay.

From the above it may be concluded that distance fronm
ths basing point does affect price variation among the mare
kets,

In oonstruoting a quantitative value for this variabdle
the maxinmum amount of deviation due to distance 1s fixed by
the distance between the two points. The relative market
requlirements will then determine the amount of the maximum
variation that 1s welevamt, If the markets were of equal
size each would have an egqual price and the area would be
divided equally detween them. As one market inoreases rel-
ative to the other, price variation appears. The variahle
expressing the relationship with the basing point is based
on this principle of relative market size in determining the
amount by which priee variation will differ from the variae-
tion resulting from distance alone, ,

Each market as shown in the model has an f,0,d, price

which 48 greater than the f.0,b. base point price minus
transportation costs. The hyperbolic function defining the

supply area boundaries determines this deviation, The dis-
tance from B that the hyperbola interseots the X axis going
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from B to A indicates this deviation in price variation

from ths total transportation costs. From this we can see
that if the population or markei requirements of B inoreases
or decreases relative to A the distance and thus the amount
of deviation will inerease or decrease as the hyperbdola will
change, This deviation then represents the push of B back
on A and is termed the power effect, the ratio of B's pop=-
ulation to A's being termed the power factor, As shown in
Table 4=T, the power factor applied to the total dlstance A
to B estimates the mumber of miles or units that B's market
will move toward A, Column 4 of the Table shows the net
effect on variation or the total distance minus the powver
effect due to the market relationship with the dasing point.
This is variable X, used in the formula,

As noted in column 2 of Tadble 4-7, the distance used
for Grand Rapids and Muskegon 18 13.8 units. Figure 4-2
shows that a 13.8 unit redius from Detroit encompasses
enough fluid milk and oream to supply all the requirements
of the inoluded area and markets. This is them taken tobve the

maxinum variation for markets located outside the 13,8 unit

distance as discussed in case 3 of the above example,
In summary the varlable is quantified by the following
formula:

X, = distance A to B - (%222}&%{9n.§<. distance A to B)
opulation

Relationship With Competing Markets
The number, loocation, and size of competing markets

in relation to a given market also will affect price varia-



. \ L.
.
.
[ 2
. L0
.
c A
- - . !
. -
- <t i
:
o,
. -



59

TABLE 4-7

BASING POINKT VARIABLE FOR THE NINE MARKETING
AREAS IN MICHIGAN, KOVEMBER 1959

Distance from

hereetnE [ TOL  merroiimitey Effect3/ in Umitsd/
Bay City .0362 11,04 «399 10,641
Saginaw 0771 9.15 .705 8.445
Flint 0968 5,65 547 5,103
Muskegon .0389 13.80 337 13,263
Grand Rapids ,0943 13.80 1.336 12,464
Lansing «0553 8,00 o443 7.557
Jackson w0342 6.87 «235 6.635
Ealamazoo .0442 12,78 «565 12.215
Detroit o} 0 0o 0

The pover factor reflects the push of the individual _
markets baok on the basing point market, It is equal to the

population of a
of the basing point market

markotinf area divided by the population
n

g area,.

2/ One unit equals 10 miles,

The power effect is the power factor times the dis-
ce in units from Detroit to the market,

A/ The variable 1s equal to the total distance minus the

pover effect.
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tion. If we refer to Figure 4-1, the model developed in
the last section, 1t 1s easy to see that changes due to the
above would cause price changes among the markets, If for

example the requirements for Battle Creek were doubled, the

size, shape and amount of price variation from the basing
point would change for all the markets located near Battle
Creek to enable 1t to satisfy its greater requirement,

The amount by which price variation will Aaiffer from
that of transportation cost from the basing point can again
be measured by the distortion of the concentrie rings moving
out from Detroit, To quantify an estimate of this distor-
tion the following rationale is used,

As discusesed earlier a line from Detroit through a
given market center represents the X axis uvesed in forming
the hyperbolic function representing the market boundaries,
Since & hyperbola 1s symmetric to this line the location in
vhich the supply area will be formed is determined by the
angle or direction of the X axis, As noted in Figure 4.3,
if X axes are constructed for all the markets we have three
grouns of axes with similer angles from the basing point,
This indicates that supply areas formed on these axes will
come into contact over a large portion of their boundary,
For purposes of computing variable xe the markets in each
of these groups are considered as the primary source of dise
tortion, This does not say that other markets will not ine
fluence price variation but rather that for estimating pure

poses the affects from other mariets are not measured, The
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reasen for this is that those markets not competing over
vide areas of their boundary will have 1ittle effeot om the

market price and that without constructing a model as used
in the last section the number and importance of affecting
sarkets other than those with 1like X axes camnot be estimat-
od asccurately.

The following example i1llustrates the acocumulative

nature of the distortion among markets with similar X axes,

Affects of Interrelated Markets
on Price Variation

s :-_-'m--“..

DI,
¥

A8\ ) AN s
</

A 18 the bdasing point, As discussed in reference to the
Xy variable, B's deviation from the maximum variation ocan de
measured by EF, The axes represented by AB, AC, and AD used

in determining the hyperdolie functions have approximately

the sane angle in reference to A, As shown in the example
this causes C's market to de construsted om conocentric rings



moving out from B and D's from rings moving out from C. Thus

the X axes for C and D are actually lines originating from
B and C respectively., The amount of deviation from transe
portation costs from B to C for market C is thus measured
by GH, with the total deviation from the basing point being
GH + EF, The same 1s true for market D with its total varia-
tion equal to IJ + GH ¢« EF, From the above we can see that
the price variation is influenced by the accumulated effects
poving away from the basing point,

As mentioned in discussing the Xi variable the dis-
tance between any two markets influences the concentric ring
distortion, Based on this the accunulative distances are

used in quantifying the x2 variable. The quantified vari-
ables as shown in Table 4-8 represent the total distance in

units such as from the basing point to market B plus the dis-
tance from market B to C, eto,, for all markets affected,

The variadbles are negative because they will have a price
1nor§asing, or price variation deoreasing affesct in relation-
ship to the base price. '

As will be shown later, the resulting variadle is high-

1y correlated with the variation found in the theoretical

model,
The general equation for this variable would be as

follows:
x2 = distance to market being considered from the dasing

patnt plus the distance from that market to all other mare
kets located between the two points which compete direetly
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with the market being considered,

Effects of Density of Production
Figure 4-4 ghows the density of available fluld milk
per square mile for November, 1959, in the area under study,

As can be noticed the density varies widely over the area

being considered., Because of this variation two markets
with identical requirements may have supply areas whioch dif-

fer in total area included,
To the extent that price or price variation 1s a funce

tion of the size of the supply area an allowance muet be made
for this variation in density in reference to the average
density of ths basing point supply area, Variable X, is in-

3
cluded for this purpose,

Even though we know that the boundaries separating

supply areas will take a form based on hyperbolic functions
it 1s Aifficult to visualize these boundaries without ace
tually constructing a model, This 1s due to the accumulae
tive offects of distortion discussed in reference to the xe
variable, It thus becomes impossible to determine the exact

average density that a supply area will have without going
through the type analysis discussed in section 1,

To get a quantitative value for this variable it is
necessary to form an estimate for the density which will

exist in the supply areas.

When looking at the supply areas devised in the model
ve can see that two straight lines intersecting at a point
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between the market being considered and the basing point
gives a falirly good representation of the general shape of
the supply area boundary, If we construct a set of these
as done in Figure 4-5, taking into account the market re-
quirenent and the available supply located in the area be-
twveen the lines, we can get an indication of the counties
that will be included in the supply area. By using these
counties, an approximation of the density in the supply area
can be derived. Appendix E shows the computation of the
estinated average densities as shown in column 2 of Table
4;9. It 1s emphasized that in oconstructing these estimated
boundaries that the location of other markets, density of
available production and market requirements must be kept
in mind because the angle formed Ly the intersection of the
tvo lines is important in quantifying the variable.

As the price variation is put in terms of deviation
from the dbase point f.0.b. price the estimeted density of
the Detroit market is used és a basis of comparison for the
other markets., If the estimated density for a given market
is tho‘nano as Detroit's the X, varlable has a value of zero
a8 DOth markets secure the same amount of milk from a given
unit of area. If a market's estimated density 1s higher
than Detroit's the variable is positive as the Detroit mar-
ket procures less on the average from a given area than the
market being considered. As a result Detroit would have to
have a higher price to enable it %0 move farther aray from its
origin to get an equal amount of milk, It is the same as a
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decrease in the other market price, or an increase in varia-
tion between the two. If the supply area's density is less
than Detroit's the reverse is true.

Column 1 of Table 4-10 shows the angles formed by the

estimated market boundary. The density variable 1s based
on the distance a given market will have to go to secure
its supply, based on 1ts estimated density in comparison
with the distance it would have to go 1f the Detrolt supply
area density prevalled. 4+e are interested in a comparison
of radll of the most dAlstant concentric rings under the two
circumstances, To derive this, the angles in column 1 of
Table 4-10 are put in terms of a full circle as shown in
column 2, Columns 3 and 4 designate the number of square
miles needed to fulfill the requirements of the markets, as
calculated in Table 4-9, based on the two market densitles,
It 18 these areas that would have to be included within the
angles given in column 1, To put these in terms of a com=-
plete circle as shown in columns 5 and 6, they are multiplied

by column 2, Columns 5 and 6 then represent the areas of

two eircles, one determined on the basis of the estimated
Detroit supply area density and the other on the basis of
the given market's estimated density. To determine the dif-
ference in radii of these circles the areas are put into the

formula r2 = A— . The radil for the two circles are shown
in columns 9 and 10 and their differences in column 1ll, The

xj variables, as shown in column 12, are in terms of unit

differences in radil, or column 11 divided by 10,
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The variable computed above gives us a relative
measure emong the markets of the effects of variation in
density on price variation with rotor.noo to the basing
point. In other words, it is an estimate of the amount and

direotion of price change needed to discount the variations

in density from the non-basing point markets in reference
to the basing point,

Relationship ¥With the Surplus Area
In theory, prices in all markets are influenced by

that market’s distance froa the surplus area., The surplus
price plus the cost of tranaportation determine the minimum
and maximum prices in the market, The maximum f.0.b. basing
point price and thus the maximum price that the basing point
market will offer at any point ia dased on the surplus price
plus cost of transportation to the basing point. In turn,
the minimum price that is acceptable at any point is dased
on the surplus price plus the cost of transportation, In

our case the Detroit (basing point) market 1s the major buy-
ing market, points located distant from Detroit can be

thought of primarily as selling markets. The maximum price
offered by the basing point is then determined by the sur-

plus price plus transportation cost to Detroit minus the
transportation cost to the point being considered, In terms

of the selling markets the surplus area, in effect, sets

the mgxinum value that their product is worth. The devia-
| tion between the two 1s the basis of the x~ variable, The
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followinz example 1llustrates the above:

The "Basing Point.-SumBl%% Area-Farizet" Relationahip

83,00 20 Units $3.20

The basing point price equals 23,20, or the surplus
price plus the cost of transportation, The price B will
offer at C equals 23,720 « ,14 = 33.06, or the basing point
f.0.b, price minua the cost of transportation to C, In
turn, the value C places on its produce = 13,00 + .10, or
the surplus price + cost of transportation, Thus at point
C, C values produet at four units or $0,04 above that which
B 18 willing to pay,

In quantifying the X, variable the price discrepancies
descrided above for the markets are showm in column 3 of
Tadle 4-11., They are equal to the distance AC ¢+ CB e AB,
or column 1 minus columm 2, Figure 4«6 shows these dis=
tances for the individual markets, The distance from the
surplus area is taken from point A on the map, Althouzh
this 4s not in the surplus area of ¥isconsin, it is the

point of entry into Michigzan and thus can be used. The
price assicgned to that voint represents the surplus orioce
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plus transportation costs to that point. For price varia-
tion purposes we are thus subtracting a constant from all
markets which will not affect variation in price among the
markets., The deviation from the price variation as determin-
ed by distance alone is taken to equal the price discrep-
ancy, or column 3 times the relative power factor derived
earlier as shown in column 4, In effect, this states that
the price variation is influenced by the competitive powof
of the market. The net effects are shown im ocolumn 5 of the
tadble. The X, variadble will be either positive or negative
depending upon whether AC or CB is greater, Where AC is the

larger, the variadble is negative representing an increase
in price variation or a decrease in price, This rooulta'bo-

cause the dasing point 1s closer to the market than the sur-
plus area and thus represents the primary influence. VYhere

CB 18 greater the variable is pooittvdvrnproaonttns a de-

orease in price variation or an increase in price. This 1is

due to the doninantiintluonec of the surplus area, The abow
reflects the decreasing possibility of using the surplus area
rather than the dbasing point outlet as distance from the sur-

rlus area incre&ses,

Price Variation Formula
The variables to be used in predicting the price varias-

tion between the nine f.0.b., market prices and the basing

point price were discussed and quantified above.
The general formula that is used to predict the price
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variations 1s §‘= blxl + bax2 + b3x3 + bhxﬁ' vhere Y i1s the
estimated price variation between the market being comsider
ed and the base market, xl. xz. x3. and x4 are the indepen-
dent variables; distance to the basing point, location and
nuzber of compotiﬁs markets, density of production and re-
lationship with the surplus area, and the bd's represent the
partial regression coefficients,

It 18 of interest to see which of these variahles can
be directly related to the actual price variation foumd in
the theoretical model, 7o determine this relationship the
predictor variadles are correlated with the observed Y
values, Table 4-12 1lists these variables as detersined
sarlier in the section. The results of the analysis shov
that both the X, and X, variables are directly related to
price variation as they have correlation coefficients of
«97 and -,92 rospoctivcly.l Variables Xy and X, vith
correlation coefficients of +.39 and +.8) cammot be directly
related as indicated by their low coeffiolents. These re-
sults suggest that the price variation may be closely asso-
ciated with Aistance to the basing point and competing mar-
kets but not with density of production and locetion in ref-
erence to the surplus area., They do not, however, tell us
anything about the combined effects of using these variabdbles

to predict the price variation.
To determine the welight (bi) that should be given to

1411 statistical computations for this section are
shown in Appendix F,
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each of the variables to obtain a "best estimate” of the
price variation a multiple regression analysis is used,
The "best estimate” is them tested for 1ts acouracy in pre-
dlct:nglg by a correlation analysis between T and Y.

The regression coefficients, or the bi values and

their standard errors are:

b * Je b + 3139
1’ #5349 2’ (.0396)

b ’ + 2353 b » - . 8180
3 (.0328) 4 (+1038)

These coefficients indicate the relative veights of their
respective variadbles in determmining the price variatioa.
The standard errors show that all the coeffioients are sig-
nificantly different from zero.

To test these variables for significance in determin-
ing the estimated price variation a T test is used. The
standard errors are divided into the regression coefficients

and compared with the T distribution at the 95% and 99%

levels, The resulting T values are;
blb % = ¢ ISOW ba. 03139 z 4 7-920

b .2353 = 4 2.840 b#. ‘08180 S - 70884

50528 .1038

These results show that bl' b2, and b4 are significant at
‘the 99% level and that b; is significant at the 95% level,
It is thus concluded that all the variables are significant

30

|

in determining price variation,
A
The general formula then becomes Y = 1.3677X1 + .31391é



81

+‘.2}53X3 + (-.8130X4).. Using this equation the estimated

price variations are computed, The resultinz estimates are

shown in column 5 of Table 4-13, The standerd error of

estimate 1s8.,0479,

To determine the rellabllity of these estimates

in determining the appropriate price variations they are teste

ed for correlation with the observed Y values, As indicated

in Appendix F they are found to be highly correlated, with a

coefficlent of ,99967, indicating thet the estimated Y's are

very close to the actual Y's found in the theoretical model,

The equation glving the exact velue of the estimated

variation 1is:

T=Tab(X %)+ byx, = X) b.(X; = X,)
+ bA(xh - EA) +E Y being the mean of the

observed Y values,

The formula for the standard deviation of Y is:

Sy = e X )2
Sy = «{1 + % + (xlij Xl) Sb

2 312 5o 2
X -%)2sp
1t Kpyym %7 5,

— 2. 2 = 12 2
X - X Sb X - X Sb S .
+ (X504 %) 800 (X, = X, )7 80, yx
R = the standard error of estimate,

yx
Using the Lansing Market as an example we find that

Q = T.338 + 53, or T.835 <§< 7.941, Referring back to

Table 4«13 we find that the predicted value for Lansing was

T.99.

The estimated value 1s .05 greater than the upper limit,

This amount can be attributed to rounding in the computation,

In summary, it was found that all the variables sigﬁif-
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icantly Influenced the price varlation, It was also shown
that the price variation estimated by the formula was close
to the observed price variation, Based on the above 1t is

concluded that the price variation formula can ba used to
predict the correct price variation which must exist if the

mariet supply areas are to be organized in accordance with

the criteria set forth in this study,



CHAPTER V

COMPARISON OF THE PRESENT SUPPLY AREAS
WITH THR THEORETICAL
In the preceding chapter supply areas for the nine
markets being examined were constructed on the basis of
November, 1959, production and consumption data, The pere
fectly competitive model developed, even though it is based

on current d#ta. cannot be considered consistent with
reality as the conditions of a perfect market are seldom
encountered in today's world. Using this framework, howvever,
has enabled the development of a system which serves not
only as an 1deal for comparative purposes but also as the
desired end insofar as minimum dosta of transfer are con-
ocerned,

In section one of this chapter a set of supply areas

are derived on the dbasis of current production, consumption,

and transportation cost figures, The price structure among

the markets, however, is determined by the present govern-
mental regulations in the area being considereqd, 1
In section two the resulting set of supply areas from

section one are compared with the supply areas as determined

in Chapter 4, Section 1,

11n this thesis the present governmental regulation
refers to the Southern Michigan Markets Order which became
effective February 1, 1960,

84
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Seotion 1
The Present Supply Areas

Under the present Southernm Michigan Marketing Order
the Detroit price is subject to location sdJu-tnont-.l
These ad justaents determine the amount by which the mine
imum price received in any ares can be less than the Detroit
price. Figure 5-1 shows the area under consideration and
the appropriate adjustments, by county, as prescribed in
the Southerm Michigan Order,

The set of supply areas derived in this section are

based on the price variation determined by the location
adjustaents, The price variation and the f,o.b. city plant
prices are shown in Table 5-1, The prices are based on a
$3.50 base price in Detroit minus the applicable adjustment
for the county in which the market 1s located.
| With the f.0,b. prices fixed the markets will again
secure their supplies by moving awvay from their origin in
a concentric manner, The units between each ring are e~
qual due to the linearity of transportation costs as dis-
cussed in Chapter 4,

Figure 5=2 1llustrates the resulting supply areas, It

will be noted that the areas take on a variety of shapes,
These variations form a general patterm as was found to re-

‘#iUnitod States Department of Agrioculture, Agricultural

‘Marketing Service, Order No. 24 as Amended Effective
February 1, 1960, 7. 7, Ch. IX, Code of Federal Register
Marketing Order - Part 924, Section 924,54, p. 6.
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TABLE 51

PRICE VARIATION3 AND CORRESPONDING F.0.B. PLANT PRICES
BASED ON THX SOUTHERN MICHIGAN MARKETING ORDER
LOCATION ADJUSTMANT3 FOR THE NINE MARKETING
AREAS IN MICHIGAN

Location adjustment for

county in which market Assumed f,0.b,
raskot e domatye pieat prios
Detroit o $5.50
Flint 0 S. 50
Bay CityeSaginaw 0 5.50
Lansing 7T 5,43
Grand Rapids 15 5.35
Muskegon 20 S«30
Jackson 7 S.43
Battle Creek 12 5.38
EKalamazoo 15 5.38

The base rico in Detroit s the same as that used in

examples n ghaggor IV, I¢ is equal to a price in the
surplus aresa of plus the fixed and variable costs of
transportation or 33,00 ¢+ 50 ¢ ,01 X 200 = £5,50.
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Figure 5-1

Location Adjustments Under the Southern Michigan
Marketing Order

Source: USDA-AMS, Order No. 24, as amended effective February 1, 1960, T. 7,

Ch. IX, Code of Fed. Regs. Marketing Order Fart 924, pg.6.
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sult in the theoretical model which are due primarily to
the price relationships among the markets,

The Detroit, Flint, and Bay CityeSaginaw markets have
equal f,0.b, prices, A3 a result of thias price equallity
the area between the markets should be equally divided as
discussed in Chapter 1, Jue to different market requlire-
ments and densities of production, however, the Flint and
Bay City=Saginaw market requirements are satisfied without
competing with each other or with Detroit price-wise, Fee
cause of thia the market boundaries do not define points of
indifference between the markets,

The above situation results because as Detroit moves
toward the other two markets it is forced to offer a contine
uslly decreasing price due to the increasing total cost of
transportation, Bay City-Saginaw and Flint having a fixed
f.0.b, price equal to that of Detroit will offer a higher
price over the area vwhich is needed to fulfill their re-
quirements, 23, and 13 miles respectively. For a similar
reason the Bay City-Saginaw and Flint markets 4o not come
poete price-vise.

The Leansing Market takes on a reaseamblance to the
theoretical market developed in the previous chapter, This
is due to the faot that the f,0.d, price in Lansing is just
slightly above the Detroit price minus the transportation
cost between the two points, As will be noted in Figure 52

the supply area takes on a hyperbolic form signifying price
competition for the twenty miles it extends to satisfy its
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requirements,

The Jackson supply area 1s indeterminate due to the
fixed f,0.b. price which differs from the Detroit price
only by the cost of transportation between the two points,
The checked areas in Figure 5«2 are the arezs in which both
markets offer the same prlce.‘

The Battle Creek and Kalamazoo supply areas do not
encompass the centers of population for which they are oon-

”strueted becauss of their price relationship with Detroit,
In both cases the adjustment 1s larger than the cost of

transportation between the two points, This results in
relatively low f,0.b, prices in the two markets, As the
£.0.b. prices are fixed the receiving stations located near
the two markets find 1t more profitable to ship to Detroit
than to the nearby markets, DBecause of this the Kalamazoo
and Battle Creek supply areas are not defined until the
Detroit requirements are satisfled, As can be noted in
Filgure 5«2 Battle Creekx secures its supply first and then
Xalamazo0o for the same reason, The exception in the above
case 18 the small area in which Kalamazoo can compete with

Battle Creek in Battle Creek's most distant zone,
The Kalamazoo supply area is again pushed further away

from its origin because of its relatively low price in come
parison to that of Grand Rapids with whom it comes into cone

tact on 1ts northern houndary,
The Grand Rapids and Muskegon supply areas are somes

what similar to those of Bay City~3aginaw and Flint primarily
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because 6f their distance from Detroit., The Detroit mar-
ket and those which it encompasses have satisfied their

requirements before reaching the Grand Rapids area and thus

are discontinued. As a result, Grand Rapids c¢an radiate out

and encompass those areas not included in the previously dis-
cussed markets, As shown in Figure 5-2, because of its
price relationships Grand Rapids does not have a competitive

boundary with the markes south or east of it. Likewise,
Muskegon does not have a competitive boundary with Grand
Rapids,

In summary we can say that when a set of markets have
fixed f.0.b, prices the size, shape, and location of their
supply areas will be determined by the relationship of the
fixed price to the base price, the density of production,

and the location of competing markets,

Section II
Comparison
For comparative purposes the two sets of supply areas

are superimposed as shown in Flgure 5-3,

The total area included in the theoretical model is
slightly larger than that of the existing supply area model
as can be seen in Figure 5-3, We may conclude however that

this does not signify a greater total transportation cost
ind thus a less efficient system. This 1s because of the

fact that the areas in which the theoretical model extends

beyond the existing are areas of low average density per
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square mile while the reverse is true in those areas in

vhich the existing model extends beyond the theoretical,
Since total transportatioa costs are a function of the number
of loads'oarriod'as well as distance i1t cannot be eonoluded
that the theoretical model represents a greater total cost,.

Table 5-2 shows the longest distance sach market must
travel and the length of the perimeter it must cover at
that distance to satisfy ite requirement,

The Bay City-Saginaw, Flint, Lannins.verand Rapids,
and Detroit markets all extend further in the theoretioal
model than in the existing model., This would tend to in-
dicate a greater total trensportation ocost. When we eon-
sider the length of the perimeter covered at this distance
the shove indication becomes less evident, In all cases -
the perinmeter in the existing model 1..sroator at the most
distant points than in the thoorotioa; iodol. Detroit,
being the extreme, has to cover 104 miles at a distance of
125 mniles in the existing model as compared with having o
cover 11 miles at a distance of 128 miles in the theoretical
model. From this we can see that the length of the average
trip and the total cost will be greater in the existing mod-
) ovon»thoush the most distant point is greater in the
theoretical model. 1In the daao of Flint we do flnd a lowver
total cost of trarsportation in the existing model than in
the theoretical because of the extreme variation in density

of production, The area included in the existing supply

area, as csn be noted on the density map (Figure 4-5), 1s
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TABLE 5=-2

LONGEST DISTANCE TRAVELED AXD PERIMETER AT THAT RADIUS
FOR THE SJPPLY ARTA3 DEVISED O THT BASIS OF
THE EXISTIXG PRICE VARIATION FOR THE
RINE MICHIGAN MARKETING AR%AS
NOVINBER 1959

Length of Length of
longest radius Perimeter longest radius Perimeter

in theoretiocal at that in existing at that

Marketing model radius model radius
area units )/ units 1/ units 2/ units ¥
Detrolt 12,80 1,100 12,50 10,467
Flint 7.70 2.000 1.80 5.652
Sagtnar 5430 3,054 2,30 6,075
Lansing 5.00 «100 2,00 2,215
Grand Rapids 2,58 2.557 2.20 4,202
Muskegon 2,40 2,407 2.4 2.721
Jackson 5¢40 «100 b-74 4
Battle Creek 3,40 3.853 343 4,540
Kalamazoo 2.85 «400 3.8 3.314

1/ Derived from Figure 5-2, Cne Unit equals 10 miles,
2/ Derived from Figure 4-2,
3/ Indeterminate,
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high in avallable fluild milk whereas the area covered in

the theoretical model is low end in some cases 2ero, Bee

cause of the variation in density the area included in the
existing model 18 enough smeller then that in the theorete
ical to make the average length of trip smaller and thus
the total cost less, It must be recembered that we are in-
terested in total cost of all the markets and not in nine
imizing them for any one market in particular,

In the Muskegon market the greatest length of trip 1is
equal in both models, The perimeter covered at that dis-
tance 1s slightly larger in the existing model which would
seen to indicate a greater total cost,

The remaining defined markets of Battle Creek and
Kalamazoo quite obviously involve a greater total cost in
the existing model than in the theoretical model, In both
oaseas the most distant point 1»s farthof and the perimeter
covered 1s greater,

The above comparisons, althouzh primarily visual in
nature, indicate that the total cost of transportation on
the individual market basis is not alvays less in the theoret-
ically more efficient model, ‘“hen we consider all markets
as a unit, however, the indication is that the total cost
1s less in the theoretical model,

The following geometrical example 1s evidence of the

above, The total area under consideration is taXen to de

equal to that included in the rectangular figures, The
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Cost of Transportation With Different
Market Structures

Transportation Costs
(Units)
C ]
. D A - S
a 2 2
b 3 3
c 1l 108
a 2 ‘6.6
e 3 o
r 5 1
8.5 : ) §
Total 15 6 21 3.8
Total
X+ Yy A ”.8

production within them is just equal to the requirements of
the two markets x and y, X requires four units and is the
basing point, Y requires three units. The units are rep-
recented dy a - g, In case 1, y's supply area takes on
the form of a hyperbolic funotion as a result of satisfy-
ing the conditions discussed in Chapter 1V,

In case 2, the £.0,b., prices are fixed and equal,
This 1s similar to the case of Flint and Bay City-Saginaw

in the second model developed,
The ocosts of transportation are summarized next to

the example., In both cases the transportation cost of x
exgeeds that of y. In case 1, the cost is less for x than
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in case 2, The reverse is true for y,.

To evaluate the efficiensy of the total system we
nust compare total costs, In our example we find that case l
has the least total cost indicating a more efficient system,
Case 1, from the ahove illustration, can be directly related
to our theoretical model in that the market boundaries take
their form becauae of being hyperdolie functions, wWhen exame
ining the theoretical supply areas we find that where two or
more merkets come tozether they are divided by a hyperbolioc
function, In price terms 1t 1s shown by a line that divides
the area such that all markets will be offering the same
price at a comnmon point,

In the cuse of Jackson, Lansing, and Flint the outside
boundaries are determined by an interrelationship wvith the
Detroit price, In the remaining markets more than one mar-
ket influences the shapes of the boundaries, the extreme
being drand Rapids which is influenced by all eight other
markets, Bscause of this complete system of oompotltivoiy
defined market doundaries each enclosing exactly the required
azmount of fluld milk and oream to satiafy its requirement
wve have a system which minimizes total transportation costs,

On the contrary in the model developed based on existe
ing f,0.b, prices the supply ares boundaries are not a funce
tion of competitive bidding. As a result of this supply
areas are defined that involve oross<hauling which increases

the total costs of transportation wvhen all markets are cone

sidered.
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It 1s therefore concluded that, given the assumptions

set forth in the theoretical modsl, the supply areas de-
veloped 1llustrate the most efficient manner in which the
nine marketing areas under study can secure their given ree
quireaents of fluild milk and crean,

The increase in efficlency can best be measured in
terms of dollars saved when the supply is secured as indicat-
ed in the theoretical model,

' In making a comparison between the two models total
fixed costs are assumed to dbe the same, The fixed costs of
operation will obviously be the same in both cases, There
may however be a decrease in the fixed costs associated with
truck ownership, repair parts, etc., in the theoretical
model due to a decrease in the total number of miles travele
ed, 3Since this study does not go into a detailed analysis
of truck capacitlies or maximum distances each unit can be
driven vwithin a given time period the possibility of a de=
orease in fixed oost 1s recognized but not estimated, It
should be noted, however, that a decretse in fixed oosts
would indicate additional savings resulting from supply areas
organized as in the theoretical model,

Assuning the total fixed ocosts equal in both models
we can then deteruine the savings which would result from
using one of the models by comparing the variable cost ine

curred to secure the supply.
It will be remeabered from the earlier discussion that
the variable cost is a function of the number of miles
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traveled, The model with the lowest totzl variable cost

for all markets thus has the lowest total cost and 1s, on
this basis, the more efficlent of the two, Table 5«3 shows
the computation of total variable costs for the two models,
Column 1 of the table shows the fluid milk and cream re-
quirements for each market, These requirements divided by
the average size tanker load determine the total trips nece
essary to secure the market requirements, These figures are

shown in column 3 of the table, The average distance of
haul i1s then taken to be equal to the radius from the mare

ket center which encloses one~half of the market requirement,
wWith the pounds of milk hauled per tanker per load being
equal the number of loads hauled less than this distance 1s
equal to the number hauled greater than this distance,
Figures 5<4 and 5«5 indicate the areas that are closest to
the market center which includes one-half of the market
requirements, The cases where ;ho geometric areas are not

equally divided indicates variations in the density of availe
able milk in the supply area, Columns 5 and 6 of Table 5-3
show the average length of trip determined in the above
manner, The total miles traveled as shown<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>