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ABSTRACT

The purpose of theoretical and empirical production-location models

is to determine the conditions under which locational stability is

maintained in terms of transportation costs. The presence of variables

in the theory for which there are no empirical analogs has constrained

researchers to use mathematical programming models with micro-level

data.

In this study the linear-location model developed by Sakashita

and Emerson is modified to accommodate an aggregated data base and

a one input/one output site configuration. The presence of aggregated

data further limits the partial equilibrium model by the removal of

all elasticities from the second-order equations. Thus, given these.
differences, the first objective is to determine if the empirical model

is applicable in terms of testing the theoretical model. The second

objective is to determine the sensitivity of profits to changes in

the location decision variables at optimal and suboptimal locations.

Aggregated time-series data covering a four-year period was

provided by a midwestern U.S. resource recovery firm. One regression

on the data determined the homogeneity of the production function,

a condition necessary for stability. A second regression determined

the relationship between output and average costs at simulated

locations.

Tests on the sensitivity of profits with respect to changes in

distance and transportation rates clearly show that the firm is not
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maximizing profits at its current location and that optimal production

will occur at the input site. In addition, an analysis using the space

cost curve developed by D. M. Smith shows that costs will be minimized

at the input site.

Finally, there is a discussion on the relationship between the

flatness of the average cost curve and the type of technology employed

by the firm in terms of "its abi l i ty to rationally continue operating

at a suboptimal location.
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CHAPTER I

PRODUCTION-LOCATION THEORY

Introduction

The Weberian Approach

The primary concern of the theory of industrial location is in

finding the optimal location for a firm that has to transport its

inputs from given sources to the locus of production and transport

its output to a given market. The interaction of transportation costs

for inputs and output plays a key role in that determination. The

seminal work on the cost-minimization approach to the theory of location

was done by Alfred Weber (1929). Weber's main hypothesis is that the

optimal firm location will occur in a heterogenous space where the

total transportation costs of input and output are minimized. The

f.o.b. price structure faced by the firm will continously vary because

output and inputs used by the firm must be transported at a positive

cost. This cost-minimization approach seemed to be in conflict with

the traditional economic theory of the firm where the main decision

criterion was profit maximization.

Isard (1951, 1956) attempted to resolve this conflict by examining

the conditions under which the two approaches would be equivalent.

His conclusion incorporated a fixed technical coefficient production

function and the substitution principle of economic theory into spatial

theory.
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It was not until the contribution of Moses (1958) that the

neoclassical theory of production was completely integrated with the

theory of location. Under the conditions set forth by Moses a single

optimal location of the firm can be determined. His assumptions were:

that inputs are sold f.o.b. with delivered prices equal to input price

at the source plus full freight; the transportation rates for inputs

are known and vary with distance and quantity; all factors of

production are homogeneous; there are no restrictions on the supply

of labor at the prevailing wage rate; the production function has

fixed technical coefficients; the distance the final product must be

shipped is constant and, therefore, transportation costs to the market

are known and fixed; and, the demand for output is perfectly inelastic

with respect to price (Moses 1958, p. 260; Ziegler 1986, p. 787).

Because of the duality of the objective functions at optimum the

solution to the location problem can be formulated from either the

cost-minimization or profit maximization points of view.

Subsequent Contributions

Contributors to the location literature since Moses' article have

concentrated on the nature of transportation costs and rates as well

as the nature of the production function as determinants of locational

stability within two-dimensional space, where optimal location is

independent from the level of output.

Locational stability ;s obtained by Woodward (1973), Khalili,

Mathur and Bodenhorn (1974), Mathur (1979), and Eswaren, Kanemoto and

Ryan (1981) when the transportation cost of output to the firm is

greater than zero and transportation rates are constant with a linearly
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homogeneous production function. Miller and Jensen (1978) obtain

locational stability with the transportation cost of output to the

firm greater than zero, transportation rates variable, also with a

linearly homogeneous production function, but with a constant

transportation rate elasticity with respect to quantity.

Bradfield (1971), Woodward (1973), Mathur (1979), Hurter,

Martinich and Venta (1980), and Eswaren, Kanemoto and Ryan (1981)

assume a transportation cost of output to the firm equal to zero,

transportation rates constant, and a homothetic production function

required for locational stability. Miller and Jensen, with the

transportation cost of output to the firm equal to zero and transporta

tion rates variable, also require a homothetic production function,

again with a constant transportation rate elasticity with respect to

quantity.

The Moses-Weber model assumes a linear homogeneous production

function of some degree greater than zero, homogeneity of factors,

without elaboration, and no specific conditions with respect to

transportation costs and rates. The works of the authors cited above

were among the first to expand the Moses-Weber model by focussing

attention on the specific conditions necessary for locational stability

in relation to transportation costs and the production function.

The work of Ziegler (1986, 1988) and Shieh (1988) clarify the

work of the previous authors by examining the role of variable

transportation rates on the independence between optimum location and

demand for output when the transportation rate elasticities with

respect to distance and the price elasticity of demand for inputs are



constant. They use the linear homogeneous and homothetic production

functions to obtain locational stability. A production function with

a linear expansion path is required in both analyses.

O'Brien and Shieh (1989. 1990) approach the problem from the

least-cost and profit-maximizing points of view in their investigation

of the impact of quantity-discounted transportation rates. When the

objective is to minimize costs and transportation rates are a function

of quantity (the elasticity of transportation rates with respect to

quantity is less than zero). neither the linearly or homothetic

production functions insure the independence between plant location

and output. On the other hand. if the objective is to maximize

profits and transportation rates are a function of quantity. then

neither the linearly or homothetic production function will insure

the independence between plant location and demand.

Olson and Shieh (1990) also examine the theoretical implications

of quantity discounted transportation rates on the optimum location

of the firm. They add to the findings of O'Brien and Shieh by

concluding that a linearly homogeneous or homothetic production

function will be a sufficient condition for the independence of the

optimum location from the level of output if the elasticities of

transportation rates with respect to quantity shipped are constant

and identical. and the ratios of the marginal products to the marginal

transportation costs are equal for each input.

Sakashita (1967) and Emerson (1973) limit the theoretical scope

to the determination of the optimal location between the sources of

two inputs at some point on a locational straight line. This

4
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modification avoids the unwieldy mathematical expressions of distance

and optimality found elsewhere in the literature (Kuhn and Kuenne,

1962) and allows the location solution to be obtained by simpler

analytical methods.

Locational stability in Sakashita and Emerson's models requires

a linearly homogeneous production function of some degree, trans

portation cost of output greater than zero, and transportation rate

elasticities with respect to quantity and distance constant and

identical.

Summary of the Literature

In short, the cost-minimization approach to location theory

developed by Moses has been significantly expanded and clarified.

It is necessary to differentiate the results of the authors mentioned

in terms of assumptions made about transportation rates and trans

portation costs of output accruing to the firm as they relate to

locational stability. Transportation rates are assumed to be either

constant or variable and transportation costs of output either greater

than or equal to zero. In all cases a necessary condition is that

the production function have a linear expansion path. A transportation

cost to the firm greater than or equal to zero will determine whether

the production function is linearly homogeneous or homothetic,

respectively. The inclusion of variable transportation rates requires

a constant transportation-rate elasticity with respect to quantity

and an equality between ratios of marginal products to the marginal

transportation costs for each input.
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Once the optimum location is chosen and there are changes in

transportation costs, the location of the firm will no longer be optimal.

In this context the effect of changes in transportation costs on profits

may exert some influence on the location-relocation decision in order

to achieve optimality. If the profits of the firm are not sensitive

to changes in transportation costs then there is no economic incentive

for the firm to move. If the profits of the firm are sensitive to

changes in transportation costs then the firm will have an economic

incentive to move to the optimal location.

The work of the authors cited above represents the theoretical

core of the Weberian approach to the production-location problem.

A large literature, dominated by mathematical models of varying com

plexities, surrounds this core. The discussion relating to the

necessary and sufficient conditions for locational stability, outlined

above, is fueled by the complications arising from the fact that the

theoretical foundation of a solution to the production-location problem

is geometrical. The application of mathematics to the problem allows

a flexibility in the construction of models for which there may not

be an empirical analog. Thus, the richness of the theoretical literature

in this area is contrasted by a large number of empirical studies based

on mathematical programming techniques, which allow researchers to

avoid the specification-of-angles problems that arise from the geometric

approach.
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Purpose of the Dissertation

Objectives

The purpose of this dissertation is to add to the body of economic

knowledge in the following ways:

1. Provide an empirical test of the hypotheses specific to the

linear production-location model using aggregated production and input

assembly data. While the location models are generalizable, variable

and parameter notation suggests the application of disaggregated

data in finding a solution. The use of aggregated data with a non

mathematical programming technique to predict the outcomes derived

from the theoretical model is new.

2. To empirically determine the sensitivity of profits and average

costs to changes in the location decision variables and the impact

of that relationship if the firm is located suboptimally. The focus

of the theoretical literature is on the independence of the location

of the firm from the level of output, which insures the locational

stability of the firm at optimum. This test will contribute to the

empirical understanding of the locational processes involved as the

firm seeks the optimal location.

Requirements and Definitions

A key requirement for the analysis of locational stability is

that the optimal location of the firm be independent from the level

of output. This means that the real and financial magnitude of all

activities not directly involved in the transportation of inputs and

output are excluded from the analysis. The implication of this in
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the theoretical and empirical models is that the traditional definitions

of profit and cost be redefined. Profit is defined as total revenue

minus the total costs associated with the transportation of inputs

and output. Total cost is defined as the sum of all costs associated

with the transportation of inputs and output.

Finally, the word sensitivity, used in association with profits,

specifically means the effect of changes in the location decision

variables on profits at optimum and suboptimum locations.



CHAPTER II

THE THEORETICAL MODEL

Introduction

Basic Conditions and Limiting Assumptions

The literature cited in Chapter I has established the conditions

under which the location decision of the firm is independent from the

level of output. If the production function is linearly homogeneous

and if the ratios of marginal products to marginal transportation costs

are equal for each input, then a change in the level of output will

result in a proportional change in the use of factors. In addition,

if the elasticities of transportation rates, with respect to quantity

shipped and distance, for inputs and output are constant and identical,

and the output and inputs change proportionally, the relative pulls

of the market and the sources will not change. These conditions result

in a location decision that is independent of the level of output.

In the case of a firm operating in the short-run there is an

initial presumption of optimality at a fixed location. In order to

test for the sensitivity of profits to the location decision variables,

the location of input sources and the market are also assumed to be

fixed, as well as input and output prices. Transportation costs become

the sole determinant of the optimal location of the firm.

Development of the Theoretical Model

The development of the theoretical model will proceed in two

stages. The first stage will consist of the graphical and geometric

9
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presentation of Moses' synthesis of the Weberian model into traditional

production theory. A single, optimal location will be determined.

This is followed by the presentation of the mathematical model. The

second stage consists of a similar presentation of Sakashita's one

dimension, linear location model. The latter model will be empirically

tested.

The Moses-Weber Model

The Geometric Presentation

Moses synthesized the theories of production and location using

the theoretical foundation provided by Weber. In the tradition of

Moses assume:

1) The firm operates with a fixed-coefficient, constant

returns to scale technology.

2) The firm uses two inputs, ml and m2, which are located

at fixed sites M1 and M2, respectively, to produce a

single product which is sold to a single consumption site

located a fixed distance, h, from the locus of production.

3) The two inputs are sold at known f.o.b. prices and may

vary according to the principles of input substitution;

each delivered price is equal to the f.o.b. price plus the

transportation rate.

4) The transportation rates are known.

5) The firm wishes to minimize costs.

Weber's locational-triangle solution is confined to an arc (IJ),

all points of which are the given distance, h, from the point of

consumption at C. Optimal production occurs at point K. Any location
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on the arc is defined by angle 81, which can vary from ° to 8.

Angle 8 is the angle formed by two lines drawn from C to Ml and M2.
The model is illustrated in Figure 1.

Using the law of cosines, the distances from the input sites to

the locus of production, sl and s2' respectively, can be calculated.

(Moses, 1958, p. 261).

sl = [a2 + h2 - 2ah cos81]0.5

s2 = [b2 + h2 - 2bh cos(8-81)]0.5

(1 )

(2 )

The distances M1C, M2C, and KC are represented by the letters

a, b, and h, respectively. The delivered prices of the inputs to any

point on arc IJ are,

pi =
1 Pl + rls,

= Pl + r l[a
2+h2-2ah cos 81]°.5

P2 = P2 + r2s2

= P2 + r2[b
2+h2-2bh cos(8-81)]0.5

where,

pi = delivered price of input m, to the locus of production1
P' = delivered price of input m2 to the locus of production2

Pl = f.o.b. price of input ml

P2 = f.o.b. price of input m2
r l = transportation rate from Ml to locus of production

r2 = transportation rate from M2 to locus of production

(3)

(4)



Figure 1. The Moses-Weber Geometric Model

12
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sl = distance from Ml to locus of production

s2 = distance from M2 to locus of production

Equations (3) and (4) are combined to form a ratio of delivered

prices,

pi
1

pi
2

=
Pl+rls l

P2+r2s2

Pl+rl[a
2+h 2-2ah cos

P2+r2[b2+h2-2bh cos
(5)

This ratio represents the slope of the isoexpenditure line for

production occurring at point K on arc IJ. This isoexpenditure line

is illustrated in Figure 2. In combination with isoquant 03, optimal

production is at point T.

In Figure 3, line AS is one of the family of isoexpenditure lines

associated with production at point I in Figure 1, and line GH is one

of the family of isoexpenditure lines associated with production at

point J. Line AFG describes the input combinations for production

locations at points I and J in Figure 1. Arc IJ is a locus of points

I and J in Figure 1. Arc IJ is a locus of points, each point

represented by a particular ratio of delivered prices at a constant

expenditure level. If each point is considered as a possible production

location then the discontinuous line AFH becomes a smooth curve. This

curve is called the locational iso-outlay curve. Each point on this

curve correlates to a particular location along the arc IJ, and shows
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Figure 2. Optimality for Production
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Figure 3. The Locational Iso-Outlay Curve
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the one combination of factors the firm would purchase at each location,

given the budget, transportation rates, and the base prices of the

inputs. With continuous spatial substitution there will only be one

least-cost combination of inputs for each location.

The iso-outlay curve is illustrated as a case of production with

variable input prices and a particular budget. A firm locating along

arc IJ can reduce the delivered price of the input purchased from site

Ml by locating production closer to Ml. This action, however, increases

the delivered price of the input purchased at site M2. (Moses, 1958,

p. 263).

If there are different levels of expenditure, a family of iso

outlay curves can be generated. This is illustrated in Figure 4.

An isoexpenditure line CD, having a slope equal to the ratio of

delivered prices of the inputs, P,/P2, represents the combination of

inputs necessary for 03 production to occur at point K. The firm can

optimally produce any 0 at point K with a variable budget, as long

as the ratio of marginal products of inputs remains constant. A family

of isoexpenditure lines with constant slope P1/P2 is developed.

The Mathematical Presentation

Total profit for the firm at K equals total revenue from the sale

of output minus the total cost of input purchases. l The prices of

lRecall that profit is uniquely defined as total revenue net of
input assembly costs, which included the purchase and transportation
of inputs to the production site, and the cost of transporting output
from the point of production to the market.
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Figure 4. Spatial Optimality

Expansion path

17



18

inputs and output are determined at K. The delivered price of inputs

at K is the price of the input at its source plus the cost of

transporting one unit to K. The market price is equal to the delivered

market price minus the cost of transporting one unit of output to the

market.

The profit function is,

(6)

The meaning of the term rr was discussed in Chapter I. The

production function is,

(7)

.
it is assumed that the marginal products are positive and diminishing.

It is also assumed that the transportation costs for inputs and

output output depend on the quantity and distance shipped.

and

r l = r l (sl'ml)

r2 = r2(s2,m2),

r = r(h,Q).

(8 )

(9 )

(l 0)

Reproduc i ng Equations (l) and (2),

[i+h2-2ah ]0.5
sl = cos 8 1

S2 = [b2+h 2-2bh cos (8-6 )]0.5
1

(11 )

( 12)
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Profit Maximization

Equations (7-12) are substituted into equation (6) and provide

a profit function that depends upon locational choice variables:

ml, m2, 61, and h. The first order conditions for ~rorit maximization

are

(16 )

where aQ/aml, and aQ/am2 are the marginal products of ml and m2,
respectively.

The profit maximizing conditions for the firm are represented

by equations (13) and (14) under the assumption that the location of

production, as determined by 6 1 and h, is given. If the transportation

rate (cost/ton/mile) does not vary with quantities shipped (e.g.,

there are no quantity discounts], then the value of the c.i.f.

delivered price of inputs (Pl + rls l) is equal to the f.o.b. price

of one unit of output (po - rh), where Po equals the delivered market

price.
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Given ml, m2, and Q, equations (15) and (16) imply the minimiza

tion of total transport costs. These equations are representative

of production occurring at point K in Figure 1 and point T in Figure 2

which, in combination, is the Moses solution to the production-location

program.

Assume that equations (13)-(16) are solved. With the location

variables fixed, a proportionate increase in ml and m2, and Q increasing

by the same proportionate amount means that the production function

is linearly homogeneous of degree one. The marginal products of the

inputs are homogeneous of degree zero. Under the conditions that the

rates of transportation are independent of quantities shipped and the

elasticities of transportation rates to quantities shipped are constant,

equations (13) and (14) are satisfied as long as marginal revenue and

the costs of marginal inputs are constant. Otherwise the location

of the firm will not be independent of output, assumiryg a linearly

homogeneous production function of degree one.

Cost Minimization

If transportation rates are constant, equations (15) and (16)

reduce to,

aS1-r1m1 ae l
= 0, ( 17)

Two interpretations are possible: First, in equation (17), h

is held constant and 81 is allowed to vary_ The terms r1n11 (asllae l)
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and -r2m2(as 2/a81) are the marginal costs of transporting inputs ml
and m2, respectively, from their sources to the production location.

If 81 increases there will be a corresponding decrease in the cost

of transporting m2 and an increase in the cost of transporting ml.
This would be illustrated in Figure 1 by movement in the locus of

production from point K toward J and in Figure 5 by a repositioning

of isoexpenditure line CD to OP along iso-outlay curve AH in the

direction of H. A decrease in 81 would reverse all of the above out

comes. In both cases, because of the nature of the isoquant map, the

firm would be relocating suboptimally.

Second, in equation (18), 81 is constant and h is allowed to vary.

The term rQ is the marginal cost of transporting output from the

production location to the market and -rlml (asl/ah)-r2m2 (as2/ah) is

the marginal cost of transporting inputs ml and m2 from their sources

to the production location. If h increases there will be a corres

ponding increase in the cost of transporting Q to the market and a

decrease in the cost of transporting the inputs to the production

location. Equilibrium is reestablished when the marginal costs are

equal. This is illustrated in Figure 6 by a shift in arc IJ from IJ

to I'J I ann a relocation of production from K to K'. Equations (1)

and (2) are uniformly affected by the change in h, leaving the value

of the ratio of delivered prices unaffected. However, the increase

in h necessarily decreases s1 ann s2' decreasing e~ch of the delivered

prices proportionately. This means that the firm can either increase

output at the same level of expenditure or produce the same level of

output at a decreased level of expenditure.
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Figure 5. The Effect of a change in a, on Optimal Location



Figure 6. The Effect of a Change in h on Optimal Location
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An Alternative Cost-Minimization Model

An alternative approach to cost-minimization uses per unit costs.

In this case,

where,

s. distance from input site j to the firmJ =

m.. = the quantity of input i at input site j
lJ required to produce a unit of Q

r . = cost of transporting a unit of i per unit of distance
J

p.. = price of input i and site j
lJ

where,

The slope of the average cost curve is,

The average cost curve is strictly convex from below in terms

(19 )

(20)

of distance. Intermediate locations along arc IJ are possible. If

output prices are given, average cost will be minimized at the lowest

point on the average cost curve.

Transportation Rate Elasticities

Relaxing the ~ssumption that transportation rates are constant

and assuming the quantities of ml and m2 are given, the influence of

transportation rate elasticities on equations (15) and (16) is

demonstrated under the following conditions:
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sl arl -1 , (21)-->
r' aS l1

s2 ar2 -1, (n)-->
r 2 aS2

and

h ar > -l. (23)--
r ah

While a produc.tion-location solution can be found under these

conditions, optimality at K can only be maintained if the bracketed

terms in equations (15) and (16) are equal to zero, the situation

found in equations (17) and (18) with transportation rates constant.

In this case the values of rls l, r2s2, and rh are constant with

di stance.

The Linear Location Model

Basic Conditions

The objective of this study is to determine the effect on

optimality caused by changes in transportation cost variables without

regard to the specific vector of the resultant changes in the relative

"pulls" between n-input sources and z-output markets in two-dimensional

space. In Figure 7 the firm seeks the optimal location on a linear

locational line. It is assumed that a single input, M, is purchased

from a single assembly point, 0, at a per-unit price, Pa' and trans

ported a given distance s, at transport rate ra, to the firm at K.
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In addition, output Q is transported a given distance (x-s), at

transport rate ro' and sold, at price Po' to a single market at C.

Where,

M= total input, expressed in tons

Pa = the purchase price of one ton of M

Po = the net selling price of one ton of Q

ro = the transDortation rate for one ton of Q

ra = the transportation rate for one ton of M

s = the distance to the single input assemply point, 0

(x-s) = the distance from the firm to C

Modification to the Theoretical Model

A detailed discussion of the reasons for and method used in

transforming the variables mi, Pij' r j, Sj' and h to M, Pa' ra, s,

and (x-s), respectively, is in Chapter III. Necessarily, the locational

choice variables 61 and mi j in equations (13-16) are excluded: (a)

because the cosine of angle 61 is equal to one in the linear model;

(b) m.. is either a9gregated at or supplied completely from point o.lJ
In addition, the transportation rate elasticity equations (19-21) lose

their explanatory power due to aggregation and the lack of flexibility

in the distance variable.

Profit Maximization

For profit maximization in the linear model, equation (6) is

modified to

rr = (p -r (x-s)) Q-(p +r s)Mo 0 a a (24)



subject to: Qo = f(M)

r a = ra(s,M),

ro = ro((x-s),Q)
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(25)

(26)

(27)

Equations (25-27) are substituted into equation (24) and provide

a profit function that depends upon locational choice variable: s

and (x-s). The first order condition for profit maximization is:

(28)

If the value of equation (28) is less than zero, then the firm

will maximize profits by locating at the source of inputs; if the value

is greater than zero, then the firm will maximize profits by locating

at the market.

In addition, if the assumption that transportation rates are

parametrically determined is relaxed the second first-order condition

is,

drrar- = -xQ+sQ-sM < 0
a

Increases in equal transportation rates for input and output will

(29)

always decrease profits. If the transportation rate for input is

greater(less) than the transportation rate for output, then the firm

will be pulled toward the assembly site(market site) in order to

maximize profits.

Cost Minimization

The theoretical linear location models of Emerson and Sakashita

determine optimum location between two input sites, Ml and M2 using
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average cost. The derived curve is the called space-cost curve and

is illustrated in Figure 8. When there is one input and one market

site, the average cost function takes the form,

The slope of AC in terms of distance is

dAC/d(x-s) = roQ - raM

(30)

(31)

The slope of the space-cost curve in terms of distance is

independent of the distance variable and will be greater than, equal

to, or less than zero. This means that the curve is linear with

respect to distance.
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CHAPTER III

THE EMPIRICAL MODEL

Introduction

The theoretical location model presented in Chapter II predicts

the location behavior of industrial firms. The application of data

to the model will provide an empirical test of its predictive

capabilities. The purpose of this chapter is to empirically test the

linear location model developed in Emerson and Sakashita.

The subject for the test is an industrial firm located in the

Great Lakes Region. There is a discussion of its specific locationa1

requirements and input and output market environment. This is followed

by a discussion of the data requirements for the study, the data sets,

and the development of the empirical model. The third section presents

the empirical results.

Description of the Industry

Rationale for the Choice of Firm

The empirical portion of this study ana1vzes the economic

activities of a firm involved in the recycling of wastepaper in the

Great Lakes Region. Increased interest on the impact of resource

recovery efforts on environmental quality and a perceived lack of

empirical locationa1 studies using aggregated data led to this choice.
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Pulp-Based Paper Production

The paper production based on waste paper use pulp and paper

mills originally built, during the first half of this century, for

the production of pulp-based paper. The distribution of these

facilities, therefore, is biased toward the locational forces exerted

by the sources of pulp and the availability of a relatively large and

reliable source of fresh water, a requirement in the pulping process

(Parsons, 1973). The primary mode used, at this time, in transporting

pulp and paper in the Great Lakes Region was by rail which exerted

a secondary locational force to locate mills in urban areas. Thus,

during the first half of this century large-scale mills were built

close to the rail nodes in Detroit, Battle Creek, Kalamazoo, Chicago,

Milwaukee, Minneapolis and St. Paul.

Mills located closest to the source of raw materials tended to

have monopoly power in terms of the assembly costs for pulp, mills

located at urban transportation nodes tended to have monopoly power

in terms of distribution costs for pulp-based paper. Mills found it

advantageous to vertically integrate for two reasons: (1) to extract

maximum profits from the monopoly power at both locations (Scherer,

1980, pp. 300-301) and, (2) to reduce problems with time-of-delivery

of paper specific to locations closest to pulp sources (Parsons, 1973,

pp. 353-355).

Waste-Based Paper Production

Following World War II three factors beaan to shift paper

producti on away from pul p-based paper t oward waste-based paper . Fi rst,
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the construction of high quality interstate and intrastate road

systems and improvements in truck capacity and technology enabled

short-haul shipoino by truck to compete with shipping by rail. Second,

the resultant increase in competition in the trucking industry and

decreased competition from the rail industry, resulted in lower

transportation rates for inputs and output shipped by truck compared

to rail. Third, acceptable grades of industrial and commercial waste

paper and the major areas of paper demand were concentrated in expanding

urban and industrial areas for which there may not have been a rail

link.

In the 1980s the increase in tipping charges at existing land-fill

sites, the shortage of acceptable locations for new land-fill sites

and incinerators, and an increase in state and municipal legislation

aimed at diverting recyclable waste from the waste stream,l has

resulted in increased supplies of waste paper available to paper mills

located closest to major urban and industrial concentrations.

Geographic Location of the Firm

The city of Battle Creek, Michigan, is located in the south

central portion of the state. A high quality road network connects

the city with several large- to mid-size urban areas in the region.

For purposes of orientation, Interstate 94 provides western access

lThis informatl0n was provided in interviews with Mr. John Collins
of JC Landfill, Calhoun County, Michigan; the Michigan State University
Extension Office, Recycling Division, Charlotte, Michigan; and Dr.
Larry Holcolm, International Environmental Consultants, Olivet,
Michigan.



34

to Kalamazoo (23 mi.), Chicago (162 mi.), Milwaukee (248 mi.),

Minneapolis (561 mi.) and St. Paul (552 mi.), and eastern access to

Detroit/Windsor (121 mi.), and connection with Routes 75 and 80 for

destinations in the eastern and southeastern states. Routes 69, 96

and 131 form a triangle that provides access to Lansing (45 mi.), Grand

Rapids (72 mi.) to the northeast and northwest, respectively, and

Indianapolis (204 mi.) to the ~outh.

Waldorf Corporation of Battle Creek specializes in the

production of box board, an intermediate product sold to producers

of cardboard boxes. Production is housed in a 65-year-old pulp-based

paper mill. It was purchased in 1985 by Waldorf Corporation, head

quartered in St. Paul, Minnesota, and, because of the transferability

of technology, converted immediately to waste-based paper production.

It is one of five manufacturing facilities operated by Waldorf

Corporation. Of the other facilities, two are located in Chicago,

Illinois, and two in St. Paul. The firm in Battle Creek does not

compete internally for inputs or product with other subsidiaries.

Competitive E~vironment of the Firm

The firm purchases approximately 22 of the 84 stock paper grades

traded in the waste-paper market. Other grades are inappropriate

because of the presence of glues and plastics that complicate the

pulping process, the wrong fiber length, a higher price/quality grade

that unnecessarily increases input cost, or a lower quality or mixed

paper grade that does not meet production speciflcations.

The graues used are the primary inputs to the production process.

They are purchased from 405 industrial, commercial and municipal
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assembly sites in 108 city-sources. Purchases from individual assembly

sites will vary from one per year to several times each month.

Information was not provided regarding the specific monthly purchase

pattern. City-sources vary in distance to the firm from 23 to 691

miles, with an average distance of 276.5 miles. The input market

space is roughly circular and resembles an environment containing a

uniform distribution of inputs.

Box board is sold to 93 city-destinations at distances of 72 to

1340 miles from the firm, with an average distance of 404.5 miles.

Again, shipments to individual output destinations will vary.

Information on specific customers and monthly sales patterns was not

provided. The output market space tends to have a linear distribution,

extending on a line to Chicago-Milwaukee-St. Paul to the west and

north, and east to New York and north to Framington, Maine.

Input and output prices are competitively determined. Competition

for inputs is from nine waste-based paper mills, one in Detroit, a

smaller scale facility in Battle Creek, two in Kalamazoo, two in

Chicago, one in Indianapolis and two in Milwaukee. Because the size

of the output market is relatively larger than the input market, any

mill producing the same or similar product in the eastern half of the

United States could be in competition with Waldorf. The firm reports,

however, that because of specialization the number of firms actually

in competition with it is only slightly more than the number in the

input market.

From August 1986 to June 1990 the firm purchased from 6000 to

11,000 tons of waste-paper (fiber) per month. Its fiber input
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inventory was sufficient to sustain production for five days. There

fore, the majority of fiber purchases went directly into production.

Because of the large number of input sources the demand and supply

curves for fiber are highly elastic (Kang, 1981).

During the period of this study the firm operated three daily

shifts, seven days per week, producing between 7000 and 10,000 tons

per month. It was able to sell all of its output, with an average

inventory cycle of three to five days. This suggests that there is

an inelastic demand curve for product.

The Data

Data Requirements

A test of the mathematical model requires that the data set

contain the following: quantities of inputs by type matched to

specific assembly sites at specific distances (mi j, Sj)' quantity of

output matched to specific destinations at specific distances (qk'

sk)' f.o.b. input and prices by type and assembly site (Pij)' f.o.b.

output price for each distribution point (Pk)' and input and output

transportation rates (cost/ton/mile) (r j, r k). The input assembly

sites and output distribution points are represented by j and k,

respectively. Input types are represented by-the subscript i.

Production and Transport~tion Data

The data set for this study consists of three parts. The first

part, for the period August 1986 to June 1990, contains overhead cost

per ton of output, labor cost per ton of output, other materials cost

per ton of output, f.o.b. input price per ton for fiber, selling price
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per ton of output net of transportation cost, and per ton transportation

costs of the output and fiber input, all reported as monthly averages;

total output per month is also reported. The second set contains the

monthly total of fiber purchases for the same period. The third set

contains disaggregated per-haul negotiated transportation costs by

city-destination for the year 1990. Miles-to-destination are also

included. Sets one and two of the time-series data are combined in

Appendix A. The cross-sectional data are found in Appendix B.

Development of the Empirical Model

The Variables

The disaggregated data in the third set were used to determine

average values of the variables r k, r j, s, and (x-s), in terms of

city-destination or input source-city, but not assembly site or input

type. The term x is the distance between the output distribution and

the input assembly points. The transportation rate values derived

from the data in this set were used only to determine the transportation

rate elasticities with respect to distance and to determine if

transportation costs increased with distance. This is discussed later.

The transportation rate values used to test for the sensitivity of

profits to charges in the location variables were determined using

the time series data. The values of mi j, qk' Pij' and Pk cannot be

determined from the data set, nor can the ratios of marginal products

to marginal transportation costs in any way that has economic meaning.

The variables are re-defined as M, Q, Po' and Pa, where, con

ceptually,
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Lmi j, expressed in tons and assembled at one point, O.

Lqk' expressed in tons and distributed to one point, C.

LPk' the average net selling price of one ton of Q.

EPij' the average purchase price of one ton of fiber.

distance variable for input assembly sites, Sj' in order to

be consistent with other data, is modified to s.

s = ES. /LjC
JC

where,

jc = an input source-city

(32)

Sjc = the distance from jc to the firm

The variable s is the average distance to the single input assemply

point, O.

Data restrictions also require that output be distributed to a

single market at C. The distance variable for output is defined in

the theoretical model as (x-s), where x = the sum of the distances

from the firm to C and 0, respectively. In order to use the cross

sectional data to determine (x-s), the variable sk is created,

(x-s) = ESkc/Ekc

where,

(33)

skc = the distance from city-distribution site, kc, to the firm

The transportation rate variable for inputs, r j, is modified to

r jc in equation (34) and then averaged over (ESjC/jC)/EjC to obtain

r a in equation (35).

r.
JC = (Ajc/22)/Sjc

ra = [E(Ajc/22)/LjC]/(ESjc/EjC)

(34)

(35)
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where,

r. = the transportation rate from jc to the firm
JC
r a = the average transportation rate for fiber input

A. = the per haul cost to each input source-city, jc.
JC This term is divided by 22 (tons), the number of tons per

haul. The resulting term is the transportation rate,
r j c' for jc.

In similar fashion, the variable rok is modified to roo

rkc = (Dkc/22)/(x-s)kc

ro = [E(Dkc/22)/Ekc]/ (E(x-s)kc) /Ekc

where,
rkc = the transportation rate from kc to the firm

Dkc = the per haul cost to each output destination, kc.
This term is also divided by 22 (tons). The
resulting term is the transportation rate, rkc' for kc.

(36)

(37)

The results of these modifications provide the empirical model

with constant values for sand (x-s), as required by the theoretical

linear model. Transportation ratesi r a and ro are computed from the

time-series data by dividing per ton transportation costs for input

and output by sand (x-s), respectively. Per ton fiber input and

output prices, and cost of other materials, and total quantities of

output and fiber input are given.

The Modified Theoretical Model

The effect of these modifitations to the transportation variables

requires that the equation specified in the theoretical model for the

profit, equation (6), be changed as follows

(38)
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Equation (39) for the second-order condition is,

dTI/as = roQ - raM <=> 0 (39)

The question of whether or not the empirical model is applicable

as a test of the theoretical model in terms of the sensitivity of

profits to changes in the transportation variables is the subject of

the next section.

Empirical Results

The Production Function

The theoretical model requires that the production function is

linearly homogeneous of degree one, and that factors be homogeneous

of degree zero. These values are necessary to insure that the location

of the firm is independent of the level of output. If the estimate

of the production function shows that it is linearly homogeneous of

degree one, then changes in output will be exactly matched by identical

increases in factors regardless Of where the firm chooses to locate.

If factors are homogeneous of degree zero, then changes in the factor

mix will have no effect on output.

The profit and cost functions, derived from the production

function, use price and quantity data. The lack of quantity data

for other materials used in production preclude an accurate estimation

of the production function in the traditional Cobb-Douglas format.

The duality of profit maximization and cost minimization does allow,

however, an estimate of the production function using the cost function.

Repression estimates of the production function were made using a cost

function of the form:



ln C = al + a2 ln OB + u3 ln FF + &4 ln IF + a5 ln OM

+ ~l ln Q

where,

C = total assembly cost

OB = outbound freight cost per ton

FF = fiber input cost per ton

IF = inbound freight cost for fiber per ton

OM = per ton cost of other materials used in"production,
assumed to be available at the production site

Q = total output tonnage
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(40)

The results are summarized in equation (41). The t-statistics

and standard errors are in parentheses with the t-statistic appearing

first.

C = 2.5240 + 0.0546 OB + 0.5145 FF + 0.0404 IF
(3.2668) (0.8714) (5.2623) (0.3207)
(0.7726) (0.0626) (0.0978) (0.1260)

+ 0.0842 OM +
(2.0423)
(0.0412)

0.9553 Q
(13.3598)
(0.0715)

(41)

R2 = 0.8605 OW = 1.7005 F = 50.5716

Testing the null hypothesis that ~l equals one yields -0.6248

which means the data do not contradict the hypothesis that the

production function is homogeneous of degree one. If an increase

(decrease) in factors is matched by a proportional increase (decrease)

in output, factor homogeneity will be of degree zero. A test of the

hypothesis that Ean = 0 yields 0.6937. The Wald test for factor

homogeneity yielded F = 0.0419 and Chi 2 = 0.0357. The results of both
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tests indicate that the hypothesis that inputs are homogeneous of

degree zero cannot be rejected. This means the location of the firm

is to be independent of the level of output.

Profit Sensitivity Tests

The effect of the locational variables on profits is used as a

proxy for the effect of those same variables on locational stability.

Optimality will occur at the location where profits are maximized.

A combination of production and negotiated transportation cost data

is used to compute the profit function at the current location. The

data for the parameters and variables in the profit function are found

in Appendix D.

The Sensitivity of Profits to Distance

From (39) above, a~/as = roQ-raM <=> O. If the sign is positive,

the firm will maximize profits at the market site. If the sign is

negative, the firm will maximize profits by locating at the input site

(Sakashita, 1967). A calculation of the equation showed a consistently

negative sign. The results are in Appendix E. This means that the

firm would maximize profits by changing its location to the input site.

The profit function is recomputed for production occurring at

50-mile increments from C to 0 and for production occurring 50- and

lOa-miles beyond point a at points V and W. Table 1 presents the

results of the simulation. While the percentage changes in profits

are relatively small, it is confirmed that profits are maximized at a

as seen by the increase in profits from C to K to a and a decrease

in profits if the firm were to move farther away from a to W.



Table 1

Percentage Changes in Profits and Average
Costs at Simulated 50-mile Increments

Percentage
Percentage Change In

Distance From C Change In Average
(50-mi. Increments) Profits Costs

At C + 50 mi. 0.001572 . -0.000813
At C + 100 mi. 0.001569 -0.007323
At C + 150 mi. 0.001566 -0.004106
At C + 200 mi. 0.001562 -0.004127
At C + 250 mi. 0.001559 -0.004149
At C + 300 mi. 0.001555 -0.004171
At C + 350 mi. 0.001552 -0.004193
At C + 400 mi. 0.001409 -0.003835
At C + 404.5 mi. 0.000139 -0.000381
At C + 450 mi. 0.001546 -0.004237
At C + 500 mi. 0.001542 -0.004260
At C + 550 mi. 0.001539 -0.004283
At C + 600 mi. 0.001536 -0.004306
At C + 650 mi. 0.001533 -0.004330
At C + 672 mi. 0.000673 -0.001916
At C + 722 mi. -0.006620 0.019227
At C + 772 mi. -0.006670 0.038484

Total from C to K 0.011762 -0.032148
Total from K to 0 0.008127 -0.023421
Total from 0 to

o + 100 miles -0.012660 0.037608

43
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The Sensitivity of Profits to Transportation Rates

The sensitivity of profits at the current location with respect

to transportation rates is tested with the equation (29), aTI/ara =

-xQ + sQ-sM < O. The result will always be negative which implies

that an increase in transportation rates will decrease profits. The

magnitude of the value will vary between -xM at C and -xQ at O. The
n n

sign of [(E-xM/n] + [(L-xQ)/n], where n = the number of observations,
M=l Q=l

will indicate the relative influence of transportation rates on

profits. If the sign of the difference is positive, then profits are

more sensitive to the input transportation rate. If the sign is

negative, then profits are more sensitive to the output transportation

rate. A comparison was made of the computed values for this equation

at the current location and location at C and 0, and the mean of the

two extreme values. A positive value is obtained for the current

location.

This would be explained by the relationship between the input

and output transportation rates. The assumption is usually made that

the transportation rates for input and output are constant and

identical. From the cross-sectional data, it is clear that the rates

for inputs and outputs along the entire length of sand x-s are

constant, but they are not identical. Transportation rates for inputs

are, on the average, 29% greater than transportation rates for output.

Table 2 shows that, (a) when the input and output spaces are broken

down into 100-mile increments, the transportation rate tends to be

negatively correlated with distance; (b) the input assembly space is



Table 2

Inbound and Outbound Freight Rates
at 100-mile Increments

Direction 0-99 100-199 200-299 300-399 400-499

Inbound 0.111 0.070 0.055 0.045 0.052

Outbound 0.108 0.057 0.048 0.044 0·.047

500-599 600-699 700-799 800-899 900+
------------------------------------------------------

Inbound

Outbound 0.050 0.048 0.054 0.051 0.048

Values are in cost/ton/mile and are computed from the
cross-sectional data

45
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smaller than the output distribution space; and, (c) the inbound rate

is greater than the outbound rate at each increment to the extent of

the input assembly space. The lack of disaggregated input and output

quantity and price information precludes an empirical examination of

this pattern. However, the suggestion can be made, given (b), (c),

and Min fixed proportion to Q, that there would be a difference

between the overall rates. This would serve to pull the production

location away from the current location toward the input site.

To explore the sensitivity of profits at the current location

to changes in transportation rates, both rates in the profit function

were arbitrarily increased by 1"0%. The effects of this change, and

a change in each rate separately, confirm that a change in transporta

tion rates will decrease profits; and, a change in ra only will

decrease profits by more than a change in ro only. The results are

found in Appendix F. It should be noted that the total effect of

changes in transportation rates on profits is insignificant in

comparison with that of changes in distance.

Cost Minimization Using Average Cost

The restrictions and modifications imposed by the data on the

determination of optimal location from the profit maximizing point

of view carryover to the cost-minimizing perspective. The minimizing

conditions of the cost function are identical to the profit function.

If ac/as < 0 the firm will minimize costs at the input ~ssembly site,

0; if ac/as > a minimized costs will occur at the output distribution

site, C. It has been shown that the sign for this value is negative.

Therefore, optimal location will be at O.
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To demonstrate this, average costs were computed for production

occurring at K, C, and 0, for the range of output in the time-series

data. Because it is not possible to obtain meaningful figures for

marginal costs with aggregated data, average costs were computed by

dividing total costs by output for each observation and then averaged

over all the observations. Appendix G contains the average cost

figures by level of output for each observation. The plot of these

values is illustrated in Figure 9. Of particular interest is the fact

that average costs are perfectly elastic with respect to output. The

results of the regressions, with Q as the independent variable and

the average costs at C, K, and C, respectively, as dependent variables,

are presented in Table 3.

The hypothesis aAC/aQ = 0 cannot be rejected at any location.

These findings are applicable to the range of ou~put during the

period of this study and are interpreted to mean that the firm employs

a production process that allows it to be independent from changes

in output. The relationship between the choice of technology and

fluctuations in demand has been discussed by Stigler (1939), Hart

(1940), Marschak (1962), Mills (1981), and more recently by Garrod

and Miklius (1984). Within the context of this study, the proper

interpretation of the findings is that the firm employs a technology

that permits a dispersed input assembly pattern. Moreover, a perfectly

elastic average cost curve with respect to quantity supports the

finding that equation (41) provided an accurate estimate of the

homogeneity of the production function.
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Table 3

Regression Results:
The Relationship Between Q and AC

at Three Locations

Independent Locations

Variable C K 0

3.5446 3.4865 3.5894
Constant (1.4062 ) (l .5265) (2.6807)

(1 .4062) (0.1544) (1. 3390)

0.1146 0.1246 0.1072
Q (0.7423) (0.7435) (0.7286)

R2
= 0.0121 0.0121 0.0116

OW = 1.8016 1.8913 1.7298
HO: ~1 = 0 0.7423 0.7435 0.7286

T-statistics and standard errors are in parentheses, with
t-statistics appearing first.
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The implication for profits is significant. If the average cost

curve is perfectly elastic with respect to quantity then marginal costs

are equal to average cost. Profits are determined by the vertical

distance between the perfectly elastic price line and the average cost

line. Profits (costs) are maximum (minimum) where the difference is

the greatest. It has been shown that this would occur if the firm

changed its location to o.
The spatial relationships between average costs and output continue

to determine the location at which profits are maximized. The intro

duction of distance into Figure 9 transforms the traditional average

cost curve into a space cost curve (Smith, 1966). Figure 10 illustrates

the lowest average cost at simulated locations set at 50-mile

increments from point C. These points, when connected, form a linear

space-cost curve with C' and A' as the end-points. (Sakashita, 1967).

Since average cost at each location is constant, the locus of points

represents average cost at any level of production within the production

range with respect to the distance plane. The cost minimization point

is at a where there is the greatest distance between the perfectly

elastic price line and the space-cost line.

The research shows that Waldorf of Battle Creek is not maximizing

profits at the current site. The data indicate that the sensitivity

of profits to the status of or changes in the locationa1 variables

are influenced more by the transportation costs of inputs than those

for output. In the linear model the firm would maximize profits if

it were to relocate at the input site, a distance of 276.5 miles from
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its current location. The actual environment of the firm consists

of 405 assembly sites distributed fairly uniformly in two-dimensional

space. With micro-level data a n-input analysis of the sensitivity

of profits to changes in the locational variables could be made

(Alonzo, 1967). The result would be a force vector, representing the

net of transportation cost influences, pointing toward some other point

within the input space and a more precise determination of the optimal

location. However, it is generally not feasible to move industrial

facilities incremental distances.

Therefore, an optimal location determined with the type of model

used in this dissertation may be theoretically correct but impractical

or suboptimal when other economic considerations are taken into account.

In the case of Waldorf Corporation, other economic considerations would

include, proximity to a source of water and electricity, proximity

to a labor force of sufficient size and a convergence of the transporta

tion network (a road system) of sufficient quality to minimize overall

shipping distances.

In addition, the firm would continue to earn more profit at the

current location if the difference between the present value of the

cost of relocating movable assets and plant construction or purchase

were greater than the present value of the difference between profits

at the current location and profits at an optimal location.

Finally, if Waldorf Corporation employed a technology that allowed

the firm to face a relatively flat average cost curve with respect

to a wide range of output and, in the space-cost context, distance,
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the impact on profits between suboptimal and optimal locations would

be reduced, as suggested by Stigler, Marschak and Smith. This research

shows, within the context of the space-cost curve, that the firm is

able to operate in dispersed input and output spaces.

Production-location theory restricts any analysis to the impact

of changes in the transportation variables on profits, to the exclusion

of other fixed and variable costs. The research shows that, insofar

as the effect of transportation variables on Waldorf's profits are

concerned, the percentage difference in profits at simulated optimal

and suboptimal locations in the linear model are not great.

If excluded fixed and variable costs and potential cost of

relocation were included in the model, a more complete partial

equilibrium analysis would be possible. As mentioned above, the

theoretical model used in this dissertation specifically excludes

fixed and variable costs and cost of relocation not directly associated

with the assembly and transport of inputs and the distribution of

output. This enables a clear definition of the conditions necessary

for locational stability from the transportation cost point of view.

Therefore, the results of this limited partial equilibrium analysis

lead to the conclusion that Waldorf of Battle Creek continues to produce

at a slightly suboptimal location because of the relative insensitivity

of profits to changes in transportation costs.
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CHAPTER IV

SUMMARY AND CONCLUSIONS

Summary

Introduction

Production-location theory seeks to determine the optimal location

for a firm that has to transport its inputs from given sources and

its output to a given market to and from the production site, at a

cost. Central to this determination is the requirement that the

location of the firm be independent from the level of output. Under

this condition the effect of the relative forces of transportation

cost and distance can be analyzed.

The Literature

The literature on this subject focuses on three main issues:

(l) the homogeneity of the production function and factors as deter

minants of independence from the level of output; (2) the structure

of the second-order conditions, which, as testable hypotheses, predict

the net influence of the transportation decision variables (transporta-

. tion costs and distance) on the optimal location of the firm; and,

(3) the form of the transportation rate elasticities for inputs and

output with respect to quantity and distance, which serve as modifiers

to the basic predictors in the second order equations.
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The Theoretical Models

Two theoretical models are used for the analysis of the production

location problem. The first is the Moses-Weber model, a two-dimensional

model that determines the optimal location of a firm along an arc

between two input sites and one market site. The second is the linear

location model that determines the optimal location along a line

between two input sites. Both models assume a linear homogeneous

production function.

The Empirical Model

The objective of this study was to empirically determine the

sensitivity of profits to changes in the location decision variables

within the context of the linear location model using aggregated data.

The determination of the optimal location between one input and one

market site was analyzed.

The aggregated time-series data on output, production and input

covered a period of forty-seven months, from August 1986 to June 1990.

Cross-sectional data on transportation cost and distanc~ in the form

of contracted amounts for 1990 wwere also used. The data were provided

by a resource recovery firm located in the Great Lakes Region.

In the construction of an empirical analog to the theoretical

model several compromises had to be made because of data aggregation.

The result was that the modifiers to the basic theoretical equations,

specifically a computation of transportation rate elasticities and

the ratio of marginal products of inputs, were dropped from the

empirical model. In addition, site-spec1fic parameters and variables
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in the theoretical model took the form of aggregated averages in the

empirical model. The cross-sectional data were used to compute the

required distance parameters and to provide some indication of

transportation rate elasticities with respect to distance, but not

quantity. The elasticity results, however, could not be used with

the time-series data in any way that would make economic sense. Thus,

given these differences, the question of whether or not the empirical

results would be applicable in terms of testing the theoretical model,

remained.

The Empirical Results

An estimation of the production function was made by regressing

time-series cost and output data. The regression results confirmed

that the production function, as defined by the location decision

variables, was linearly homogeneous of degree one and was homogeneous

in the factors of degree zero at the 0.05 confidence level. With the

location of the firm determined to be independent from the level of

output, the analysis proceeded to the tests of the predicted effects

of changes in the locational variables on profits.

Equations (29) and (39), derived from the profit function,

represent the two hypotheses that formed the foundation of the analysis.

The theoretical model predicts that profits will be maximized and the

firm will optimally locate either at the output market (input source)

if the sign in equation (39) is positive (negative). Equation (29)

predicts that profits will decrease (increase) if transportation rates

increase (decrease) resulting in an end-point solution in both cases.
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Whether the firm optimally locates at the market or the input source

will depend upon the net difference in the products involving output,

input and distance.

The data on equation (39) showed that the sign in the equation

was negative. Profits were estimated at 50-mile increments from the

market site to the input site, and at points 50- and 100-miles beyond

the input site. The results confirmed the prediction that profits

would be maximized if the firm were located at the input site.

The results from the test on the second hypothesis were less

definite. The values for equation (29), using the time-series data,

were also estimated at three locations, market site (ro=O), current

site and input site (ra=O). A mean of the two extremes was constructed,

the value of which was compared to the value for the equation at the

current site. The results, expressed as percentage change in profits,

indicate that profits are more sensitive to changes in the transporta

tion rate for inputs at the third decimal place and the firm would

maximize profits at the input site.

The foregoing result, while predicted by the theoretical model,

would suggest that profits are not significantly influenced by

transportation rates when compared to the effect of changes in

distance.

A test of the cost minimization portion of the theoretical model

confirms that costs are minimized at the input assembly site. Average

costs for the range of output over the period of this study were

estimated at three locations, at the market, current site and input



58

site. The results clearly show that average costs with respect to

output decrease as profits increase when the location of the firm

approaches, and finally reaches, the input site. An examination of

average costs at the same three locations with respect to the distance

plane also showed that costs would be minimized at the input site.

Conclusions

It can be concluded from the empirical analysis that: (a) the

use of aggregated data does not prevent the empirical model from

confirming the predicted outcomes of the theoretical model with respect

to the sensitivity of profits to changes in the location decision

variables; and, (b) in terms of the subject firm, an analysis clearly

shows that the firm faces a linearly homogeneous production function

of degree one, and is homog~neous in factors of degree zero, profits

are more sensitive to changes in distance than to changes in

transportation rates, and, given the empirically determined direction

of change, the optimality will occur at the input site.
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APPENDIX A

DATA SETS 1 AND 2
OUTPUT, PRODUCTION, AND INPUT

TOTAL TOTAL OUTPUT OUTBOUND MATERIALS TOTAL FIBE
REVENUE OUTPUT $/TON FREIGHT COST/TON $/TON

COST/TON

DATE TR Q P OB MT FF
--------------------------------------------------------------------
AUG 1986 3115038 9003 346 10 113 86.10
SEP 2918328 8386 348 11 112 90.30
OCT 3182166 9066 351 12 113 86.24
NOV 3188520 9378 340 13 117 87.39
DEC 2358920 6938 340 13 114 86.20
JAN 1987 3237024 9634 336 14 108 81.10
FEB 2823386 8378 337 11 108 83.49
MAR 2906400 8650 336 14 128 89.56
APR 3092706 9043 342 12 119 88.49
MAY 3022196 9103 332 10 127 85.58
JUN 3080340 9420 327 12 123 84.17
JUL 2533724 7586 334 15 127 88.39
AUG 3280538 9454 347 11 127 92.39
SEP 3266592 9152 346 11 128 91.34
OCT 3488372 10082 346 10 130 92.89
NOV 3436472 9932 346 13 138 101. 35
DEC 3157404 9073 348 11 135 97.70
JAN 1988 3236004 8964 361 12 139 103.19
FEB 3297862 8986 367 13 134 104.76
MAR 3541915 9395 377 10 136 100.08
APR 3732520 9980 374 13 118 93.69
MAY 3658200 9380 390 '12 128 96.37
JUN 3587448 9246 388 12 125 92.03
JUL 2834268 7068 401 12 126 95.44
AUG 4065720 9965 408 12 130 98.34
SEP 3776500 9100 415 11 125 93.97
OCT 4098808 9667 424 12 129 95.00
NOV 3927000 9350 420 12 117 82.59
DEC 3626494 8614 421 10 123 82.15
JAN 1989 4013724 9356 429 12 114 83.54
FEB 3867390 8730 443 11 118 84.45
MAR 4264064 9518 448 11 111 77.74
APR 4247640 9315 456 11 120 88.78
MAY 3363000 7080 475 9 125 92.83
JUN 4227500 8900 475 10 134 84.82
JUL 4436019 10059 441 11 126 90.16
AUG 4206012 9473 444 11 133 99.20
SEP 4102602 9453 434 9 130 94.55
OCT 4360444 9647 452 11 130 88.91
NOV 3849920 8480 454 14 123 81. 68
DEC 3182642 6949 458 13 133 87.25
JAN 1990 4180284 9228 453 10 131 83.42
FEB 4147335 8919 465 11 122 96.56
MAR 4402409 9427 467 11 122 83.36
APR 3848854 8422 457 11 125 93.70
MAY 4327250 9110 475 11 125 83.64
JUN 4533354 9666 469 11 125 90.78



DATA SETS 1 AND 2
OUTPUT, PRODUCTION, AND INPUT

LABOR OTHER COST INBOUND TOTAL FIBER
COST/TON COST/TON FREIGHT IN TONS

$/TON

DATE LA OT IF TFT
--------------------------------------------------
AUG 1986 24 147 10.49 7595.552

SEP 25 149 10.92 8156.223
OCT 25 148 10.20 8615.236
NOV 26 142 11.41 9256.070
DEC 31 200 10.90 7056.000
JAN 1987 24 143 iO.22 8471. 837
FEB 24 157 11.23 7581. 561
MAR 27 150 12.23 8586.454
APR 25 137 9.74 8248.062
MAY 26 125 9.80 8395.213
JUN 24 124 10.27 9673.908
JUL 28 183 11.14 9709.159
AUG 27 138 11.02 7694.236
SEP 25 135 11.11 9319.452
OCT 22 163 11.11 10515.852
NOV 25 131 11.64 10047.368
DEC 25 151 11.14 9698.333
JAN 1988 28 149 10.61 8232.749
FEB 25 215 10.48 8130.400
MAR 24 145 10.48 9064.883
APR 23 142 10.51 7715.433
MAY 26 166 10.88 8751. 788
JUN 26 159 10.76 10115.518
JUL 36 197 10.85 7003.816
AUG 26 149 10.56 9318.390
SEP 27 159 11.10 9743.236
OCT 26 149 10.72 8919.533
NOV 28 156 10.50 9410.086
DEC 28 185 10.57 9140.705
JAN 1989 27 176 10.09 8554.882
FEB 26 171 9.71 8293.571
MAR 27 159 9.61 9512.259
APR 26 164 10.63 8907.898
MAY 36 212 10.26 7066.788
JUN 28 148 . 9.89 9305.874
JUL 28 152 10.46 8630.150
AUG 29 161 9.87 10801. 311
SEP 27 165 9.45 8499.482
OCT 26 175 9.57 9275.310
NOV 31 172 9.92 8823.233
DEC 33 209 10.44 6044.751
JAN 1990 29 132 9.94 9768.968
FEB 28 202 10.09 7889.290

MAR 28 169 10.08 9660.651

APR 32 197 10.21. 8130.792

MAY 28 158 10.36 8756.890

JUN 25 146 11.97 9068.940
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APPENDIX B

AVERAGE SHIPPING DISTANCE AND TRANSPORTATION COST FOR OUTPUT AND INPUT

AVERAGE SHIPPING DISTANCE AND TRANSPORTATION
COST FOR INPUTS BY CITY SOURCE

INBOUND INBOUND INBOUND INBOUND
CITY SOURCE MILES RATE COST/TON

IMI IRATE ICT
------------------------------------------------

SANDUSKY OH 164.0 227 10.319
MUNCIE IN 166.0 236 10.747

CREST HILL IL 169.0 275 12.500
MELROSE PARK IL 173.2 249 11. 318

JOLIET IL 175.0 259 11. 770
WILLARD OH 185.0 238 10.829

KANKAKEE IL 186.0 258 '11. 735
CAROL STREAM IL 189.0 250 11. 350
WEST CHICAGO IL 192.0 259 11. 761

NORTH CHICAGO IL 200.0 267 12.124
MUNDELEIN IL 201.0 258 11. 725

INDIANAPOLIS IN 204.0 253 11.510
BATAVIA IL 204.0 261 11.850

EDISON OH 207.0 250 :1.1.341
DWIGHT IL 207.0 247 11. 227
DAYTON OH 208.0 252 11. 468

ZION IL 210.0 198 9.015
ANTIOCH IL 211.0 275 12.480

CRAWFORDSVILLE IN 211.0 258 11. 739
MEDINA OH 212.0 260 11. 798

MARSEILLES IL 214.0 278 12.620
WOODSTOCK IL 215.0 278 12.628

SHELBYVILLE IN 215.0 261 11. 857
TRAVERSE CITY MI 216.0 301 13.662

HUNTLEY IL 218.0 281 12.766
MORAINE OH 220.0 256 11. 625

CLEVELAND OH 222.0 272 12.366
WOOSTER OH 222.0 280 12.727

RACINE WI 228.0 287 13.041
HAMILTON OH 229.0 287 13.030

TWINSBURG OH 235.0 284 12.916
AKRON OH 236.0 283 12.882

COLUMBUS OH 236.0 274 12.434
ROCKFORD IL 245.0 294 13.352

SOLON OH 245.0 292 13.267
MILWAUKEE WI 248.0 309 14.049

HARRISON OH 249.0 289 13.114
BLUE ASH OR 250.0 292 13.293

CINCINNATI OH 250.0 295 13.409
CANTON OH 253.0 288 13.070

DIXON IL 255.0 319 14.500
NEW PHILADELPHIA OH 260.0 297 13.506

BLOOMINGTON IL 269.0 350 15.909
MOUNT MORRIS IL 270.0 346 15.732

NORTH LIMA OH 284.0 323 14.669
MADISON WI 300.0 369 16.790

BEAVER DAM WI 309.0 369 16.769
MOLINE IL 315.0 ]69 ]6.773



AVERAGE SHIPPING DISTANCE AND TRANSPORTATION
COST FOR INPUTS BY CITY SOURCE

INBOUND INBOUND INBOUND INBOUND
CITY SOURCE MILES RATE COST/TON

IMI IRATE ICT
------------------------------------------------

KALAMAZOO MI 23.0 127 5.795
STURGIS MI 42.0 150 6.818
LANSING MI 45.0 145 6.591

OWOSSO MI 71.0 175 7.955
HOLLAND MI 71.0 170 7.727

GRAND RAPIDS MI 72.0 170 ·7.727
ELKHART IN 72.0 187 8.508

DURAND MI 77 .0 182 8.260
HOWELL MI 78.0 170 7.727
GOSHEN IN 83.0 200 9.091

SOUTH BEND IN 84.0 188 8.533
BENTON HARBOR MI 84.0 163 7.413

ANN ARBOR MI 84.0 168 7.655
MISHAWAUKA IN 87.0 185 8.428

MILAN MI 91.0 188 8.545
ROCKFORD MI 93.0 190 8.636

BURTON MI 94.0 186 8.459
FLINT MI 94.0 187 8.500

WAUSEON OH 94.5 196 8.916
STEVENSVILLE MI 99.0 175 7.955

FORT WAYNE IN 99.0 197 8.975
PLYMOUTH MI 104.0 188 8.523
MUSKEGON MI 105.0 190 8.636

WARSAW IN 107.0 199 9.027
LA PORTE IN 108.0 202 9.193

SAGINAW MI 109.0 220 10.000
MICHIGAN CITY IN 109.0 210 9.566

TOLEDO OH 112.0 195 8.870
MONROE MI 113.0 192 8.727

PERRYSBURG OH 120.0 201 9.135
LIVONIA MI 120.0 193 8.773
DETROIT MI 121. 0 195 8.871

BAY CITY MI 122.0 219 9.949
FREMONT OH 130.0 203 9.205

BERN IN 134.0 214 9.739
MARION IN 135.8 212 9.636

LANSING IL 144.0 235 10.682
FREEMONT OH 145.0 197 8.959
GAS CITY IN 145.0 210 9.564
PORTLAND IN 149.0 208 9.475

PORT HURON MI 157.8 239 10.844
DOLTON IL 162.0 243 11. 042

BROADVIEW IL 162.0 242 11.013
MAYWOOD IL 162.0 243 11.058

NORTH LAKE IL 162.0 243 11.042
CHICAGO/CICERO IL 162.0 233 10.534

KOKOMO IN 163.0 218 9.923
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AVERAGE SHIPPING DISTANCE AND TRANSPORTATION
COST FOR INPUTS BY CITY SOURCE
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INBOUND
CITY SOURCE

INBOUND INBOUND
MILES RATE

IMI IRATE

INBOUND
COST/TON

ICT

LEETSDALE PA 320.0 320 14.545
SPRINGFIELD IL 329.0 350 15.909

PITTSBURG PA 337.0 349 15:860
MENASHA WI 340.5 398 18.080

APPLETON WI 347.0 403 18.331
GREEN BAY WI 358.0 426 19.347

DEPEW NY 403.5 408 18.545
ALTON IL 409.0 475 21.580

DES MOINES IA 480.0 600 27.273
ST. PAUL MN 552.0 575 26.158
SCRANTON PA 573.0 539 24.515

PHILADELPHIA PA 632.0 596 27.073
ATLANTA GA 691.0 611 27.773



AVERAGE SHIPPING DISTANCE AND TRANSPORTATION
COST FOR OUTPUTS BY CITY DESTINATION

DESTINATION OUTBOUND OUTBOUND OUTBOUND
MILES RATE COST/TON

OMI ORATE OCT
---~----------------------------------------------

ELKHART IN 72 145.00 6.59091
GOSHEN IN 83 200.00 9.09091
TOLEDO OH 112 200.00 9.09091
PLYMOTH IN 114 165.00 7.50000
MARION IN 137 156-:.00 7.09091
BEDFORD PARK IL 162 155.52 7.06909
BROADVIEW IL 162 155.52 7 ..06909
CHICAGO IL 162 155.52 7.06909
RIVER GROVE IL 162 170.00 7.72727
MUNCIE IN 166 195.00 8.86364
SOUTH HOLLAND IL 170 170.00 7.72727
FRANKFORT IL 172 165.12 7.50545
NORWALK OH 173 181.65 8.25682
MELROSE PARK IL 174 170.00 7.72727
FRANKLIN PARK IL 176 170.00 7.72727
WHEELING IL 185 180.00 8.18182
KANKAKEE IL 186 200.00 9.09091
CAROL STREAM IL 189 180.00 8.18182
WAUKEGON WI 200 200.00 9.09091
MUNDLEIN IL 201 189.12 8.59636
ASHLAND OH 205 196.80 8.94545
DAYTON OH 208 199.68 9.07636
CLEVELAND OH 222 213.12 9.68727
MIDDLETOWN OH ·222 210.90 9.58636
MIDDLETOWN OH 223 237.50 10.79545
RACINE WI 228 205.20 9.32727
HARRISON OH 229 219.84 9.99273
SOLON OH 236 226.56 10.29818
BEDFORD HEIGHTS OH 236 226.56 10.29818
MILWAUKEE WI 248 223.00 10.13636
CINCINNATI OH 250 267.50 12.15909
CINCINNATI OH 250 240.00 10.90909
NEW BERLIN WI 253 227.70 10.35000
TERRE HAUTE IN 275 280.00 12.72727
CLINTON IA 292 265.00 12.04545
CLINTON IA 293 300.00 13.63636
CAMANCHE IA 295 270.00 12.27273
MADISON WI 300 264.00 12.00000
SHEBOYGAN WI 302 266.00 12.09091
LOUISVILLE KY 306 293.76 13.35273
BEAVER DAM WI 308 270.00 12.27273
FONDULAC WI 309 272.00 12.36364
DUBUQUE IA 338 300.00 13.63636
MENASHA WI 340 282.00 12.81818
NEENAH WI 340 282.00 12.81818
BELPRE OH 346 332.16 15.09818
APPLETON WI 347 287.00 13.04545
GREEN BAY WI 358 296.00 13.45455
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AVERAGE SHIPPING DISTANCE AND TRANSPORTATION
COST FOR OUTPUTS BY CITY DESTINATION

DESTINATION OUTBOUND OUTBOUND OUTBOUND
MILES RATE COST/TON

OMI ORATE OCT
------------------------------------------------
EVANSVILLE IN 371 356.16 16.18909
WISCONSON RAPIDSWI 403 356.00 16.18182
BUFFALO NY 404 444.40 20.20000
ST. LOUIS MO 417 400.32 18.19636
WAUSAU WI 430 380:00 ·17.27273
ST. CHARLES MO 433 415.68 18.89455
WINONA MN 458 412.20 18.73636
WEST DESMOINES OH 488 439.20 19.96364
NEWARK NY 506 556.60 25.30000
CARLISLE PA 518 497.28 22.60364
PALMYRA PA 546 524.16 23.82545
ST. PAUL MN 552 496.80 22.58182
MINNEAPOLIS MN 561 504.90 22.95000
BALTIMORE MD 561 617.10 28.05000
BINGHAMPTON NY 573 630.30 28.65000
CHATTANOOGA TN 583 526.50 23.93182
WINSTON SALEM NC 612 580.00 26.36364
OMAHA NE 613 588.48 26.74909
MADISON HEIGHTS VA 614 589.44 26.79273
TAYLORSVILLE NC 615 580.00 26.36364
ST. CLOUD MN 619 557.10 25.32273
ST. JOSEPH MO 628 628.00 28.54545
KANSAS CITY MO 628 580.25 26.37500
PHILADELPHIA PA 629 603.84 27.44727
BELLWOOD VA 633 607.68 27.62182
CLOQUET MN 640 576.00 26.18182
GREENVILLE SC 640 614.40 27.92727
LOWVILLE NY 640 704.00 32.00000
GREENSBORO NC 642 609.90 27.72273
SARATOGA SPRINGSNY 670 1080.56 49.11636
LAWRENCE KS 672 640.00 29.09091
BROOKLYN NY 677 1001. 96 45.54364
NEW YORK NY 686 1015.28 46.14909
SIOUX FALLS SD 706 677.76 30.80727
STONE MOUNTAIN GA 711 640.00 29.09091
CHICOPEE MA 766 1075.00 48.86364
LIVINGSTON AL 790 759.40 34.51818
ST. ALBANS VT 796 875.60 39.80000
WILMINGTON NC 811 778.56 35.38909
METHUEN MA 836 1045.00 47.50000
FRAMINGHAM MA 842 1052.50 47.84091
WEST MONROE LA 885 950.00 43.18182
JACKSONVILLE FL 987 1065.00 48.40909
MIAMI FL 1340 1440.00 65.45455
CLEARFIELD OH 1533 1471.68 66.89455
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APPENDIX C

PRODUCTION FUNCTION DATA

TOTAL TOTAL OUTBND INBOUND OTHER TOTAL
COST FIBER FREIGHT FREIGHT COST OUTPUT

IN TONS $/TON $/TON PER TON
(ra)

DATE M OB IF OM Q
--------------------------------------------------------------------
AUG 1986 2590142.608 7595.552 10 10.49 147 9003
SEP 2459115.102 8156.223 11 10.92 149 8386
OCT 2650731. 000 8615.236 12 10.20 148 9066
NOV 2762031. 966 9256.070 13~ 11.41 142 9378
DEC 2422531. 710 7056.000 13 10.90 200 6938
JAN 1987 2666193.475 8471. 837 14 10.22 143 9634
FEB 2482587.398 7581.561 11 11.23 157 8378
MAR 2735835.013 8586.454 14 12.23 150 8650
APR 2584216.770 8248.062 12 9.74 137 9043
MAY 2549584.236 8395.213 10 9.80 125 9103
JUN 2638518.542 9673.908 12 10.27 124 9420
JUL 2681773.945 9709.159 15 11.14 183 7586
AUG 2778889.285 7694.236 11 11.02 138 9454
SEP 2714730.377 9319.452 11 11.11 135 9152
OCT 3288519.348 10515.852 10 11.11 163 10082
NOV 3034697.870 10047.368 13 11.64 131 9932
DEC 2910718.174 9698.333 11 11.14 151 9073
JAN 1988 2863900.766 8232.749 12 10.61 149 8964
FEB 3423371.136 8130.400 13 10.48 215 8986
MAR 2923916.974 9064.883 10 10.48 145 9395
APR 2886751. 639 7715.433 13 10.51 142 9980
MAY 3060723.503 8751. 788 12 10.88 166 9380
JUN 2954482.035 10115.518 12 10.76 159 9246
JUL 2519729.963 7003.816 12 10.85 197 7068
AUG 3096610.291 9318.390 12 10.56 149 9965
SEP 2900739.387 9743.236 11 11.10 159 9100
OCT 2994658.389 8919.533 12 10.72 149 9667
NOV 2862378.026 9410.086 12 10.50 156 9350
DEC 2932449.238 9140.705 10 10.57 185 8614
JAN 1989 2998168.132 8554.882 12 10.09 176 9356
FEB 2780863.205 8293.571 11 9.71 171 8730
MAR 2857392.384 9512.259 11 9.61 159 9518
APR 2937373.560 8907.898 11 10.63 164 9315
MAY 2594694.075 7066.788 9 10.26 212 7080
JON 2782840.187 9305.874 10 9.89 148 8900
JUL 3087585.893 8630.150 11 10.46 152 10059
AUG 3102443.861 10801. 311 11 9.87 161 9473
SEP 3034370.018 8499.482 9 9.45 165 9453
OCT 3225970.529 9275.310 11 9.57 175 9647
NOV 2795361.413 8823.233 14 9.92 172 8480
DEC 2593104.705 6044.751 13 10.44 209 6949
JAN 1990 2713423.912 9768.968 10 9.94 132 9228
FEB 3147079.299 7889.290 11 10.09 202 8919
MAR 3041782.739 9660.651 11 10.08 169 9427
APR 2970482.557 8130.792 11 10.21 197 8422
MAY 2859794.650 8756.890 11 10.36 158 9110
JUN 2942960.135 9068.940 11 1] .97 HG 966G
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APPENDIX D

VALUES FOR THE PROFIT FUNCTION =

67

OUTPUT OUTPUT OUTPUT MILES OUTPUT FIBER INPUT
OUTPUT FREIGHT FREIGHT TO $/TON FREIGHT

$/TON $/TON/MI $/TON MKT. $/TON

DATE po (ro) OB (x-s) Q pa IF
--------------------------------------------------------------------
AUG 1986 346 0.02472 10 404.5 9003 86.10 10.49
SEP 348 0.02719 11 404.5 8386 90.30 10.92
OCT 351 0.02967 12 404.5 9066 86.24 10.20
NOV 340 0.03214 13 404.,5 9378 87.39 11.41
DEC 340 0.03214 13 404.5 6938 86.20 10.90
JAN 1987 336 0.03'l,61 14 404.5 9634 81.10 10.22
FEB 337 0.02719 11 404.5 8378 83.49 11.23
MAR 336 0.03461 14 404.5 8650 89.56 12.23
APR 342 0.02967 12 404.5 9043 88.49 9.74
MAY 332 0.02472 10 404.5 9103 85.58 9.80
JUN 327 0.02967 12 404.5 9420 84.17 10.27
JUL 334 0.03708 15 404.5 7586 88.39 11.14
AUG 347 0.02719 11 404.5 9454 92.39 11.02
SEP 346 0.02719 11 404.5 9152 91. 34 11.11
OCT 346 0.02472 10 404.5 10082 92.89 11.11
NOV 346 0.03214 13 404.5 9932 101. 35 11.64
DEC 348 0.02719 11 404.5 9073 97.70 11.14
JAN 1988 361 0.02967 12 404.5 8964 103.19 10.61
FEB 367 0.03214 13 404.5 8986 104.76 10.48
MAR 377 0.02472 10 404.5 9395 100.08 10.48
APR 374 0.03214 13 404.5 9980 93.69 10.51
MAY 390 0.02967 12 404.5 9380 96.37 10.88
JUN 388 0.02967 12 404.5 9246 92.03 10.76
JUL 401 0.02967 12 404.5 7068 95.44 10.85
AUG 408 0.02967 12 404.5 9965 98.34 10.56
SEP 415 0.02719 11 404.5 9100 93.97 11.10
OCT 424 0.02967 12 404.5 9667 95.00 10.72
NOV 420 0.02967 12 404.5 9350 82.59 10.50
DEC 421 0.02472 10 404.5 8614 82.15 10.57
JAN 1989 429 0.02967 12 404.5 9356 83.54 10.09
FEB 443 0.02719 11 404.5 8730 84.45 9.71
MAR 448 0.02719 11 404.5 9518 77.74 9.61
APR 456 0.02719 11 404.5 9315 88.78 10.63
MAY 475 0.02225 9 404.5 7080 92.83 10.26
JUN 475 0.02472 10 404.5 8900 84.82 9.89
JUL 441 0.02719 11 404.5 10059 90.16 10.46
AUG 444 0.02719 11 404.5 9473 99.20 9.87
SEP 434 0.02225 9 404.5 9453 94.55 9.45
OCT 452 0.02719 11 404.5 9647 88.91 9.57
NOV 454 0.03461 14 404.5 8480 81. 68 9.92
DEC 458 0.03214 13 404.5 6949 87.25 10.44
JAN 1990 453 0.02472 10 404.5 9228 83.42 9.94
FEB 465 0.02719 11 404.5 8919 96.56 10.09
MAR 467 0.02719 11 404.5 9427 83.36 10.08
APR 457 0.02719 11 404.5 8422 93.70 10.21
MAY 475 0.02719 11 404.5 9110 83.64 10.36
JUN 469 0.02719 11 404.5 9666 90.78 11.97



VALUES FOR THE PROFIT FUNCTION

INPUT MILES TO TOTAL TOTAL PROFIT
FREIGHT INPUT FIBER REVENUE
$/TON/HI SOURCE IN TONS

DATE ra s M TR pi
------------------------------------------------------------------
AUG 1986 0.03794 276.50 7595.552 3~15038 2381383.63
SEP 0.03949 276.50 8156.223 2918328 2092755.11
OCT 0.03689 276.50 8615.236 3182166 2351312.64
NOV 0.04127 276.50 9256.0.70 318852') 2274020.28
DEC 0.03942 276.50 7056.000 2358920 1673782.40
JAN 1987 0.03696 276.50 8471.837 3237024 2463375.85
FEB 0.04061 276.50 7581.561 2823386 2105260.54
MAR 0.04423 276.50 8586.454 2906400 2032384.85
APR 0.03523 276.50 8248.062 3092706 2282498.87
MAY 0.03544 276.50 8395.213 3022196 2221460.58
JUN 0.03714 276.50 9673.908 3080340 2166736.13
JUL 0.04029 276.50 9709.159 2533724 1567371.40
AUG 0.03986 276.50 7694.236 3280538 2484877.06
SEP 0.04018 276.50 9319.452 3166592 2211814.14
OCT 0.04018 276.50 10515.852 3488372 2394723.39
NOV 0.04210 276.50 10047.368 3436472 2301219.89
DEC 0.04029 276.50 9698.333 3157404 2101837.44
JAN 1988 0.03837 276.50 8232.749 3236004 2299117.16
FEB 0.03790 276.50 8130.400 3297862 2360914.70
MAR 0.03790 276.50 9064.883 3541915 2539701. 54
APR 0.03801 276.50 7715.433 3732520 2928571.88
MAY 0.03935 276.50 8751.788 3658200 2719570.74
JUN 0.03892 276.50 10115.518 3587448 2547673.90
JUL 0.03924 276.50 7003.81l? 2834268 2089832.40
AUG 0.03819 276.50 9318.390 4065720 3050947.33
SEP 0.04014 276.50 9743.236 3776500 2752778.19
OCT 0.03877 276.50 8919.533 4098808 3155834.97
NOV 0.03797 276.50 9410.086 3927000 3051015.09
DEC 0.03823 276.50 9140.705 3626494 2778967.83
JAN 1989 0.03649 276.50 8554.882 4013724 3212730.40
FEB 0.03512 276.50 8293.571 3867390 3086467.35
MAR 0.03476 276.50 9512.259 4264064 3433168.18
APR 0.03844 276.50 8907.898 4247640 3362105.86
MAY 0.03711 276.50 7066.788 3363000 2634484.83
JUN 0.03577 276.50 9305.874 4227500 3346140.67
JUL 0.03783 276.50 8630.150 4436019 3567653.31
AUG 0.03570 276.50 10801. 311 4206012 3027913.01
SEP 0.03418 276.50 8499.482 4102602 3218655.87
OCT 0.03461 276.50 9275.310 4360444 3447011.47
NOV 0.03588 276.50 8823.233 3849920 3041711.86
DEC 0.03776 276.50 6044.751 3182642 2592130.27
JAN 1990 0.03595 276.50 9768.968 4180284 3268253.15
FEB 0.03649 276.50 7889.290 4147335 3305942.22
MAR 0.03646 276.50 9660.651 4402409 3499717.77
APR 0.03693 276.50 8130.792 3848854 3003983.40
MAY 0.03747 276.50 8756.890 4327250 3504102.34
JUN 0.04329 276.50 9068.940 4533354 3601520 ... 2
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APPENDIX E

COMPUTED VALUE FOR SECOND ORDER CONDITION
EQUATION (38)

roQ-raM

DATE (-)
------------------------

AUG 1986 -65.50
SEP -94.07
OCT -48.64
NOV -81. 24
DEC -55.30
JAN 1987 19.88
FEB -79.93
MAR -80.23
APR -21. 75
MAY -72.35
JUN -79.13
JUL -109.84
AUG -49.85
SEP -125.71
OCT -173.71
NOV -104.18
DEC -144.06
JAN 1988 -49.91
FEB -19.69
MAR -111.50
APR 27.17
MAY -65.36
JUN -118.89
JUL -64.63
AUG -60.00
SEP -143.18
OCT -58.97
NOV -79.89
DEC -136.41
JAN 1989 -34.38
FEB -53.65
MAR -72 .14
APR -88.70
MAY -105.00
JUN -113.32
JUL -52.61
AUG -127.94
SEP -80.83
OCT -58.53
NOV -23.35
DEC -5.43
JAN 1990 -122.77
FEB -45.36
MAR -96.20
APR -70.95
MAY -80.59
JUN -129.77
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APPENDIX F

SENSITIVITY OF PROFITS TO CHANGES IN ra & ro

PERCENT PERCENT PERCENT PERCENT
EFFECT OF EFFECT OF EFFECT OF DIFFERENCE
10% CHANGE 10% CHANGE 10% CHANGE BETWEEN
IN ra & ro IN ra IN ro CHANGES IN

DATE ON PROFITS ON PROFITS ON PROFITS ra & ro
---------------------------------------------------------
AUG 1986 -0.0072 -0.0034 -0.0038 0.0004
SEP -0.0087 -0.0043 -0.0044 0.0002
OCT -0.0085 -0.0038 -0.0047 0.0009
NOV -0.0101 -0.0047 .. -0.0054 0.0007
DEC -0.0101 -0.0046 -0.0054 0.0008
JAN 1987 -0.0092 -0.0036 -0.0056 0.0020
FEB -0.0085 -0.0041 -0.0044' 0.0003
MAR -0.01.13 -0.0052 -0.0060 0.0008
APR -0.0084 -0.0036 -0.0048 0.0013
MAY -0.0079 -0.0037 -0.0041 0.0004
JUN -0.0099 -0.0046 -0.0053 0.0007
JUL -0.0143 -0.0070 -0.0073 0.0004
AUG -0.0077 -0.0034 -0.0042 0.0008
SEP -0.0093 -0.0047 -0.0046 -0.0001
OCT -0.0091 -0.0049 -0.0042 -0.0007
NOV -0.0108 -0.0051 -0.0056 0.0005
DEC -0.0099 -0.0051 -0.0047 -0.0004
JAN 1988 -0.0086 -0.0038 -0.0047 0.0009
FEB -0.0087 -0.0037 -0.0050 0.0014
MAR -0.0075 -0.0037 -0.0037 -0.0000
APR -0.0073 -0.0028 -0.0045 0.0017
MAY -0.0077 -0.0035 -0.0042 0.0007
JUN -0.0087 -0.0043 -0.0044 0.0001
JUL -0.0078 -0.0037 -0.0041 0.0004
AUG -0.0072 -0.0033 -0.0040 0.0007
SEP -0.0076 -0.0039 -0.0036 -0.0003
OCT -0.0068 -0.0031 -0.0037 0.0007
NOV -0.0070 -0.0033 -0.0037 0.0004
DEC -0.0066 -0.0035 -0.0031 -0.0004
JAN 1989 -0.0063 -0.0027 -0.0035 0.0008
FEB -0.0058 -0.0026 -0.0031 0.0005
MAR -0.0058 -0.0027 -0.0031 0.0004
APR -0.0059 -0.0028 -0.0031 0.0002
MAY -0.0052 -0.0027 -0.0024 -0.0003
JUN -0.0054 -0.0028 -0.0027 -0.0001
JUL -0.0057 -0.0025 -0.0031 0.0006
AUG -0.0070 -0.0035 -0.0034 -0.0001
SEP -0.0052 -0.0025 -0.0026 0.0001
OCT -0.0057 -0.0026 -0.0031 0.0005
NOV -0.0069 -0.0029 -0.0040 0.0010
DEC -0.0060 -0.0025 -0.0035 0.0011
JAN 1990 -0.00=,8 -0.0030 -0.0028 -0.0001
FEB -0.0054 -0.0024 -0.0030 0.0006
MAR -0.0058 -0.0028 -0.0030 0.0002
APR -0.0059 -0.0028 -0.0031 0.0003

MAY -0.0055 -0.0026 -0.0029 0.0003

JUN -0.0060 -0.0030 -0.0030 -0.0001
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APPENDIX G

AVERAGE COST AT C, K, & 0
ARRANGED BY INCREASING LEVELS OF OUTPUT

Q AC AT C AC AT K AC AT 0
------------------------------------------

6938 85.28 82.40 80.39
6949 103.02 98.59 95.48
7068 95.82 93.70 92.22
7080 102.38 98.96 96.56
7586 103.51 100.36 98.15
8378 84.19 85.01 85.58
8386 90.08 86.31 83.67
8422 106.25 102.58 100.01
8480 93.40 92.45' 91. 79
8614 91.82 88.67 86.48
8650 101.50 98.17 95.85
8730 133.53 127.81 123.80
8900 88.05 85.96 84.50
8919 109.21 103.77 99.98
8964 113.48 106.66 101.90
8986 119.37 115.22 112.32
9003 121.47 115.19 110.80
9043 108.73 106.53 104.99
9066 108.35 107.48 106.87
9073 111.03 106.33 103.05
9100 84.05 85.12 85.88
9103 104.41 101. 65 99.72
9110 117.51 112.43 108.B7
9152 109.93 106.31 103.78
9228 106.09 103.71 102.04
9246 117.59 111. 37 107.02
9315 101. 82 99.41 97.72
9350 98.25 94.87 92.51
9356 103.20 96.93 92.56
9378 89.59 88.14 87.12
9380 93.40 90.97 89.27
9395 91.46 88.46 86.37
9420 99.40 95.64 93.00
9427 107.30 101. 44 97.33
9453 103.50 98.47 94.95
9454 90.17 88.10 86.66
9473 129.21 123.87 120.13
9518 97.18 93.80 91.43
9634 98.64 96.24 94.56
9647 99.77 98.68 97.92
9666 88.91 88.60 88.39
9667 103.33 98.06 94.39
9932 98.18 96.17 94.77
9965 100.22 96.19 93.36
9980 104.55 101. 22 98.89

10059 94.66 91.16 88.72
10082 101. 24 95.93 92.22
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