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A]Fpgd Weber [17] de&eloped a model to show how
a firm might locate when entering production given.geo-
graphically distinct markets for the tirm’s product and -
the firm’s inputs. The opt imal location for the firm
entering was shown to result trom the solution to a
straightforward-tranSportation cost minimization problem.
In a separate stream of development Cournot [ 2] and
Samue lson [l3]‘demcﬁstnated-thet a problem of economic
rent maximization could define a set of prices and inter-
point flows in space which characterized a Spatiél price
“equilibrium in reality. In this paper | will indicate
that Cournof-Samuelson principle of economic rent maximiza-
tion and the extension to a dual problem in Hartwick [ 4]
can be shown to generalize the Weber problem in a- number
of dir'ections..2
In Section |, the problem of locating a single
firm serving a single product market is develoﬁed in
general and the special case of the Weber Problem is indi-
cated. 1In Section 2, the single firm problem is extended
to incorporate more general spatial constraints in the
form of certain inelasticities in supply and demand and

of rivals in tfixed geographic pdsitions. In Section 3, the
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simultaneous location of many firms producing a homogeneous
product is analyzed. In Section 4, the simultaneous
locat ion of many firmsrproducing different products as
analyzed, A general equilibrium model of location is
outlined in Section 5. Section 6 contains comments and
conclusions,

The utilization of changes in levels of econoﬁic
rent, the sum of producers'rand consumers’ surpluses, as
measures of changes in social welfare dates from Cournot’s
Mathematical Principles. There is also a vast literature
dealing with the quality of economic rent as a social
we [fare measure. Hoteliing L 773 rigorously investigated
this latter issue 1n his investigation of the welfare
effects of an excise tax. However his paper antedated
the celebrated Bergson paper on the Social Welfare Function.
Nonetheless changes in economic rent do have normative
signiFicance.3 We will speak of optimal location in the
sense of economic rent maxiﬁizing location.

An alternative interpretation of a érobiem of
economic rent maximization is simply to assert following
Samue son that "net social payoff” or economic rent “is
artificial .in the sense that after an Invisible Hand has
.ied us to its maxfmization, we need not necessarily attach
any social welfare significance to the result”. [13; p.288}.

In this sense our primal-dual problems whose solutions
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yield a location equilibrium provide a useful fiction.
The rent maximization problem is then of positive réther
than normative signifécance;

The elucidation of the nature of a locational
~equilibrium is an essentially mathematical exercise and
it particularly turns on the proof of existence of
éolutions to a class of mathematical problems. The em-
phasis 1n this paper is on revealing the nature of a
locational equilibrium for alternative classes of firm
entry problems and presenting notes on the underlyiﬁg
mathematical nature of the equilibrium. Rigorous proofs
of the existence of solutions to the fundamentatl non-
linear primal-dual probiems are not attempted here.
Proofs of existence for analogous problems have been
_provided by Takayama and Judge [f4],[l5] and Takayama
and Woodland (161, Only the rudiments of a.proo? of the
existence of a general equilibrium are presented in
Section 5. The basic locational problems are readily
amenable to graphical presentation and many Figures are
presented.

1. The Case of One Firm, Cne Product Market and Many
Suppliers
We shall first consider the familiar Weber land-
_scape with a market located at a point in the plane, say

a town, and numerous input markets located at points in
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the plane. The markets as points are all geographically
separated from each other by homogenequs space. The
points can all be considered as towns. At the product
.market is a demand schedule where quantity demanded is
a decreasing function of delivered price. At each supply
market is a supply schedule where quantity supplied is
an increasing tunction of price fob or price net of
tpansportation costs., Our problem is to determine the
optimal location for a firm which supplies a finished
product to the product market, incurring some transporta-
tion costs in the shipment of the product, and which re-
ceives its inputs for production trom the diverse supply
markets, where inputs are shipped to the firm at some
transportation cost.

This problem differs from the classic Weber
Problem in the respect that we have supply and demand
schedules in markets which have some elasticity other
than infinite for supplies and zero for demands,

The technology of production is of the tixed-
ceefficient or Leontief type. Each unit of output requires
a certain physical amount of each input, that is the out-
put of x units of product requires y; = bix units of input
#-5

Let us first consider the case of two Inputs ftrom
aeoaraphically distinct sources of supply and one market
as 1n Figure |. The market is at 1. The supply locations

are at < and 3.




Figure 1.
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u' 1s the distance from the location of the firm to point
i. In order to Flnd the optimal location, we test the
fevel of economic rent at each potential site for the
firm. 1he site (that is with co-ordinates u,uy,u3 with
respect to tixed markets) which results in the maximiza-
tion of economic rent as compared with all other sites
will be optimal. We will also observe that in fhe
limiting case of infinitely elastic supplies and inelastic
demands, ucunomic senp.is zero and our problem reduces
to the classic Weber Problem.

Let us consider the equilibrium conditions being
satisfied by any feasible location for the firm. Ve
select an arbitrary location with (ul,uz,U3) specified,
Mow the price in the market tor the product must equal
the sum of the prices charged for inputs at the markets
Vplus transportation costs on inputs plus the transporta-

tion good on the final product. that is

o(x) = (polyz)ream)(py(yz)ttaug)+quy (1)

where p(x) is the inverted demand schedule expressing
price as a'Function of quantity demanded, pi(yi) is the
inverted supply schedule egpressing price as a function
of quantity supplied, (i=2,§), and t;{(i=l,...,3) is the
transport cost per unit disfancé per unit weight for

commodity i.
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Since y2=bgx and y3=b3x, we can substitute in
(1) and have an equation in the single variable x. Thé
x which satistes (1) ié the equilibrium outﬁut at the

chosen site. p(x) will be the price of the commodity in

the market at | pz(yz) and p3(y3) will be the prices at

the supply points. Graphicaily, our equilibrium will

appear as in Figure 4 below,
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In Figure 2, the hatched areas indicated total transpor-

* to market

tation costs associated with transporting x
and yg and y§ to the Firm from the supply markets,
Triangle ele'p;* in Figure 2a is consumer surplus in the

product market. Triangle pz*ezfz

in Figure 2b is pro-
ducers’ surplus in the market for input 2 and triangle
p3*e3F3 is producers’ surplus in the market for input 3.

To this point, we selected an arbitrqry position
for the firm given the other three markets geographically
fixed. Cournot and Samuelson have demonstrated that a
situation in which economic rent is maximized wil‘ repli-
cate an actual equilibrium for the case of interpoint
commodity Flows. |In other words the market adjustment
is such as to maximize simultaneously the sum of consumer
~-and producers’ surpluses or economic rent, The optimal
Iocafion for the firm will be where economic rent is
maximized,

Formalfy, our three market economic rent maximiza-

tion problem or optimal Jocation problem is as follows:

Primal: Determine non-negative uj, uz, u3 so as to

maximize

x bzx bax
f py{x")dx’ +f pz(xz)dxzf 393(x3)d:<3
[ o] [¢] [ ]

- Xtju; - boxtyuy - bixtjuj




sub ject to:

uj,uz,u3 emanating from a common vertex where the

entrant is 'situated,
This constraint could be expressed mathematically in terms
of the geographfcally fixed markets as is done in
Hartwick [ 5 ]. We are then able to assign shadow prices
to the geographically fixéd sites. However this con-
straint is largely a mathematical formalism common to
both primals and duals throughout this paper and will be
left as an implicit constraint in all subsequent develop;
ment. The opfimal solution is in fact at a saddle-point
in uj,ug,uj and there exists a dual problem which will
also yield the optimal solution. The dua] problem has
the following economic interpretation: if we minimize
the economic rent foregone because transportation costs
are non-zero sub ject to the condition that the delivered
price exceeds the price fob Ey at least the cost of trans-
nort, then we shall determine the optimal location for the
firm. The economic rent foregone for the arbitrary loca-
tion illustrated in Fiaure 2 is the sum of the areas of
triancies elglhi plus hzgzez plus h39383. Formally our
dual problem for the three market case is:

<
5

Bual: Determine non-negative uj,ug,uj and prices pt*,p2>,

wle

P3 ,P| ,Py2 ,pP3 S0 as to




minimize

ke
3L

pl e (]

2 P3
x(py)dp; + J{i y(py)dpy +-J[' v (p3)dp3

b P2 +b3p3” P2 P3

- (o1 = (b3p2 303" )x (o) )= (p°-pg Iy (037 (3% -p3 )y (03 )

sub ject to:

LV
S

b2p28+b3p3e _ pizit_’_t.lul

v

Dze - pg Htyuy
e Eid
P3~ - p3 Ttguz =0

where pie (i=2,3) is a price of input i at the firm’s or

at the vertex of co-ordinates up,un, and us. I £ the solu;
tion has all u’s positive, we will have literally, an
interior solution and all prices and flows will be positive
or alternatively strict equalities will hold in equilibrium

in the constraints to the dual.

As one mioht expect, since the earliest problems
of Cournot { 2}, Samuelson [13], Takayama and Judge [ 147,
[ 15} and Hartwick [ 4],0 6] are extremals dealing with
economic rent, the tormal structure of the above generalized
Weber Problem is the same as those previously developed.
Mote that the primal reduces to the familiar Weber Problem

when the integrals are all zero or when no economic rent




- 12 -
. figures in the solution or alternatively when the demand
schedule has zero elasticity throughout and the supply
schedules have infinite elasticity and we are minimizing
- total transport costs for a unit of the delivered product.
The extension of the case of firm entry with one
pﬁoduct market and two input markets to the case with m
product and n input. markets is simply a matter of intro=
ducing more terms of consumers’ and producers’ surpluses

into the primal-dual problem,

2, Extensions of the Location Problem for the Single Firm
(i) The case of fixed demands and supplies,

Consider the case of m geographically separate
markets Tor a product with fixed demand requirements and
n geographicaljy separate markets for n inputs required
to ftabricate the product in question. We have production
coefficients b;, relating the amount of input i required
per unit of output (i=l,...,n). The ith supply will be
denoted by (7 ; (Ex!,...,n)._,The demand in the jth town
or point will be denoted by 5&(J=I,...,m). It is clear
that tor the problem of supplying the demanders to have a

m
solution 3 ‘6i must be less than or equal to 6}/b§
=t

for (i=1,...,n).
Our problem is to locate a firm that will fabricate

the product and supply the demanders and to locate that
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firm so as to minimize tota! transportation costs. Formally,

our problem is:

Primal: Determine non-negative ui(i=|,...,n), u3(j=f,...,m)

and xj(j=l,...,m) so as to

maximize

=1 J i=1 J=1 d i
sub ject to: |
XJ. > 'éj | (j=t,...,m)
i m
bi( b3 xJ.) £ 7 (i=1,...,n)

Dual: Determine non-negative ui(iﬁl,...,n), uj(J=!,...,m)

pj(j=[,...,m), pi(i=|,...,n), p?(i=|,...,n) so as to

minimi ze

]
Y E;

J

n - n
[p{-(z bipie)]g. - 5
j=1 UG5y - i=

sub ject to:

m
= biple - pf+tju’ i 0 (j=l,...,m)
i=f J ‘

Pi® - pitt;u; 20 (i=1,...,n)

where primes indicate firm to product market distances and

transportation rates.




- 14 -

Observe that this prbbiem is essentially a loca-
tion probiem as opposed to an ailocaﬁion problem in the
sense that the Hitchcock-Koopmans transportation problem
is. Demands will always be met with strict equality im-
plying positive shadow prices in the dual tor product
de |l ivered, p3 (j=1,¢ee,m}. Supplies will generally be
underutilized since we have fixed production coefficients
and by producing enough output to juét satisfy demands,
transportation costs on inputs can be minimized.6 Hence
we can expect zero shadow prices in the dual on most
supplies arising mathematically and economically from the
price equilibrium conditions or conditions of comple-
mentry slackness. tihe p?’s are in a sense dummy prices
which emerge after the price equilibrium conditions have
resulted in shadow prices emerging on the fixed demands
and supplies, Note finally that the ob jective function
in the primal is non-linear and concave in u’s and x's.

An example of an actual location problem of the
above type might be the determination of a site for a
temporary producton process, such as the construction of
a building or bridge. Of course we are not restricted
to having all schedules of zero elasticity for a solution
to emerqge. Some points of supply might have non-zero
elasticities and the problem could be solved by minimizig

economic rents.
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(ii) The case of geographically-fixed rivals at supply
and demand points

Consider the case of one market for the product
at a point and two geographically distinct supply points.
tet us follow the assumptions of Section !;‘namely that
the demand schedule slopes downward and supply schedules
siope upward., In addition, howevér, we shall consider
the case when a tirm is supplying the product to the
demanders from a plant at the demand point. This pro-
duct supplier’s supply schedule will be assumed to slope
upward, Also let there.be a rival firm located at
supply point 2 utilizing part of the input available at
supply point 2. We shall aésume this rival buyer’s de-
mand curve is downward sloping.

Our problem is to locate a new tirm which will
supply some product to the demand point | utilizing
inputé from supply points | and 2, Transportation
~costs are fixed and are non-zero. The optimal solution
will derive from primal-dual economic rent maximize-
minimize problem. Graphically, the equilibrium location

can be illustrated in Febure 3 below.
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Figure 3 differs from Figure 2 in the res#ect that there
is a supply chrve in Figure 3a and a demand curve in
Figure.3b; ne ither curve was present in Figure 2, |In
an equilibﬁium product tlows from the new firm to the

0', input tlows to the new firm

product market will be x
from market 2 will be y2=b2>;0I and input Tlows from
market 3 will be y3=b3x0’. For the product, the
difference between.the shadow price at the firm and the
delivered pPice.Qill equal the unit transportation cost
tyuy. For input i, the difference between the supply
price fob and the shadow price at the firm will be tiu;
(i=2,3). The cross-hatched areas in Figure 3 indicate
total transportation costs on the flows related to the
respective markets,

The optimal location will occur when distances
Uy, ug, and ujz and the implied interpoint flows are de-
termined to maximize economic rent or the sums of areas
of triangles aicidl, azczdz, and a3c3p§.

The dual problem which will yield the same loca-
tion as the primal is to determine ujp,ug, and uj and
prices so as to minimize the areas of trangles
(cletrl+dlah ) +(e2F2c2+92h2d2) +c3d3e3 subject to the
conditions that prices between the two points including

the firm’s location are greater than or equal to the unit

transportation costs hetween the points.
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(iii) The case of geographically fixed rivals at points
other than those of supply and demand

This case differs from that analyzed immediately
above in the respect that rivals for demands and supplies
are geographically fixed at points separate. from the prin- i

cipal supply and demand points. In other words our firm
enter ing wilj be receiving net supplies from some points

as in the above case and supplying a net demand. Once

acain let us take the case of one rival in the single

- product market and one rival in supply market 2, An

equilibrium for a firm entering is illustrated in Figure 4.
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The optimal location will be the one which maximizes
. economic rent or the sum of apeas of triangles or

. e 2 3k sk
(a'clp,+h|sip:)+(a2r p%+p29252)+p3d3h3. The duat problem

is to determine the focation which minimjzes economic
rent foregone or the areas of triangles (c!k{r'+glfis'
+eld|sI)+(c2d2r2+r2k2h2+ezfzgz)+a3c3d3 sﬁbject to the
condition that the difference between prices at the de-
Iivery point and at the shipping point are greater than
or equal to the unit transportation costs between the
points, _

In Figure 4a xO1 js the amount produced by the
entrant, x!! js produced by the estab|ished firm, pT is
the price of the product market, p: is the price for the
product at the established firm and pT is the price at
the entering firm for the product. In 4b.b2x01=y§ is
the amount of input 2 supplied to the entrant by the
suppiieh.at point 2, y22 is the amountrsupplied by the

supplier at 2 to another established firm. is the

e
P2
price for supplier 2’s input at the entrant’s point,

2
Py is the price for supplier 2's input or product at the
other established firm and Py is the price for the input
at supplier 2's point., Figure 4c is similap to 3¢

in all respects,

[t is apparent that the models deve loped under

cases (ii) and (iii) can be readily amended to handle
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situat ions when either demands or supplies have zero
elasticity. Elements of case (i) will be combined with
elements of cases (ii) or (iii) to vield new slightly

different models.

3. Entry of Many Firms and Afternative Supply Sources
When there is either a multiplicity of markets

for a product or multiplicity of sources of supply for

an input or both gross economic rent can in general be

increased by simu!tanéously focating two or more firms

rather than a single firm, The optimal locations for

the prescribed number of firms entering will be determin-

able from é the solution to a primal-dual economic rent

maximizing-minimizing problem of the torm we have seen

in Sections | and 2.

Let us consider the case of two ceographically
separate product markets, two geographically separate
input markets, and the simultaneous location of two firms
entering, We shall consider the simplest case of no ex-
isting rivals and a53ume the supply schedules slope |
upward to the right with some non-zero and non-infinite
elasticity and that demand curves siope down to the left
with some non-zero and non-infinite elasticity. An

equilibrium is illustrated in Figure 5 below.
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We assume each pﬁoducer has the same technology with fixed
coefficients as in the previous models. At points or
markets | and 2 are demanders. At points or markets 3 and
4 are suppliers of the two respective inputs required
in the production of a unit of the product. The optimal
locations for the two firms will obtain when the sites
are adjusted so as to maximize the areas 6? triangles
u]cIpT+azczp§+h3f3p§+h4F4pz, The same éolution will ob-
tain from the dual problem: minimize the areas of
triangles cidle'+c2d2e2+93r3F3+g4r4F4 sub ject to the
condition that the difference between therdelivered price
and shipping price along any actual or potential tlow
route is less than or equal.to the unit transportation
cest along that route. We now have two geographically
separate sites where the two neww firms locate Prices
on products and inputs at these sites are indicated by
a superscript e. p?] is the product price at the firm
which supplies the product market at 1. pgz is the
product price at firm which supplies the product market
a 2. The equilibrium distances are defined from the
illustrated spatial equilibrium in Figure 6, the com-

panion diagram to Figure 5.
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The mathematical price equilibrium conditions emerge in
the primal-dual formulation of the optimal location
problem and can be illustrated in Figure 6. VWe have in
Figure 6 Firms A and B optimally located with respect to
markets 1,2,3, and 4. The u’s are distances, 1lhe

mathematical solution will indicate pz-pT':>t in the

~
| 12
dual and the flow from A to market 2 as equal to zero in
the primal. The economic interpretation of this result

is of course that no shipments move alona routes where the

profits involved in shipping are negative. Analogously

e ~ . © .
we will have pl-p22;>t2u| and zero flows from Firm B to
market | as equilibrium conditions to our primal-dual
prdblem.

The above location problem could be extended, We
cbuid introduce geographically fixed rivals in product
markets andfor input markets as we did in Section Z. We
could introduce input supplies or product demands or
both with zero elasticities of supply and demand re-
.Spectively. Afternatively we could develop a related
class of multi-firm location problems with alternative
input sources where the alternative sources are |ocated
in different geographic sites, Equilibrium would obtain
which were analocous to those for the problem iflustrated
in Ficures 5 and 6. The salient price equilibrium condi-

tions in the primal-dual formulation would reflect the
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zero Tlows From'certain alternative input sources to
certain firms entering. Extensions could be made
analogous to those discussed in Section Z. Locational
probféms with both alternative demand sites and alternative
input sources could be solved in the same fashion we have
seen Tor the case of alternative demand sites.

The treatment of many {(more than two) firms
simultaneously locatinag is not difficult. In some cases
we might observe a redundancy in the number of entrants.

That is, the number of optimal sites for entrants will be

f
less than the specified number of entrants to be assigned.
This special phenomenon will be indicated in the price

équilibrium conditions in the solution to the primal-dual

probfem.,

4. LlLocation of tirms Producing Different Products
the principle of rent maximization can be utilized
to determine optimal locations for firms entering and
producing different products to the same site or town,
utilizing different inputs trom the same geographic site
“or town, and/or requiring as inputs products of the other
firm or firms entering. Let us consider for purposes of
il lustration the case of the entry of two firms A and B
which produce different products to a town at a fixed site.
Let us assume that there are two inputs available

fr om neographicalily distinct sites and the quantity of




- 27 -
inputs supp!iéd are an increasing function of price.
Each nroduct requires both inputs but in differant
fixed proportions. lhere are no rival producers

supplving the markets or rival demanders requiring

inputs,

The demand conditions are as follows:
i ]
a; =D (p;,py) (i=1,2)

where q; is quantity demanded of the ith product in the

town of delivery, and Py and py are prices for the

defivered products. e assume 3q;/ 3p; < 0 and to be

monotonic. An.equilibrium is illustrated in Figure 7

be'low,
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In Figure 7, UA j is the distance from firm A to market j,
and uiA'is the distance from market i to firm A, tAJ
and tip are the corresponding transport costs per unit
distance, We have similar definitions for firm B,
biA is the amount of input i required per unit output of
product at firm A, biB is similarly defined. We assume
the different products produced by A and B require differ-
ent proportions of inputs.

| The optimal locations for A and R will result

A . . [ *
from the maximization of economic rent or areas a ¢ P

plus azczpz plus p§F3h3 plus sz4h4 in Figure 7, We can
then directly obtain prices at various points which sus-
tain the equilibrium flows by solving the dual problem
which is a constrained economic rent foregone minimiza-
tion prdblem. The constraints are that along routes of
potential shipment, the difference between the delivered
price and the shipping pPicé must be greater than or equal
to the cost of transport along that route, pT,pg,pé and
p: are the quilibrium prices for products and inputs in
markets |,2,3 and 4, p?l,pg, and pﬁ are the prices at
firm A’s site for the product and the two inputs re-
spectively. pTz,p§, and pz are analogously defined.

The case of interdependent demands illustrated in

iicure 7 can he further developed to incorporate inter-

dependent supplies of inputs from a point. We can also
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handle n > 2 interdependent demands and/or supplies in
terms of pent maximization. The basic mode! with multiple
énterdependencies in demands and supplies is Mosak’s (12
and this latter model has been altered to incorporate
exogenéusiy given transportation costs between points in
[14 1, [15], and [i6]. An additiona! interdependency can
be introduced into the locational model with many differ-
ent firms and that is by having various firms entering

supply andfor demand inputs to andf/or from other tirms

entering. No economic rents will be yielded from these
transactions but these interdependencies will influence
the over-all locational equilibrium through the effects

arising from the minimization of transportation costs

between firms,

5. General Equilibrium and Location of Firms

The most general model would depart from those
we have examined abové in two wavys, First all tirms or
production units should be located simultaneously with
optimal interpoint Tlows emerging along with the optimal
duel price systeé. Secondly transportation should be a
produced good or endogenous to the economy and its price
and output level determined simultaneously with all other
prices and outputs. In the absence of some assumption
concerning the geographic immobility of certain plants,

our general problem will be geographicaily anchored and
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transportation costs will be minimized by having all
activities at one point; The anchoring assumptions we:
shall employ are twofold. First it will be assumed that
certain sites have locational efficiency indices which
induce certain activities or tfirms to locate at these
sites under all circumstances, These peculiar efficiencies
may arise from irreéularities in the topography such as
good potential port sites or some such related phenomenon.
Seconély it will be assumed that agglomeration occurs at
certain sites or nodes. We simply require that trans-
portation costs be infinite on two commodities one of
which is required as an input for production in the other.
If we postulate a finite number of goods required
beth as final products and as inputsg and a fFinite number
of ceographically fixed sites and a finite number of
poésible producers of each product, we can define a
primal-dual rent maximization - rent foregone minimiza-
tion problem which will locate all firms simuitaneousiy
and result sn an equilibriun to obtain which has the same
price structure and output flow struct;re as that ob-
served in r-eality.9
The introduction of transportation costs as
endogenous entails the increase in the mathématical com~
plexity of exhibiting a general equilibrium with location.

e must appeal to the mathematical literature on fixed
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points in ppiat to set mappings. Let us outline the
general prob!ém with endogenous transport costs, Trans-~
portetion goodsrwill be assumed to be p&oducible in all
geographically fixed points. These goods w}II incur
no cost of tranSportatién in transit., At each Qeo-
graphically fixed market there will be a general supply

tunction for transportation.

Q. = 'F-[: (p! PERR .rpnfpt)

_ dt . : R
where ””;§,>Q and is monotonic
t

lle shall assume now that each unit of commodity (other
than the transportation good) shipped a unit distance
requires a fixed physical amount of the transportation

kI kI

good. Hence if t: u was cost of transporting a unit

ki ki

of commity 1 between k and i now we have p P, u as the
same cost where r?' is the physical amount of transpor~

tation cood required to transport a unit of commodity i

a unit distance.

In a general equiliErium, the amount of trans-
portation good required must just equal the amount supplied.
This is the teansport equilibrium condition. If we solved
& primal dual rent maximization-rent foregone minimiza-

tion problem for all sections except the transport sector

for all possible price of transport P, we will trace out
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a set of feasible price vectors satisfying the primal-
dual problem. One point in this set will be a vector
of prices which also satisfies the transportation
equilibrium condition and corresponds to a certain py.
This vector or tfixed point will provide the solution
prices to our general equilibrium location problem, The
solution locations and inter-market flows will also

obtain from the problem,

6. Conclusions

We have dealt throughout this paper with produc-
tion units called tfirms. In certain ceses it micht be
useful to consider these units as industries. In this
fatter case attention must be paid to the nature of aggre-
gating firms to industries.

This analysis has abstracted from herket areas
and considered only points. P}Ithough general ity is
sacrificed by this abstraction | do not believe the
essential nature of many locational problems is lost.
Modern industrial nations have well over three quarters
of their populations . concentrated at points on maps or
in cities and inter-urban flows are the crucial ones in
industrial Iocationranaiysié.

The abstraction from the most of the irregulari-
ties in topography in this analysis does not seriously

detract from the relevance of this analysis for real
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locational inquiries, The E%terstate Highways system in
the lnited States has done much to knit the towns and
cities together in a network in which the unit costs of
transport from any point in one direction are the same

as those in another direction. A homogeneous plain
dotted with cities has been emerging in the U.S. Con-
sider for examplie the decision of a major Americén elec-
tronics company to locate its color television set pro-
duction in Bloomington, Indiana. The generalized Weberian
analysis in this paper appears to satisfactorily explain
this decision. A transportation cost minimization cri-

terion appears to have dictated such a locational decision,
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FOOTNQTES

See the modern treatment by Kuhn and Kuennel 9 ].

in L6] | demonstrated how the von Thunen model of

agricultural land allocation could be extended to
a model of multiregional general equilibrium
through the:application of the Cournot-Samuelson
principle of economic rent max imization and gen-
eralizations of the principle in [14],[15], and
[(16]. lIsard [8] utilized the principle of
economic rent maximization in his pioneering

work on the “optimum space-economy” but failed to
develop the approach fully.

Chipman [ 1] developed a model in which changes in

consumer surplus are isomorphic to changes in
social welfare. His result turns on his particu-
lar choice of individual utility functions.

In this classic Weber case we are left with a problem

with open-ended scale: that is we simply determine
the point where a firm would locate so as to
minimi ze transportati on costs on a unit of the
product supplied to the product market. We do

not know how much will be produced in general
unless additional information is introduced.

Throughout this paper we shall abstract from a con-

sideration of costs of fabrication at a specific
site. |f there are constant returns to scale in
fabrication and the necessary inputs (aside from
those transported from supply points) are ubigui-
tous at fixed prices then fabrication costs will
not qualitatively affect the analysis.

Gale [3, pp. 14-17], neglects to mention this same

point in his exposition of the: transportation
problem in |inear programming. By just satisfying
demands, that is having no excess deliveries,
transportation costs can be minimized, Thus we
should always expect non-zero shadow prices on

del ivered product.

Important welfare consideratinns arise when one re-

flects on the possibility of an optimal number of
firms. Such questions can only be answered when
one considers a model which has an explicitly

deve loped production and cost side where there are
non-constant returns to scale. Losch [10, p. 113]
and Mifls and Lav [1!, pp. 286-88] have commented
on the welfare aspects of multi-firm location and
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the optimum number of firms. Location problems
can be viewed as orthodox non-spatial economic
problems with a transportation cost constraint.
The notion of welfare optima has been exhaustively
analyzed for the unconstrained problems but has
not been definitively treated for problems with
transport or transaction cost constraints.

formulation of the equilibrium of the solution of
the primal-dual program breaks down if inter-
dependencies teed back on themselves in loops.
That is firm A requires an input from tirm B
which in turn requires an input from tirm A,

The ob jective functions then become not concave
in all instances,

0. This is an interpretation devoid of weifare sugges-

tions and is inspired by Samuelson’s interpreta-
tion of the related Cournot-Enke problem as being
“artificial” or a fiction which resulted in an
observed equilibrium to obtain.
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