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1 . Introduction

The locations of production activities are not predetermined but are subject to
economic choice. In general, availability of resources, location of population as a
source of labour and as potential markets, soil, climate and technical conditions
rule out many locations for any particular economic activity. What remains is a set
of feasible locations among which an economic choice i1s to be made. In
neoclassical economic theory these choices are seen as attempts to maximize
profits(Beckmann 1985). In relation with the location choice, most of the papers
deal with optimum location problem only for an unregulated firm in conjunction
with a heterogeneous space where markets are given at discrete points (Mathurss
1979, Fujita 1981). Mai(1985) considered the optimum location of regulated firm
with rate of return and Yang(1993) considered the case of regulated firm under
agglomeration economies/diseconomies and congestion.

In this paper we consider the existence of congestion as well as agglomeration in
the economy. The spatial settings are same as our previous work(Yang 1993)
with linear location line. Capital is ubiquitous and labor is concentrated at the
single site. However, Yang(1993) only introduced the optimum location of profit
maximizing approach even though there are various approaches such as firm value
maximizing, expense preference approach and so on in the point of firm and
industry analysis. Recently the modern firm is experiencing the organizational
transformation related to managerial specialization and the consequent separation of
the firm’s management from its ownership. Hence there is a possibility of some
gaps between manager's decisions and the owner’s profit interests. In this paper,
we focus on the locational comparison between profit maximizing approach and
expense preference model approach after reviewing the analytical framework
including regulated firm's optimum location, well-known overcapitalization effects,
and agglomeration economies.

QOur first work was to derive the regulated firm's optimum location under



agglomeration economies. However, for these processes we used the profit
maximizing approach.

The starting point for this paper is that we do not know the difference between
the location of profit maximizing approach and expense preference model approach.
What is the main parameters deciding optimum location from two different
approaches. Hence it is very meaningful to compare the optimum location of two
different approaches. The industrial location and related policies including location
subsidies should move towards elevating the efficiency reviewing various industrial

transformation and modern firm micro-hehaviour.

II. Theoretical Background and Model Development

According to Averch and Johnson(1962), the introduction of an active
constraint of a fair rate of return would induce the firm to invest more than
the original profit maximizing value of capital, and this would create an
mnefficient allocation of inputs. Hence, the Averch-Johnson(A-J) model
suggests that because of rate—-of return regulation, the regulated firm has an
incentive to overcapitalize 1in its production. This is known as the
"overcapitalization” effect or the A-]J bias. However, all of these discussions
for examining A-] effects were implemented within the context of a
spaceless economy, even though real economy is characterized by dispersion
of customers and producers over geographic space, with trade between them
always incurring transport costs. Moreover, it is our common belief that
there exist an agglomeration economy/diseconomy and congestion (Yang,
1993). Therefore we introduced this environment to analytical settings. In our
previous work, we considered a big company town(city) producing a homogeneous
output(Q) using capital (K), labor (L) and one material(M). The aggregate

production function of the industrial city (firm) was:



Q = (K, L M (1a)

where the first and second order derivatives, fg>0 fL>0 fy>0 frx <0 f10<O0 £y <O0.
For simplicity, we considered the firm’s locational decision where the market for
the firm's final products concentrated at the single site, C, city. This is a problem
of company town location decision.
Hence, the theoretical framework is composed of only one big firm producing
homogeneous output(Q) using capital(K) labor(L), and one material(M).  For
example, this is the case of automobile, petroleum refinery, etc.
In order to make comparison the optimum location under profit maximizing
approach with the optimum location under expense preference approach, we need to
review previous work in detail.
Assume capital and labor are ubiquitous and can thus be obtained anywhere on
the straight line, MC, between M and C, firm uses M as a intermediate input
which is located only at M site. Define y as the distance from M to C, city, and
X as the distance from C to the firm’s location at F and restrict 0<x<y. For
simplicity yv=1. Define the inverse demand function as
P=P(Q) (1b)

where P'(Q)<0.
Assume that the firm has no control over the bhase price of input.
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Figure 1. Location Line

We assumed that the production is affected by other factors besides this
neoclassical production function such as the agglomeration economies/diseconomies

and congestion effects. Firstly, in our previous work only agglomeration factors



were introduced under the regulatory constraint. Hence the aggregate production

function under the agglomeration(scale) economies/diseconomies becomes

Y =AMNDI(N, K, M) (2)
Y : aggregate output, N : aggregate labor
where A(N) is a scale economy/diseconomy(broadly speaking, agglomeration

economy/diseconomy) shift factor and Y is aggregate output 2

For simplicity, A(N)=N* a#0 3

(if a>0 it means economy. if a<0 it means diseconomy)

The first rigorous analysis of a supply oriented urban model with
agglomeration economies is offered by Rabenau(1979).
Production function Q=A(N)K*N'™

AN)=N" where 0<a<l, 0<l-a+h<l and b is positive or negative,
depending on whether there are agglomeration economies or diseconomies in
urban production activities.

Hanson(1979) et al introduced a public capital into urban growth model.
Dendrinos(1982) assumes agglomeration economies as well as congestion.

Miyao(1987) used similar production for urban growth model.

f(N, K, M)=N‘K"M"™?" ab>0 (4)

The profit of the firm now can be described as

= [P(Y)-k(x)x] AMNIINKM)-M- (y-x)t(x)-pM-wN-rK 5)

where

k{x)=transport rate on the firm's product

2) We used Q as homogeneous output and Y as aggregate output.



t(x)=transport rate on the firm’s intermediate input
w=price of a unit of labor
r=cost of a unit of capital

p=price of intermediate input, M

Following Averch and Johnson(1962), the regulated firm is permitted to earn no
more than some fixed portion of the value of its capital-the regulatory fair rate of

return-on its rate base.

Hence, the regulatory constraint can be written as

{ [POY)-k(x)x] Y-M [(y-x)t(x)+P] -wN} /k<g (6)

where g is defined as the fair rate of return.
If g is less than r, profits are negative as the firm will refer to shut down. If g=r,
the firm is indifferent between shutting down and operating(Mai 1985).
Following the literature, we will assume that the fair rate of return exceeds the cost
of capital, Hence we have

g>T

Next, the firm is assumed to select the values of NNKM and x that maximize (5)
subject to (2) and (6) 3,
Also, in this spatial setting, we could find that intermediate location is only

possible in long haul economy®. If we consider land price or rent as an

3) Please refer to the appendix for nonconstrained maximization problem.
4) Our problem is simply to minimize the distance dependent cost, C(x) for

the purpose of finding firm’'s optimum location of profit maximization.
Cx) = TOVD+T(Q)
M [t(x)(1-x)] +Q [ k(x)x]
=M [t:(1-x)°+Q [kix"]
where T(M), T(Q) are transport cost of M, Q, respectively.

if 0=1 liner (case a)
0>1 long haul diseconomy (case b)
0<0<1 long haul economy (case c)

Under the regulatory constraint, the distance dependent cost term c¢(x)
becomes (1+W)(T(M)+T(Q)). In case of linear transport rate, switching point



mput factor, owing to the difference in land price between city and
undeveloped area of MC the intermediate location is also feasible. Hence, it
1s possible that there exists intermediate location if we replace labor input
with land input 1. Rent, Rn will be introduced instead of wage, w. In space

economy, firm produce output and decide location in order to maximize profit.

M. Firm Location Under Profit Maximizing Approach

We can assume that there exist congestion effects in transport systems as
well as agglomeration economies/diseconomies. Between M and C, we can
introduce congestion effects. Local government deals with the transportation
system, and there exists local variation of public services. Hence, we may
assume that public services including transportation systems such as
highway width, lane, etc are given. The congestion in transport system
especially in highways can be derived by using the relationships among
mf(mean rate of flow), space mean speed, and md(mean density).

Hence, we can say that certain highway is congested after md exceeds the
md ., [the density at which the flow rate is a maximum(mf= mf,)] 9.

With the introduction of congestion, transport cost will be increased. Let us
assume the level of congestion between 1 and j location is

Ci=C(Y,Ady) (7)

where Y is amount of goods transported

A is transportation capacity(width)

dj is a measure of spatial separation between location i and j(e.g. distance)

case will happen. Min (1+1) {x [Qk;-Mt;] +Mt;} ,Mt; is constant term
So, Qki<Mt; x*x=1 ie M site

Qk:>Mt; x=0 C site

Qk;=Mt; any point between M and C

5) The concept of congestion can be depicted by the flow density diagram.



0C/aY>0, dC/dA<0. 0C/dd<09,

In the literature of regulation, economic behaviors of firm are restricted by
supply(output) regulation as well as rate of return regulation. Hence, there
are some cases that have to produce certain level of amount of product
regardless of firm's location. In other words, output is fixed or independent

of location.

In case of firm output, the transport cost bhecomes?

k(x)x+C T (8a)
where C1=Cpc=C(Y,Ax), F is a firm location

C is a city, market

T is a unit congestion price, for simplicity(t=1).

And is case of intermediate input, M the transport cost becomes

(y=x)t(x)+C mr* T (8b)

When M is a intermediate input material site.

C:=Cwr =C(M,A x) 9)

In order to derive explicit results, let us allow some assumptions on
transport costs.

Assumption 1

t'(x)=dt(x)/dx=t ;>0 (10)

k' (x)=dk(x)/dx=k;>0 (11)

Assumption 2

Congestion between firm site and market, city is defined
as Ci=u1Y/A-u:x

where 0 Ci/0Y=u1/A>0,

6) If the distance hetween i and j location increases, the road length increases. So the
possibility of congestion and level of congestion decreases.
7) We assume that the effects of other firm’s input/output are fixed.



0 Ci/ 8 A=u1Y/A’<0
0 Ci/dx=-u:<0
Y : amount of good transported
A 1 width of roads(or number of lanes)
x : distance from origin to destination
U1, up - positive parameters
Assumption 3
Congestion between firm site and input site is defined
as C:=vi.M/v:x
where 0C:/0 M=vi/A>0,
3 Cs/ 8 A=-v IM/A°<0
0 Co/ 0 Cx=-v,<0
Vi, V: © positive parameters
Assume production function
Y=f(M)=M * (12)

where a>1

We could find the following propositions .

(a) Tf vo/us:<M*", then the optimum location of firm with no regulatory
constraint under agglomeration and congestion moves toward a market, city
comparing to the optimum location of firm with no constraint under
agglomeration and no congestion

1, e

8) We analyzed the regulated firm case. We found that under scale (agglomeration)
economies/diseconomies and congestion for a given K, N, M the optimum
location rule of the regulated firm is the same as the one of unregulated profit
maximizing firm under scale(agglomeration) economies/diseconomies and
congestion. i.e. x*=f(Y ,M).

However, x*(- | R>0, A>0, C>0) is not equal to X*(- | R=0,A>0,C>0)
where R: regulation, A: agglomeration, C: congestion. In other words, two

optimum locations are generically different each other.



xx(M, t, ki | C>0, A>0)
<x*(M, ti, ki | C=0, A>0)
(b)vz/u;=M*" then
x*(« | C>0, A>0)=x*<(-| C=0, A>0)
We could find the proof:
From o0/ dx=0
If k(x)=k-x, t{x)=t;'x
[~ki-x-kix+uz] M*=M [-t;-x+(1-x)ti+v:]

Hence,
(Mt ki | C>0, A>0)
Mt1+(NI.Vz—Mauz)

2t1M—2k1Ma (13)

In case of no congestion, the optimum location becomes

x*(M, t, ki | C=0, A>0)

2t1M—k1Ma (14)

Therefore, if  vi=us or (M:v;-M“u:)<0  then  x*(M, ti ki | C>0,
A>0)<X*(M,t1 k1 | C=0,A>0)

Case(b) can be proved by same ways.

Also, we could find the similar Proposition. In case of no congestion, the
optimum location of the unregulated firm under agglomeration economies
moves away from the market, city, as the level of agglomeration (a) is
getting bigger and iff M>1, (2t M-k M*)>0.

For this proof we could find the followings. From x*(M,t; k, | C=0,
A>0)=Mt/2t:M-k: M%), ki >0 kiM" is an increasing function in ala<l).



Hence, as a increases, the denominator will decrease with above conditions.
Now, we could check the effect of a on optimum location(x*). Under no

congestion, we have

Mt
k(| C=0,A>0)= > 0(#0)
2t1M—2k1Ma

IV. Optimum Location of Firm: Expense—-Preference

Model Approach

Recent trend is to diversify the research methods in order to overcome the rapidly
changing socio—economic environment. Profit maximizing is not the only modern
firm’s objectives. The key economic issue that the organizational transformation of
modern firm is associated with increasing managerial specialization and the
consequent separation of the firm's management from its ownership. The divorce
raises the possibility that there are some gaps between decisions of manager’'s
decisions and the owner's profit interests [Jensen(1983), Czamanski and
Fogel(1985)]. Following the evolving corporate structure of modern firm, optimal
locations are a function of the extent to which ownership and management are
divorced. By wusing the expense-preference function of firm’s manager
[Czmanski(1987)], we can derive the optimal location of firm under agglomeration

or congestion within the above location problem framework.

A general utility function of manager can be described as

U = UGnx), 1(x)) (15)

where Omn represents the fraction © of firm's profits, © and £(x) means

consumption of leisure at X.



Assume that 0/ 0. = T, >0, 04/0, = L, <0

By applying same production function Y = f(M) = M" (a>1) (16)
T, = [-2kl -x + u2IM"- M [t1-2t] - x + v2]

OUC; [x -+ (=2k; - M* + 2t - M) - Mty + u2M* + Mv2]=-U; - £,

Mtl - Mv: - M*uw: - U, £, /OU,

(17)

Xk
2tt M - 2k; M*°

Equation (17) is the optimum location of expense preference model approach.
From the profit maximizing approach, we derived the optimum location
x* (- | P.M).

Mt - M uuz + Mv,

x* (+ | PM) =
2t/M - 2k M*°

Therefore, we can find the difference between the two different approaches.
xx (+ |EP) - xx (- |PM) = (-2Mv,; - U; £, /OU; )/Q (18)
where Q= 2t,M - 2k, M"

Hence, we have

(i) (2Mv, + —— )/Q <0

x#(+ | EP) > x* (+ | P.M)

Optimum location from profit maximization model is closer to market site (city)

than that of expense preference model.



(i) OMy, + ———— Q> 0

x#( - | EP) <xx(- | PM)
Optimum location from expense preference model is closer to market site than that
of profit maximization model. Hence, the optimum location from profit maximization
model is not always same as the optimum location of expense preference model. Tt
depends on various parameters including o, t;, ki, etc,. From the assumption,
the market means the city. Hence, there is high possibility that firms are
gathering around suburban area from this result.
Because we used k(x) as transport rate on the firm's product and t(x) as transport
rate on the firm’s intermediate input, t; (=t"(x)=dt(x)/dx>0) and
ki (=k'(x)=dk(x)/dx>0) are important factors deciding the optimum location.
Translating the mathematical meaning is very important in order to find policy
implications. If Q = 2t;M - 2k;M" >0 , then the optimum location for expense
preference model is closer to market site than that of profit maximizing model.
If  tM>kiM® | then this yields (ti/ki)M' “>0.
Because (tyki;) >0 and M>0, if a>1 , then the optimum location for expense
preference model is closer to market site(city) than that of profit maximizing

model.

V . Concluding Remarks

In this paper, we reviewed the optimum location of industrial -city(big
company town) under regulatory constraint, agglomeration and congestion.
We considered the case of regulated firm under agglomeration
economies/diseconomies and congestion in the economy. We used the spatial

settings with linear location line. Capital is ubiquitous and labor is concentrated at



the single site. We introduced an active constraint of a fair rate of return
from the pioneering work of Averch and Johnson to the location problem of
the big firm with multi-inputs. With multi-inputs, simple one dimension
locational problems are solved. Also, w e introduced the modern firm's recent
behaviour transformation related to managerial specialization and the consequent
separation of the firm’s management from its ownership. Hence there is a
possibility of some gaps between manager’'s decisions and the owner's profit
interests. In this paper, we focused on the locational comparison between profit
maximizing approach and expense preference model approach.

The optimum location varies according to values of related parameter such
as agglomeration, transport rate, etc and analytical methods such as expense
preference or profit maximization approach.

Optimum location from expense preference model is closer to market site than that

of profit maximization model in case of

Uv X
2Mvy; + —————— )/Q = 0
C1081
If @ = 2t;M - 2k;M® >0 , then the optimum location for expense preference

model is closer to market site than that of profit maximizing model.

Because (tyk;) >0 and M>0, if a>1 , then the optimum location for expense
preference model is closer to market site(city) than that of profit maximizing
model. It is believed that the optimum firm location under various environments
including congestion, agglomeration, regulations is varying according to the various
parameters such as o t; ki, etc,, Because we assumed that the market
means the city, with the introduction of expense preference approach the
phenomena that modern firms are gathering around suburban area could be
explained.

Because we used restricted assumptions on spatial settings, there are various
possibility to exclude the real policy problems such as complicated tax, subsidies

and so on. For future extension of this research, it seems to me that firm location



impact on land price, and introduction of uncertainty of output price, input price
under agglomeration, congestion will be possible. Also, empirical test can be

implemented with real data within this framework.
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<Appendix>
Process of finding firm's optimum location of profit maximizing

(From eq. 5)

Assuming that the rate of return constraint is binding, the Lagrangian

becomes

H =[P(Y)-k(x)x-C JAMN)EN,KM)-M[{(y-x)t(x)+C+P]-wN-rK-n
{[P(Y)-k(x)x-C1JAMN)E(N,K,M)-M[(y-x)t(x)+C;+P]wN-gK } (19)

0 H/ 0 K=(1-wWIG-K(x)x-C 1x]Y xk—r+ug=0 (19a)

0 H/ 0 N=(1-wW[G-k(x)x-Cn]Yx-(1-)w=0 (19b)

0 H/ 0 M=(1- W[G-k(x)x-C w [Y u—(1-w[(y-x)t(x)+C+P+C;M]=0 (19¢)
0 H/ 0 x=-(1-wlk(x)+k"(x)x+C 1 JY-(1-w[-t(x)+(y-x)t"(x)+C ;x]M=0 (19d)
0 H/ 0 n=—{[P(Y)-k(x)x-CIJAMN)I(N,K,M)-M[(y-x)t(x)+C:+P]-wN-gK } =0
where G=P(Y)+P" (Y)Y
t'(x)=t(x)/x
k' (x)=k(x)/x
Also, this maximizing problem requires D>0, D <0. Assume that there

exists finite optimal values N=*, Kx, M=* and x* for this nonconstrained



maximization problem.

Then, the nonconstrained rate of return on capital for the nonconstrained
case can be computed by
rx={[P-k(x*)x*=C A () f (n* kx me*) - M [ (y—x#)t(xx)+C o+ Pl-wN=*} /kx (20)

For the proof we could find the followings. Given, K, N, and M from JH/ ¢
X equation,

we have [k(x)+k'(x)x+C1x)Y=-[-t(x)+(y-x)t"(x)+C;x]M

above equation is exactly the same as 0H/ dx equation under p=0 where is
no regulatory constraint. Therefore, the optimal location rule is unaffected
whether the firm s regulated or not and whether scale
economies/diseconomies (agglomeration) and congestion exists or not. Y and

M are different both in the regulated case and unregulated case.

Assuming that the rate-of-return constraint is binding so that it is treated as an

equality, the Lagrangian function is

H= [P(Y)-k(x)x] AMNIN'K'M"™*°*-M [(y-x)
t(x)+P] —~-wN-rK-1n { [P(Y)-k(x)x ] A(N)

NK'M"™P-M [(y-x)t(x)+P] -wN-gK} (21)
0H/dK=(1-m [G-k(x)x] Y x-r+ug=0 (21a)
o H/dN=(1-m [G-k(x)x] Y g-w+uw=0 (21b)
0 H/dM=(1-1) [G-k(x)x] Yu-(1-1n) [(y-x) t(x)+P] =0 (21c)

0 H/0x=(1-n) [k(x)x+k'"(x)x] Y-(1-w [-tx)+(y)t'(x)] M=0 (21d)
oH/dn= { [P(Y)-k(x)x] Y-M [{(y-x)t{x)+P] -wN-gK} =0 (21e)

where G=P(Y)}+P' (Y)Y

t'(x)=0(x)/dx
k'(x)=0(x)/ dx



If there is no rate of return, or if the constraint is not active(i. e. 1=0),

Equations 19(a)(b)(c)(d) become

[G-k(x)x] Yx-r=0 (22a)
[G-k(x)x] Y,-w=0 (22b)
[G-k(x)x] Yu- [(y-x)t(x)+P] =0 (22¢)
- [k-(x)+k"(x)x ] Y- [-t(x)+(y-x)t'(x) ] M=0 (22d)

Assume that there exists finite optimal values Nx*, K%, M#* AND x* for this

nonconstrained maximization problem.

Then, the nonconstrained rate of return on capital for the nonconstrained

case can be computed by

rx= { [P-k(x*)x*] A(N=)f(N* K* M*)-M* [(y-x*)t(x*)+P] —wN=*} /Kx
(23)
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