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Melvin Greenhut (1975) presented a theory 
of the firm in economic space in order to explain 
the oligopolistic interactions of firms over a 
landscape. The heart of this theory is explicit 
recognition of uncertainty as a determinant in 
entrepreneurial decisions. This paper presents 
a measure for quantifying uncertainty so that 
industry identification and entrepreneurial 
rewards can be given empirical content. One 
consequence of our new tool is that planners, 
regulators and economic researchers could pos
sess a precise measure for the most indefinite of 
costs, profit. What is fair or excessive return in 
a world involving prices and market shares at 
different points is thereby determinable. 

Quantification of spatial uncertainty also 
presents a means of addressing the question of 
efficiency in spatial markets. The excess of 
price over classical long-run average costs tra
ditionally is viewed as unearned and, being a 
characteristic of spatial markets, is indicative 
of inefficient spatial resource allocation. Green
hut's identified return for spatial uncertainty is 
a return over and above classical long-run aver
age costs, thus its measure provides for a more 
complete evaluation of spatial efficiency. 

Section I reviews Greenhut's spatial micro
economic model in order to emphasize the 
importance of uncertainty and the need for its 
quantification. Section II presents an extension 
of the analysis of spatial competition which cul
minates in definition of the delivered price for a 
market. Then, Section III develops a quantified 
measure for the level of uncertainty incurred by 
a given firm in a specific market. A concluding 
statement is presented in Section IV. 

I. Greenhut's Spatial Model 

Figure 1 graphically describes the revenue 
and cost conditions confronting the firm oper
ating in a spatial environment.1 The uncer
tainty intrinsic to decision-making in an 
oligopolistic world is a fixed cost, and this cost 
is additive to the traditional costs of the non-
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spatial firm in the Marshallian model. The 
existence of uncertainty led Professor Greenhut 
to develop a well-defined average cost curve. He 
adjusted the classical average cost curve (AC) 
upward by the applicable amount of fixed 
uncertainty in the industry. The adjusted aver
age cost curves [ACrad) of Figure 1, therefore, 
graphically describe full spatial costs. Long-run 
entry/exit, consolidation/decentralization and 
dispersion/concentration provide the industry 
adjustments that achieve the static equilibrium 
described in Figure 1. In equilibrium, mini
mum AC is coterminous with a stable tangency 
between AR and ACr.d/ Optimum output (Qi*) 
thus coincides with minimum AC. 

One may assume that there are TJ firms in an 
industry, and that they conduct operations in a 
spatial, oligopolistic setting. Further, one may 
define r as the total (cost) return required for 
the reigning level of uncertainty. Differentia
tion ofTR, for the ith producer, yields MRi = Pi 
+ qi p(, where p( = dp/dqi [pi = f(qJ).3 In gen
eral, p( < 0.4 Pi therefore exceeds MRi by lqi pq 
= qi lp:j, as described in Figure 2. Superimpos
ing the revenue curves on the applicable cost 
curves results in Figure 3. In long-run equilib
rium, ACradi exceeds classical AC by Qt lp:j, 
which is the average return per unit of output 
for the fixed uncertainty cost {r/q;). The total 
return for uncertainty, r, equals the average 
return for uncertainty, multiplied by quantity. 
Consequently, the fixed adjusted average cost 
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Figure 1. Spatial Oligopolistic Equilibrium 
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Figure 2. ARIMR Difference 

curve for the ith producer is: 
ACradj = AC + (r/q;) = AC + {[(Qf)2 lpill I qJ 

where 

A characteristic of these computations is that 
uncertainty and its return depend on IPil· If 
demand is linear, and of course negative sloped, 
pi is not only negative, but is a negative con
stant, regardless of q;. Since the absolute value 
of pi is central to this analysis, a special name 
is assigned to it, "the coefficient of uncertainty." 
The total uncertainty incurred by a firm equals 
<Qr)2 IPil where minimum AC defines Qr, The 
"slope of AR" (coefficient of uncertainty) com
ponent of <Qr)2 IPil uniquely indicates the rela
tive magnitude of total uncertainty. This point 
is the central thesis of our paper. 

When uncertainty is altered, the size and 
number of firms change and the position of AR 
shifts. In comparative static analysis, a greater 
Oesser) degree of uncertainty means that the 
coefficient of uncertainty must increase 
(decrease). This conclusion follows because AR 
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Figure 3 . Average Uncertainty 
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must be steeper (flatter) in order to provide a 
tangency with the higher (lower) ACradi curve. 
The definition of ACradi at equilibrium illus
trates this assertion: 

ACraclj = AC + (r/Qr) = AC + Qr IPil 
Classical AC and its minimum point (hence 
associated with output Qf) do not change when 
the level of uncertainty is varied. ACra<li there
fore varies directly with lpfl .5 

II. Delivered Price 

A technique illustrated by Greenhut and 
Ohta generalized the Cournot model.6 For this 
generalization, assume (1) n local submarkets 
or buying points scattered over a land surface 
(2) m sellers also dispersed over the land sur~ 
face, (3) homogeneous products, and (4) Cour
not type of competition, i.e., each firm considers 
its rival firms' supply to be fixed at any given 
buying point. 

The distribution of markets and sellers con
ceived of herein is illustrated in Figure 4 for the 
case of two sellers and three buying points, i.e., 
m = 2 and n = 3. Distance costs (in terms of 
freight rates) from firm A to market points a b 
and care represented by T11 , T12, T13, and co~t~ 
of distance from firm B to the same market 
points are represented by T21 , T22, T23. Average 
cost of transportation to market point a is 
defined as the average of all firms' freight costs 
to that buying point, i.e., (T11 + T21 )/2. Corre
spondingly, average freight costs to market 
points band c are respectively (T12 + T22)/2 and 
<Tl3 + Tz3)/2. 
Define the local demand function at market 
pointj as: 
(1) Pi = ~ (q ) , j = 1, 2, ... , n 
where q.i represents the quantity demanded at 
Pi in market j . This quantity is to be distin-
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Figure 4 . Market Points and Firm Sites Distributed Over 
Economic Space 
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guished from qi, which stands for the quantity 
produced by the ith seller. These variables con
sist of the partial aggregates of quantity sup
plied by each of the i firms selling to market 
pointj, as represented by qii· Thus we have 
(2) q.i = Lmi ~ l qii,j = 1, 2, ... , n; 
(3) 

Equation (2) establishes the equilibrium con
dition for the quantity demanded at point j and 
the quantity supplied by all m firms; (3) states 
that the quantity produced by the ith firm must 
equal the total quantity shipped by this firm to 
its n market points. 

Profits for the ith firm are definable as the 
firm's total revenues on sales ton market points 
less total production and transportation costs: 
(4) Tij = L"i ~ IPiqii - Ki - L"i ~ 1 Tiiqii> i = 1, 2, 
.. . ,m, 

where Ki stands for the cost of production as a 
function of qi (which is independent of total qi) 
while Tii stands for the freight rate (per unit 
quantity) applicable to the distance from the 
firm's site ito buying sitej. The problem for firm 
i is to maximize Tij subject to Cournot type of 
competition. Thus (5) below applies 
(5) (aTI)I(aqi) = Pi + f'i (q) qii - ki - Tii = 0; 
Vi, j; ki = (dK)/(dq) 
where ki is firm i's marginal cost ofproduction. 7 

In Walrasian style, the number of equations 
and unknown variables may be counted over 
equations (1) to (5). We find n equations in (1), 
n in (2), min (3), min (4) and mn in (5), i.e., 2 
(m + n) + mn in total; in turn, there are n vari
ables for pi, n for q.i, m for qi, m for Tij, and mn 
for qii> i.e., the same 2(m + n) + mn in total. Thus 
we may conclude that the system of equations 
can be solved for all unknown variables. 

Operationally meaningful results require, 
however, summing (5) over all ito obtain 
(6) mpi + f'i (q)q.i- Lmi ~ 1 ki - Lmi ~ l Tii = 0, Vj. 
Dividing both sides of (6) by m yields 

pJ1- (lime)] - k- Ti = 0, Vj. 
where ei stands for the market elasticity of 
demand at buying point j, and k and Ti stand 
respectively for the average marginal costs of 
production and transportation, i.e., k = (lim) 
Liki and Ti = (lim) LiTii. The delivered price at 
market pointj is, therefore, fully determined by 

(7) k+T 'Vj. [1-(llme)] 

III. Uncertainty Quantification 

In order to simplify this presentation, analy
sis concentrates on a single market, thejth, and 
the "j" subscripts are ignored. Equation (7), the 
delivered price to the jth market, is therefore 
rewritten as 

[(1/m)Li kJ + [(1/m)Lj TJ 
p= 

[1- (lime)] 

Suppose we recognize now that the market 
demand elasticity, e, is the empirical unknown 
in the expression. Consequently, our rear
rangement of terms yields: 

e= p 
m[p - (1/m)(Li k) - (llm)(Li T)] 

The next step is to obtain the elasticity of 
demand for the ith firm, ei, from market demand 
elasticity. It is established8 that individual 
demand in an open entry/exit Cournot market, 
is parallel to market demand. Further, if there 
are m competitive producers dividing market 
demand, then each supplies ai times market 
quantity supplied (Li ai = 1). Market quantity 
supplied is [rnl(m + 1)] of the quantity that a 
perfectly competitive arrangement of the mar
ket would supply, and ai is the ith producer's 
share ofthejth market. This share equals thejth 
market total revenue of the ith firm divided by 
the aggregate jth market total revenue received 
by all m firms. 

We know that e = (dq/dp)(p/q) and ei = (dq/ 
dp)(p/qJ A single price must reign in the jth 
market since the firms compete and, as noted, 
market and individual demands are parallel 
when the market is non-collusive. Therefore, 
(dq/dp) = (dq/dp). The only deviation between 
e and ei is between the market quantity sup
plied, q, and the individual quantity supplied, 
qi. aiq = qi, so 

ei = e/ai 
The coefficient of uncertainty is now defined 

in terms of available data: 
ei = j(dQf/dpi)(p/Qt)j = (1/jpij)(p/Qf) = e/ai 

and 
jp:j = [(ai m)/Q*][p - (llm)(Lik) - (llm)(LiTJ] 

The components of this expression, to review, 
are: 
IP'il is the slope of AR and ACradi at equilibrium 
output Qf. IP'il has been shown to be a unique 
coefficient for measuring the level of uncer-
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tainty that the jth firm incurs in a specific mar
ket, the jth market. a ; stands for the market 
share of the i1h firm, and m is the number of 
firms servicing the jth market. Finally, the costs 
incurred by the ith firm are k;,the marginal pro
duction cost, and T;, the cost of transporting the 
product to the jth market. 

IV. Conclusion 

This paper has developed a coefficient of 
uncertainty which indicates the relative uncer
tainty under which a given firm operates. The 
various spatial cost curves can be explicitly 
defined by using our cardinal measure of uncer
tainty. Together, our tools provide the planner 
with the means for realistic pricing policies 
which adequately reward all factors of 
production. 

The coefficient of uncertainty also provides a 
means of addressing the question of efficiency 
in spatial equilibrium. It is believed that spa
tial equilibrium is inefficient because positive 
long-run economic profits may accrue. Green
hut contends that spatial equilibrium is effi
cient and what appears to be long-run economic 
profit is really the entrepreneur's opportunity 
cost return to spatial uncertainty, a return 
which is earned. In fact, he explains that the 
return to uncertainty is minimized by the com
petitive activities of entry/exit and plant 
rationalization. The quantified measure of 
uncertainty allows further examination of this 
issue. 

FOOTNOTES 

'See Greenhut (1974, Chapter 5) for an in-depth discus
sion concerning this description of the firm. 

2Greenhut (1974, pages 86-98) develops completely the 
adjustments which generate this specific tangency, while 
Ohta (1976) formalizes the necessary and sufficient condi
tions for the equilibrium. Ohta further presents this con
ception of the firm as another, but more comprehensive, 
refutation of the Robinson-Chamberlin excess capacity 
theorem of imperfect competition. Demsetz (1959) and 
Dewey (1958) provided contributions which preceded Ohta 
on this question. Ohta (1977) further develops this point. 

"The analysis of this paper is in terms of a linear AR 
curve. Footnote 5 addresses the effects of a more generally 
described AR curve in order to show that this working 
assumption does not affect the validity of the conclusions. 

4pi = 0 under conditions of perfect competition and p', > 
0 for Giffen goods (a case we assume away as of negligible 
importance). 

'The text has assumed a linear demand for convenience 
but the conclusions are not altered when demand is more 

generally defined. Ohta ( 1976) proved, for the general case, 
that spatial equilibrium is characterized by tangency of AR 
and ACra<lj at the output which corresponds with minimum 
classical AC. This equality of the AR and ACra<lj slopes at Qf 
is precisely the linear analysis coefficient of uncertainty. 
The only complication which curvilinear AR introduces is 
that this slope will have to be evaluated by "plugging in" Qf 
whereas IPil is a constant regardless of q, in the straight-line 
case. Aside from this "inconvenience," the coefficient of 
uncertainty is measured by the equilibrium tangency slope 
and its interpretation is identical under either type of 
demand. One qualification is necessary, however. When AR 
is considered to have a non-constant first derivative, stabil
ity of spatial equilibrium requires that a convex to the ori
gin AR be of less convexity than ACra<lj at the point of 
tangency [i .e ., at outputs less than Qf , ld<AR)/dqd < 
ld<AC,.<lj)/dqd and for q, > Qf, ld<AR)/dqd > ld(AC,•di)/dq,l; 
manifestly at q, = Qf, ld(AR)/dqd = ld(AC,.<lj)/dqdl. Green
hut and Ohta (1975) have shown that a spatial firm's aggre
gate demand curve will be convex, regardless of the shape 
of the individual consumer's demand. 

6Greenhut and Ohta (1975) present this analysis in Chap
ter 8, Appendix I. Greenhut and Greenhut (1975) also 
describe this analysis in Section Ill, 3. The empirical find
ings of Greenhut, Greenhut and Li (1980) justify the use of 
a price discrimination model in developing a measure of 
uncertainty. We present the analysis in order to lay clearly 
the basis of our quantification of uncertainty. 

'The subject equation requires the assumption Pi ;;;. k, + T,i 
for all i andj . Without this condition, the summation takes 
place only up to mi < m, where mi represents the number of 
firms selling to market pointj. This mi is determined by the 
number of firms whose particular marginal revenue in that 
market equals the firm's marginal costs, k, + Tii. 

"Greenhut (1956, Section 3.1, n . 45) and Greenhut (1974, 
pages 154-157) provide formal treatment of this Cournot 
conclusion. 
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