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1 Introdu
tionWhen explaining variations in the number of �rms a
ross industries, standard argumentsdrawing on s
ale e
onomies and entry 
onditions usually negle
t the issue of un
ertainty.Unfortunately, the prevalent assumption of risk-neutral �rms is not really appropriate.Several theoreti
al 
ontributions have re
ently 
onsidered a setting where �rms behave ina risk-averse manner (see Asplund, 2002, and the referen
es therein). Among the mostfrequent explanations, one 
an invoke the presen
e of liquidity 
onstraints, the manage-ment by non-diversi�ed owners or delegation of 
ontrol to risk-averse supervisors, as wellas �nan
ial distress (Drèze, 1987). In parti
ular, the extent of 
orporate hedging a
tiv-ities may be interpreted as a relu
tan
e to bear risk (Nan
e et alii, 1993). Clearly, theintrodu
tion of un
ertainty has strong impli
ations for the produ
t market 
ompetition.The pioneering work dealing with the impa
t of un
ertainty on �rms' de
isions is dueto Sandmo (1971). Within a partial equilibrium framework, greater pri
e un
ertaintyis expe
ted to lower the optimal quantity produ
ed in a perfe
tly 
ompetitive market1.Then, the degree and distribution of pri
e un
ertainty are signi�
ant fa
tors to explain in-dustry stru
ture. At the equilibrium, Sandmo (1971) proves that an in
reased un
ertaintyabout pri
e lowers the number of �rms in the industry. A more general question is tofo
us on the impa
t of risk aversion in a model in whi
h the number of �rms is determinedendogenously. Appelbaum and Katz (1986) were the �rst to address that issue (see alsoHaruna, 1996). On
e a 
ompetitive equilibrium is introdu
ed, they show that the e�e
tsof pri
e un
ertainty on the number of �rms in an industry 
an no longer be signed, evenwith additional assumptions about relative or absolute risk aversion.Despite the ambiguous predi
tion of pri
e un
ertainty on the industry equilibrium,it seems tempting to believe that a negative relationship between un
ertainty and thenumber of �rms is more likely2. Intuitively, and following the dis
ussion in Sandmo(1971), �rms that are 
hara
terized by a high value for risk aversion 
ertainly prefer notto operate in a market where pri
e un
ertainty prevails. Indeed, un
ertainty may beseen as a natural barrier to entry, thereby leading to a de
rease in the number of �rms1See also Leland (1972) for the e�e
t of un
ertainty in a monopoly setting.2And su
h a negative relationship seems rather supported by the data. Using a 
ross-se
tion of USmanufa
turing industries, Ghosal (1996) shows that greater un
ertainty exerts a negative impa
t on thenumber of �rms in an industry when 
orre
ting for endogeneity of the pri
e un
ertainty measure.2



in the industry. However, it is well known sin
e the in�uential paper of Oi (1961) thatvariability may also o�er opportunities for in
reasing average pro�t for risk-averse �rms.Average pro�ts of a pri
e taker are in
reasing in the variability of the output pri
e andOi's 
on
lusion does generalize to a 
onsiderable extent (Friberg and Martensen, 2000).Su
h positive e�e
ts on pro�ts 
ould have a bene�
ial in�uen
e on the entry of �rms.In this paper, following Sandmo (1971) and Appelbaum and Katz (1986), we furtherexamine the e�e
ts of un
ertainty within an industry equilibrium framework. We examinethe problem of free entry and exit of �rms in a setting of spatial di�erentiation with 
ostun
ertainty. Spe
i�
ally, we draw on the lo
ation model originally proposed by Salop(1979), who introdu
es di�erentiation using a 
ir
ular 
ity with 
onsumers uniformlydistributed on its 
ir
umferen
e. Our main result is to prove that the indeterminatee�e
t of un
ertainty on the number of �rms in an industry does no longer hold. In alo
ation model with horizontally di�erentiated produ
ts and risk-averse �rms, greater
ost un
ertainty always in
reases the number of �rms operating in the industry.The intuition of that result is as follows. In a lo
ation model (either linear or spatial),it is well known that the 
ompetitive pri
e under produ
t di�erentiation is de�ned asthe sum of the marginal 
ost and the transportation 
ost, whi
h leads to a monopolypower for the di�erent �rms in the industry (see Tirole, 1988). When one introdu
es 
ostun
ertainty, the optimal pri
e now in
ludes an additional term 
orresponding to the riskpremium fa
ed by the �rms. So, when 
omparing market equilibrium with and withoutun
ertainty, it turns out that �rms 
harge higher pri
es to 
onsumers under un
ertainty.This leads to higher pro�ts for risk-averse �rms, and greater un
ertainty in
reases thenumber of �rms in the industry. Thus, in a 
ertain sense, our theoreti
al 
ontribution is
lose to the famous Oi's variability result.By fo
using on un
ertainty in a lo
ation model, our paper is related to the re
entliterature on risk-averse �rms in an oligopoly. In a 
ontext of 
ost un
ertainty, Wamba
h(1999) proves that the Bertrand paradox su
h that two �rms are su�
ient for perfe
t 
om-petition does no longer hold with risk-averse �rms. In an industry with pri
e 
ompetition,the equilibrium pri
e is expe
ted to ex
eed the 
ompetitive pri
e and then in
reasing thenumber of �rms may lead to an in
rease in pri
e3. Janssen and Rasmusen (2002) also3Spe
i�
ally, the new pri
e is expe
ted to be higher when there is an in
rease in the size of the market3




onsider a Bertrand model with un
ertainty on the number of �rms operating in theindustry. With an un
ertain number of 
ompetitors, there exists a unique symmetri
equilibrium in mixed strategy and again ea
h �rms 
harges a pri
e larger than marginal
ost4. The question of strategi
 
hoi
es of risk-averse �rms is further analyzed in Asplund(2002), who examines how the degree of risk aversion and di�erent types of un
ertaintya�e
t 
ompetition in an oligopolisti
 framework. The key feature of this insightful 
on-tribution is to propose a general 
ompetition model of risk-averse �rms that en
ompassespri
e 
ompetition with di�erentiated produ
ts under various forms of 
ost and demandun
ertainty. In parti
ular, 
ompetition is softer in 
ase of marginal 
ost un
ertainty.Thus, our work may be seen as 
omplementary to the analysis of Asplund (2002). Our
ontribution is twofold. First, we fo
us on the 
onsequen
es of un
ertainty in a modelwith produ
t di�erentiation and free entry of �rms. Se
ond, we present a welfare analysiswhi
h a

ounts for the 
osts involved by �rms in bearing risk. The remainder of thepaper is organized as follows. In se
tion 2, we extend the 
ir
ular lo
ation model of Salop(1979) and assume that marginal 
ost is un
ertain. In se
tion 3, we determine the Nashequilibrium in pri
es for any number of �rms and show that �rms 
harge higher pri
es to
onsumers be
ause of un
ertainty. The Nash equilibrium in the entry game is analyzedin se
tion 4, with a positive impa
t of un
ertainty on the number of �rms. Se
tion 5examines the pri
e equilibrium from a normative viewpoint. Con
luding 
omments are inse
tion 6.2 The spatial modelWe 
onsider a model with �rms produ
ing di�erentiated produ
ts, in whi
h 
onsumersare heterogeneous and where �rms have un
ertain marginal 
osts. Thus, we relax theprevalent assumption behind the Bertrand paradox that �rms produ
e an homogeneousgood, a situation analyzed by Janssen and Rasmusen (2002) and Wamba
h (1999) in anun
ertain setting. With a lo
ation model, it follows that �rms 
an raise their pri
e abovethe marginal 
ost without losing their entire market share.and the number of �rms in the same proportion (see Wamba
h, 1999).4The perfe
tly 
ompetitive equilibrium is the limit 
ase when the number of �rms be
omes large. Asthe probability of 
ompetition in
reases, ea
h �rm redu
es its pri
es.4



We restri
t our attention to horizontally di�erentiated produ
ts, meaning that brandsare not uniformly ranked by all 
onsumers. As usual in the literature, ea
h 
onsumerhas a di�erent preferen
e for the brands sold in the market due to di�erent lo
ation.In our setting, lo
ation 
orresponds to the physi
al lo
ation of a parti
ular 
onsumer.Ea
h agent observes the pri
es 
harged by all the �rms, and then de
ides to pur
hasethe good from the �rm at whi
h the pri
e plus the transportation 
ost is minimized.Another 
onvenient interpretation is that lo
ation 
an also represent a distan
e betweenthe brand 
hara
teristi
s viewed as ideal by the 
onsumer and the 
hara
teristi
s of thebrand a
tually pur
hased5. Thus, �rms 
hoose their produ
ts anti
ipating that theirlo
ation de
ision in produ
t spa
e is expe
ted to a�e
t the intensity of pri
e 
ompetition.Our theoreti
al analysis of the impa
t of un
ertainty on the number of �rms draws onthe spatial di�erentiation model originally des
ribed by Salop (1979), 
orresponding tothe 
ase of a 
ir
ular 
ity. In so doing, we are able to examine the problem of �rms' entryon the market given marginal 
ost un
ertainty. Spe
i�
ally, we study entry and lo
ationde
isions when there exist no barriers to entry other than �xed 
osts.We suppose that 
onsumers are lo
ated uniformly on a 
ir
le C, whi
h has a perimeterequal to L. Clearly, the 
ir
umferen
e L is a measure for the heterogeneity of 
onsumersand it may be seen as an indi
ator for demand intensity. Individuals are 
ontinuously anduniformly distributed along this 
ir
umferen
e. We assume without loss of generality thatthe density is 
onstant, and it is denoted by ∆6. Thus, the parameter ∆ expresses thethi
kness of the market. Given the lo
ation of �rms, 
onsumers in
ur a transportation
ost equal to t per unit of length, su
h that this 
ost in
ludes the value of time spent intravel. Ea
h 
onsumer buys exa
tly one unit of the brand that minimizes the sum of thepri
e and the transportation 
ost. Nevertheless, this generalized 
ost has to remain lowerthan the gross surplus that the 
onsumer 
an obtain from the good. This outside optionis denoted by s. It is assumed to be large enough, so that the market is always 
overedin equilibrium (goods are bought by all 
onsumers).Firms are lo
ated around the 
ir
le. Although the 
ir
ular model of Salop (1979) isa lo
ation model, it does not expli
itly explain how �rms 
hoose their lo
ation (see the5In that 
ase, distan
e is a measure of the disutility from 
onsuming a less-than-ideal produ
t.6Relaxing this assumption does not modify our theoreti
al 
on
lusions. See Calvo-Armengol andZenou (2002) for the 
ase of a general density in a model of di�erentiated produ
ts, but under 
ertainty.5



related dis
ussion in Tirole, 1988, p. 285). Indeed, the spatial model has the followingtwo-stage stru
ture. First, the number of �rms is endogenously determined. It is assumedthat �rms are automati
ally lo
ated at an equal distan
e from one another. Thus, if thenumber of entering �rms is denoted by n and given the 
ir
umferen
e L, the distan
ebetween any two �rms is equal to L/n. Se
ond, �rms 
ompete in pri
es given the previouslo
ations. So, a key feature of this horizontal di�erentiation model is the fo
us on �rms'entry, and we examine the impa
t of un
ertainty on entry.There are many potential �rms in the lo
ation model, whi
h have all the same te
h-nology. To address the issue of entry, we suppose that ea
h �rm is 
hara
terized by a�xed 
ost of entry denoted by f . On
e the �rm is lo
ated at a point on the produ
t spa
e,it fa
es a marginal 
ost c that is supposed to be 
onstant. We depart from the model ofSalop (1979) by assuming that this marginal 
ost is un
ertain, so that �rms fa
e supply-indu
ed 
ost �u
tuations in our setting. To formalize this type of un
ertainty, we assumethat the marginal 
ost is des
ribed by a random variable c̃ whose mean is E(c̃) = c andthe 
orresponding varian
e is V ar(c̃) = σ2. As usual, greater 
ost un
ertainty is measuredby an in
rease in the varian
e σ2 (a mean preserving spread in 
osts).It seems important to note that our way to in
lude un
ertainty in the lo
ation model isabsolutely not restri
tive. Indeed, there are numerous examples in the industry of sour
esof un
ertainty arising by the marginal 
ost of produ
tion. For instan
e, Wamba
h (1999,p. 946) mentions the 
ase of insuran
e 
orporations where the probability of a

ident isimperfe
tly known to the insurers, �rms whi
h provide guarantees for new produ
ts (givenrandom breakdown), or simply �rms whi
h import brands and then fa
e ex
hange-rateun
ertainty. Other explanations 
on
ern poor 
limati
 
onditions for �rms that produ
eor use agri
ultural goods or un
ertain wages linked to e�
ien
y wage 
onsiderations andshirking behaviors as well as un
ertainty over the number of a
tive workers (due to illness).Ea
h �rm is labelled by subs
ript i (i = 1, . . . , n), and the �rm's lo
ation is denoted by
xi. A �rm is fully des
ribed by the list of pri
es 
harged on 
onsumers (p1, . . . , pi, . . . , pn).A 
onsumer is lo
ated at the distan
e x ∈ C. Then, the generalized pri
e to buy thebrand is equal to pi + t|x − xi| under linear transportation 
osts7. Firms anti
ipate that7While we restri
t our attention to the 
ase of linear transportation 
osts for the sake of simpli
ity,our theoreti
al results remains un
hanged with quadrati
 transportation 
osts.6




onsumers 
hoose to buy the brands to the �rms whi
h give them the lowest full pri
e.In the 
ir
ular model, a representative �rm has only two 
ompetitors. Given two levelof pri
es pi−1 and pi+1, the demand pool for the �rm i is 
omposed of two sub-segments.The outside boundaries of the pool are given by two marginal 
onsumers, respe
tivelydenoted by x and x, for whom the generalized pri
e is identi
al between two adja
ent�rms : respe
tively between i − 1 and i for x, and between i and i + 1 for x . Thus, themarginal value x is the solution of the following equation :
pi + t(xi − x) = pi−1 + t(x − xi−1) (1)Hen
e, the 
onsumer whi
h is indi�erent between pur
hasing the brand from �rm i andpur
hasing it from its 
losest neighbor i − 1 is 
hara
terized by :

x =
(pi − pi−1) + t(xi + xi−1)

2t
(2)So, the �rm i fa
es a demand from all the 
onsumers whose lo
ation belong to the interval

[x; x], sin
e the generalized pri
e these 
onsumers obtain from �rm i is lower than the onethey would obtain from �rm i−1. In a similar way, the marginal 
onsumer x is su
h that
pi + t(x − xi) = pi+1 + t(xi+1 − x), whi
h implies :

x =
(pi+1 − pi) + t(xi + xi+1)

2t
(3)Finally, the demand pool for the �rm i 
onsists of all 
onsumers whose lo
ation is 
om-prised in the 
losed interval [x; x].Now, let Πi be the pro�t level of the �rm i. Knowing the �rm's demand, the presen
eof a �xed 
ost and given the un
ertainty on marginal 
ost, the pro�t for the �rm is alsoa random variable whi
h is given by :

Π̃i =
∫ x

x
∆(pi − c̃)dx − f (4)so that the random pro�t Π̃i 
an be expressed as :

Π̃i = ∆(pi − c̃)(x − x) − f (5)Given the un
ertain environment, we assume that �rms are risk averse following somere
ent extensions in oligopoly theory (see Asplund, 2002, Haruna, 1996, Mai et alii, 1993,7



Tessiotore, 1994, Wamba
h, 1999). Relaxing the standard assumption that �rms arerisk-neutral has strong impli
ations for the produ
t market 
ompetition.There are several reasons that may explain why �rms behave in a risk-averse manner.The existen
e of �xed 
osts means that �rms are making 
ostly investment before pro-du
ing, so that risk aversion is driven by liquidity 
onstraints (see Drèze, 1987). Many�rms have an imperfe
t a

ess to the 
apital markets, and thus they have to bear partof the risk asso
iated with their produ
tion. Another reason deals with non-diversi�edowners. Although owners may be tempted to maximize expe
ted pro�ts, the delegationof 
ontrol to managers in hierar
hi
al stru
ture favors the relu
tan
e to bear risk sin
ethe managers' in
ome is 
learly related to the �rm's performan
e. Others arguments inthe prevalent literature are linked to 
ostly �nan
ial distress and to non-linear tax sys-tems. Some studies have suggested that the extent of 
orporate hedging a
tivities may beinterpreted as the result of risk-averse behavior (Nan
e et alii, 1993, Géz
i et alii, 1997).Given the un
ertainty on the marginal 
ost, the �rm i is 
hara
terized by a VonNeumann-Morgenstern utility fun
tion denoted by Ui, so that the obje
tive fun
tion forthe �rm may be expressed as :
maxVi = E[Ui(Π̃i)] (6)where Ui is a 
ontinuous, twi
e-di�erentiable and 
on
ave utility fun
tion (U ′

i > 0, U ′′

i <

0). From the de�nition of Π̃i, the representative �rm i seeks to maximize the expe
tedutility fun
tion :
Vi = E

[

Ui

(

∆(pi − c̃)(x − x) − f
)] (7)Let us �nally remind the de�nition of the monopolisti
-
ompetition equilibrium in the
ir
ular 
ity. At the optimum, ea
h �rm behaves as a monopoly on its brand, meaningthat the �rm 
hooses the pri
e that maximizes its utility fun
tion given the demand forbrand i and given that all other �rms 
harge the same pri
e, and then free entry of �rmsresults in zero pro�t. So, we solve the model by �rst determining the Nash equilibriumin pri
es for any number of �rms, then by 
al
ulating the Nash equilibrium in the entrygame (see Salop, 1979, Tirole, 1988).
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3 The monopolisti
-
ompetition equilibriumLet us assume that n �rms have entered the market. Sin
e these di�erent �rms are lo
atedsymmetri
ally around the 
ir
le, we examine an equilibrium in whi
h ea
h �rm 
hargesthe same pri
e. We restri
t our attention to the 
ase of a 
overt market, whi
h means thatthere are enough �rms in the market. This 
orresponds to a situation where the value ofthe �xed 
ost f is not too high.Thus, the maximization program for the �rm i is maxpi
Vi, so that the 
orresponding�rst-order 
ondition given by ∂Vi/∂pi = 0 under marginal 
ost un
ertainty is :

E

[

U ′

i(.)

(

∆(pi − c̃)

(

∂x

∂pi

−
∂x

∂pi

)

+ ∆(x − x)

)]

= 0 (8)with U ′

i(.) = U ′

i

(

∆(pi − c̃)(x − x) − f
) for the notation. We also 
he
k that the se
ond-order 
ondition ∂2Vi/∂p2

i < 0 for a maximum is satis�ed sin
e :
E



U ′′

i (.)

(

∆(pi − c̃)

(

∂x

∂pi

−
∂x

∂pi

)

+ ∆(x − x)

)2

+ 2∆

(

∂x

∂pi

−
∂x

∂pi

)

U ′

i(.)



 < 0using U ′′

i (.) < 0 and ∂x/∂pi − ∂x/∂pi < 0. Sin
e Πi is 
ontinuous in (pi−1, pi, pi+1) andsin
e Πi is stri
tly 
on
ave in pi, we dedu
e that there always exists a Nash equilibriumin pri
es and that this Nash equilibrium is unique.Proposition 1 The symmetri
 Nash equilibrium pri
e denoted by p∗i is given by :
p∗i = c +

tL

n
+

cov[c̃, U ′

i(∆(p∗i − c̃)L/n − f)]

E[U ′

i(∆(p∗i − c̃)L/n − f)]
(9)Proof : The optimal pri
e is given by 
ondition (8). First, we know that �rms aresymmetri
ally lo
ated and thus the distan
e between two �rms is L/n, so that the marketarea for ea
h �rm is x−x = L/n. Se
ond, given the de�nition of the marginal 
onsumers

x and x, using (2) and (3) leads to ∂x/∂pi − ∂x/∂pi = −1/t. Thus, we get :
E
[

U ′

i(.)∆
(

L

n
−

pi − c̃

t

)]

= 0Given the properties of the expe
tan
y operator, it follows that :
p∗i =

tL

n
+

E[c̃U ′

i(∆(p∗i − c̃)L/n − f)]

E[U ′

i(∆(p∗i − c̃)L/n − f)]9



Sin
e c̃ is an argument of U ′

i(.), we 
an further simplify the optimal pri
e using the fa
tthat E(XY ) = E(X)E(Y )+ cov(X, Y ) for two variables X and Y . Sin
e the mean of therandom marginal 
ost is E(c̃) = c, we �nally dedu
e (9). QEDClearly, the sign of the 
ovarian
e cov[c̃, U ′

i(.)] is positive sin
e Baron (1971) has shownthat the inequality cov[p̃, U ′

i(.)] < 0 holds under pri
e un
ertainty and provided that themarginal utility U ′

i(.) is de
reasing. Proposition 1 gives us a �rst result 
on
erning therole of 
ost un
ertainty on the spatial monopolisti
-
ompetition equilibrium. A greater
ost un
ertainty when produ
ing brands leads to higher generalized pri
es 
harged to
onsumers. At the equilibrium, the pri
e p∗i is the sum of three elements : the marginal
ost of produ
tion c, the transportation 
ost tL/n, whi
h measures the monopsonisti
behavior of �rms, and the risk premium given by cov[c̃, U ′

i(.)]/E[U ′

i(.)].As the optimal pri
e stands, it seems at �rst sight di�
ult to interpret the last termdealing with risk aversion. To �nd a more expli
it result and get 
losed form solutions forour problem, we have to make an additional assumption 
on
erning the marginal 
ost.Assumption 1 The marginal 
ost c̃ follows a Normal distribution, with E(c̃) = c and
V ar(c̃) = σ2.Under assumption 1, we 
an use the Stein's lemma (Huang and Litzenberger, 1988). Letus 
onsider two variables X and Y su
h that they are bivariate normally distributed. If thefun
tion f(Y ) is 
ontinuously di�erentiable, Rubinstein (1976) prove that cov[X, f(Y )] =

E[f ′(Y )]cov(X, Y ). Now, if we apply the lemma of Stein to our problem, it follows that :
cov[c̃, U ′

i(∆(pi − c̃)L/n − f)] = E[U ′′

i (∆(pi − c̃)L/n − f)]cov[c̃, ∆(pi − c̃)L/n − f ]Sin
e we have cov[c̃, ∆(pi − c̃)L/n − f ] = −∆σ2L/n, this implies :
cov[c̃, U ′(∆(pi − c̃)L/n − f)] = −E[U ′′

i (∆(pi − c̃)L/n − f)]
∆L

n
σ2and thus the symmetri
 Nash equilibrium pri
e may be expressed as8 :

p∗i = c +
tL

n
−

E[U ′′

i (∆(p∗i − c̃)L/n − f)]

E[U ′

i(∆(p∗i − c̃)L/n − f)]

∆L

n
σ2 (10)8The derivation of the �rst-order 
ondition in the 
ase of normally distributed un
ertainty is alsoderived in Asplund (2002) as a spe
ial 
ase. 10



Let us de�ne the parameter a su
h that :
a = −

E[U ′′

i (∆(p∗i − c̃)L/n − f)]

E[U ′

i(∆(p∗i − c̃)L/n − f)]In the literature, a is known as the Rubinstein's measure of absolute risk aversion9. Ru-binstein (1973, 1976) has proved that this measure based on the expe
tations of U ′′

i (.)and U ′

i(.) remains 
onstant.Proposition 2 Under assumption 1, the Nash symmetri
 pri
e p∗i is given by:
p∗i = c +

tL

n
+

∆L

n
aσ2 (11)Assumption 1 leads to a 
losed-form solution for the positive risk premium, whi
h isnow equal to ∆Laσ2/n. It is an in
reasing fun
tion of the density ∆ of 
onsumers on the
ir
le and of the demand intensity L, but it is negatively related to the number of �rms

n. In that 
ase, the risk due to un
ertain marginal 
ost is spread over a larger numberof �rms. A novel result in our analysis is that �rms 
harge higher pri
es for 
onsumersgiven 
ost un
ertainty. When �rms are 
hara
terized by risk aversion (a>0), we obtain
∂p∗i /∂a = ∆Lσ2/n > 0. Also, the optimal pri
e is positively related to the varian
e σ2 ofthe marginal 
ost sin
e the derivative ∂p∗i /∂σ2 = ∆La/n is positive. Both results indi
atethat �rms share with 
onsumers the risk generated by 
ost �u
tuations. In industries
hara
terized by greater 
ost un
ertainty, higher pri
es for brands are expe
ted sin
e therisk premium in
reases.Another interesting result is that the optimal pri
e is an in
reasing fun
tion of thedemand intensity L and of the 
onsumer density ∆ (only in an un
ertain 
ontext), within
reased opportunities of di�erentiation for �rms. Other �ndings 
on
erning the variablesthat a�e
t the optimal pri
e are more standard. With risk-averse �rms in the industry(a > 0), a larger produ
t market exerts a positive e�e
t on the equilibrium pri
e, giventhe higher possibility of di�erentiation for �rms (the market area for ea
h �rm is �xed,given by L/n). Ea
h �rm fa
es the same degree of un
ertainty on its marginal 
ost and9Asplund (2002, appendix 1) also uses the measure −EU ′′

i (Π̃i − f)/EU ′
i(Π̃i − f). The author de�nesthis ratio as the Arrow-Pratt measure of global absolute risk aversion. However, as pointed out by ananonymous referee, this expression 
annot be 
onsidered as the Arrow-Pratt measure whi
h is given by

−U ′′
i (Π̃i − f)/U ′

i(Π̃i − f). 11



the risk premium is an in
reasing fun
tion of the density of 
onsumers, whi
h leads to ahigher pri
e. Also, the optimal pri
e in
reases with t sin
e the market power of �rms isin
reased for 
onsumers who are lo
ated 
lose to the �rms (Salop, 1979). Finally, giventhe in
reased 
ompetition, we basi
ally observe that the pri
e de
reases with the numberof �rms in the market sin
e ∂p∗i /∂n = −t/n2 − ∆Laσ2/n2 < 010.Before �nding the equilibrium number of brands (n is endogenous), we brie�y examinethe situation where �rms are risk neutral. When 
ost �u
tuations have no impa
t on theutility derived by the �rms (a = 0), the optimal pri
e is :
p∗i = c +

tL

nwhi
h is the result obtained by Salop (1979) in a spatial model under 
ertainty11. Inthe 
ase of risk neutrality, we note that the 
onsumer density does not in�uen
e theequilibrium pri
e. This 
on
lusion does not longer hold when �rms share with 
onsumerspart of the risk generated by 
ost volatility, as shown below.So, at this �rst-stage of the lo
ation model, our main 
on
lusion is that pri
es arehigher with 
ost un
ertainty. The 
ost of an in
rease in un
ertainty is supported by 
on-sumers with di�erentiated produ
ts. As a 
onsequen
e, greater 
ost un
ertainty in
reasesaverage pro�ts for �rms, and this positive e�e
t of variability on �rms' pro�t should belinked to the in�uential 
ontribution of Oi (1961), who eviden
es a positive relationshipbetween the variability of the output pri
e and average pro�ts of a pri
e taker.4 Free entry of �rmsWe now turn to the determination of the endogenous number of �rms n∗, assuming thatthere are enough potential entrants to 
over the market. Let us brie�y detail the 
onditionfor the market to be 
overt12. We know that the equilibrium pri
e has to be lower than thegross surplus s. Sin
e the maximum distan
e for a 
onsumer is L/2n, the 
orresponding10The 
ompetitive out
ome 
an be regarded as a limit 
ase of our model when the number of �rmsbe
omes very large.11In the original presentation of Salop(1979), the length of the 
ir
le is set to one.12On this issue of 
overt market in spatial model, see the further dis
ussion of Jellal et alli (1998) inthe 
ontext of a labor market. 12




ondition of positive surplus is :
p∗ +

tL

2n
≤ s (12)Using the de�nition of p∗, it 
an also be expressed as :

aσ2 ∆L

n
≤ (s − c)2 −

3

2

tL

n
(13)so that the 
ondition ensuring that the market is 
overed at the pri
e equilibrium is :

0 < σ2 <
2n(s − c)2 − 3tL

2a∆L
(14)Thus, the varian
e σ2 has to take intermediate values for ea
h 
onsumer to buy the brandat the equilibrium. The interpretation of this result is as follows. When the varian
e σ2is small, the equilibrium pri
e is above the pri
e under un
ertainty, but the in
rease inpri
e remains limited sin
e �rms 
harge a low risk premium to the 
onsumers. Hen
e,the market is 
overt. Conversely, when the risk premium be
omes important, the �rmsare expe
ted to set pri
es that are ex
essively high. Then, some 
onsumers will no longerpur
hase anything.By de�nition, the equilibrium number of �rms n∗ is given by :

E[Ui(Π̃i)] = 0 (15)Ignoring assumption 1, let us suppose more generally that the un
ertain 
ost c̃ is dis-tributed a

ording to a density fun
tion g(c̃) de�ned over the support Ω = [c; c]. Thus,the previous 
ondition may be expressed as ∫Ω Ui[Π(c̃)]dg(c̃) = 0, the reservation pro�tbeing normalized to 0. Again, the di�
ulty for our problem is to �nd an expli
it solutionfor the optimal number of �rms n∗, whi
h involves additional restri
tions either on thedistribution of c̃ or on the fun
tional form for U .Re
all that to derive the optimal pri
e p∗i , we have used the Stein's lemma by assumingthat the marginal 
ost is normally distributed. It is well known that the mean and thevarian
e provide a 
omplete 
hara
terization of a random variable whi
h is normallydistributed. Thus, under assumption 1, we 
an rely on the mean-varian
e spe
i�
ationfor the utility fun
tion Ui
13. Thus, the problem for a �rm may be expressed as :

Vi = E(Π̃i) −
a

2
V ar(Π̃i) − f (16)13The mean-varian
e approa
h 
an be used if the sto
hasti
 distribution of the marginal 
ost belongsto a parti
ular parametrized family, normal or ellipti
al random variable.13



where a is the degree of absolute risk aversion (a ≥ 0) and the pro�t is Π̃i = ∆(pi− c̃)(x−

x) − f . It follows that :
Vi = ∆(pi − c̃)(x − x) −

a

2
(∆(x − x))2σ2 − f (17)One 
an easily 
he
k that with the mean-varian
e utility, the optimal symmetri
 pri
e is

p∗i = c + tL/n + ∆Laσ2/n as 
laimed in Proposition 2. Using this optimal value for p∗i ,we �nally obtain Vi su
h that :
Vi = t∆

(

L

n

)2

+
a

2
σ2∆2

(

L

n

)2

− f (18)Sin
e the number of �rms n∗ is given by Vi(n
∗) = 0, we get (L

n

)2 (

t∆ + a
2
∆2σ2

)

= f .Proposition 3 Under assumption 1 and with a mean-varian
e utility fun
tion, the opti-mal number of �rms n∗ in a situation of imperfe
t 
ompetition with free entry is :
n∗ =

√

√

√

√

(t∆ + a
2
∆2σ2)L2

f
(19)Proposition 4 Under assumption 1 and with a mean-varian
e utility fun
tion, the opti-mal pri
e value p∗ under free entry is given by :

p∗ = c +

√

tf

∆

√

√

√

√

(1 + aσ2 ∆

t
)2

(1 + a
2
σ2 ∆

t
)

(20)Now, let us de�ne φ(a, σ) su
h that :
φ(a, σ) =

1 + aσ2 ∆

t
√

1 + a
2
σ2 ∆

tClearly, we have φ(a, σ) > 1, φ(0, σ) = 1 and φ(a, 0) = 1. Thus, the optimal pri
e under
ertainty p∗0 is simply p∗0 = c +
√

tf
∆

and we are now able to 
ompare p∗0 and p∗.Corollary 1 With free entry of �rms, the pri
e is higher under un
ertainy.In this model of spatial di�erentiation, the main 
ontribution of our paper is to formallyprove that greater un
ertainty in
reases the number of �rms in an industry. There are14



more �rms be
ause of un
ertainty and risk aversion14. Clearly, both the degree of riskaversion a and the measure of varian
e σ2 exert a positive e�e
t on the optimal number of�rms. That un
ertainty positively a�e
ts free entry may be surprising, sin
e it is usuallyadmitted that greater un
ertainty is rather expe
ted to de
rease the number of �rms inan industry. For instan
e, in the 
ontext of pri
e un
ertainty, Sandmo (1971) argues that�rms 
hara
terized by a large value for risk aversion will 
hoose not to enter in an industryfa
ing a high degree of un
ertainty. Only low risk-averse �rms are expe
ted to enter inindustries with greater un
ertainty, thereby redu
ing the number of �rms.Then, how 
an we justify that greater un
ertainty does not a
t as a barrier to entryunder spatial 
ompetition ? In fa
t, we have previously shown that �rms 
an 
harge ahigher pri
e to 
onsumers under marginal 
ost un
ertainty, sin
e they shift the risk to the
onsumers. So, with greater un
ertainty, the risk premium be
omes larger and risk-averse�rms have greater in
entives to enter the market sin
e entering �rms may bene�t from ahigher pri
e. This positive relationship between entry and un
ertainty under monopolisti

ompetition is a novel result with respe
t to the previous literature for models in whi
hthe number of �rms in the market is endogenously determined15.5 Welfare analysisWe now 
onsider the pri
e equilibrium under un
ertainty from a normative viewpoint. Inparti
ular, we examine the impa
t of marginal 
ost un
ertainty in a free-entry and exitequilibrium in order to know whether un
ertainty produ
es a larger or a smaller varietyof brands than the optimal variety level16.With respe
t to the previous literature, we have to a

ount for the additional 
ostinvolved in bearing risk sin
e the �rms are risk-averse. From the de�nition of Vi su
h that
Vi = E(Π̃i)−

a
2
V ar(Π̃i)−f , we note that the term a

2
V ar(Π̃i) indi
ates the risk supported14When the degree of risk aversion a is set to 0 (or σ2 = 0), we �nd that the optimal number of �rmsis n∗ =

√

t∆L2/f , whi
h is the original result of Salop (1979).15Also, we observe that an in
rease in the �xed 
ost value 
auses a de
rease in the number of �rms inthe market and that a rise in the transportation 
ost leads to an in
rease in the pro�t margin sin
e thereis a higher probability of di�erentiation for �rms.16Under 
ertainty, it is well known that private and so
ial in
entives do not ne
essarily 
oin
ide andthe market is expe
ted to generate too many �rms (see Tirole, 1988).15



by ea
h �rm given the randomness of Π̃i. Using the de�nition of the pro�t level Π̃i, wededu
e that V ar(Π̃i) = ∆2L2σ2/n2. Thus, the 
ost of risk bearing by a �rm denoted by
Bi is given by :

Bi =
a

2

(

∆L

n

)2

σ2 (21)We note that this 
ost in
reases with the absolute degree of risk aversion a, with thedemand intensity L and with the varian
e of the marginal 
ost σ2. Conversely, riskbearing 
osts are a de
reasing fun
tion of the number of �rms n. The aggregate 
ost ofrisk bearing is simply nBi.In the spatial model of Salop (1979), the aggregate transportation 
ost T is :
T = 2nt

∫ L/2n

0

∆xdx (22)sin
e all 
onsumers pur
hasing the brand from a �rm are lo
ated between 0 and L/2nunits of distan
e from that �rm. So, the average 
onsumer has to travel L/4n units ofdistan
e, whi
h leads to the following aggregate transportation 
ost :
T =

t∆L2

4n
(23)Now, the problem for the so
ial planner is to minimize the sum of �xed 
osts paid bythe produ
ing �rms, aggregate transportation 
osts and aggregate 
osts of risk bearing.The so
ial aggregate 
ost S is then equal to S = nf + T + nBi. Formally, the problemfor the so
ial planner may be expressed as :

min
n

nf +
t∆L2

4n
+

a

2

(∆L)2

n
σ2 (24)Proposition 5 Under 
ost un
ertainty, the optimal number of �rms n̂ 
hosen by anomnis
ient planner is :

n̂ =

√

L2

f

(

t∆

4
+

a

2
σ2∆2

) (25)Proof. Sin
e the problem for the so
ial planner is minn S, we solve the 
orresponding�rst-order 
ondition ∂S/∂n = 0 and obtain :
f −

1

n̂2

(

t∆L2

4
+

a

2
σ2(∆L)2

)

= 0whi
h gives the optimal number of �rms n̂. QED16



Corollary 2 The market generates too many �rms at the equilibrium, i.e. n̂ < n∗.When 
omparing the number of �rms 
hosen by the so
ial planner and the de
entralizedequilibrium, it follows that :
n̂ < n∗ =

√

L2

f

(

t∆ +
a

2
σ2∆2

) (26)So, in the free-entry lo
ation model, we note that the market generates too many �rms atthe equilibrium. Clearly, too many brands are produ
ed sin
e �rms have too mu
h of anin
entive to enter. Of 
ourse, su
h a result also holds in the model of Salop (1979) under
ertainty. But with respe
t to spatial di�erentiation under 
ertainty, we observe that theso
ial planner 
hooses a higher number of �rms in order to a
hieve an optimal risk-sharingamong �rms. In
reasing the number of �rms in the markets leads to an impli
it hedging.Finally, when the transportation 
ost is very low, we �nd that n∗ is approximately equalto n̂. In that 
ase, the number of �rms only depends on 
osts involved in bearing risk,and this fa
tor whi
h is equal to a
2
σ2∆2 is identi
al in n∗ and n̂17.Sin
e entry of �rms is so
ially justi�ed by the savings in transportation 
osts and 
ostsof risk bearing, we suggest that there are some poli
y solutions for the so
ial planner inorder to redu
e the ex
essive entry of �rms in the market. In parti
ular, any poli
ydesigned to de
rease the level of risk in industries may be an e�e
tive way to regulate themarket. Resour
es devoted to the pooling of industrial risks should signi�
antly 
ontributeto the de
line of pri
es 
harged by the �rms, by lessening the produ
tion risk premiumsupported by 
onsumers when buying the goods given spatial di�erentiation.6 Con
luding 
ommentsIn this paper, we have analyzed a lo
ation model to examine the e�e
ts of un
ertaintyin an industry equilibrium. We extend the model of spatial di�erentiation proposedby Salop (1979) by introdu
ing marginal 
ost un
ertainty and examine the free-entryequilibrium. A

ounting for horizontal produ
t di�erentiation strongly a�e
ts the e�e
tsof un
ertainty on the number of �rms in an industry, whi
h is indeterminate in a standard17When t → 0, we get n∗ = n̂ =

√

a
2

σ2∆2L2

f
. 17



framework with homogeneous goods and pri
e un
ertainty (Appelbaum and Katz, 1986).Our analysis is a 
ontribution to the re
ent developments on the theory of oligopolisti
�rms under un
ertainty with di�erentiated produ
ts presented in Asplund (2002).In our setting, the optimal pri
e 
harged to 
onsumers in
ludes an additional term
orresponding to a measure of the risk premium fa
ed by risk-averse �rms, so that the
ost of un
ertainty is supported by 
onsumers with di�erentiation. As a 
onsequen
e,when there are no barriers to entry other than �xed 
osts, �rms have greater pro�tsopportunities and then in
entives to enter the market are in
reased. Finally, 
omparingthe number of goods in a market e
onomy and a so
ial e
onomy indi
ates that too manybrands are produ
ed in a free-entry lo
ation model, 
ost un
ertainty having an additionalpositive impa
t on the distortion.A �nal 
omment deals with empiri
al testing. Our framework suggests a positive re-lationship between 
ost un
ertainty and entry of �rms in industries with di�erentiatedprodu
ts. However, eviden
e on the e�e
ts of un
ertainty on the industry equilibrium re-mains s
ar
e. Using a 
ross-se
tion of Ameri
an manufa
turing industries, Ghosal (1996)�nds that greater pri
e un
ertainty has a signi�
ant and large negative e�e
t on the num-ber of �rms in an industry. Fo
using on the intertemporal dynami
s of industry stru
tureagain for manufa
turing �rms in the United States, Ghosal (2002) shows that greaterun
ertainty does not a�e
t large establishments, while it has a negative impa
t on thenumber of small �rms in an industry (see also Ghosal and Loungani, 2000).Nevertheless, this observed negative relationship between un
ertainty and industryequilibrium should not ne
essarily be interpreted against our model of spatial 
ompeti-tion. For instan
e, Ghosal (1996) only in
ludes a pri
e un
ertainty measure and does nota

ount for 
ost un
ertainty. Asplund (2002) 
learly shows that di�erent types of un
er-tainty may have opposite e�e
ts on 
ompetition for risk-averse �rms in oligopolies. Also,the issue of di�erentiated produ
ts is not spe
i�
ally addressed in the previous empiri
alliterature. Thus, it would be useful to investigate the e�e
ts of un
ertainty on the numberof �rms for markets with di�erentiated produ
ts and signi�
ant 
ost un
ertainty. Su
hmarkets 
ould be identi�ed with un
ertainty measures based on the standard deviationsof residuals in pri
e equations for most important inputs. This empiri
al issue, whi
h
ould provide valuable information for publi
 poli
y, is left for future resear
h.18
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