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NON-TECHNICAL SUMMARY

In this paper we study the interaction ot corporate finance and product market
competition; 1.e. we analyse the impact of firms’ financial structure on price
competition and conversely, how firms’ financial decisions are affected if this
impact 1s taken into account, For this purpose we consider a simple two-stage
model with n firms. Each firm is run by a risk-averse entrepreneur who
produces with uncertain production cost. He can either own the firm himssif
and bear all the risk resulting trom the production cost uncertainty alene or he
can sell non-voting stocks to risk-neutral outside investors in order to transier
some of his risk. At stage one, all firms simultaneously choose the ratio ot
mside and cutside financing and at stage iwo firms engage in Bertrand
competition on the product market.

A priont one should expect that entrepreneurs prefer to diversify as much as
possible. But, as we will show, this intuition does not hold if price competition
on the product market is modelled explicitly. To study price competition ot risk-
averse firms we use a model where firms sell homogeneous products and
have symmetric uncertain margmal costs. But, in contrast to the standard
Bertrand outcome risk-averse firms do not choose prices equal to axpected
margnal cost. if an entrepreneur undercuts the prices of his competitors m
order to serve all consumers in the market he realizes an increase in profits i
marginal costs turn out to be low, but he realizes an increase in losses if costs
furn out to be high. Since rnsk-averse entrepreneurs suffer more trom an
mncrease mn losses than they gain trom an equivalent increase in profits they
are less tempted to go tor the whole market with aggressive price cuts.

When choosing the optimal ratic of inside and outside financing at stage one,
each firm ihus faces a trade-off between bearing more nisk and benefiting trom
less aggressive price competition. We show that if firms can cooperatively
agree on therr financial structure they will never choose to tully diversify their
risk because this leads to standard Bertrand competition with zero profits tor
all firms. If firms choose their financial ratio non-cooperatively, instead, each
individusat firm may have an incentive to deviate trom this jointly optimal ratio
1o be in the position 1o compete more aggressively on the product market. In
equilibrium, however, firms choose a positive ratio of inside and outside
financing and hence competiion will be less intense than under standard
Bertrand competition,

From the point ot view ot social welfare, this financial structure implies too
much risk and too little price competition. This analysis applies only if we can
take the number of firms active in the market as exogenously given, however,
Our welfare conclusions may have to be modified if we take the firms' market
entry decision into account. We wentify a potentially welfare enhancing effect



ot the financing strategy: In a world with only risk-neutral participants no firm is
able to cover its enlry costs if more than one firm enters the market, so a
monopoly arises. f firms carry some residual risk, however, Berirand
competition allows tor positive profits and more than one firm can enter the
market which will lead to prices below the monopoly price. As fong as these
entry cosis are not too farge, this will be welfare enhancing.

Finally, we pomnt out another strategy by which a firm might commif to nsk-
averse behaviour: The employment of a rnisk-averse manager wheo 1s paid an
uncertain wage. In this case the manager is given an incentive contract which
s not mtended to give an incentive o work harder, as m standard moral
hazard problems. it is used as a means to raise prices n the market as nisk-
averse managers whose wage depend on the profit are more cauticus In their
decisions and behave less aggressively. In this sense incentive contracts can
serve as an anti-competitive device which weakens the price competition.

Qur analysis shows that entrepreneurs who decide on therr financial structure
non-cooperatively choose positive levels of inside-financing i equilibnium. In
all our examples, however, this non-cooperative level ot inside-financing falls
short of the level that entrepreneurs would like fo commit to if the financial
decision could be taken cooperatively. This means price competition is weaker
as coempared to standard Bertrand competition with nsk-neutral firms. But it is
more intense than it would be if entrepreneurs could agree on therr ratio of
nside and outside financing. This is due to the tact that entrepreneurs have an
Incentive to iree nde on the risk-aversion of their competitors,

This observation has interesting implications for the judgement of cooperation
among firms. It points out that cooperation on some decisions can affect the
outcome of other, seemingly unrelated decisions. In our case, cooperation on
firms’ financral decisions can reduce the competitive pressure on the product
market and thus have an anti-competitive effect on price competition, This
shows that even prima facie innocuous cooperative attempts can give nise fo
concern about potentially anti-competitive effects.



1 Introduction

For aimost 40 years Modigliam and Miller's lrrelevance Theorem has challenged econo-
mists to expiain why the financiai structure of firms should matter. But although it
stimulated a large and growing literature on corporate finance, surprisingly little atten-
tion has been paid to the relationship of firms” financial decisions and their competitive

behavior on producl markets.

In this paper we study the interaction of corporate finance and product market com-
petition; 1.e., we analyze the impact of firms’ financial structure on price competition and
conversely, how firms’ financial decisions are affected i this impact 15 taken 1nto account.
For this purpose we consider a simple two-stage model with n firms. Each firm is run by
a risk-averse entrepreneur who produces with uncertain production cost. He can either
own the firm himself and bear all the nsk resulting from the production cost uncertainty
alone or he can sell non-voting stocks to risk-neutral cutside mvestors 1n order to transfer
some of his risk. At stage 1, all firms simuttaneously choose Lie ratio of inside and outside

financing and al stage 2 firms engage 1n Bertrand competition on the producl market.

A priors one should expect thai entrepreneurs prefer to diversify as much as possible.
But. as we will show, this intuition does not hold if price competition on tie product
market s modelled expliatiy. To study price competition of risk-averse firms we use
a model of Bertrand competition based on Wambach (1998). In this model firms sell
homogeneous products and have symmetric uncertam marginal costs. But in contrast to
the standard Bertrand outcome risk-averse firms do not choose prices equal to expected
margnat cost. If an entrepreneur undercuts the prices of his competitors in order to serve
all consumers in the market he realizes an increase i profits il marginal costs turn out to
be low, but he realizes an mncrease in losses if costs turn out to be high, Since nsk-averse
entrepreneurs sufler more from an iicrease 1a losses than they gan from an equsvalent
yncrease n profits they are iess tempted to go for the whole market with aggressive price

cuts.

When choosing the optimal ratio of inside and outside financing at stage 1, each firm

thus faces a trade-ofl between bearing more rigk and benefitting from less aggressive price



competition. We show that if finms can cooperatively agree on sherr finaneal structure
they wili never choose to [ully diversify their misk because this icads to standard Bertrand
competition with zero profits for all firms. If firrs choose their financial ratso noncoope-
ratively, mstead, each mdividual firm may have an meentive to deviale from this jomtly
optimal ratio to be m the position to compete more aggressively on Lthe product market.
However, 11 equilibrsum, firms choose a positive ratio of inside and outside financing and

henee competition will be less miensce than under standard Bertrand competition.

With this paper we mtend to make two contributions. First of all, as emphasized
above, the paper establishes a relationship between @ firm's finanaai decisions and 1ts
competitive behavior on product markets. Although the mieraction between the financial
market and the output market 15 seen to be a polentially important determinant 1 the
fnancral contracting dewision of & firm {sce e.g. Harns and Raviv, 1992), 1l has not
recerved much attention 1 the literature, The first work n this direction was Brander
and Lewss (1986) who studied the ympact of a firm'’s debt /equity raito on product market
competition. In ther model, a nsk neutral firm that s engaged 1 Cournot competition
has an meentive Lo lake on a large debt to commit itsell to a more aggressive ouiput
stance duc to the limited Lability, However, when both competitors use this siraiegy
they both end up bemg worse off. In a companion paper, Brander and Lewis {1988)
introduce additional bankrupicy cost and show under what conditions highly-leveraged
lirms engage i more aggressive output decisions than fnms with ne debt. Showalter
{1995} extends the Brander and Lewis {1986) analysis to Bertrand competition. He shows
thal the incentive lo use strategic debt depends on the type of competition and on the
type of uncertamnty 1 the autput market. If demand is uncertamn, debt 15 advantageous
for risk neatral firms because it induces higher prices of both competiiors. In ease of cost
uncertanty, however, firms prefer not to take on debt because this would induce too low
prices, Another extension of Brander and Lewis” {1986} analysis 15 Hughes et al. (1998).
They smvestigate whether or net firms can elimunate the strategic meentives {or taking
on debt under Cournot competition if they can acquire and share mformation before the
financial structure 1s chosen, 11 1s shown thal firms prefer to resolve this uncerlainty oniy
i its tevel is sufficiently high. n the context of repeated oligopoly under lacit collusion,

Maksimovic (1988) shows that kigh levels of debt weakens the ability to coliude, since

i



future debt repayments decrease the collusive profit refative te the one-peried deviation

galm.

QOur paper constders a different financial structure decision, the ratso of inside versus
outside finaneing. However, there are mteresting parallels to be seen. In the case of the
debtfequity decision firms becormne more aggressive if they take on more debt due Lo the
Himited liability. Similarly, m our model entreprenesrs become mere aggressive i they
take on more outside financing because this makes them less risk-averse. Like Showatter
who shows that rsk-neutral firms avoid debt mn order to commil to less aggressive price
competition we find that nsk-averse firms choose less outside financing than 15 oplimal
frem the point of view of risk diversification for the same strategic reason, to reduce price

competifion.

Another paper that studies the impact of outside financing on product market compe-
titson 15 Aghion el al. {1998). The authors find a nen-monotonic {1)-shaped} reiationship
between outside finance and the manager's efforl. H outside finance 15 low a further nise
reduces the manager's incentsve to work hard. If ouiside finance 1s high, however, the ma-
nager has to commit to working hard te atiract more funds. The nature of competition
and strategic interaction (strategic substitution or strategic complementarity} depends on

the regime under which the manager operates.

Empiricaliy 1t 1s striking that most investment projects are financed internally. Mayer
{1988) reports that arcund 70 percent of all investments 1n Anglo-American or European
firms are financed through retaned earsngs. Myers and Majluf (1984) provide a theore-
tical explanation for this phenomenon based on the idea that mternal financing reduces
agency costs due to asymmetnic information. Hellwig {1998) argues instead that managers
preler mside financing because this unplies less interference from outside investors. Our
paper pomls to a complementary explanation which 1s that mside financing is used as a

strategic commitment device to reduce price competifion.

The second contribufion of this paper is related to the literature on Bertrand compe-
tition and on aiternative ways to overcome the Bertrand Paradox. Formally, the anticom-

petitive impact of risk aversion 11t our model is similar to the effects of capacity constraints



or convex costs on Bertrand competition (Allen and Hellwig 1986, 1989, Benassy 1988;
Dastidar 1995; Dixon 1990, 1992; Edgeworth, 1897, Kreps and Schemnkman 1983; Maskin
1986}, The crucial question 15, however, whether or not firms can wiluence their degree
of nisk aversion i the same way as they can choose for example Lheir capacity constraint
{Kreps and Schemnkman 1983) and if so, what degree of nsk aversion they will choose. Our
paper shows that entrepreneurs can indeed affect therr degree of risk aversion by choosing
their ratio of inside and outside financing. Furthermore, m an mlerestng parallet to the
result of Kreps and Schemmkman we find that i equilibnium firms will indeed choose a

financial structure Lhat reduces price competition at stage 2.

The paper 15 orgamzed as foliows. In section 2, we mtroduce the basic set up of
Berirand competition with uncertam cost and risk averse entrepreneurs. In section 3, we
discuss as a benchmark the case of perfect competition, where firms face given prices.
Section 4 shows the main effect of product competition on financial ratic m a simple
duopoly model. In section 3 we carry out some comparative static analysis with respect
to the number of firms and the degree of risk aversion. In section 6, we miroduce entry
costs and derve welfare implicalions of the financial structure. Section 7 concludes with
a discussion of pessible extensions and some 1mplications for judmng cooperation on

financial decisions.

2 The basic set up

Consider a market where n firms scll homogeneous products with symmmetric production
technotogses. Production costs are linear su quantities but uncertain, The cause of this
uncertainty 1s not modelled explicstly. What we have ; mind 15 that production costs
could be uncertiuin because of uncertam factor prices, resulting from uncertam supplics or
uncertain exchange rates, Similarly, firms could be uncertam about the amount of inputs
required for production. An example 15 the construction 1ndusiry where firms typically
compete for contracts without knowing precisely their construction costs. To make ideas

precese we assume that all firms produce with identical, but uneertamn unit production



costs ¢, where ¢ 1s drawn [rom ig, &, ¢ < E, according to the probability distribution F(c).*

Firms are run by risk-averse entrepreneurs. As the potential profit stream 1s uncerfain
the entrepreneurs may want to sell some of thewr cash flow rights to outside financiers,
who are assumed to be risk neutral. Outside mvestors do not obtain controt rights if they
buy cash flow nghts. This s for example the case il they buy non-voting stock nghts.
We assume that there exists 2 jarge number of potential outside investors and thai each
entrepreneus addresses one single investor with a take-it-or-ieave-it offer when seeking

outside-financing.”

The time structure of the game s the foliowing:

1. At stage 1, each risk averse entrepreneur i, : = I,...,n, simultansousty makes a
take-it-or-leave-it offer to a nisk neutral outside financier, which specifies | — ¢ and
(7;, where (1 — @;) 1s the percentage of the cash flow rights sold and &: 1s the price
the investor has to pay. Then each outside iavestor either accepts or rgjects his

offer, without seeing the offers made by other entreprencurs.”

b

. At stage 2, Arms compete in prices on the outpul markel. One problem that anses
with production cost uncertainiy 1s that once unit production cosis are realized firms
may not want to serve the demand they face.” However, we assume that output 1s
demand determined, i.e. firms are required to serve the residuat demand they face.
This assumptior 15 commonly made (Dixon 1990; Dastidar 1995; Wambach 1908}
because it guarantees existenee of pure strategy equilibria. One possible justification

could be that i 13 extremely costly to turn customers away.

Total market demand is denoted by z{p). Let z;{p;, p_;} denote the individual market

‘Resulls do not change if costs are ii.d. distributed between the frms.

“Both assumptions are made to keep the model as ssmple as possible. It 1s strasghtforward Lo see how
outside-financing becomes less atlractive if there 15 less competition among outside-investors and thus
entreprenesrs have less bargaining power when seeking risk-neutral eapital.

*This assumpLion greatly simplifies our analysis of out of equilibnism behavior, as will be shows below.

Note that similar problems anse in models with capacity constramis or convex costs and Bertrand
competition {Allen and Hellwig 1985, 1689; Benassy 1689; Dastidar 1985; Dixon 1980, 1992; Edgeworth
1897; Kreps and Schemkman 1983; Maskin 1986). In this literature, firms are not willing to take the
whole market as this 15 esther nol possible due to capacity constramts or very costly due Lo the convex
cost function. In general, under these conditions there exist only equilibria in mixed strategies {Maskin
1986; Alien and Hellwig 1986, 1089},



demand faced by firm 2, where p; 1s the price charged by firm 1 and p_. the vector of prices
charged by all other firms. Note that z(p;, p_;) = ={p:) if firm 1 charges the lowest price
and it 15 zero if other firms charge the fowest pnice. If several firms charge Lhe same lowest

price, they share toial market demand at this price symmetnically.

Entreprencurs maximize thetr respective utilities which depend on their degree of

risk aversion. We specify this nisk aversion more explictly below,

3 Financing Decision under Perfect Competition

Before we start with our analysis ol an oligopolistic product market we consider first the
case of perfect competition as a point of reference. For this purpose, we assume that once
the entrepreneurs have taken their decision about their financial ratio, each firm faces a
given price and market demand, so that there s no longer a decisson to take, In particular,
we assume that the firms face a mven price p and an mdividual demand z,(p) = z(p}/n
Note thal p 15 determined before cost uncertamty 15 resolved which exposes producers lo

some risk.

In this case, the deciston problem of each firm reduces to 1ts decision about the

financial structure at stage | and {omitting the subscript 1) st 1s formally given by:
Tz
Izia:\’] U(G—E}:{pw e) + GYdF (e} (nH

where 7 is the price which can be charged to the sk neutral outside financiers. The
outside investors accept any G thal guarantees a non-negative expected profit. As the
price and the demand 15 given at stage 2 for a given number of firms, this mplies that

the maximal G which can and wili be demanded satisfies:
z(p) .
G =1 —G}T{ﬁ*t‘) (2)

where ¢ is the expected unit cost: ¢ = ffch(c).

“Usuaily, modeis of perfect competition assume only that the prce s given. However, as the model is
linear 1n expected costs, a nsk-nentral firm would choose to produce an infinite amount if p > £(c}. To
avoid this problem, we impese here and in the following that lor a given price every firm faces a demand
which 1t has to satisfy, ve. zi{p), the oulput of firm 1, 15 not a choice vanable but is given by the residual
demand.



Proposition 1 describes the individually optimal ratio of inside and outside financing

under these circumstances.

Proposition 1 [f the produci market 15 perfectly competitive, cach firm choo-
ses fo jully diversify is risk, v.e. fhe optimal ratio of inside und outside finan-

cing - 15 zero.

Proof:

Substituting G [rom equation 2 in expression | and taking the derivative with respect

to a leads to:
E [U'(iiﬂ(p—e)-a@(c-e))- (—%ﬂ{c-e))l =0 (3)

H 15 easy to verify that the second derivative w.r.t. o 15 negative. Note that this first
order conditios 15 solved at a = 0. In that case the marginal utility 1s a constant, and

the expectation of the second term is zero. Q.ED.

This result 15 quite inturtive - a risk-averse entrepreneur would like to insure himself,
and as the outside financiers are assumed to be nisk-neutral, all risks are shifted towards

them.

4 Financing Decision under Bertrand Competition

To 1nvestigate the situation under Bertrand competition we study first a ssmple example
with only two firms. Both entrepreneurs have symmetric utility functions shich are
assumed to be loganthmic, and symmetric initial wealth which 15 denoted by w. Costs

per unit of preduction can take one of two values, § or 1, with equal probability.

We first analyse how price competition at stage 2 15 affected by the firms’ ratio of
insrde and outside financing whick m turn determines their risk aversion. To illustrate
tie impact of the firancial structure on price competition it 15 useful to consider the

symmetric case where & = (o = o and G = ) = . Note first that for positive o



it cannol be an equilibrium that both firtns charge a price equal to expected marginal
cost.S In our exampie this would imply charging o price of . However, due to the cost
uncertamty and the firms sk aversion firms would be better off to forego sales at this

price sice

-{-—G)-}-Hn M‘-}-O(:l;'"*l)im G):-_v
' ' (4

+ £in (w — ,'F_i,,iﬂ - G) < Infw+ @)

Suppose next that firms think of charging a price p above expected marginal cost.
Then this can be an equilibrium price only if no Arm has an incentive to unilateraliy
undercut this price Lo capiure the whole market. Thus, a necessary condition for this
price to be an equilibrium price 15 that

-liz(tb-ra"“’){p——(}} @34 5h 1(u'+o’("){p—])+6)>
h

f =
;jln(w-i-ar(p}(p- 0+ O 4+ i (lL'+O.E(;})( )+ G {5)

that 15 ne firn has an incentive to lower the price, which would mcresse the residual
fal

demand from to x{p) but comes with the risk of higher losses.” To determune the
I 2

maxinum equiibrinm price p° condition (5} has to be satisfied with equality. This leads

io
. i - .
prla)= sl —u sVl + %) (6)
where u = ‘.J‘:“ﬂ Note that for a =+ 0, p — 1/2; e, if firms become more and more risk

neutral, the Bertrand price converges te expected marginal costs. This s the standard
result from the industnal organsation literature: under Bertrand competition two firms
are sufficient to restore perfect competition. As our exampie shows this result holds eves
i costs are uncertam as long as firms are risk neutral. I frms are nsk averse. however,
this result no longer holds. If @ 1s positive the price 1s above 1/2. In the extreme case,
where w s very small {approaching —@G) so that firms are very nisk averse due to the

DARA utility function, the equilibrium price approaches 1, the high cost level

We still have to show that the maximum eouilibrium price described by condition (6)

1s higher than the price necessary to mduce risk averse firms to make positive sales at all;

Sandmo {1971) shows that risk averse irms require a price above expeeted cost to enter the markes
at ali.
"A detailed derivation ol the sirategies and the according equilibna can be found in Wainback {1598},

3



Le. that p* guarantees a positive utility to nsk averse firms. To derive the entrepreneurs’
utility for a given level of o, we need to solve for the equilibrium price G paid by the
outside investors for their cash flow rights. Note that given o, = a2 = o, each mvestor
anticipates the equilibrium price p at stage 2 derived above. Firm 's take-it-or-leave-it
offer G; will be accepted H (I = a)gz(p™)(p” — &) — G: > 0. If this inequality 1s not
satisfied, then the financier rejects the offer. Sotving this condition for the maximum G

and plugging this back 1nto equation {6} we can solve for p°

Proposition 2 Suppose the two firms engage 1 Bertrand competilion on the
product market. If 0. = g, = a > 0 and hence both firms are misk averse,
ten the mazimum equilibrium price lies above the compelitive price and the

iwe firms recewve a strictly positive fevel of utility.
Proof: See Wambach (1998)

This resull establishes the drnving eflect of our model. If firms sell all their cash flow
nghts i order fo fully diversify their risk, Bertrand competition will drive down prices to
expected marginal cost, leading to zero utility. If firms choose & > { instead, they have
to carry some risk bui this m turn cnables them to sustain prices above marginal costs
1n the output market. Proposition 2 shows that firms benefit from this reduction 1z price

competition even though they have to bear more risk.

If firms can cooperate on their choice of 1% the ratio of inside and outside financing,

they will choose the a” that maximizes jomt profits.

To illustrate our results we have plotted the function p"{a} 1n Figure i for the [ollo-
wing parameters: w = 30, z(p) = 100. As expected, p° 1ncreases with o, more risk averse

capital leads to an mncrease in price.

Figure 1 about here

In Figure 2 the expected utility of the firms 15 shown (the solid curve). Note that

9



for & = 0, the expected utility 15 3.4=in(30); re., firms recerve just thesr cutside option
utility. At this pomt, both firms are risk neutral and the resulting prnice 1s 9.5. The
maximum utility 15 reached at o™ = (.8, 1.e. we get an interior solution for the optimal

a. This reflecis the trade-off between risk aversion and reduced price compeiition.

Figure 2 about here

So far we have treated o as exogenously given or assumed that the Lwo firms cooperate
when choosing their ratio of instde and outside financing. The crucial question is, however,
whether there exisis a symmelric equilibniam where both firms choose posibive ratios

noncooperatively. This 15 the subsect of the lollowing proposition.

Proposition 3 Suppose the two firms engage i Bertrand compehilion on the
product market al stege 2 and suppose further that they chosse oy and o4
noncooperatively af stage i, In this casc there coist symmetnic equilibria, where
o) = aa = a > 0; ne., both firms choose the same level of mside financng,

and enjoy positive ubilily levels.

Proof; To prove this proposition consider the decssion of entrepreneur § at stage &, If
the strategy of firtn 2 15 to choose a» = a, what 15 the best response of firm 1 to that?
Note first, that it cannot improve its payell by choosing &, > a. In thal case the market
price al stage 2 15 solely determined by o, as it must hold that no firm has an incentive
to capture the whole markel. But for any price, the mcentive to deviate s farger for the
firm with more outside financing, because it 15 less nsk averse. Thus, if oy > 0y = a the
resulting equilibrium price 1s mdependent of a,. However, if tiie price 15 not affected by
firm i's chowce of o, then, as we know from the last section, i prefers Lo choose its own

residual risk as low as possible. Hence, oy > o cannot be a profitable deviation.

Consider next a: < a. If both firms still share the inarket at stage 2, the market price

5 given by solving equation {5} for the lowest a. Thus, if o < &, a marginal de¢rease of

]



o, such that ar < a, does not pay if o < ¢ and the two firms share the market because

the combination of & and p{a”} maxinizes the expected utility.

However, firm | may consider a drastic decrease of a; and a price reduction at stage
2 such that firm 2 will not even serve half the market. In that case, the condition for the

equilibrium price 7 at stage 2 is:

z(p) z{p)

(F—-0)+G)+ Mln(w Qm{p—l} G) < Infw+G) (7)

1.
ilﬂ{u}-*-a

re. firm 2 prefers to stay out of the market rather than o charge 7 and serve half the

market. Note that also here (7 is given by & = {1 —a)iz{p"}{(p* — €}, which 15 the fee the

cutside 1nvesters have paid Lo Arm 2.

This leads to the following equation for 5

1
5{&}2;(1-—1}—{-\/1-}-03} {8)
where v = 42;?,;(;) Companng this with equation (6} it follows that 5 < p*

As this price does not depend on o, we know that the best response of irm 1 15 to
set @ = 0. In that case, the income of firm 1 s certasn. The outside financiers anticipate

the price f so that they are willing to pay G = z{f)(F ~ ). The utility of &rm 1 15 then:
infw + 2(5)(5 — £)) (9)

Next we show that there exist values for & where the utiity of serving half the market
at price p"(a) 1s larger than the utility of serving the whole market at f{a). Asp™ > 5
ihe utility of serving half the market at price p° 1s larger than the utility of scrving half
the market at § which 15 equal to fn{w + G}. The proof will be done if we show that for
small @, tn{w + G} 15 targer than the utility of the deviator given m equation (9). Thus
we have to show thal

w+ G > w+ 2(BYH— &) (10}

where (G is given above and & = 0.5, By using equations {6§) and (8) this transforms into:
(1“0) (F"}—u 4 VI 4+ w?) > z(B) v+ /1 +v?) {11}
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Multiplying both sides by o we gei:
Loy - gy . T3
{1- o-);;r(p W=+ Vo + 7)) > z(PY -0+ vVo? 4+ 07} {12}

with i = a+u, 5 = a # v. If a teads to zero, both sides are zero. Taking the denvative

with respect fo a® at a = 0 we get for the lefi hand side:

&I(l/ }
9
)5 = 35(1/2 (19)
while the derivative of the right hand side 1s:
1 i/ )
3 2) :

21/ = 50172 (1)

which 15 smaller. So for small a a drastic deviation does not pay. {.ED.

Proposttion 3 confirms thal there exist noncooperative equilibna where both firms
choose positive levels of inside financing. But it s ool clear that the jomt utility max-
nuzing a” can be sustamed as a nencooperalive equilibrium outcome. This 1s illustrated
it the numernical example presented above. Figure 1 shows both price functions, p{a)
and p{a), under the assumptions on z. w and R as given above, for any a. In Figure 2
the expected wtility of firm & 1 shown as a function of o under the two scenarsos: Either
ay = ax = a and both firms share the market with p= p{a) or oy = 0, 02 = oo, firm ¢
has the whole market and p = #a). For the symmetnic solution to hold as the outcome
of a noncooperative cquilibrium o must not be larger than 0.53. And m fact, this 15 the

constrained optimum {rom the firms powt of view.

Thus, m our numerical example enirepreneurs de have an mncentive to free nide on
the nisk aversion of ther competitors and choose a smaller level of inside financing than
ts optimnat from the point of view of joint profit maxsmization. Both firms would increase

their utifity if they could wrnite a binding agreement on choosing the same a.

5 Comparative statics

Tn tiis section we wani to do some comparative static analysis wilh respect to the num-

ber of competitors, the degree of the enfrepreneurs’ nisk aversion and the level of cost

i2



uncertainty. For this purpose it s useful to study a slightly different set up with n
entrepreneurs whose utility functions exhibit constant absolute risk aversion {(CARA}
with a Pratt-Arrow risk coefficient 4. Furthermore, costs are normally distributed with
mean & and variance ¢° 8 One nice feature about normally distributed costs 15 that
Elexpl—éc)] = exp(—sé + %é"’} Thus in the following it suffices to argue with the
certamnty equivalent of the uncertaln meome. In our case, the utility function of each
entrepreneur 15 Elexp{—avE(p ~ ¢} — 5G)] and the certanty equivalent is thersfore
exp(—ayE(p — &) + T 5 — 1G).

Consider again the maximum equilibrium price if ali firms have the same financal
structure a/(1 — a). This 1s found by looking ai the analogue of condition (5) which s

here

2 2

. * o, az(p) AN -
p—i- %ﬂ‘"f‘z% +9G 2 ayz(p)p — &) - 5ro7z(pfy +4CG (15)

z(p)
ay—(
n
To determine the maximum equilibrigm price agam this expression has to hold with
equality. From this we get: )

. et +1
P o= C+7":,“03(P'}E";1""" {16)

The following proposition summarizes the comparative static results for this equili-

brium price:

Proposition 4 Suppose n firms engage mn Bertrand compelition on the pro-
duct market, If oy = 02 = ... = an = a > 0 then the mammum equilibrium

price fies above the competifive price and i 15 higher

& Ihe higher the firms’ risk aversion due to the level of swde financing (o),

& lhe higher the firms’ risk aversion armsmg jfrom thew wtility funclion, as

captured by the risk cocfficrent +,

o the higher the level of cosi uncerlminty, as measured by the cost varance

2

o*, and

%This assumplion Is unatiractive on econermic grounds, as it allows {or negative costs, However, 1t
simplifies the calculation to a great extent and is therefore very commoniy used in the fiterature.

13



e the smaller the number of firms n,

Eroof: Using the implicit function theorem, the proof is straghtforward:

- - nt+l
a” dr _ _Fertt
da dy 1 — % ox’
dn® dp* ~",‘U—2(\I——-—-“-('.’+”
—_— L M L, = n? <0
do dn 1 —v%az

Q.ED.

H 15 easy to see why the equilibrium price stiould increase m a, + and o, as all these
factors make the firm more nisk averse. The comparative stalics resell with respect to
the number of competitors is less strayghtforward. As the number of competitors grows
the inerease 1n market share when undercutting the competitors gels larger because it
mmplies moving from 3-%31 to z(p). This means that the potentsal for gans increases if
costs are tow, bul also the potential for losses if costs are high. As our proposition shows,
the positive effect dominates the negative effect which makes 14 more difficult to sustan a
price above the competitive price. Finally, note that m contrast o the previous section,
p* does not depend on w or (7 as the degree of nisk aversion is independent of the wealth

level of the firm due to the CARA assumption.

Figure 3 iliustrates with 2 numerical exampie how the maximum equilibrium price
reacts to different values of o, 4, o and n. Take curve 1 as a starting point. As nincreases,
the maximum equilibrium price decreases for a grven value of o which 1mplies a downward
shift of curve 1 (curve 2). An mcrease in v or o nstead leads to an upward shift of curve

1 {curve 3).

Figure 3 about here

Let vs suppose next that the firms can collude on ther financing strategy, but as

before not on their prices. Call the resulling symmetric level of inside financing of, and

i



the resulting equilibrium prices p*

following maximuzation problem:

Then the aptimal collusive outcome is given by the

2(p), .o Lx(p)?
ax &) = p®
e n (=& - 7% Th
. a? 4+l
st p=it+yooz(p)
2 7t

(17)

(18)

where condition (18) denotes the maximum equilibnium price specified above 1 equa-

tion {16}. The outcome of this maxinmzation problem 15 characterized n the following

Proposition.

Proposition 5 Suppesc n firms engage i Bertrand competition on (he pro-
duct market but can agree on a jowntly epiimal level of inside financing before
price competition starls. Then the optimal level of inside financing s given by

pF-c 2 om
= H) a1

[

(19}

The reaction of o io varwetions of the firms’ risk aversion, cosi uncerlamiy
or the number of firms 1s ambiguious end depends on the elasticity of mar-
ket demand. However, if demand 15 differentiable with finiie first and second
derwalive, then for large values of 4, 0 and n o decreases tn v and o bul

increases m n.
The corresponding equilibrium price 15 always lower than the monopoly price,
bul icnds towards the monopsly price

o if the firms’ risk aversion 1s large, as measured by =,

e if the level of cost uncertmnty 15 large, vs measured by o and

o if the number of firms, n, 15 large.

Proof: The Lagrange-Function of the maximization prablem above 15 miven by

z ) o Lz(p)? ) a* ntld
b= g e S o)
- 5 2

15

{20}



This leads to the following first order conditions:

o(p) =) s o .2z(p)e'{p) AT N T
T2 E R G gy - TR - Te(p) ] = 0 ()
o* z{p)? gt n+l
152 sy Tam ™ = 0 @)
, g a1
p—i—ygez(p)— = 0 {23)
Rewnting equation (22) mives:
9
A= .__I___a_x_(fl {24)
n+i n

Multiplying equation {22) by cz’/z, subtracting equation {22) from equation {21), sub-
stituting o from equation {23} and using the expression for A leads to:
4 n

() (p" - ) + 2(p) = (° — E)Fm

{25)

The mterpretation of this expression is straightforward. On the left hand side we have
marginal profit and on the night hand side we have an expression that 15 related to the
firms' risk aversion. So the optimal price will always be below the monecpoly price of a
risk neutral manopoly as long as the right hand side of equation (23) is positive. If the
firms are very nisk averse, if the uncertainty 1s large or if there are many firms in the

market, Lthis price tends towards the monopoly price.

To see this, consider once mote equation (25} and define A = ;;—aﬁ Then we can
use the implicit function theorem to show that
ap® —{p — &)
dA T 2(po)(pe — &) + 22(p7) — A

The denominator 1s negative as the frst part of the expression 15 the second order deriva-

<t (26)

tive of the profit maxsmizing problem a risk neutrat monopolist faces, which 15 negative.
By subtracting A this term remains negative. Thus the overall expression 15 negative

given that p° > c. As A depends negatively on v, o and n we get the desired results.

To see how the optimal @ reacts to variations of risk aversion and the number of

competitors, we use equations (21} and {22) to get the following expression:
: g £ €X]

o = 25 e 4 ) - ) (27)
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From this expression we get the {ollowing derivatives:

da® n'éwltl’)i)i . . n -t ' 1 & . 4

;,:, = ~{~"-—:£;5¥-)m‘i’~gz(p} + ' (p)(p° — &)} +2$(pl} {2'(p) + 2"(p}p" - &) a,r; (28)
W""‘"""‘""‘:’"’"’"’"’"’"‘“’" {i) {i5)

da® LS Q'IJ‘d'E"[' n + : " = -dsr

?‘i‘r_ _ [ ;i{;y(;) 2. (e(p) + )P — C)}”{";z(pl} {22'(p) + 2"(pMp° ~ &) % (29)
e {1} {id)

dot  2z{p} - (n + 122" { py e ' » P 1 ” . L i
. = (a1p) + M0 = D) +5 (2019) 4 270 = )
: 1) )
‘ (30)

Term (1} is the margizal profit of a nsk neutral monopolist and Lience positive for all prices
below the monopoly price. Term {ii) 1s the second derivative of this monopoly profit and

o 3
heace negative. Note that =2 and 22

o <E are positive, as shown above, Thus, the sign of the

desivative of of with respect to ¥, and o depends on which of the two terms (i) and (i)
demunates. However, as we have seen above, for large values of 4, o and n term (i} tends
to zero and hence the negative impact of term () dominaies. This implies that for large
values of v, ¢ znd n the expressions i equations (28} and (20) are negative. A similar
argument does not hold for equation (30), as term (1) 15 not just muitiplied by "m‘f{} buf alse
by 2x(p). For large values of v, ¢ and n both (i) as well as % goes to zero. Expanding

dry
this expression i -1 one gets:

QE.D.

It 15 mtuitively clear that p® increases in 7 and o as large nisk aversion makes i easier
to stabilize larger prices. The result for large n 15 more surprising. Although we know
that for a given a, prices decrease i 7, Proposition 3 implies that the equilibrium prices
resulting after optimally choosing a converge te the monopoly price for large n. The

reason 1s thal for larger n's firms have to provide a smaller market share which makes

17



them more, but not fully risk neutral. Larger o's can therefore be opfimal which m turn

mereases the price.

The crucial question of course 1s again, what fevels of symmesric inside financing the

firms can sustam in & non-cooperative equilibrrum. This 1s described m the followng

Proposition.

Proposition 6 Suppose the n firms engage 1n Bertrand compelition on the
product market at stage 2 and suppose further thal they choose o noncoopera-
tively at stege I. fn this case there emst symmetrie equilibria i whick ol firms
choose the same posilive ratio of inside and ouiside financing. Hewecver, in

the optimum firms will acquire a positive level of outside financing if demand

5 elashic,

18



Proof:

To see whether a firm has an meentive wo deviate from the symmetnie chowee of (o =

as = .. = as = a > 0) we have to formulate the analogue fo equation {7). This has the
foliowing form: . "
T . o L z{p) . .
a—-(-p—)(f:_- ¢} — o {31) +G<G £31)
m 2 n?

To determine the maxunum equilibnum price with which a deviating firm can capiure

the whole market this condition has to be satisfied with equality which leads to

o o 1 o
== c-é"}‘—‘_;—a:r{p); {‘32)

It 1= clear that p < p°

The syminetric soletion for the levet of inside inancing only holds m equilibrum if
the expected utility of serving L/nth of the market al price ¥ and a > G 15 larger than
the utility of serving the whole market at price 5 with @ = 8. The outside financiers
antieipate the price p7 or § respeclively, so we get by using the corresponding expressions
for G and (.

A iy - Tt 5 2 - g (33)

Using equations (16) and (32} it loliows:

LT oy (34)

z{p7}

If the demand is somewhat elastic, the output 15 larger on the right hand side since

15 smaller than p*  This implies that o must be strictly smaller than one for the symmelrnic
solution to hold. Furthermore, it 1s ciear that for small o the condition m equation {34)
15 not violated, as in that case x{p"} = 2(p) and n + | - a > n. This proves the tast part

of the Proposition. Q.E.D.

To compare the nonceoperative finanoial structure with the coeperative solution we

consider two examples of different demand structures:

{t) completely melestic demand: ={p) =z f p <5 and 2{(p) =0 for p > &

Consider a market with m consumers who have a valuation of © of the good and desire

19



to buy & umts each, From equalion (25) we can denive the optimal equilibrium price p°

if the levei of inside financing 1s chosen cooperatively.

. L {n 410
e+ ————z

= mig , ol (35}
n 4

Furthermore, of is given by:
t—¢ 2 =n
woin+1

o = min((n + 1), j (36)

However, from Proposition 6 we know that o has to be smaller than 1, otherwise
one of the firms would have an incentive to deviate by choosing o = { and capturing the
whole market. Thus we conclude that in this case the optimal noncooperative o is given
at either o” = 1, i.e. all entrepreneurs ewn therr firm completely, and the market price 1s
7 =é+vyoi{n+1}/(2n), or " = "—::_";“2“5;%{ if the latter expression 13 smaller than one,
and p° = &.

{ii) linear demand: z{p} = A — Bp
So far an increase in ¢ had two consequences - first it increased the degree of risk ex-
posure, which lead ceteris paribus to lower expected utility, Second, it could be used as
a commitment device to sustain higher prices, which in turn increased expected profits.
Now, n addition to these two effects, an increase in a increases the price which leads
to a decrease m demand. This in turn decreases the degree of nisk exposure as the risk

premium scates with =2

Suppose for simplieitly that ¢ = 0. Then, using equation {25}, the optimal price if

all n firms choose coaperatively the same & 15 given by

= §BA_+B (37)
where § = W’-‘W Nete that the monopoly price is p™*" = 2—”;— > p° From equation
{19} 1t follows that:

o = %:Bi—lﬂ)) {38)
Finally, p for this &° is given by eguation (32):
= Binx 2}i Bn+1) (39)



The verification of condition (34) however shows that for any vaiue of B, @ and n this
inequality 1s not satisfied. Thus if firms cannot collude both constramnts will be binding
and the cquilibrium s given by the sclution of equations (16, 32, 34). Reformulating these

expressions we get one simgle equation for a™, namely:
Pn+ 1P +2° 8 (n+ 1~ o = {n+ 1Fn{in + 1} + 2a"BY {40

No anmalyticai solution exists. We therefore discuss iwo extreme cases. First consider /8
smali. This may be the case, because o7 is large, r.e. the risk s very large or the firms
are very risk averse, or because 3 s barge, After some calculation we get that o” = sl Ly
with & = (\/(n'-’ =t n 4 e+ - 1) (07 = DY (22 + 0~ 1) ¢ 15 smaller than |

and tends to zero for large »n. This has to be compared with equation {38}, which 1s the

. . . e . N
soiution if firms can coliude on therr financing sirategy; af = 2 %- Firms would always

like to agree on & common financial strategy, and the value of such a precomnutment

mereases m the sumber of frms.

Second, consider the case with a large #/B. This may be large either because firms

are not Tisk averse, or because 15 small, that s the demand s very mefastic. In that

case, a” = | while the o {rom equation {38) satisfies o = 2. This does not come as

a surpnise as [ = 0 15 the case discussed in the last paragraph on melastic demand, and

the same solution was obianed there.

6 Entry Costs

So far, our amalysis draws a negaiive miciure of the welfare consequences of the firms®
financial decision. Entrepreneurs choose mside financing m order to reduce price compe-
tition. Thus, from the pomt of view of social welfare, Lhis finanaial structure 1mplies too
much risk and too litile price competition, However, this analysis applies only if we can
Lake the number of firms active in the market as exogenously gmiven, In this section we
show that our welfare conclusions may have to be modified if we take the firms' market

entry decision mto account,

Consider a stage zero at which the firms can decide whether they want Lo enter
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the market or not. Suppose furthermore that market entry is costiy, e.g. because the
entrepreneur has to investigate the market, set up his company, carry out R&D or invest
in marketing its products. In the standard Bertrand model such entry costs imduce a
monopolistic market structure: If more than one firm enters the market at stage §, profits
will be competed down in the subsequent price competition, so that the entry costs will
not be recovered. The only subgame perfect equilibrium in pure strategies 1s where only

one firm enters tie market and recovers 1is entry costs by charging the monopoly price.

This is different in our model. Even if more than one firm enters the market the
expected utility 15 positive. Thus, as long as the entry costs are not too high, more than
one firm will enter the market in equilibnium. The following proposition shows that this

can have posit:ve conseguences for social welfare.

Proposition 7 Consider a three-siage game with n risk-averse entreprencurs
who foce positive markel entry costs & al stage 0, choose their fingncial siruc-
ture at stage [ and compeie i prices af stage 2. Then there enist posttive values
Jor &k such that the welfarc s higher 1n case of risk-averse entreprencurs who

choose thewr financiel siructure than 1n case of risk-neutral firms.

Preof: To prove this proposition we consiruct an example for which this statement
15 true. Consider the scenarto discussed 1n section 4 with a slight modification. Costs
are as before (with probability 1/2 costs are zero, with probability 1/2 they are 1}, firms
have logarithmic utility functions, initial wealth 15 39. If the price 1s not greater than 1,
demand is 100, for prices between 1 and 2 the demand is 50 and zero for prices above 2.
At stage zero firms decide whether to enter the market or not. In case of entering entry
costs of 9 have to be paid. I rsk neutral firms were to compete i prices, 1n equilibrium
only one firm would enter the market. This firm would charge the monopoly price which
15 2 for the parameter values given above. This changes if firms are nisk-averse. For
two firms, we have seen in section 4 that if the firms do not cooperate in therr financial

decision, the optimal atpha 13 given at .53 which feads to a price of .725.% In that case,

“Note that lor o weaith of 39 and entering costs of 3, the sure wealth at stage % 15 39, as m the
aumerical exampie 11 section 4.

]
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expected utility 15 3.67 whick 1s larger than the utility firms have by not entenng the
market, which is [2(39) = 3.66. The parameter values are chesen in such a way that no
third firm would enter the market. To determine the nel wellare effect note first that
social surpius in case of a nsk-neutral monopolist 1s egual to the expected profit of the
monopolist and s miven by 50 - {2 — 0.5) — § = 66 smce consumer surplus 15 zero. In
case of bwo nsk-averse duopolists mstead total social wellare 13 equal to the consumer
surplus, given by 50+ {2~ 0.725) + 50 - {1 —0.723} = 77.5, and the change m uiility of both
entrepreneurs, Au, which 1s positive, Note that 77.5+ 2Au > 66. Thus, the overall social
surplus 15 higher in case of nsk-averse entrepreneurs because it indsces more market entry

and hience lower prices than m case of risk-neuiral firms. Q.ED.

This preposition identifies o poteatially welfare enhancing effect of the financing
strategy: In a world with onty nsk-neuiral participasts no firm 1s able to cover its entry
costs if more than one firm enters the market, so a monopoly arnises. However, if firms
carry some residual risk Bertrand competition allows for positive profits and more than
one firm ean enter the marketl which will ead to prices below the monopoly price. As

fong as these entry costs are not too large, this will be welfarc enhanemg,

7 Extensions and Conclusions

iz this paper we have shown that nisk-averse cligopoiists charge prices above the com-
petitive price and enjoy positive utilities. We have demonstrated further that firms can
commit te being nisk- averse by choosing a particutar financing strategy, 1.e. inside finan-
cing. In this final seclion we want to point out another strategy by which a firm mught
comimit to Tisk-averse behavior: the employmient of a risk-averse manager who 15 paid an

upcerlam wage.

Coenstder e.g. a nsk-neutral entrepreacur who employs a nsk-averse manager and pays
a linear wage: w{z) = wy + aw{p} where « 15 the profit of the firm which 15 z{p}{p — 2).

I this case the optimmisation problem is grven by:

max{l — a)z{p)(p — &) —wp {41)



subject to the constraint
EiU{ax(p}p — &) + wo)] 2 U{0) (42)

which 15 the doal problem to the one considered 1n the previcus sections. If firms run
by risk-averse managers compete in prices the equilibrium price p and demand z(p) are

again funchions of o as i the previous sections.

Note that the ‘incentive contract’ designed for the manager 15 not wtended to give
an meentive to work harder, as 1n standard moral hazard problems. 1% 15 used as a2 means
to raise prices 1n the market as risk-averse managers whose wage depend on the profit
are more cautious 1n their decisions and behave less aggressively. In this sense incentive

contracts can serve as ap anticompetitive device which weakens the price competition.

Qur analys:s has also shown that entrepreneurs who decide on their financial strue-
ture non-cooperatively choose positive levels of inside-financing i1 equilibrum. However,
in all our exampies this non-cooperative level of inside-financing falls short of the level
that entrepreneurs would like fto commit to if the financial decision could be taken co-
operatively. This means price competition 15 weaker as compared to standard Bertrand
competition with risk-neutral firms. But it 15 more mntense than 1t wounld be if entrepre-
neurs could agree on their ratio of inside and outside-financing. This 13 due to the fact

that entrepreneurs have an incentive to free-ride on the nisk-aversien of their competitors.

This observation has 1nteresting smplications for the yudgment of cooperation among
firms. It pomnts out thal cooperation on some decisions can affect the outcome of other,
seemingly unrelated decisions. In our case, cooperation on firms’ financial decisions can
reduce the competitive pressure on the product market and thus have an anticompetitive
effect on price competition. This shows that even primz facie innocuous cooperative

attempts can give nise to concerns about potentiaily anticompetitive effects.
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