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Abstract

The degree of competition that a firm faces affects its ability to commit to good
behavior. However, the relationship need not be monotonic since competition affects
the profits when committed to good behavior (such as efficient high quality) and bad
behavior as well as the short-term profits from "cheating". We demonstrate that as
a result competition (using two different measures of competition which show qualita-
tively similar effects) might have non-monotonic effects on a firm’s ability to commit.

In particular, a firm might choose to operate in a more competitive environment.

1 Introduction

This note, and the examples below essentially make one simple point—that the degree of
competition has ambiguous effects on a firm’s ability to commit to high quality.

In numerous contexts, such as in professional services industries, it is difficult to write
explicit contracts contingent on outcomes. In such cases implicit contracts and reputational
considerations can play an important role in ensuring efficient actions. There are numerous

exogenous factors which might affect the feasibility of such implicit contracts, or similarly
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of the possibility that a reputational concern can lead to an efficient action.! Furthermore,
parties may make strategic decisions in order to affect the viability of an implicit contract.?
In this note, we explore the effect of the degree of competition on a firm’s ability to make a
credible commitment to exert high effort. In particular, we show that changing the degree
of competition that a firm faces has ambiguous and possibly non-monotonic affects on its
ability to make such commitments.

We view these results as contributing to a wider literature that seeks to examine the
extent to which promoting competition increases welfare. As Nickell (1996) states “Most
people believe that competition is a good thing.” Despite this common wisdom, empirical
and theoretical work has, perhaps surprisingly, been somewhat less sanguine in its assess-
ment.? Following Hart (1983), a number of papers have focussed primarily on incentives in
a setting where explicit contracts can be written and on effects which are essentially static,
that is effects of competition which are manifest in a single period of production.* While
some of this literature relies on better signals of managerial effort available through com-
parative performance evaluation in more competitive environments, this affect is absent
from the model presented below, in which at the end of a period there is no uncertainty
about what happened.” We focus instead on dynamic effects; however, we demonstrate
that competition can have non-monotonic effects on effort.%

A clear and interesting implication of the intuition presented in this note is that there

may be occasions where a firm would be better off in a more competitive environment. By

'In particular Baker, Gibbons and Murphy (1994) show that as explicit contracting becomes more
effective this can render implicit contracts unfeasible.

?For example, Baker, Gibbons and Murphy (2002) show that decisions on the allocation of property
rights can affect relational contracts and in a related idea, Bernheim and Whinston (1990) show that
multi-market contact can make collusion easier to sustain.

#See, in particular, Nickell (1996) and Shmidt (1997).

*An exception is Meyer and Vickers (1997), discussed in Nickell (1996). Here the role that greater
competition plays is to allow for comparative performance evaluation—essentially for better information
about the performance of a manager. This can increase reputational incentives but the ratchet effect may
imply that rather incentives are dulled.

5 A number of recent papers consider how industry structure affects the returns to skill and implications
for wage inequality (Guadalupe (2003)), contracts (Cufiat and Guadalupe (2003a and b)) and organizational
design (Harstad (2003)). We abstract from such considerations below in considering a model in which firms
are similar.

%Choosing to produce high quality is costly and thus acts as a sort of investment and so our results
showing the ambiguous effects of competition on this kind of investment are related to wide literatures on
the effects of competition on other kinds of investment. In particular, they are related to a large literature
on Schumpeterian innovation and to discussions on the ambiguous effects of market structure on advertising
intensity (see, for example, Sutton (1991), Cabral (2000) and Martin (1993)).



encouraging a firm to enter the industry or by making its own product more substitutable
with rivals’ products, a commitment to produce high quality could become credible and

raise profits. 78

2 Preview of results and central intuitions

In general whether reputational considerations will motivate a firm to perform some costly
action depends on the trade-off between the short-term gain or saving in not performing
the action and the long-term effects of beginning the following period with a relatively
low reputation. Supposing that taking the costly action maintains a high reputation, and
not undertaking it ensures a low reputation (as is typically assumed to be the case in the
literature on relational contracts or equilibria supported by trigger strategies) this trade-off
can be summarized by the following inequality which ensures that the firm exerts the costly

action:

short-term cost of action < discounted value of high reputation - discounted value of low

reputation.

One might expect increased competition to reduce profits, both for a high reputation
firm and a low reputation firm. In addition inasmuch as increased competition might lead
to a smaller market share it might also lead to a lower total cost of producing at high
quality—the short term cost. Thus the effect of competition on reputational incentives,
as summarized by this inequality above seems ambiguous and will depend on the rate at
which the degree of competition affects these profits and costs.

However, it seems clear that if competition is sufficiently severe then the discounted

value of having a high reputation might be driven close to zero, which would make taking

"Such intuition can easily be borne out through specific examples in the model presented below and
such examples are provided in Appendix C.

8Other papers have noted that competition can help a firm’s ability to commit to behave well, but in
these papers, this is essentially a commitment to behave well in the future. For example, Farrell and Gallini
(1988) and Shepard (1987) highlight that second-sourcing, or encouraging future competition constrains a
monopolist’s ability to charge a high price or produce at a low observed quality in the future and so might
benefit the monopolist in increasing current sales to customers, who must incur product specific set-up
costs. Dudey (1990) and Wernerfelt (1994) argue that firms might locate near each other as a means of
committing to price at a reasonably low level and so encourage customers to pay the search costs required
to visit the firms. In these models, therefore increasing competition increases a firm’s commitment to
future good behaviour and this has current benefits. In the model presented in this note, by contrast, the
commitment problem is with respect to current unobservable behaviour and so whereas in those papers
more competition always helps to overcome the commitment problem, here the effect is non-monotonic.



the costly action unattractive.” In this case, a firm’s temptation to pursue a fly-by-night
or hit-and-run strategy whereby the savings from not undertaking the action outweigh the
reputational gains would preclude any expectation that a firm would ever take such action
and any reputational incentives. This intuition, that reputational incentives can only be
maintained if the firm enjoys some premium above costs has been long recognized and has
provoked some discussion on how this observation might be squared with free entry into
markets—in essence the resolution was some form of loss-making period of costly signalling
in order to establish the reputation initially and which then leads to a period of maintaining
reputation and enjoying a price premium (see in particular Klein and Leffler (1981) and
Shapiro (1983)).1°

Given this strong intuition that “too much” competition can damage reputational in-
centives, it is of some interest to determine whether “some” competition can ever help.
Again, there is strong intuition to suggest that it might; in particular a firm in competition
faces the prospect of a loss in market share as well as a price drop on losing reputation and
so the “punishment” for not exerting effort can be more severe.

Below, we show that both these intuitions have some force in a model where customers
and firms make no quality inferences from a firm’s quantity decision. In particular, this
implies that overall the degree of competition has ambiguous effects on a firm’s ability to

commit to high quality.!!
3 Model

In order to consider the effect of the degree of competition a firm faces on its ability to

commit to high effort, we introduce a simple model. We suppose that there is only one

In addition a low reputation would be driven out of the market and so the value of having a low
reputation would be zero—it cannot fall below this value.

""Horner (2002) considers a model of reputation (that is a model based on beliefs as to the type of a firm)
in which price has a signalling role and so even under perfect competition, a price premium above the cost
of production is maintained, thereby maintaining the incentives to exert effort and maintain reputation. As
discussed at some length below, I suppose that price has no signalling role and so under perfect competition
price would be driven down to marginal cost.

"Tn recent and related, independent work, Kranton (2003) argues that competitive effects reduce the
price premium in a model where consumers can use only current price in addition to past quality to make
inferences on the current quality. Thus in Kranton’s paper, the first of the two effects highlighted in
the paragraphs above is elaborated, that is the role of competition in preventing an equilibrium where
high quality is maintained. However, the second effect considered here, the potential for some degree of
competition to help in sustaining high quality is precluded by an assumption that a firm that produces
low quality in one period can be held down to zero profits in all future periods. Thus the non-monotonic,
ambiguous, effect of competition on the ability to commit to high quality—the focus of this note—does not
arise.



firm in the industry, Firm A, for which there is a commitment problem. In each period
Firm A, chooses whether to produce high quality products at some cost or low quality
costlessly. The firm has a commitment problem inasmuch as profits would be higher if it
could credibly commit to high quality but in each period customers and rival firms, though
they observe the firm’s quality in previous periods, cannot observe the firm’s quality in the
current period until after all purchases have been made. It is assumed that there are n
rival firms and that they can only produce high quality.'?

In each period, all firms set quantities. Given these quantities and consumers’ expec-
tations of quality, prices are determined. The realization of the firm’s quality in previous
periods informs customers’ and rivals’ expectations of quality. In particular, we suppose
that if the firm is ever observed producing low quality then it is supposed that the firm
would produce low quality forever—thus we restrict attention to “trigger strategy” equi-
libria. Moreover, quality realizations are commonly and publicly observed at the end of
each period by all customers and all rival firms.

We assume that customers’ and rivals’ expectations are not affected by any firm’s choice
of quantity—that is an individual firm’s choice of quantity plays no signalling role. Note, in
particular, that this assumption precludes the possibility that firms collude in this simple
framework.'® This is an important and perhaps controversial assumption. However, it is
certainly plausible to imagine in a richer environment that the current quantity decision of a
firm may be hard for customers to observe or in some sense may be less salient to customers
and, to me at least, the assumption that it does not affect customers’ expectations of quality
certainly seems plausible and worth investigating.!* In effect, we restrict attention to a
Markov perfect equilibrium in which the state can take two values corresponding to whether
or not Firm A has ever produced low quality.

We work with a linear demand model with quality indices.'® In this model all consumers

(there are assumed to be a measure 1 of consumers) have the same utility function defined

12We show in Appendix B that relaxing this assumption and instead supposing that all firms make quality
decisions leads to qualitatively similar results.

3 Kranton (2003) also considers a similar assumption with respect to firms. However, in that model,
though customers (as here) can use all past realisations of quality to make inferences about current quality,
they can only use the current price. Here in contrast they can use neither current nor past prices to make
inferences about current quality.

14 Supposing that customers’ compete in bidding for the service that a firm produces would not overcome
this problem, since customers would have to have expectations about the behavior of a firm following each
realized price. This gives infinitely many possible continuation games with which one could bootstrap
particular equilibrium behavior.

15See Appendix 2.2 of Sutton (1998) for further details concerning this model.



over the n+ 1 goods in the industry (Firm A’s and those of its n rivals) and of a separated
outside good available at a fixed price of unity. The following utility function for a consumer
in period t ensures that the consumer’s demand schedule for each good takes a relatively

simple linear form:

U= (wn— )~ 20223 jj: (1)

where x4 is the quantity of good i consumed, vy is its quality, o € [0, 1] measures the degree
of substitutability between different firms’ offerings and M denotes the consumption of the
outside good which is priced at unity. Writing the consumer’s income as Y, it follows that
M =Y =3 pi;.

In partilcular, this model implies that the price in period t for firm i’s product is given
by:

pu=1- gt = O3, (2)
Uit i Lt

Note that the price will depend not on the actual quality of the good and of rival goods,
but rather on their anticipated quality in the period denoted by w;. In particular, all firms
but firm A always produce high quality and so u;; = h for all i # a and for all ¢.

Firm A can choose either to produce quality [ at a cost 0 or quality h at a cost ¢ per
unit in each period. As discussed below it is socially more efficient and Firm A would prefer
to commit to high quality when h(1 — ¢) > .16 All firms seck to maximize the discounted
value of profits where the discount factor is given by r.

Below, we discuss the relationship between the possibility that an equilibrium in which
the strategic firm can commit to exert high effort can be sustained and the different mea-
sures of competition, o and n. First however, it is useful to consider as benchmarks, the
static outcomes when quality is observed before purchase rather than after, as is assumed

through most of the note.
4 Static benchmarks

Before exploring the model discussed above it is useful to calculate per-period profits in

the case where Firm A can commit to high or low quality (or equivalently in the case where

16See the last few paragraphs of Section 4.2 and the Appendix for proof of this claim.



customers can observe quality before purchase and rivals can observe Firm A’s quantity

before deciding their own production).
4.1 Firm A produces high quality

Suppose first that Firm A produces high quality goods, then it produces a;, where ay

maximizes its profit, that is:

2r 20 Z;

ap = arginax(l B )y c)x. (3)
j#a
From the first order condition, it follows that
h? o
ap=(1-¢)- 52%’- (4)

JFi

Similarly, each of the rival firms 4, in equilibrium, chooses x to maximize:

2x 20 Zj QUah
S D s R 6
J#i,a
and so
h? o oap
zi=—(—c)— 5 Y xj— —". (6)
4 2#1, ; 2

By symmetry x; = x5, = ay, for all j and so

h2
ITp = ap = Z(l - C) — %nxh. (7)
Thus
h2(1 —c)
ap = @ ton) (8)

It follows trivially that the profit in this case is given by :

1h2(1—c¢)?
Th = 575 L -2’
2 (24on)

and the price is given by



B 1—-c
 2+4o0n

Ph +c. (10)

Note that the quantity, price and profit vary with respect to the parameters of the
model in an intuitive way. In particular, profits are increasing in h and decreasing in c,
o and n. In particular, competition (as measured either by n the number of rivals in the
industry or o the degree of substitution between the firm and its rivals) decreases both the

price and the quantity and thereby the profits.
4.2 Firm A produces low quality

Suppose that Firm A produces low quality and that the rivals each produce zp;. Then

Firm A will choose to produce a;, where q; satisfies

a; = arginax(l T TnT)x, (11)

2 L .. .
and so a; = lz — %nmhl so long as this is positive, otherwise a; = 0.

The quantity produced by a rival firm maximizes

u—%g—%«n—n%¥+%)—@m (12)

Taking the first order condition and assuming symmetry yields

h? ho
= l—¢)— ———— 13
ST S s RS Al T prape b (13)
and substituting back into the earlier expression for a; yields:
21 —1)— 1-—
o = 121+ o0l(n—1) —oh( c)n) (14)
2 (2+0n)(2-0)
so long as
204+ o0l(n—1) —oh(l —c)n > 0. (15)

When Condition (15) fails then z; = m; = 0 and note that condition (15) is more likely
to hold the less competitive the environment (the smaller o and n) since h(1 —¢) > L.
When Condition (15) holds then



_ 2l+lo(n—1)—hon(l —c)
P e on) 2 - 0)

and

1

- 204+ 1lo(n—1) — hon(l —¢)
l =
2

(24+0n)(2—0)
Note, in particular, that in this case the profit for the low quality producer (and both

( )2 (17)

price and quantity) are increasing in [ and ¢ and decreasing in h, furthermore it can readily

be verified that they are decreasing in n and in ¢.7

l( 2h(1—c)—ol
2\ (2+0on)(2—0)
expect is increasing in h and decreasing in [, ¢ and n but % may be either positive or

Similarly in the case where condition (15) fails then 75 = )2 as one might
negative.!® This result is perhaps not surprising—it is the effect of business stealing from
a weaker rival which implies that greater substitution between the two might benefit the
stronger competitor.
Note that in the case that condition (15) fails mj, = %}(L;g;:));
When condition (15) holds then 7, > m; if and only if

>0=m.

1h2(1—¢)? 1 ,2l+1lo(n—1)—hon(l —c) .,
2 (2+on)? 5 (2+0n)(2—-0) )

(18)
or equivalently

2+on—1))h(1—c) —1)>0 (19)

and so in this case m;, > 7 if and only if A(1 —¢) —1 > 0.
In either case if h(1—c¢)—1 > 0 then 7, > m; and so as earlier claimed if h(1—¢)—1 >0

"For example

dm _ 2l+lo(n—1) —hon(l —c) 4n(h(1 —c) — ol) + a*n?(h(1 —¢) — 1) + o*nl
do (2+o0on)(2-0) (24 0n)2(2—0)?

where 2l +lo(n —1) — hon(l —¢) < 0 and A(1 —¢) >l so (h(1 —¢c) —ol) > 0 and so% < 0.
18 This is also true for zp = %h% %% + ¢ has a different
comparative static with respect to c.
Note that ,
dm lo“n+4hn(l—c)(l—o)—4(h(1—c)—1
d;l = (2h(1 — C) — lU) + ((2+o)n()3(210)§ ( =0

For example when h(1 —¢) =0.9, 0 = 0.1, n =1 and [ = 0.05 then % < 0, but when h(1 —¢) = 0.9,
o0=0.1,n=1andl=0.1then “ > 0 (and in both cases 2 + ol(n — 1) — oh(1 — ¢)n > 0).

though pp; =




then if Firm A could credibly commit to high quality production then it would choose to

do so.
5 Commitment

In this section we seek to examine how competition affects the feasibility of an equilibrium
in which Firm A commits to high quality. We restrict attention to a Markov perfect
equilibrium in which the state is a simple indicator of whether or not Firm A has ever
produced low quality and in which quantity has no signalling role. We return to consider
this restriction in the concluding section.

First note that in any subgame in which Firm A had previously produced low quality,
there is no action which would change the state and so the unique equilibrium strategy in
this subgame would be for Firm A to produce low quality in each period and for the static
optimal quantities to be produced.

Suppose that Firm A has not produced a low quality good, if in equilibrium in this
state it produces high quality, then since the quantities chosen by Firm A and its rivals
would not change the state, it is clear that the quantities chosen in each period would be
as in the static case in Section 4.1, where Firm A was committed to high effort. In this
section, essentially we ask whether this is sustainable.'? In order to do so first consider
the short-term gain from deviating—that is of producing low quality when expected to
produce high quality.

The quantity that Firm A produce to maximize profits when producing low quality
when rivals and customers anticipate high quality is ay where a4 satisfies:

ag = arginax(l - %Z - %n:ph)x. (20)

Note that customers expect high quality and as do rival firms so that the price is

(1— 2]%;1 — i—gnxh) From the first order condition and substituting for xj, it can readily be
shown that
h%2+ oen
=—— 21
Zq 4 2+on ) ( )
124 o0cn
=—— 22
Pa= 55 o (22)

YNote that there always exists an equilibrium in which Firm A always produces low quality.

10



and profit is given by:

E(2+Ucn
8 2+o0on

5.1 Condition to ensure no deviation

)% (23)

Td =

It follows that a necessary and sufficient condition which ensures that there is a Markov

perfect equilibrium in which firm A produces high quality output is given by:

WhZTFd-i-

r
24
1—7r 1 (24)

Equivalently

r
1—r

We consider the comparative statics of A with respect to n and o, the measures of

A= (7Th—7rl)—(ﬂ'd—7['h)>0. (25)

competition, examining the cases where m; = 0 and m; > 0 separately. Note that the

former case is more likely for high values of o (when o > WI—Z(H—D) and for high

values of n (when n > la( 2-0___). Furthermore as anticipated in the introduction, for

EOEDEs
large enough n,

1 1 1R*(1—-¢)? A% 2+o0cn

A = — — - _
™ TS T @ on? 8 2ton

)2

and as n — oo, A — —h2862 < 0, that is for large enough n Condition (25) fails.

5.2 Comparative statics with respect to n and o

Case I: Low quality produces nothing after deviation (condition (15) fails)

In this case

1
A= T Th — Td

h2(1—c)? 2 ocn
1—7’% (25ran))2 - %(22_:—0'71 )2 (26)
_  h2(a(1=¢)®=(1—r)(2+0cn)?)
- 8(2+on)2(1—r)

The effect of a change in the degree of substitution between the offerings of different

firms is given by:

11



dA 5 R2(4(1 —¢)? — (1 — r)(2 + ocn)?) B h*2cn (2 + ocn)

o= 2
do " 8(2+on)3(1—r) 8(2+ on)? (27)
or, equivalently,
dA h%2cn(2 + ocn)
2 opA - 2
do " 8(2 + on)? (28)

It follows that if A > 0 then % < 0 but if A < 0 then % may be either positive or
negative.

Similar results obtain for the comparative statics in this case with respect to n.2°
Case B: Low quality produces a positive quantity after deviation (condition
(15) holds)

In this case

A:1i7“ﬂ-h_1i7“7rl_7rd’ (29)
or equivalently,
A =
h2(4(1 —¢)? — (1 —7r)(2 + ocn)?) r 2l4+1lo(n—1) — hon(l —c¢)
8(2+on)*(1—r) 21 —r)( (2+on)(2— o) P (0)

The effect of a change in the degree of substitution between the offerings of different

firms is given by:

dA lhzn2(cfr)(lfc)+0'cn(1fr)(lfc)
do 2 (240on)3(1—7) (31)
4T n2l+la(n—1)—lwn(1—c) 4(h(1—c)—lo)—o?(n—1)l+o%nh(1—c)
(1-r) (2+0on)(2—0) (240n)%(2—0)?

The second term is always positive, however since the first term may be either positive

or negative, the sign of this expression is ambiguous. Similar results apply with respect to

20

dA h? B h?20¢(2 4 ocn)

e L S— Y § R Ly G PR T 2
dn 08(2+Jn)3(1 77")( (1=c)" = (A =r)(2+oen)?) 8(2+ on)?
or equivalently
dA h?20¢(2 4 ocn)
42 gpA L b eoReT o)
dn 7 8(2 + on)?

and so if A > 0 then % < 0 but if A < 0 then % may be either positive or negative.

12



Figure 1: Delta against sigma at h=0.81, 1=0.63, c=0.1, n=5 and r=0.485

n.21

Thus overall the effect of a change in the degree of competition, measured either by
the number of rival of firms in the industry or as the degree of substitution between the
products of different of different firms, has ambiguous effects on A, or equivalently on the
possibility that a Markov Perfect equilibrium in which Firm A would produce high quality
can be sustained.

The figures below illustrate that an increase in the degree of competition can have
ambiguous effects, holding all other parameters of the model constant. For example, Figure
1 illustrates that when A = 0.81, [ = 0.63, ¢ = 0.1, n = 5 and r = 0.485, then A > 0 holds

at ¢ = 0 but as o increases, it fails, then holds and then fails again.

Figure 2 illustrates that the effect a change in the number of rivals may have an am-
biguous effect on Firm A’s ability to commit to producing high quality. The figure, which
plots A against logyn with h = 0.8, [ = 0.77, ¢ = 0.02, 0 = 0.5 and r = 0.51, shows that

21

dA 1 B2 20c=r)(1=c¢)+oen(l—r)(1—c) ro 2l+lo(n—1)—hon(l—c¢) 2h(l—c)—lo

dan ~ 27 (2+on)® (1—r) (1—7) (2+0n)(2-0) (2+0n)* (2~ 0)

13



Figure 2: Delta against log(n) at h=0.8, 1=0.77, ¢=0.02, sigma=0.5 and r=0.51

A > 0 when n is between 3 and 23, but if there are fewer than 3 or more than 23 rivals

then the condition fails.

Suppose that there is an additional gain to producing high quality (such as pride in
producing high quality or reputational spillovers to other products) then there is an equi-
librium in which Firm A produces high quality so long as A > B. As might be anticipated,
given the results on %2 in the case where 2 + ol(n — 1) — oh(1 — ¢)n < 0, this might
lead to even more peculiar relationships between the possibility of maintaining such an
equilibrium and measures of competition. For example Figure 3 illustrates shows that how
the condition A > B varies with o for h = 0.8, ] = 0.2, ¢ = 0.3, n = 3, r = 0.405 and

B =0.01753.

6 Caveats

The model in this note is deliberately made simple to make the point that competition
has ambiguous effects on reputational incentives starkly. However, there are a number of

issues which ought to be considered in refining this intuition in practical application.

14



Figure 3: Delta-B against sigma at h=0.8, 1=0.2, ¢=0.3, n=2, r=0.405 and B=0.01753

First, it should be noted that the analysis in this note is partial inasmuch as we take
the market structure as exogenous without addressing sunk costs, barriers to entry or other
reasons why competition might be limited. In addition, in the model presented above we
have focused on a single firm’s incentives to produce high quality, taking as given that
all other firms in the industry are committed to producing at high quality. We have
argued at some length (and notational complexity) that as the degree of competition in
the industry changes, the profits to holding a high reputation and the profits to holding a
low reputation as well as the cost of maintaining reputation will all change and at different
rates. Thus, it seems reasonable to suppose that similar effects might apply if all firms had
quality decisions to make in each period, and if the number of firms in the industry was

endogenously determined. We prove the first of these conjectures below in Appendix B.??

22The argument elaborated in the Appendix B is loosely as follows.

Following Abreu (1988), to consider the viability of an equilibrium in which all firms produce high quality,
one should consider a most severe feasible punishment continuation equilibrium for a firm that deviates.
However, determining which continuation equilibria are feasible is not a trivial exercise (in particular it
may not be feasible that all rival firms produce at high quality after one firm has produced at low quality).

Nevertheless, it can be shown in the static version of the model where all firms are committed either to
low or high quality, that in an industry with n + 1 firms, profits for a firm committed either to low or high
quality are non-decreasing in the number of firms committed to low quality. It then follows, that Condition
(25) defines a harshest (though possibly not feasible) continuation equilibrium and so can be thought of

15



It should further be noted that collusion does not appear in the model and is left
undiscussed. This is perhaps, the most widely discussed topic in formal dynamic models
of industry outcomes with a fixed number of firms and so the omission may be a serious
one. In part collusion does not arise in the model as a deliberate modelling choice. Clearly
the degree of competition in an industry affects firms’ ability to collude; however the
model presented here is intended to be as simple as possible to illustrate a simple point
that competition has ambiguous effects on a firm’s incentives to maintain reputation with
respect to its customers, which I believe would be robust but perhaps more obscure in a

model that allowed for collusion between firms in the industry.

as a necessary condition for the existence of an equilibrium in which all firms produce high quality in a
dynamic version of the model. Since a continuation where all firms produce low quality is always possible,
a sufficient condition which ensures the existence of an equilibrium in which all firms produce high quality
is given by:

Th 2 Td +

™
1—7 1—7r

= %m is the short-term profit that a firm in the industry earns when all the firms
produce low quality and each optimises with respect to the quantity produced.

Examining this condition together with Condition (25) allows us to identify parameters regions in which
an equilibrium in which all firms produce high quality can exist and regions where such an equilibrium cannot
exist (though there are some regions where the existence of such an equilibrium cannot be determined).
Such an analysis is sufficent to show that the existence of such an equilibrium is non-monotonic in the

degree of competition. We demonstrate that this is the case for certain parameter values.

where 7
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A Proofs of results

In this section, we show that if h(1 — ¢) > [ then utilitarian social welfare is higher when

Firm A is committed to high quality production than when it produces low quality.
h2(1—c)

When Firm A is committed to high quality then recall ap, = zp, = 2@ Ton)

from Equation

(8), substituting into the utility function (Equation (1)) yields

h2(1 —c) 1 R2(1—¢), 20 (n+1)n h2(1 —c) h%(1—c) h2(1 —c)
= 1)—-~(1—— - Y- Dpp ———-—=%.
Un = (nt )2(2 +on) ( h22(2 + Un)) h? 2 2(2+o0n)2(2+on) +Y—(nt )ph2(2 +on)
(32)
Now for Firm A and each of the rival firms
h2(1—c
7 = (pn — ¢) L L =9 (33)

2(2+on)’
So that welfare when firm A is committed to high quality and there are n rivals is given
by

B h2(1 —¢) 1 R*(1—c¢), 20 (n+1)n K21 —c) R3(1—c) h2(1 - ¢)
Waln) = (n+1>2(2+0n)(1_ﬁ 2(2 —&-Un))_ﬁ 2 2(2+o0n) 2(2+Un)+Y_<ﬂ+l)p€2(2—i—an)7
(34)
or equivalently
_ h2(1 — c)?
Wh(n) 2@ 1 on)? (n+1)3+on)+Y. (35)

Now suppose that Firm A cannot commit to high quality but instead produces at low
quality, there are two cases to consider here.
Case 1: Condition (15) fails
In this case Firm A produces nothing and so welfare is given by Wi(n) = Wp(n — 1).
Now
d h2(1—¢)?22+on(l — o) +4(1 — o)

- Wa(n) = —— 2oy >0 (36)

and so in particular Wy (n) > Wp(n — 1)
and hence in this case Wj(n) > W;.
Case 2: Condition (15) holds

17



Then by Equation (14)

_12l+0l(n—1)—oh(l —c)n

“=3 2+ on)(2—0) (37)
and by Equation (13)
h 2h(1—¢) — ol
=— 38
=92+ on)(2 - o) (38)
Industry profits are given by n(pn — ¢)zn + pra; and so in this case
_ h 2h(1—c)—0ol 1 h 2h(l1—c)—0l
Wi(n) = 3 2ton)(2=0) (1—423 (2+Jn)(2—a))
20 (n=1)n p 2h(1—c)—ol h 2h(1—c)—al  p 2h(l—c)—al
2T 2 2 (2+on)(2-0) 2 2ton)(2—0) _ 2 2ton)(2—0) 39
1 2l+0ol(n—1)—ch(1—c)n 1 | 2l+ol(n—1)—ch(1—c)n ( )
+3 (2+Jnl)1((2—a)) z ( n fi | (?L—(&—an))(Q—U) )
20 h 2h(1—c)—ol [ 2l+ocl(n—1)—ch(l—c)n
A e (=) 2 Fom—o) T Y
Equivalently
. 1 2h(1—c)—ol 6h(1—c)+(2h(1—c)—0cl)o(n—1)—30l
Wit = "Zl(gli(;?()(iQ h(1—c) 6&207()(33?2 2t ohn(l—c) (40)
+Z (240on)(2—0) (240on)(2—0) +Y.
Now consider (W, — W;):
_ Rh%2(1—¢)? 1 2h(1—c)—ol 6h(1—c)+(2h(1—c)—0cl)o(n—1)—30l
Wi, =W = m(” + 1B +on) —ng (2+on)(2—0) (2+on)(2—0) (41)
__12l+0l(n—1)—ch(1—c)n 6l4+30l(n—1)—20%In+ohn(1—c)
4 (240on)(2—0) (24+0on)(2—0)
rearranging terms, it follows that:
(W, — VVZ)% = —70%In — 120l + 3lo*n? — lo3n? + lo3n + 120ln + 3021 + 121
+cho®n + 3cho?n? — o3hn’c — 3ho?n? — ha’n + o3hn? — 4ohn
+4ohne — 120h + 120ch 4+ o3nh — o®nch + 362h — 30%ch + 12h — 12¢h
(42)
Equivalently

18



(W), — Wy) 22l Cen) —noh(1 = c)(4+ o+ 3on — o2(n + 1))

+onl(12 — 7o — 02(n — 1) + 3omn) + 3(h(1 — ¢) + 1)(4(1 — o) + 0?)
(43)

Rearranging terms again

(Wi, — W) el Cen” _ (Bon — 02n)(2l + o(n — 1)l — noh(1 — ¢)) — (2 — 0)l(30n — a2n)
—noh(l—c)(4d+0—02)+onl(12 — 7o+ 02) + 3(h(1 — ¢) + 1)(4(1 — o) + 0?)

(44)
Note that (30n — o?n) > 0 and by assumption (2 +o(n— 1)l —noh(1 —¢)) > 0 and so

(Wp, — VVZ)% >  —(2—-0)l(3on —o*n) —noh(l —c)(4+ 0 — o?) (45)
+onl(12 — 7o 4 02) + 3(h(1 — ¢) + )(4(1 — o) 4 02)

The right hand side of this inequality it equal to:

(2l+0(n—1)l—noh(1—c))(44+0—02)=8l+2lo+Inc(2—0) (1—0)+2lo? +lo*(1—0)+3(h(1—c)+1) (4(1—0)+0?)

and since 4 + o — 02 > 0, this expression is greater than or equal to

814 2lo +1Ino(2 —0)(1 — o) +2l0* + 10*(1 — o) + 3(h(1 — ¢) + )(4(1 — o) + 0?)

and since n > 1 and we are supposing that since h(1 — ¢) > [, this in turn is greater

than or equal to

—8l+2lo+lo(2—0)(1—0)+2l0* +10?(1—0)+61(4(1—0)+30?) = 4l(4—0)(1—0)+14l0* > 0

and thus in this case too when h(1 —¢) > [ > 0, then W}, > W,.
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B All firms make quality decisions

In this section, we modify the model in the main body of the text by assuming that all
n+ 1 firms in the industry are symmetric and must make a decision in each period whether
to produce high or low quality (that is the n rivals of Firm A are no longer committed to
high quality exogenously). The question we address below is whether an equilibrium exists

in which all firms in the industry can credibly commit to high quality production.
B.1 Static benchmark: m firms low, n + 1 —m high

First consider the static benchmark in which product quality is anticipated and can be
observed prior to purchase and where of the n + 1 firms in the industry, m produce low
quality and the rest produce high quality.

Suppose that in equilibrium each low quality producer’s output is x;,, and each high
quality producer’s output is zp,,.

Then for a low quality producer, the x;,, is determined by choosing x to maximize:

2r 20 20
2~ H(n +1—m)xpy, — Z—Q(m — D)z

Similarly for a high quality producer, the problem is to choose x to maximize

(1-

2r 20 20
( - ﬁ - ﬁ(n - m)th — 77 MTyy — C):B

hl
So the first order conditions yield:

h2(1 —c) mho
"= — m 46
“h 2(2+ o(n—m)) l(2+a(n—m))xl (46)
and
4xy, 20 20
2 ¥ (n—m+ Dzpy, & (m—1)zp, =0
so long as x;,, > 0.
In this latter case
xlm:zl(Z—l—a(n—m))—ah(l—c)(n+1—m) (47)

2 44 20(n—1)—o2n
Thus if 2] + ol(n —m) —oh(1 —¢)(n+1 —m) > 0 (a condition which is more likely to
hold the larger is m)
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then

li(24+0(n—m—1))—och(l—c)(n—m)

m = 5 4
Tim =5 A+ 20(n—2)—o2(n—1) (48)
and
h2h(l1 —¢)+ ho(m—1)(1—c) —lom
m = 3 ) 4
= T G e+ 1) — o) (2 — o) (49)
Then
1 2l+0l(n—m)—och(l—c)(n+1—-m) ,
Mim = 2( 4+420(n—1)—o0o2n ) (50)
which is increasing in m and
1(2h(1 = ¢) 4+ ho(m — 1)(1 — ¢) — lom)?
Thm = = 5 5 (51)
2 2+o0(n+1)—0)"(2—0)
which is increasing in m.
Otherwise, that is if {(2 +o(n —m)) —oh(l —¢)(n+1—m) <0,
then 7, = 0 and
1 R%(1—c)?
m = 5 2
T =52 + o(n —m))2 (52)

which is increasing in m.
Note in particular that consideration of these two cases implies that 7, is increasing

in m.23

B.2 Necessary and sufficient conditions

That 7y, is increasing in m suggests that for a firm producing low quality and anticipated to
produce low quality the lowest profits are earned when all other firms produce high quality

and so a most severe punishment for defection from a situation when all are producing high

231n addition and as one might anticipate mpm, is also increasing in m.

Thm 18 increasing in the region [(2+ o(n —m)) —ch(l —c¢)(n+1—m) > 0 and in the region I(2+ o(n —
m)) —oh(l—c¢)(n+1—m) > 0.

At (24 0(n—m)) —oh(l —c)(n+1—m) =0 then [ = % and

1 (2h(1—c)+ho(m—1)(1—c)—lom)? _ 1 h%(1—c)?

2 (240(n+1)—0)2(2—0)? T 2 (240(n—m))?

SO Thm is continuous throughout and so in particular the two regions connect and so 7y, is increasing
in m.
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quality is that following a defection, all the rivals continue producing high quality. Thus
a necessary condition for the existence of an equilibrium in which all firms in the industry
produce high quality is (25).

However such a continuation may not be feasible, that is it may not be the case that
a continuation in which one firm produces low quality and all others produce high can be
sustained as an equilibrium. One continuation equilibrium that can always be sustained
is that all firms produce low quality for ever. Specifically, we suppose that following a
deviation by a firm, in the future all firms produce low quality outputs—it is clear that
the most severe punishment that can be sustained in equilibrium is at least as severe as
this one. Using the earlier static results it follows that a sufficient condition which ensures
that there is an equilibrium in which all firms produce high quality output is given by, it
follows that a sufficient condition for an equilibrium in which all firms produce high quality

is given by:

T, (53)

>
1—7’7Th_7rd+1—r

112
where 7 = 5 @ron)?

the firms produce low quality and each optimizes with respect to the quantity produced.
Let

is the short-term profit that a firm in the industry earns when all

1 r
T — T —
I Ty

We proceed by considering the comparative statics of Ay, s with respect to n and

Agupf = 2 (54)

o—the measures of competition.

1 1h%(1—¢)? h% 2+o0cn, ro1 2
Asuff: 5 2 _7( ) - 5 2" (55)
1—72(2+o0n) 8 "2+o0n 1-72(24o0n)
Equivalently
4h2(1 —¢)? — (1 — r)h?(2 + ocn)? — 4rl?
Ay = A= = (=R 4 oen)? 4yt 50
8(1—7r)(24on)
The first derivative with respect to n is given by:
dAgu5r  (1—-r)h?2(240cn)oc 9 4h2(1—c)2—(1—r)h?(2+0ocn)?—4rl?
dn —  8(1-n)2ton)2 49 8(1—r)(2+on)3 (57)
_ (1-r)h22(2+0cn)oc 26 A )
= T 8(—n2ton)? “9Psuff
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or equivalently

dAsugy _ (1— r)h?2(2 4 ocn)oc
dn 8(1—7)2+ on)?

— 2004415 (58)

Note in particular that if Ag,rr > 0 then dAji;:ff < 0 but otherwise it is not clear how
to sign this.

The first derivative with respect to o is:

dAsurr (11— 7)h22(2 + oen)en B 2n4h2(1 —¢)2 — (1 —=7)h%(2 + ocn)? — 4rl?
do 8(1—7)(2+on)? 8(1 —r)(2+on)3

(59)

or equivalently

dAsusr — (1— 7)h?2(2 + ocn)en
do 8(1—7)(24on)?

— 2nAgufs- (60)

As

Again if Ag,rp > 0 then % < 0 but otherwise the sign of % is ambiguous.

n

Thus increased competition either through an increase in n or an increase in ¢ cannot
make it more likely that Ag,rr > 0; however, if there is an additional benefit to non-
deviation then the necessary condition Ay, ¢+ B > 0 may have an ambiguous relationship

with n and o.
B.3 Existence of an equilibrium

When the sufficient condition holds, then an equilibrium in which all firms produce high
quality can be sustained, however when it fails then the possibility that such an equilibrium
can be sustained cannot be ruled out. However, existence of such an equilibrium can
be ruled out when the necessity condition fails. Thus by examining the two conditions
simultaneously, it is possible to show that the existence of such an equilibrium is not
monotonic in the measures of the degree of competition in the industry. Specifically such
an equilibrium exists when Ay, s + B > 0 but does not exist when A + B < 0; in the
intermediate case (that is when Ag,rr < 0 and A > 0) the conditions are insufficient to
prove the existence or non-existence of such an equilibrium).?*

In the light of earlier results and examples, it is perhaps unsurprising that the effect of

an increase in the level of competition (either as an increase in o or in n) has an ambiguous

2414 is trivial to show that A > Asuyy and indeed is a corollary of the result that 7, is increasing in m.
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Figure 4: Necessity and sufficiency conditions against sigma at h=0.8, 1=0.2, ¢c=0.39, n=8,
r=0.6 and B=0.02

effect on the possibility that an equilibrium in which all firms can credibly commit to
produce high quality outputs. This is demonstrated by the Figures 4 and 5. In both these
figures an equilibrium in which all the firms in the industry can credibly commit to high

quality exists in the regions A and E but not in the region C.2°
C Examples where a firm would prefer more competition

For the case of increasing profits through changing o, it would be hard to interpret such
a change when n > 1 (it is not obvious how could an individual firm affect the degree of
substitution between two other firms. In the case n = 1 where changing the degree of sub-
stitution between its own and its rivals products is a more plausible modelling assumption,
it is easy to construct examples in which Firm A could benefit from a higher o. This is
the case for example at h = 0.3, [ = 0.18, ¢ = 0.1, and ¢ around 0.54.

Encouraging another firm into the industry may be a plausible modelling assumption

(for example in consulting this may be a choice to allow or encourage some partners to spin

%In these figures the line “necessary condition” represents A + B and the line “sufficient condition”
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Figure 5: Necessity and sufficiency conditions against n at h=0.9, 1=0.2, ¢=0.3, sigma=0.1,
r=0.5 and B=0.017

off or in general it may involve licensing or otherwise diffusing specialist knowledge). If
this is possible, again a firm may benefit from doing so. For example, at h = 0.8, [ = 0.71,
¢ = 0.05, 0 = 0.6, Firm A can commit to high quality and earn higher per-period profits

when n = 4 than when n = 3 and it can make no such commitment.
References

[1] Abreu, D., 1988, “On the Theory of Infinitely Repeated Games with Discounting,” Economet-
rica, 56, 383-396.

[2] Baker, G., R. Gibbons and K. J. Murphy, 1994, “Subjective Performance Measures in Optimal
Incentive Contracts,” Quarterly Journal of Economics, 109, 1125-1156.

[3] Baker, G., R. Gibbons and K. J. Murphy, 2002, “Relational Contracts and the Theory of the
Firm,” Quarterly Journal of Economics, 117, 39-84.

[4] Bernheim, B. D., and M. D. Whinston, 1990, “Multimarket Contact and Collusive Behavior,”
RAND Journal of Economics, 21, 1-26.

[5] Cabral, L., 2003, Introduction to Industrial Organization, The MIT Press

[6] Cuiiat, V. and M. Guadalupe, 2003a, “Executive Compensation and Product Market Compe-

25



[\]
=)

—

[N
—

[

[\)
[\

—

tition,” working paper.
Cunat, V. and M. Guadalupe, 2003b, “How Does Product Market Competition Shape Incentive
Contracts?” working paper.

Dudey, M., 1990, “Competition by Choice: The Effect of Consumer Search on Firm Location
Decision,” American Economic Review, 80, 1092-1104.

Farrell, J. and N. T. Gallini, 1988, “Second-Sourcing as a Commitment: Monopoly Incentives
to Attract Competition,” Quarterly Journal of Economics, 103, 673-694.

Guadalupe, M., 2003, “Does Product Market Competition Increase Wage Inequality,” working
paper.

Harstad, B., 2003, “Organizations and Careers,’

)

working paper.

Horner, J., 2002, “Reputation and Competition,” American Economic Review, 92, 644-663.
Klein, B. and K. B. Leffler, 1981, “The Role of Market Forces in Assuring Contractual Per-
formance,” Journal of Political Economy, 89, 615-641.

Kranton, R. E., 2003, “Competition and the Incentive to Produce High Quality,” Economica,
70, 385-404.

Martin, S., 1993, Advanced Industrial Economics, Blackwell.

Nickell, S. J., 1996, “Competition and Corporate Performance,” Journal of Political Economy,
104, 724-746.

Shapiro, C., 1983, “Premiums for High Quality Products as Returns to Reputations,” Quar-
terly Journal of Economics, 98, 659-680.

Shepard, A., 1987, “Licensing to Enhance Demand for New Technologies,” RAND Journal of
Economics, 18, 360-368.

Shmidt, K., 1997, “Managerial Incentives and Product Market Competition,” Review of Eco-
nomic Studies, 64, 191-213.

Sutton, J., 1991, Sunk Costs and Market Structure, MIT Press.

Sutton, J., 1998, Technology and Market Structure, MIT Press.

Wernerfelt, B., 1994, “Selling Formats for Search Goods,” Marketing Science, 13, 298-309.

26



