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Abstract

This paper extends the standard industrial organization models of repeated
interaction between firms by incorporating preferences for reciprocity. A recip-
rocal firm responds to unkind behavior of rivals with unkind actions (destructive
reciprocity), while at the same time, it responds to kind behavior of rivals with
kind actions (constructive reciprocity). The main finding of the paper is that,
for plausible perceptions of fairness, preferences for reciprocity facilitate collu-
sion in infinitely repeated market games, that is, the critical discount rate at
wish collusion can be sustained tends to be lower when firms have preferences
for reciprocity than when firms are selfish. The paper also finds that the best
collusive outcome that can be sustained in the infinitely repeated Cournot game
with reciprocal firms is worse for consumers than the best collusive outcome that
can be sustained in the infinitely repeated Cournot game with selfish firms.
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1 Introduction

The factors that facilitate collusion are now well know in industrial organiza-
tion: concentration, barriers to entry, cross-ownership, symmetry, multi-market
contracts, among others, all have been show to make collusion more likely.!

This paper makes an additional contribution to this literature in that it
identifies one more factor that eases collusion: preferences for reciprocity by the
part of firms. A firm whose preferences reflect reciprocity is willing to sacrifice
some of its own monetary profits to reduce the monetary profits of its rivals
in response to unkind behavior, while at the same time, is willing to sacrifice
some of its own monetary profits to increase the monetary profits of its rivals
in response to kind behavior.

The paper finds that, under plausible perceptions of fairness, firms pref-
erences for reciprocity facilitate collusion in infinitely repeated market games.
The result is valid for both infinitely repeated Cournot and Bertrand market
games. The intuition for the result in the infinitely repeated Cournot game is
as follows.

If firms have preferences for reciprocity, the one-shot Nash outcome used
in grim trigger strategies is a destructive reciprocity state, that is, a state in
which firms think that their rivals are mean to them. Thus, reversion to playing
the one-shot Nash forever is worse for reciprocal firms than for selfish ones.
Additionally, for plausible specifications of perceptions of fairness, the collusive
outcome is a constructive reciprocity state, that is, a state in which firms think
that their rivals treat them kindly. These two effects imply that the critical
discount rate at wish collusion can be sustained tends to be lower when firms
have preferences for reciprocity than when firms are selfish.

In the infinitely repeated Bertrand game preferences for reciprocity do not
alter the payoff of the punishment outcome (in the grim trigger strategy price is
set equal to marginal cost by both firms and so monetary profits are zero) nor
the payoff of the one period deviation (the firm that deviates by undercutting
the price of the rival forces the monetary profits of the rival to be equal to
zero). However, preferences for reciprocity may raise the payoff of collusion
when firms’ perceptions of what is the fair market price are strictly below the
monopoly price.

This paper is related to a recent strand of literature in economics that studies
the consequences of relaxing the assumption of individual greed.? This literature
is motivated by experimental evidence that shows that individuals are not only
motivated by material self-interest, but also care about the intentions of others.?

1 For an excellent review of the findings of the economic literature on collusion see Feuerstein
(2005).

2Sobel (2005) argues that models of interdependent preferences such as reciprocity can
provide clearer and more intuitive explanations of interesting economic phenomena.

31t is more traditonal to view trust and reciprocity as the result of optimizing actions
of selfish agents in models of reputation and repeated interaction. One recent example is
Abdulkadiroglu and Bagwell (2005). They consider a repeated trust game with private in-
formation and use this framework to explain the provision of favors among individuals in
on-going relationships.



Preferences for reciprocity were first modeled in the economics literature by
Rabin (1993) in the context of static games using the theory of psychological
game by Geanakoplos et al. (1989). In Rabin’s model the weight a firm places on
a rival’s monetary profits depends on the interpretation of that rival’s intentions
which are evaluated using beliefs (and beliefs about beliefs) over strategy choices.
This approach provides a model of preferences for reciprocity since a firm places
a positive weight on a rivals’ profit when the firm thinks that the behavior of
the rival is nice and negative if it thinks that the behavior is nasty.

Segal and Sobel (1999) provide an axiomatic foundation for non-selfish pref-
erences that can reflect preferences for reciprocity, inequity aversion, altruism as
well spitefulness. They assume that in addition to conventional preferences over
outcomes, players in a strategic environment also have preferences over strat-
egy profiles. T apply Segal and Sobel’s (2005) approach to study the impact of
preferences for reciprocity on collusion since using psychological games would
complicate the analysis substantially without providing additional insights into
the problem.

The impact of preferences for reciprocity on strategic interactions between
firms has not received much attention. The only exceptions are Bolton and
Ockenfels (2000) and Santos-Pinto (2006). Bolton and Ockenfels (2000) find
that inequity aversion has no impact on Cournot and Bertrand competition.
Santos-Pinto (2006) shows that if reciprocal firms compete a la Cournot, then
they are able to sustain collusive outcomes under a constructive reciprocity
equilibrium. By contrast, Stackelberg warfare outcomes may emerge under a
destructive reciprocity equilibrium.

The rest of the paper proceeds as follows. Section 2 sets-up the infinitely
repeated Cournot model with reciprocal firms. Section 3 specializes the model.
Section 4 contains the main results. Section 5 presents additional findings.
Section 6 studies the impact of preferences for reciprocity on collusion in the
context of the infinitely repeated Bertrand game. Section 7 concludes the paper.
The Appendix contains the proofs of all propositions.

2 Set-up
Consider an infinitely repeated Cournot game, where firms ¢ = 1,2,... ,n, re-
peatedly play the Cournot game over an infinite horizon t = 0,1,2,... . In each

period firm 4 chooses output and its payoff in that period is given by

ui(qi, Q—i) = mi(qi, Qi) +w; (Q—i, QL) 27; 7i(qi, @—i),
VE)
where 7;(g;, @—;) are monetary profits and w; (Q_i,Q{i) Zj# (g, Q—;) is

the payoff from preferences for reciprocity.* As usual, firm i’s monetary profits
depend on firm ¢’s output, ¢;, and on the aggregate output of its rivals, @_;, in

4Segal and Sobel (1999) provide axiomatic foundations for this type of preferences.



that
mi(qi, Qi) = Ri (¢, Q—i) — Cilqi),

where R;(¢;,Q—;) = P(Q)¢; is the revenue of the firm. Price is determined
according to the inverse demand function P(Q), where Q@ = > ¢;, P(Q) is
strictly positive on some bounded interval (0, Q) with P(Q) = 0 for Q > Q and
P(Q) is strictly decreasing in the interval for which P(Q) > 0. Firms have costs
of production given by C;(g;) which are increasing in g;.

The term w; (Q,Z—,Q{i) > j»i™j(qi, Q—i) represents preferences for reci-

procity where w; (Q_i, QFr 1) is the weight that firm ¢ places on its rivals’ mon-
etary profits } ., m;(qi, @—:). The weight firm i places on its rivals’ monetary

profits depends on firm i’s perception of the fair output of its rivals, Qf and

—is
on the output of firm 4’s rivals such that

>0ifQ_; < Q’:i
wi(Q—ia Q{z) =0if Q—i = Qil ) (1)

< 0 otherwise

that is, firm ¢ places a positive weight on its rivals’ monetary profits when the

rivals produce less than Qf ;» firm 7 places no weight on its rivals’ monetary
!

profits when the rivals produce @’ ,, and firm 7 places a negative weight on its

rivals’ monetary profits when the rivals produce more than Q{ i

These conditions capture the fact that a firm with reciprocal preferences
cares about the intentions of its rivals. The first condition expresses positive
reciprocity. If firm ¢ expects the aggregate output of its rivals to fall short of its
own perception of the fair aggregate output of its rivals, then firm ¢ is willing
to sacrifice some of its monetary profits to increase the rivals’ monetary profits.
The third condition expresses negative reciprocity. When firm i expects its
rivals to produce more than firm i’s perception of the fair aggregate output of
its rivals, then firm 4 is willing to sacrifice some of its profit to reduce the rivals’
profit.’

I assume throughout that firms’ preferences for reciprocity as well as firms’
perceptions of the fair output level of its rivals are common knowledge.® Lemma
2 in Santos-Pinto (2006) provides conditions under which there is a unique
equilibrium of the stage game with reciprocal firms when n = 2.

Firms discount the future at rate § € (0,1). The repeated game payoff is

5Weighting functions that satisfy condition (1) arise naturally. For example,
wi(Q-1,QL;) = a(@Ql, — Qi), wi(Q-1,QL) = aQ; - Q-)*, or wi(Q-:,QT)) =
o (QJ:Z-/in — 1) , with a > 0.

6This means that firms’ perceptions of fairness are exogenous to the model. This assump-
tion may be unreasonable in many settings. Studying situations where firms’ perceptions of
fairness are endogenous variables is an interesting avenue for research.



given by
Ui =Y ui(gi,Q-)8".
t=0

The incentive compatibility condition for a selfish firm ¢ to sustain collusion
using a grim trigger strategy is that the payoff from collusion, 7§%(¢5%, Q<%)/(1—
), must be no less than the payoff from defection which consists of the one
period gain from deviating 7%*(BR:(Q,), Q%) plus the discounted payoff of
inducing Nash reversion forever 67*(g/**, @™%)/(1 — 6). That is,

S S cS cS ns ns ns 1 CcS CS cS
T (BRI (Q)), —i)+1_67ri (g%, Q%) < 1= (47, Q%)
Solving for § we obtain
ds cs
s T — 7§
e 77215 — W:ls < (2)

2 2

When firms are selfish it follows that collusion can be sustained if firms are
patient enough such that 6ch < 6 where 6ch is the critical discount factor

above which the selfish collusive outcome can be sustained by selfish firms.
The same reasoning applies when firms have reciprocal preferences with the
difference that the payoffs depend on quantities produced and firms’ perceptions
of fairness. Thus, the incentive compatibility condition for a reciprocal firm i

to sustain the selfish collusive outcome using a grim trigger strategy is now
uf" (BR;(Q%), Q%) +

—1

nr( nr nr 1 cr( cs )cs
1_6ui (qZ' aQ—i) < mul (qz- 5 —i)

Solving for § we obtain

dr cr
wud” — uS
Brew = U< § (3)
U — Uy

When firms have reciprocal preferences it follows that the selfish collusive out-
come can be sustained if firms are patient enough such that 6265 < 6 where 6zcs
is the critical discount factor above which the selfish collusive outcome can be
sustained by reciprocal firms.

I will use (2) and (3) to characterize the impact that preferences for reci-
procity have on collusion in a dynamic Cournot oligopoly. To perform this
analysis I compare the critical discount factor above which the selfish collusive
outcome can be sustained in the game with selfish firms to that in the game
with reciprocal firms. I assume that these two games are identical in all respects
(market demand, costs, and number of firms) with the exception of firms’ prefer-
ences. I say that preferences for reciprocity facilitate collusion when the selfish
collusive outcome can be sustained at a lower critical discount factor in the
game with reciprocal firms than in the game with selfish firms. If the opposite
happens I say that preferences for reciprocity make collusion harder.



3 The Specialized Model

To explain how preferences for reciprocity influence collusion I need to specialize
the model. To that purpose I consider a symmetric Cournot duopoly where
the two firms in the market are labelled firm 1 and firm 2. The firms have a
common constant marginal cost of production, which, without loss of generality,
is taken to be zero. Market demand is given by the inverse demand function
p = (a—0bQ)*, where @ = q1 + g2, ¢; denotes firm ¢’s output, and a,b,x > 0 are
demand parameters. Price equals zero if total output exceeds a/b. This demand
function is convex for x > 1, linear for = 1, and concave for 0 < z < 1.7
Each firm cares about the intentions of its rival through the function

f
q . .
wl(Q]aqf):a(__:l)a 7’#]:1727

4q;

with @ > 0 and ¢f = 6%%, where 3 € [0,1].% That is, if the rival produces
less than ¢f then firm 7 feels positive reciprocity towards the rival and places a
positive weight on the rival’s monetary profits. However, if the rival produces
more than ¢f then firm i feels negative reciprocity towards the rival and places
a negative weight on the rival’s monetary profits. The parameter § measures
each firm’s perception of what is the fair output of its rival. If 3 is zero then a
firm believes that it is fair for the rival to produce zero output, if 3 is 1 then a
firm thinks that it is fair for the rival to produce the Nash equilibrium quantity
of the single period game with selfish firms, for intermediate values of § a firm
believes that it is fair for the rival to produce an output level greater than zero
but smaller than 2_+w%

Under these assumptions firm i’s single period payoff, u;, is given as follows:

W) = (0= 0QPs+ o (g 1) (- 1P,

afa .
— ; P . — bO)~.
<q + @) aq_,) (a—0Q)
The partial derivative of u; with respect to g; is

8ui
9qi

— (=@ b= 4Q) ! (14 s~ ou

_ (abe)"’”*l |:abex (qﬂrb(;if_ax) anﬂ .

Solving du;/dq; = 0 for g; one obtains firm ¢’ best reply

2+rz—afzxr a
BRi(Qj) — { 0(2+a:)(1+m) b

1— : 2+z—af
- 1+0;ij if 0< q; < (1751)?2+xm)% (4)
if 24x—afr a < g,

I—a0)(2+2) b = 9~

"This specification of demand follows Malueg (1992).
8 This function captures the essence of preferences for reciprocity without making the prob-
lem too complicated.



For a € (0, %) the equilibrium of the single period Cournot game with reciprocal

firms is unique and symmetric, that is, both firms choose the same output ¢"™"

which is the solution to ¢"" = BR;(¢™"). Thus, the quantity produced by each

firm in the equilibrium of single period game with reciprocal firms is given by
nr __ 24x—afx a

0" = TFn)@ra—am o and the payoff of each firm is

a2+ 2)(1—a)+2a8]""

= . 5

“ b 24+z)2+z— az) (5)

It follows from (5) that u™" is decreasing with « when § < 1, that is, if a
reciprocal firm thinks that the fair output of its rival is less than ¢"* = Qiz %,

then an increase in the importance of preferences for reciprocity reduces the
payoff of the Nash equilibrium of the one-shot Cournot game. This shows that
for § < 1 the punishment imposed after cheating occurs becomes more severe
as preferences for reciprocity become more important.

The aggregate monopoly (collusive) output of the game with selfish firms
can be calculated from (4) by setting a = 0 and ¢; = 0. This yields a total
monopoly output of ﬁ%, so each firm’s equal share of the monopoly output is
q°° = 1-+x2ib Thus, the payoff of a reciprocal firm from sustaining the collusive
quantity of the game with selfish firms is given by

() = a1+xxw(2—|—x)(1—a)—|—2aﬂ(l+x). (6)

2b 2+z)(1+z)""

It follows from (6) that u(¢°®) is increasing with o when g > 2(2112 5, that
is, if a reciprocal firm thinks that the fair output of its rival is greater than
1J1rz 55, then an increase in « increases the payoff that reciprocal firms get when
they sustain the collusive outcome of the game with selfish firms. Thus, for
6 > 2(2112 ) the gains from cooperation increase as preferences for reciprocity
become more important.

A reciprocal firm that deviates optimally from ¢ would choose output ¢%"
given by

CS

qdr(qcs) _ BRl(qcs)
24 x—afx a l—azx 1 a

2+z)(1+2)b 14z 1+22b
(2+2)(1+22 +az) —2afz(l+z) a

2+2z)(1+2)° 20
The single period payoff from the deviation is equal to
u'(¢*) = w(BR(¢™),q") +w(q’, ¢
dte [+ (1+20—a)+2a8(0+2)]
PR 2+a)(1+2)° "
It follows from (7) that u(¢°*) is increasing with o when 3 > %, that

is, if this condition holds the gains from the single-period deviation increase as
preferences for reciprocity become more important.



4 Main Results

Equations (5), (6) and (7) provide the basic single period payoffs used in deter-
mining which is the critical discount factor under which the collusive outcome
of the single period Cournot game with selfish firms can be sustained in the
infinitely repeated Cournot duopoly with reciprocal firms.

’u,deuCT

We know that the critical discount factor is given by é,(¢%®) = . For

wdr —gnr
dr

5rog rises whereas

u™ falls, however, it is unclear what happens to the numerator since both u%"

and u°" rise with a. Hence, I expect that for g € (22:_“2@ , 1) , the net effect

of preferences for reciprocity should be to facilitate collusion for any demand

24x
) 242z
cr

to both the numerator and to the denominator of the fraction since u™", u°",
and u?" all fall with a.

The general formula for 6255 (a, B, x) is cumbersome; however when demand
is linear, x = 1, we have that

B e ( 2+ 1] the denominator of this fraction increases since u

parameters a, b and x. By contrast, for g € [0 ) it is unclear what happens

(3+3a— 4ap) (3 — a)®
3(17 + 3a — 13a2 + a3) + 4af(7T + 6a — a?)’

Sges(a, B51) = (8)
It follows from (8) that the critical discount factor decreases with an increase
in 8 for a fixed a. This confirms the intuition that for high levels of perceptions
of fair output of the rivals it is easier to sustain collusion. It also follows from
(8) that if firms are selfish then &;..(1) = %. Let 3, denote the solution to

17
8ges(a, B;1) = 655 (1) with respect to 3. I can now state the following result.

Proposition1 If r=1,a < 1and 3 > (<)Bl7 then dyes (o, 35 1) < (>)0pes (1).

This result shows that if demand is linear and firms’ perceptions of the fair
output of their rivals are above a threshold level, then the collusive outcome of
the single period Cournot duopoly with selfish firms can be sustained at a lower
discount factor in the infinitely repeated Cournot duopoly with reciprocal firms
than in infinitely repeated Cournot duopoly with selfish firms. However, the
opposite happens if firms’ perception of the fair output of their rivals are below
that same threshold level.

Before discussing the intuition for this result I briefly characterize the thresh-

old level. Solving 6yc.(, 3;1) = 65 (1) for 31 find that 3, = %%. Since

0 < a < 1 we see that 3, € (1/12,3/11) = (.08(3),.(27)). This implies that if
demand is linear then preferences for reciprocity facilitate collusion whenever
firms perceive that the fair output of their rivals is greater than or equal to 3/11
of the Nash equilibrium output in the game with selfish firms. In other words,
only for quite extreme perceptions of fairness (the fair output of the rival is very
low) do preferences for reciprocity make collusion harder.

The intuition behind Proposition 1 is as follows. The punishment imposed
after cheating occurs becomes more severe in the game with reciprocal firms



than in the game with selfish firms for any 8 € (0,1). This happens because,
the one-shot Nash equilibrium of the single period game with reciprocal firms
is a negative reciprocity state. This is bad for firms since it reduces monetary
profits (by comparison with the monetary profits of selfish firms) and makes
firms incur payoff loses from negative reciprocity.

If 3 € (3/4,1) then the payoff from collusion and the gain from the one
period deviation are both greater in the game with reciprocal firms than in
the game with selfish firms. By contrast, if 3 € (6,,3/4) then the payoff from
collusion and the gain from the one period deviation are both smaller in the
game with reciprocal firms than in the game with selfish firms. However, the
order of magnitude of these two effects is smaller than the order of magnitude
of the decrease in the punishment payoff. This implies that collusion becomes
easier to sustain in the game with reciprocal firms than in the game with selfish
firms for 5 € (64, 1).

When g € (0, Bl) firms perceive that the fair output of their rivals is a very
low output level. If this happens then the collusive outcome of the game with
selfish firms becomes a negative reciprocity state. Additionally, the payoff from
the one-period deviation is also smaller in the game with reciprocal firms than
in the game with selfish firms. Recall that the punishment strategy, playing
the Nash equilibrium of the single period game with reciprocal firms, is also a
negative reciprocity state. In this case, the order of magnitude of the reduction
in the payoff of the collusive outcome is larger than the reduction in either the
deviation or the punishment payoff. Thus, it is harder to sustain collusion with
reciprocal firms than we selfish firms when 8 € (0, 3, ).

Is Proposition 1 driven by the specific functional form of demand? To address
this question I now consider a situation where demand is nonlinear. When z = 2
the demand function is convex and the critical discount factor above reciprocal
firms are able to sustain the collusive outcome of the game with selfish firms is
given by

[(10 — 200+ 303)® — 432 (2 — 2a + 3aB)] (2 — a)?
(10 — 2a 4 3a8)* (2 —a)® =729 (2 — 2a 4+ aB)®

Sges (@, 3;2) = (9)

It follows from (9) that if firms are selfish then §;..(2) = 322. Let 3, denote the
solution to 0yc: (a, 3;2) = ;s (2) with respect to 3.

Proposition 2 If x =2, a <  and 8 > (<)327 then dycs(av, 3;2) < (>)pes(2).

This result shows that even if demand is nonlinear the main findings of
Proposition 1 are still valid, that is, above a certain threshold level of perceptions
of fairness, the collusive outcome of the single period Cournot duopoly with
selfish firms can be sustained at a lower discount factor in the infinitely repeated
Cournot duopoly with reciprocal firms than in the infinitely repeated Cournot
duopoly with selfish firms.

Solving yc: (, 3;2) = 6pes(2) We obtain a complicated expression for 3, as

a function of a. Evaluating 32(04) at the extreme points, that is a = 0 and



a = .5, I find that 32 € (%7 %) = (.054667,.13723) .7 This shows that, just
like in the linear demand case, the threshold level 32 is at a low value, that
is, for x = 2 collusion is easier to sustain in the infinitely repeated Cournot
duopoly with reciprocal firms than in the infinitely repeated Cournot duopoly
with selfish firms for a plausible range of firms’ perceptions of the fair output of
their rivals.

5 Additional Findings

There is another effect of reciprocity between firms that may be adverse for con-
sumers. The best collusive outcome for reciprocal firms is worse for consumers
than the best collusive outcome for selfish firms. To show this I will compute the
best collusive outcome when firms have preferences for reciprocity and compare
it to the collusive outcome of the game with selfish firms.

The best collusive outcome of the game with reciprocal firms is the solution
to the following problem

max u1(q1,q2) + u2(q1, g2)-
q1,92

The first-order conditions to this problem are

(@—bQ)" " |(1 - a)(a—blg; +q;)) — bz <(1 —o)lait+gi)+ b(zfiima:)ﬂ -0

i # j = 1,2. The symmetry assumptions imply that the best collusive quantity
of the game with reciprocal firms is given by

e 0 2+x—a2+2420)
T2 242 (1+2)(1-a)

(10)

I use this expression to prove the next result.
Proposition 3 If a >0 and 8 € (0,1], then ¢°" < ¢°°.

Proposition 3 tells us that the best collusive outcome of the dynamic Cournot
duopoly with reciprocal firms is worse for consumers than the best collusive
outcome of the dynamic Cournot duopoly with selfish firms. This result follows
directly from (10). We can see from (10) that the collusive quantity of the
game with reciprocal firms is decreasing with 3, that is, the greater is a firm’s
perception of the fair output level of its rival the less that firm will produce in
the best collusive outcome of the game with reciprocal firms.'?

9The value B5(.5) = 112—6283 is obtained by substituting & = .5 into the expression B3y (a).
41

The value 34(0) = 75 is obtained by application of L'Hopital’s rule to lima—o ﬁz (a).
107¢ also follows from (10) that the best collusive outcome of the game with reciprocal firms

is equal to the best collusive outcome of the game with selfish firms when g = 0.

10



However, sustaining the best collusive outcome of in the dynamic Cournot
duopoly with reciprocal firms requires a higher discount factor than sustaining
the best collusive outcome of the dynamic Cournot duopoly with selfish firms.
This result is stated in Proposition 4 for the cases x = 1 and z = 2.

Proposition 4
(i) If x =1 and o <1 then 6per(a, B;1) > 65es(1).
(i) If x =2 and a < .5 then dyer(a, 352) > 0y (2).

This result follows because the incentive a reciprocal firm has to deviate from
the best collusive outcome of the game with reciprocal firms is greater than the
incentive a selfish firm has to deviate from the best collusive outcome of the
game with selfish firms.

The model also predicts that firms’ monetary profits in the best collusive
outcome of the game with reciprocal firms are lower than those in the best
collusive outcome of the game with selfish firms. This result is not surprising
since by definition reciprocal firms do not maximize monetary profits, they
maximize a combination of monetary profits and payoffs from reciprocity.

6 Price Competition

This section studies the impact of preferences for reciprocity on collusion in the
infinitely repeated Bertrand game. To do that I consider the case of two firms,
1 and 2. The payoff of a reciprocal firm is assumed to be

ui(pian) = Wi(Pian) + w; (pjapf) Wj(piapj>a { 7&] = 1; 2,
where

> 0if p; > pf
wi(pj,p’) =0ifp; =p’ | (11)
< 0 otherwise

that is, firm ¢ places a positive weight on its rival’s monetary profits when
the rival sets a price below than the fair price, pf, firm i places no weight on
its rival’s monetary profits when the rival sets price equal to pf, and firm i
places a negative weight on its rival’s monetary profit when the rival sets a
price above p. I assume that the fair price is equal to or above marginal cost, c,
and equal to or lower than the monopoly price, p™, that is p/ € [¢,p™], where
p™ = max,(p — ¢)D(p), where D(p) is demand.

It is a well know result that the critical discount factor at which selfish firms
can sustain collusion at the monopoly price is equal to 1/2. In effect, a selfish
firm i prefers to not deviate from the monopoly price if the discounted payoff
of cooperation forever is larger than the one period gain of deviation, that is

1

53 P —aDE™)] = (" —)DE™),

N | =

11



or

S
85 >

N | =

If firms have preferences for reciprocity the no deviation condition becomes

ifés{%*wﬁf%pfﬂ<pm@prm>z<pm@zxpm)

Since w(p™,p’) > 0 it follows that

1 )
By > 3 — 0™, ') > Sy
Thus, preferences for reciprocity always facilitate collusion in the infinitely re-
peated Bertrand duopoly.

7 Conclusion

This paper extends the standard models of industrial economics used to study
collusion to include preferences for reciprocity. A selfish firm only cares about
monetary profits. By contrast, a reciprocal firm cares about monetary profits
but also about the intentions of its rivals. The paper finds that, for plausible
perceptions of fairness, firms’ preferences for reciprocity facilitate collusion in
the infinitely repeated Cournot and Bertrand market games.

12
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8 Appendix

Proof. of Proposition 1: Setting (8) equal to 9/17 and solving for § we obtain
B, = %%. I need to show that 3 € (8,,1] implies bges (o, 331) < 9/17.
To do that I compare 6. (a, 8;1) to 9/17. Rearranging (8) I have that

8(1 + 88 — a?) )‘1
?)

bges (@, B;1) = (1 * (14+a—4ap) (3 -

I also have that

. 9 8\ !
6qcs(1) = ﬁ = (1 + 5) .

It follows that (3, = i%ﬁ%’i"‘—; < B3 is equivalent to & < %{%L This

shows that if z = 1 and 3 € (3,,1] then Sges (@, 331) < 9/17 = 6pes (1) Q.E.D.

Proof. of Proposition 2: First I will show that there exists a 3, € (0,1)
such that é;.(«a, 3,2) = 63(2). The critical discount factor at 8 = 0 is given by

r (17—a)(2—a)®
8qe (50, 2) = Gr=s3avramsar—dssa7rr- Ve have that

136 _ 27a 164 +26a — 1150* + 50°
271~ 271 271 — 455c + 22202 — 2303 + ot

8" (;0,2) — >0, (12)
since a € (0,.5) . The critical discount factor at 3 = 1 is given by 6,.(a;1,2) =

136—132a4-30a>+a?
ST T30001 300 F a3 - We have that

136 27a —2836 + 150 + 50
271~ 271 271 + 300 + 3002 + a3

Sge(;1,2) — <0, (13)
since a € (0,.5) . It follows from (9) that the critical discount factor is a con-
tinuous function of o and 3 for a € (0,.5) and 5 € [0, 1] and is decreasing with
B for any a. Thus, (12) and (13) imply that there exists a 3, € (0,1) such
that é;c(a, 3,2) = 65¢(2). But,A then &;c(a, 3,2) < 8;.(2) for 3 € (B5,1] and
ge (@, 3,2) > 65(2) for B € [0, By). Q.E.D.

Proof. of Proposition 3: The quantity produced in the best collusive out-

come of the game with selfish firms is ¢®° = liw 55+ 1f firms have preferenceb for

reciprocity the quantity produced in the best collusive outcome, ¢°", is given by

(110). It follows that o > 0 and § € (0, 1] imply that ¢°" = W 55 <
ib

142 2 :qCS' QED
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Proof. of Proposition 4: The best collusive outcome in the game with
reciprocal firms is given by (10) and its payoft is

(—2aB+2a+ ax —2 —z)'t* attTy®

(¢") = (—2+2a—3z+3axr — 22+ 22a)" 2b(1 +2) (24 )

The optimal output of firm ¢ if it deviates from the best collusive outcome of
the game with reciprocal firms is given by

BR™(¢") = 2+z—afr a l-—ar2+z—al+2+207) a
T) T 0¥ d+a)b 1+z Cro(l+a)(1—a) 2
a2 — 2a + x(5 — 3a + 2x — za + 226 — 2aBr — 202 — o x)]

2(1+2)>2+2)(1—a)

The payoff from the deviation is equal to

a=(F)2142h (14 2)* 72 (24 2)F7 (1 - )™

udr (ch) _
(14)

The critical discount factor above which it is possible to sustain the best collusive
outcome of the game with reciprocal firms is given by

dr(CrY _ 4,7 (gCT
Sper(at, B,7) = Zdr ((g)) - zn((z)) (15)

For » = 1 we obtain é,.-(a, 5;1) = 17(73;4—@2&2 > % for any a € (0,1). For
_ 2 b : 6’)" 2 _ (2—(1)3(17—(1) 136 f

x = 2 we obtain 8 (@, 3;2) = gr3,Tromar —issaTET > o1 O any a €

(0,.5). Q.E.D.
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