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1. Introduction

Passive cross ownership (PCO) among rival firms is a widely observed phenomenon in many
industries, including banking and finance, information technology, natural resources, automobile,
consumer goods, and other manufacturing.! Moreover, the pattern of PCO is often found to be
asymmetric, i.e. the extent of passive cross-holdings vary across firms in the same industry. For
example, in the automobile industry, Toyota bought a 4.94% stake in Suzuki, while Suzuki bought
48-billion-yen worth of shares in Toyota in 2019. In 2018, Renault owned 43% of Nissan, while
Nissan had a 15% share in Renault. From 2011 to 2015, VW and Suzuki held shares in each other
19.89% and 2.5%, respectively (Hariskos et al., 2022). While a firm does not gain control rights
over its rivals by holding their shares, it is well argued that passive cross ownership softens product
market competition. The reason is that ownership of a rival’s share by a firm induces it to consider
the implications of its market strategy, not only on its own operating profit, but also on that of its
rival. The same is true, regardless of whether the pattern of PCO is symmetric or asymmetric.

This paper analyzes the implications of asymmetric PCO patterns for the stability of tacit
collusion. We consider a linear demand homogeneous good Cournot duopoly in which firms have
the same marginal cost but differ both in terms of their passive cross-holdings and their bargaining
powers over sharing collusive profits. We consider both a scenario with firms’ bargaining powers
exogenously given, and another in which they are determined in accordance with their levels of
cross-holdings.

We show that if the pattern of PCO is symmetric, a higher level of cross-holdings makes tacit
collusion more likely to be stable, not only in case firms equally share collusive profit a la Malueg
(1992), but also under any given distribution of firms’ bargaining powers.

Notably, we show that under asymmetric PCO and exogenously given bargaining powers, a
higher average level of cross-holdings may destabilize tacit collusion. This holds whenever the
bargaining power of the firm holding fewer shares of its rival is neither too high nor too low and
the spread of firms’ cross-holdings is high enough. Moreover, greater heterogeneity in cross-
holdings makes tacit collusion less likely to be stable if the bargaining power of the firm that owns
fewer rival’s shares is relatively high. We, thus, identify conditions under which asymmetries in

PCO lead to procompetitive outcomes.

! See Nain and Wang (2018), Heim et al. (2022), Azar et al. (2022), Barth et al (2022), Hariskos et al. (2022), Dai
et al. (2022), among many others.



We also consider a scenario in which firms’ bargaining powers are determined via their levels
of cross-holdings. In line with Fershtman and Gandal (1994)’s market division rule, a firm owing
relatively more shares of its rival has higher bargaining power, such that the ratio of firms’ owners’
payoffs under collusion is the same as that under Cournot competition. We show that a ‘mean-
increasing spread-preserving’ shift in the distribution of cross-holdings stabilizes tacit collusion,
but a ‘mean-preserving spread-increasing’ shift has no impact on the stability of collusion.

Interestingly, we find that if the exogenously given bargaining power of a firm is more than the
degree of the bargaining power consistent with the Fershtman and Gandal (1994)’s market division
rule, it is optimal for that firm to forfeit some of its bargaining power, and that in turn makes
collusion more likely to be stable.

Our paper contributes to the strand of the literature that studies the impact of passive cross
ownership on collusion stability. In a seminal paper, Reynolds and Snapp (1986) explore the
pricing effects of asymmetric cross ownership, yet they do not explicitly address collusion
stability. Malueg (1992) shows that under Cournot competition, symmetric cross ownership with
equal sharing of collusive profits facilitates collusion whenever the demand is (weakly) concave.
Under similar assumptions, Gilo et al. (2006) confirms the latter result under Bertrand competition;
it also argues that asymmetric PCO facilitates collusion by aligning firms’ interests. Gilo et al.
(2013) examine symmetric PCO with asymmetric firms’ costs, emphasizing how the latter shape
collusion incentives. In a similar setting, Yang and Zheng (2021) show that an increase in the
larger firm’s stakes on its rival destabilizes collusion, while the smaller firm’s level of stakes has
ambiguous effects. De Haas and Paha (2021), considering a duopoly with asymmetric PCO in
which firms equally divide monopoly output, show that collusion stability increases. In contrast,
our paper challenges the assumption of equal profit sharing under collusion and identifies

conditions under which asymmetric PCO destabilizes collusion.

2. The Model
Two firms, 1 and 2, produce a homogeneous good using identical constant returns to scale

technologies. Let p = @ — q; — q, be the inverse demand function and ¢ € [0, a) be the marginal
production cost. Firm i owns s; € [0, %) passive (i.e. non-controlling) shares of firm j, i,j = 1,2,

i # j. The objective function of firm i’s owner is:

Ni(qwq;) = (1= s)milau q;) + sim(ay,qi) = (@ — qs — g5 — ) [(1 = 57)q; + s0q5],



with g; and m; denoting firm i’s quantity and operating profits, respectively. That is, each firm’s
owner cares about the sum of its firm’s retained operating profit - after dividend payout to its rival
- and the dividend received by its rival. This objective is in line with Reynolds and Snapp (1986)
and Reitman (1994). We consider an infinitely repeated game between the firms that set quantities
in each stage. The pattern of cross ownership is assumed to be exogenously given. Let § € (0,1)
be the firms’ common discount factor. The equilibrium analysis under alternative single-period

scenarios follows, with proofs relegated to the Appendix.

2.1 Cournot Competition

From the first order condition of firm i’s owner maximization problem,
max ;(q;, ¢;) = max(@ = q; = q; = )| (1 = 5;)q; + siq],

°Ly]. Note that —
1—Sj aqjaqi

< 0 and

we get firm ’s reaction function, R;(q;) = % [ —c—q;(1+

ORi _ __ 4 ORi _ _ _4jsi
0s; 2(1—81') aS]' 2(1_51')

z < Oforall s;,5; € [0, %) That is, firms’ strategies are strategic

substitutes; also, the ownership of rival’s passive shares induces a firm to compete less
aggressively in the market.
In equilibrium, quantities, firms’ operating profits, owners’ payoffs, consumer surplus (CS) and

social welfare (SW) are, respectively,

_ (@—0)(1-sp _ (@a-0)*(A-si) _ (@-0)*@-s))
qlN(SUS]) - 3-5;-5; > T[lN(SuS}) - (3—5i—5j)2 > FlN(SUS]) - (3—Si—5j)2 > (1)
_ (a=0)?(2-si-s))? _ (a=0)*(4-s;—5))(2—5;~5))
CSN(Si, S]) = 2(3—5i—5j)2 , SWN(Si, S]) = 2(3—51'—5]')2 ,
where subscript N stands for the Cournot competition outcome.
aqin dqin Omin oy  OTin oy O0CSy _ dCSn oWy _
Clearly, 25, <0< _as]- " os <0< _as]- , _as]- <0< o5, os o5 < 0 and a5
] . .,
%< 0,foralli,j=1,2;i #j.

J

2.2 Collusion: Sharing the surplus via bargaining

N2
When firms collude, the industry profit is Il = %, where the subscript C stands for

collusion. These profits are larger than those under Cournot competition, [y = myy + Ty =



—_\2 _ _ —_ N2 _ _ 2
Iy + Dy = (‘"(;)_5(12—_;252) by an amount AIl =TIl — Iy = & 42_(511_5512;2) >0,V 5,5, €
[05)
2

Firms do better by engaging in tacit collusion than competing. The question is how firms

determine their respective shares of collusive profits. To address this issue, we adopt the
generalized Nash bargaining solution, which encompasses (i) Nash bargaining a la Harrington
(1989) and (i1) Schmalensee (1987)" market division collusive technology a la Fershtman and

Gandal (1994), as special cases.

Let y; be firm i’s operating profit under collusion: y; + y, = [lI.. Owners’ payoffs are then,

Luy) =1 =s)yi+sy, i) =1,2,i #}, ()
. ar; aFj .
with [ + [, =l > Iy, anda—y_= 1—5,—5,= —a—y_(smce yi=Ilc —y;). Let yand 1 —v,

y € [0, 1] be the bargaining power of firm 1 and 2, respectively. The collusive profit-sharing

generalized Nash Bargaining problem is:

maxZ = ([ (y1, ¥2) — Tin)" (1, ¥2) — Don)* ™7

yuY2
s.t. y; +y, <Il;,y; = 0and y, = 0. 3)
For expositional easiness, let for the moment set y; = ¥ and y, = 1 — y. From the first order
conditions of the logarithm of (3) and using z—;‘_ =1—-5—5,= —a—y’_, it is easy to verify

that T = iy + y; (Il — Ty — Tony) = Ty, @ = 1,2. Also, solving the system of equations (2), we

Tic=si(Tic+Tjc)

PE— Hence firms’ operating profits and owners’ payoffs are, i,j = 1,2, i # J,
o102

getyic =

(a—1c)? (4 +y, + st — Y.S; — si(S +v,— sj))

. Si, Si, Vi = >0
le( i’ 9j )/l) 4(3_51 _52)2

(@=C)2(4+yi- 45j-7i(2=51-5,)(51+57))
4(3—s1—52)2

Lic(susjvi) = (4)

Finally, firms can get their operating profits without resorting to side payments, by allocating

production as follows:

(a—c)((1-s)(@+¥i—s)—(¥i=s)s,)
2(3—s1—52)2 ’

Qic(sisi,vi) = ®)



Clearly, q10(S1, 52, V1) + Goc (51, S2, V2 ) = —: hence, consumers surplus and social welfare

(a=c)? 3(a=c)? 94ic 9dic  9yic 9yic 9lic ¢
are: CSq = and W, = . Then asi<0<asj’ asi<0<as]-’ 65j<0<65i’
0CSc — 965¢ — ) and e = 2%¢ — o foralli,j = 1,2,i # j. As expected, ‘C> 0, LC> 0 and
ds; dsj 0s; 0s;j
ori

> 0.
avi
Note that

(a) Wheny; = %, [ic (sl-, Sj, yi) =TIy + %Al’[, i = 1,2, which corresponds to the solution under

Nash bargaining a la Harrington (1989).

(b) When y; = ) , the above solution corresponds to that under the market division rule
o102

a la Fershtman and Gandal (1994) — see below.

2.3 Firms’ Owners’ payoffs under deviation
Let firm i deviates, while firm ; sticks to its collusive output g . Firm i’s best response is given
by its reaction function, q;, = R;(q;c¢), where the subscript D stands for deviation. Thus, firm i’s

output and its owner’s payoft are:

(a—c)( F(3-vi-3sj)+(1- s])(13+yl (6+yl)s]+s) 4si(4-s;)(1- s])>

4(1-5)(3—s1-52)2

qip (Si'sj'yi ) =

(a—c)? ( F(1+yi-sj)+(1- s])(13+yl (6+yl)s]+s) -25;(3+y;-s;)(1- s])>

FiD(Si: Sj:Vi) = 16(1-5,)(3—51-52)" > FiC(Si:Sj:yi )
Note that Z2 << 2w o 9w Wnld oo 2Unld oo 2Twld o
aSj aSi a]/j 6yi aSi aSj a]/i
(Tip—Tic) >0, O('ip=Tin) <0, o(lip=Tn) 0, o(lip—Tv) ’ a(ip—Tin) <0, foralli,j=1,2i#j.
ay; as; ds; avi 9y

3. Stability of Tacit Collusion

Suppose that if in any period ¢ firm i deviates, its rival chooses the Cournot competition output

in all subsequent periods. Firm i has no incentive to deviate from the collusive output if

6>

Tip(si,55,vi)— FLC(SLS] Yl) _ 5 (S
ir

S;, with
Tip(ssjvi)—Tin(sisj) 1 yl)



((1=5,)(5-vi=5))-si(1=vi=s))’

(1+yi—sj)(si2(1+yi—sj)—25i(5+yi—sj)(1—sj)+(1—sj)(25+)/i—(10+yl-)5j+512)> ’

§i(sisjvi) = (6)

the firm ’s critical discount factor. Note that Z—ii > 0, Z—f; <0, Z—iz < 0 and Z—i >0 forall i,j =
1,2,i #j.

Tacit collusion is then stable if no firm has incentive to deviate, i.e., if & > 8(sy,5,,7) =
max [8,(s1,52,¥),6,(s1, 55,1 — )] holds true (Remember thaty; = y andy, = 1 — y). A higher

(lower) value of §(s;, s,,¥) implies that collusion is less (more) likely to be stable.

S1+S2

Without loss of generality, suppose that 0 < s; <5, < % Let § = and 2A =s; — 54,
denote, respectively, the mean and the spread of the PCO distribution. Thens; = §—Aand s, =

S+ A

Proposition 1: If passive cross ownership is symmetric, i.e., S; = s, = §, a higher level of

938(557)

s

cross-holdings makes tacit collusion more likely to be stable: < Oforally € [0,1].

Proposition 1 confirms Malueg (1992)’s finding that when firms share equally collusive profits
Vi=v2= %), an increase in symmetric cross-holdings makes collusion more likely to be stable.

Importantly, Proposition 1 extends this result for any possible sharing of collusive profits between
firms. Intuitively, when s; = s, and firm i’s bargaining power reduces below that of firm j (y; <
% <y;), firm i’s critical discount factor becomes higher than that of firm S]- () <6,()=80)

.. . . - aT;
This is because (1) firm i’s deviation payoff becomes lower ( ;;D

> 0), while its punishment payoff

i

remains unaltered (aar;,.v = 0), implying that I35 (.) — I}y (.) decreases, and (ii) firm i’s deviation

payoff in excess of its collusive payoff I3, (.) — I (.) increases > 0). Now, due to a

(3 (ip—Tic)
oV
symmetric increase in firms’ cross-holdings, the reduction in firm i’s gain from deviation, [;p (. ) —
[ic(.), is larger than the reduction in its deviation payoff in excess of that under punishment,

Tip(.) — Tin(). Thus, firm i’s critical discount factor 8;(+) decreases and firm i is less likely to



deviate whenever it owns a larger share of its rival.? Therefore, a higher level of cross-holdings

makes collusion more likely to be stable under symmetric PCO.

(3-25)%(1-25)
2(5-452+84) °

Let y;(5,4) = % and y,(5,A) == + A— It can be checked that for all

2(1 B
S1,S, € [O, %), 0 <y,(54) <% and y,(5,A) < 1. Moreover, y;(5,4) < y,(5,A) only if A€

3-45(2-5)

(é(:?), i), where A(S) = , i.e., only if the spread A of the PCO distribution is high

enough (for given average level §5).3 Note that since d—% < 0 forall s€ 0,l ,A > A(S) is more
g g g PT. > A

likely to hold when § is larger.
Lemma 1: () §;(5—A, 5+ 4,7) 2 8,(5— A5+ A, 1—y) ifand only ify < y,(5, A).

(i) 22 < 0 if 8,(.) > 8,(); also, 22> 0 if §,(.) > &,(.) and y,(5,4) <¥ < ¥ ),

. a8
otherwise, 6—_2 <0.
S

..oy 064 96,
(111)5 <0 anda—A > 0 forall y € [0,1].

Lemma 1(i) confirms that the firm with relatively low bargaining power has a higher critical
discount factor under asymmetric PCO too. Yet, the turning point is now lower, i.e., y;(.) < %

338, 661

This is because for given s, (s;), a lower s; (higher s,) leads to smaller &, ( > 0, < 0). An

. . . a8 . a8 a8
immediate consequence of the latter is that a_Al < 0; moreover, since 8_52 < 0and 6_52 > 0, we get
1 2

652 > 0 (Lemma 1(ii1)). Finally, Lemma 1(ii) states that whenever firm i’s bargaining power is

low enough, given the asymmetry in PCO A, an increase in the average level of cross-holdings §
—1.e., an equal increase in s; and s, - makes collusion more likely to be stable. Nevertheless, in
case that the bargaining power of the firm that has relatively lower shares in its rival lies in an

intermediate region, y;(.) <y < ¥,(.), an increase in § leads to a higher critical discount factor

o a8 . a a . . . . . .
for its rival (a—; > 0). Since 0,(.) > 9;(.) in this region, an increase in 5, makes collusion less

2 This argument is along the lines of Malueg (1992), but it applies to the firm with the lower bargaining power
that has the higher critical discount factor.
3 Note that in terms of (s, s,), the inequality y,(.) < y,,(.) is satisfied as longas s, > 4 —s; —,/13 — 8s; =

1

S2¢(s1), with 52 > 0, 5,(0) = 0.394 and s.c(3) =1



likely to be stable. Note, however, that such a region exists only if, given S, the spread of the

distribution of PCO is high enough.

From Lemma 1, the following Proposition is immediate.

Proposition 2: If passive cross ownership is asymmetric, 0 < s, =§—A<s, =5+ A< %,
then

(1) As the average cross-holdings S increase, tacit collusion becomes less likely to be stable
when asymmetry in cross ownership is high enough, A > A(3), and y is neither too high
nor too low, ¥;(5,4) <y < y,(5,A); otherwise, tacit collusion is more likely to be stable.

(i1) As cross ownership becomes more asymmetric (higher A), tacit collusion becomes less
likely to be stable if and only if the bargaining power of the firm that owns less shares of its

rival is high enough, y > y,(5, A).

Example: Let (s1,s,) = (0.1,0.42). Then (5,A) = (0.26,0.16), A(5) = 0.149, and (y;,v,) =
(0.392,0.414). Suppose that y = 0.4. Then §; =~ 0.50362 < §, ~ 0.51342. Now, consider two
alternative scenarios: (1) A spread-preserving mean-increasing change in PCO to (sq,S3) =
(0.11, 0.43) that leads to (5", A) = (0.27,0.16), A(5") ~ 0.141, (v,",y,) = (0.390,0.423), §] ~
0.50190 and &} ~ 0.51346 > §,, making collusion less likely to be stable. (2) A mean-
preserving spread-increasing change in PCO to (s;,s;) = (0.09,0.43) that leads to (5,A"") =
(0.26,0.17), A(5) ~ 0.149, (v,",v,,)) = (0.385,0.428), §; ~ 0.49857 and &, ~ 0.51660 > 4,

making again collusion less likely to be stable.

From Proposition 2(ii) it follows that when firms have equal bargaining powers (y = %) over

collusive profit sharing (Harrington, 1989), a more asymmetric PCO makes tacit collusion less
likely to be stable. Importantly, there are parameter constellations under which an increase in the

average level of PCO destabilizes collusion.*

4 Clearly, y = % > y,(5,A). Now fory = % < V.5 8), we need A > 2G4 180)

which is true when A is large

enough for given §.



3.1 “Endogenous” Bargaining Power

Let firms’ bargaining powers be determined according to their levels of cross-holdings. In line
with Fershtman and Gandal (1994)’s market division rule, a firm owing relatively more shares of
its rival has higher bargaining power, such that the ratio of firms’ owners’ payoffs under collusion

is the same as that under Cournot competition.

- . 1—5; .
From (1), we get v = 17% For the latter to be equal to M, it should be that y; = 2 This
o 1-51 T2c —S1—S2
. . o Tyc-T
is because the solution to (3) implies that ;o = Ty + ¥; (Il — Iy — D). Therefore, % =
2C —12N
Y1 . Fic _ Tin Fic—Tin 1-s; . 1-s;
==. And since =1, for—=—"= = , it must be that y =y, = and
Y2 rity: Foc Ton Tac-Ton  1-51 y=n 2-51—52
_ _ 1—51
l=y=v.=,"1
Note that , (51252 ) 52;51 ) = 15_525 =y, = y. From Lemma 1(i) we know that in this case,
o102
& _ 8 — 2 _ (3-51—57)2 . a_'S _ __ 4(B-s1-52)(1-51—57)
01(.) = 6,(.) = (s1,52) = 17+(51+52)2—10(s1+52) (by (6)), with ds;  (17+(s1+52)2—10(51+52))2

0. Hence, an increase in s; makes collusion more likely to be stable.

Now if s; < s,, an increase in s; results (i) in an increase in the average level of cross-holdings

(3-25)2

and (ii) in lower asymmetry in the cross ownership pattern. In particular, §(5,A) = T7a6-55°

.. 08 as . .
with 5= < 0 and Py 0. Proposition 3 summarizes.
S

Proposition 3: (i) A mean-increasing spread-preserving shift in the distribution of cross

ownership makes tacit collusion more likely to be stable.

(i1) The stability of tacit collusion remains unchanged due to mean-preserving spread-

increasing shift in the distribution of cross ownership.



3.3 Enhancing Stability of Collusion by Forfeiting Bargaining Power

Let firm i can choose to exercise bargaining power ¥; € [0,y;], where y; is its actual power,

. . . . . a8
i.e., firm i can forfeit part of its bargaining power at zero cost.> From above, we know that 6_]/1 <0

25,
oy

and == > 0. Also, from Lemma 1(i), we have 8; (.) = §,(.) ifand only ify < ¥,(5,A) = 12

2—-51—S2 ’
An immediate consequence is that collusion is the most likely to be stable when firm 1°s bargaining

. 1- . . . . .. . . .
powerisy =y; = 2_515_252, 1.e., when the distribution of bargaining power is determined via the

market division rule a la Fershtman and Gandal (1994).
Suppose firm 1’s bargaining power y is larger than 215_—525 such that its discount factor § <
To1792
5,(5 — A, 5+ A, 1 —y), rendering thus collusion non-sustainable. Then firm 1 has incentive to
forfeit the least possible part of its bargaining power such that collusion can be sustained. This is
because firm 1’s owners’ collusive payoffs are increasing with its bargaining power. Thus, by
forfeiting y — 7, > 0 such that 6§ = 6,(§—A,5+A,1—79,), firm 1 makes tacit collusion

sustainable with the least possible losses over the collusion surplus. A similar argument applies to

1-54

2—51—52‘

firm 2 when its bargaining power 1 — y is larger than

4. Conclusions

We challenge the maintained in the existing literature assumption that collusive profits are
equally divided even if firms own asymmetric shares in their rivals and identify conditions under
which an increase in the average level of rivals’ shares destabilizes collusion.

Our findings have important policy implications for antitrust authorities. To judge whether
asymmetric PCOs lead to anti-competitive outcomes or not, they should first investigate how the
involved firms divide the ensuing from collusion profits. Our analysis suggests that negotiations
over the surplus division under collusion - as reflected by the firms’ bargaining power distribution
- may lead to pro-competitive (instead of anti-competitive) outcomes under certain market

conditions. Future research should delve into the investigation of those market conditions.

> In a different context, Marx and Shaffer (2010) identify conditions under which an agent has incentives to forfeit
part of his bargaining power. Forfeiting bargaining power can be materialized by delegating negotiations to a weaker
in the negotiation table agent.

10



Appendix

[(5-25)(1-35)-y(1-25)]? nd
(1+y-35)[(5-25)2(1-5)+(1-25)2y]’

Proof of Proposition 1: Ifs; = s, = 5, then A = 0, §,(5,0) =

~ _23% (1 —_23)12
62(5, 0) — [(5—-25)(1-5)-(1-y)(1-25)]

$(50)=68.(5 <1
2 I5-2 (122 ()] It follows that, 6,(5,0) = 02(5,0) as long as y S =,

981()
dJs

y € [0, 1]. Further, it can be checked that if 0 <y < %, < 0; and if% <y<1, %2;') < 0.

Therefore, % <O forally € [0,1].

Proof of Lemma 1: Lemma 1(i) follows from straight comparison of the expressions for
5:(5,A,y) and 8,(5,A, 1 — y). Differentiating then 8, (-) and &,(+) with respect to § and A, we

obtain Lemma 1(i1) and 1(iii).

11
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