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1 Introduction

Common ownership refers to institutional investors owning shares in a large number of
firms within a market and is observed in various industries.! For example, Vanguard
Group owns shares in Apple and Microsoft, which are competitors in the technology
industry. Other examples of common ownership include the airline, pharmaceutical, and
banking industries (Azar et al. [3]). The effect of common ownership has been studied
for some time, and previous theoretical studies have analyzed the effect of common
ownership on competition and found situations where common ownership may reduce
competition (Chen et al. [5]; Lépez and Vives [16]; Rotemberg [19]).2

From the perspective of managing a firm, the existence of common ownership may be
welcomed, since less competition is desirable. However, several empirical studies show
that common ownership does not necessarily increase profits. For example, Koch et al.
[11] empirically show that common ownership does not have a robust positive effect on
industrial profitability.?

Following the empirical findings, we focus on understanding a negative relationship
between common ownership and profits. More specifically, we introduce a new factor that
raises input prices due to common ownership, which reduces firms’ profits despite the
existence of common ownership. Our analysis provides a better understanding of input
price determination and the impact of input price changes on profits in decentralized
supply chains with common ownership. Our analysis allows us to answer the follow-
ing questions: (i) How should input prices change as the degree of common ownership
increases?; and (ii) Who benefits from common ownership?

To address these questions, we consider a vertically related market with one upstream

and two downstream firms. Each downstream firm buys inputs from the upstream firm

!Torshizi and Clapp [22] report on the price effects of common ownership in the seeds sector.

2A recent study in the operations management literature that analyzes the effects of common own-
ership is that of Avinadav and Shamir [1].

3See Dennis et al. [7], Kini et al. [10], and Lewellen and Lowry [13] for studies that reexamine the
anticompetitive effects of common ownership. See Backus et al. [4] for a survey on common ownership.
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with a linear contract and sells its products to consumers. One downstream firm sells
its products to two spatially separated markets (e.g., the U.S. and Mexico), and the
other downstream firm sells its products to only one of these markets (e.g., the U.S.
only). Institutional investors partially own shares in the two downstream firms, and
each downstream firm, depending on the degree of common ownership, is concerned
with the profits of its rivals.

One example of the fit of our model is the supermarket industry. For example,
Costco and Dollar Tree are giant retailers, and Vanguard owns shares in both. In the
U.S., Costco and Dollar Tree compete. However, in Mexico, only Costco has stores.*
Both retailers buy products from a common upstream firm (e.g., PepsiCo). This market
structure is consistent with our basic model.

Under the above model, we analyze the effects of an increase in the degree of com-
mon ownership on equilibrium outcomes. First, we find that whether the input price
increases with the degree of common ownership depends on the heterogeneity in the
size of downstream markets. If the market size in which two downstream firms compete
is smaller than the market size in which one downstream firm is the sole monopolist,
input prices increase with the degree of common ownership. Since a higher input price
increases the marginal cost to downstream firms, the price of the final product also in-
creases. If the effect of higher input prices dominates the effect of relaxed competition
among downstream firms, the profits of downstream firms will decline, even as the degree
of common ownership increases. Moreover, because the reduction in competition among
downstream firms due to common ownership is undesirable for the upstream firm and
consumer, the profit of the upstream firm and the consumer surplus always decrease
with the degree of common ownership.

We also investigate the robustness of our results. First, we consider the case where

4For the number of Costco warehouses, see Costco’s website (https://investor.costco.com/company-
profile/default.aspx). For the number of Dollar Tree stores, see the 2022 Annual Report
(https://corporate.dollartree.com/investors/financial-information/annual-reports-proxies).

3



the inverse demand function is nonlinear. More precisely, we assume an inverse demand
function with constant curvature (Hu et al. [9]; Lépez and Vives [16]). Since in the
basic model, the condition for obtaining the main results is the small size of the market
in which the two downstream firms compete, we limited our analysis to a situation in
which the equilibrium output of the market supplied by the two downstream firms is
positive but sufficiently close to zero. Consequently, the results obtained using the basic
model are robust.

Next, we analyzed the case in which the downstream firms have symmetric distribu-
tion channels. Specifically, we analyzed two cases: (i) both downstream firms sell their
products to two markets, and (ii) each downstream firm exclusively sells its products
in a different market. The main results of the basic model are not obtained when the
downstream firms’ sales channels are symmetric. Therefore, we find that it is important
for the sales channel to be asymmetric so that common ownership reduces the profits of
downstream firms.

Furthermore, we analyzed the case in which each downstream firm produces a differ-
entiated product in a market in which the two downstream firms compete. The analysis
shows that, as in the basic model, when the size of the market in which the two down-
stream firms compete is small, the profits of the downstream firms decrease with the
degree of common ownership. Thus, product differentiation does not alter the main
results qualitatively.

This study is related to two strands of literature: the literature on the relationship
between competition and input prices, and the literature on non-controlling ownership
in vertical markets.’

In the literature on the relationship between competition and input prices, the study

most relevant to ours is Yenipazarli [25]. He analyzed the effect of downstream entry

5Our research may be related to studies analyzing the relationship between input prices and com-
petition in the literatures on industrial organization or management. For these studies, see Cho [6],
Greenhut and Ohta [8], Mukherjee [17], Pinopoulos [18], and Salinger [20].
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on wholesale price and profits. Before entry, the two downstream firms sell goods ex-
clusively to two different markets. Yenipazarli [25] proposed a condition in which the
wholesale price decreases when one of the downstream firms enters the other market.
Furthermore, he showed that if this wholesale price reduction effect exceeds the effect of
increased competition due to entry, then entry increases downstream firms’ profits. One
difference between Yenipazarli [25] and our study is that Yenipazarli [25] used entry to
capture changes in competition in the downstream market, whereas we used the degree
of common ownership. Furthermore, Yenipazarli [25] analyzed under a linear inverse
demand function, whereas we analyzed not only under a linear inverse demand function
but also under an inverse demand function with a constant curvature. Therefore, our
study complements the findings of Yenipazarli [25].

A seminal study analyzing the relationship between downstream competition and
input prices was conducted by Tyagi [23], who showed that if the elasticity of the slope
of the inverse demand function is constant, input prices are independent of the degree of
downstream competition. Koulamas and Kyparisis [12] incorporated the effect of lower
marginal costs associated with downstream entry into Tyagi’s [23] model and showed that
competition in downstream markets can increase input prices. These studies considered
downstream market entry, but not common ownership in the downstream market.

Our study also contributes to the literature on non-controlling ownership in vertical
markets, which is mainly in the field of economics.® Li and Shuai [14] considered a
situation in which one of the downstream firms owns shares in a competitor, but the
competitor does not own shares in the downstream firm (i.e., one-way shareholding).
They showed that one-way shareholding reduces a holding firm’s input price. Shuai
et al. [21] also considered a situation with one-way shareholding. They showed that
as the degree of shareholding increases, the input prices for downstream shareholding

firms decrease. Hu et al. [9] showed that cross-holdings among downstream firms raise

60ne of the few studies to consider downstream shareholdings in supply chain management is that
of Aviv and Shamir [2]. However, their model is significantly different from ours.
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input prices when an upstream firm engages in marginal cost-reducing R&D. Lgmo [15]
showed that, under a general inverse demand function, when there is common ownership
among downstream firms, input prices depend on the degree of common ownership if
the curvature of the inverse demand function is not constant. Chen et al. [5] considered
horizontal and vertical shareholding and noted that higher input prices can be realized as
the degree of shareholding increases because the price elasticity of demand for upstream
firms decreases.

The remainder of this paper is organized as follows. The basic model is described in
Section 2. Section 3 presents the primary results. Section 4 discusses the robustness of

our main results. Finally, Section 5 concludes the paper.

2 Basic Model

We consider a decentralized supply chain with one upstream and two downstream firms.
The upstream firm U produces input at no cost and sells it to the downstream firms (D1
and D2) at input price w.

To produce one unit of the final product, each downstream firm uses one unit of
input and does not bear any costs except for payments for inputs. Downstream firm
D2 supplies its product to two spatially separated markets, markets A and B, while
downstream firm D1 supplies its product only to market A. We assume that markets
A and B are independent of each other. Additionally, each downstream firm supplies a
homogeneous product in market A. For this assumption, in Section 4.3, we consider the
situation in which both downstream firms produce differentiated products in market A.

We denote downstream firm D1’s output in market A by g4; and downstream firm
D2’s outputs in markets A and B by gao and gps, respectively. We assume that the
inverse demand functions in markets A and B are py = a — qa1 — qa2 and pg = 5 — qp2,
respectively. We denote the ratio of the intercept of the inverse demand function of

market A to that of market B as r = a/f. The operating profits of the downstream



firms are as follows:

Tp1 = (pa — w)qa1, 7p2 = (pa — w)qas + (P — W)pPp2.

The upstream firm’s profit is as follows:

T = w(qa1 + qa2 + ¢B2).

We assume that an institutional investor holds shares in both downstream firms.
Following the literature on common ownership (Lépez and Vives [16]; Vives [24]), each

downstream firm has the following objective function:
Vpi = pi + 07pj,

where 7,5 = 1,2 and ¢ # j and 6 € (0, 1) is the degree of common ownership. We assume
Tmin = (3+0)/[2(6+0)] <r < (11 + 0)/4 = Tpas, which guarantees positive outcomes
in equilibrium.”

The consumer, producer, and total surpluses are, respectively, as follows:

2 2
—<q‘41 ) + @, PS=my+7p1 +7pe, TS=CS+ PS.

CS = ) 5

The timing of the game is as follows. In the first stage, the upstream firm U chooses
the input price w. In the second stage, the downstream firm D1 chooses ¢4; and the

downstream firm D2 chooses g42 and qgo. We solved this game using backward induction.

3 Analysis
3.1 Calculating equilibrium

In the second stage, the first-order conditions of the downstream firms, 0Vp;/dqa; = 0,

OVpa/0qas = 0, and 0Vpa/0qps = 0, lead to the following outputs:

a—w (w) b —w
—_— w) = ——.
3100 12 2

“When 7 < Tmin OF T > Tmaz, €quilibrium outputs in market A or B become zero.
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QAl(UJ,@) = QA2(U)79) =




By substituting the outputs into the upstream firm’s profit, solving the first-order

condition Omy /0w = 0 and using r = «/, we obtain the equilibrium input price.

. BEB+O+4r)
2(7+0)

where the superscript ‘*’ denotes equilibrium outcomes. Then, by using r = a/f, we

obtain the following outcomes:

B2r(5+0) — (3+0)] . B(11+ 6 — 4r)

Im=e= "5 gmre ° BT 4710
. BPB+0+r(11+80+6%) . BAT+30+4r)
Py = y Pp = )
(34 6)(7+6) 474 6)
o B%(3+ 6 +4r) o 21+ 0)[3+60 —2r(5+0))
VU8B H0)(TH0) TP 4(3+0)2(7 + 6)2 ’
o BP(1+0)3+0—2r(5+0)* [*(11—4r +0)?
bz 4(3+0)2(7 +0)2 16(7+6)2
g2 [ (34 0)%(137 + 220 + 62) + 1612(109 + 460 + 562) }
. I —8r(219 + 1390 + 250% + 63)
€5 = 32(3 4 0)2(7 + 0)2 ’
g [ (34 0)2(171 + 500 + 362) + 16r2(101 + 966 + 256% + 263) ]
) I —8r(33 4 6560 4 276 + 36°)
pST= 16(3 + 0)2(7 + 6)2 ’
2 [ (34 0)2(479 + 1220 + 76%) + 16r2(311 + 2386 + 550% + 463) ]
ror L —87(285 + 2690 + 790% + 76%)

8 (285 + 2600 + 7962 + 76%)
3.2 Comparative statics

We discuss the effects of common ownership on the equilibrium outcomes. First, we
consider the effect of common ownership on pricing. By differentiating p%, pj, and w*

with respect to 6, we obtain the following derivatives:

opp Bl —r) Ow"  2B(1—r)
00— (T+60)2 00  (T+0)2

opty  Bl2r(29+100 + 6%) — (3 + 0)?]
o0 (3+0)2(7+0)2

> 0,

where the first inequality is satisfied because we assume 7,,;, < 7 < ez Subsequently,

we obtain the main results.



Proposition 1 The price in market A always increases with the degree of common own-
ership. An increase in the degree of common ownership increases the price in market
B and the input price if the size of market A is smaller than that of market B, that is,

r<1.

To illustrate and intuition behind Proposition 1, we explain the price elasticity of
the demand for inputs. From the outputs in the second stage (1), we obtain the price

elasticities of demand for inputs in markets A and B.

ealw) = _9lgai(w,0) + qaz(w, )] w o w
A - ow qai(w, 0) + qao(w,0)  a—w’
en(w) = _36_132(@”) L

ow g2(w) B —w
Since the price elasticity of the aggregate demand for inputs is equal to the weighted

average of the price elasticities for inputs, we obtain the following equation:

_ qa1(w,0) + qaz(w, 0) ealw gB2(w) cen(w
elw,6) = qa1(w, 0) + qaz(w,0) + gpo(w) alw) + qar(w, 0) + qaz(w, 0) + g2 (w) o)
w(7+0)

BB+4A+0)—w(7T+6)

For e(w, 0), the coefficient of €4(w) decreases with the degree of common ownership
0 and that of ep(w) increases with #. This is because common ownership weakens
competition only in market A, such that output in market A falls, but output in market
B remains unchanged. Thus, as 6 increases e(w,f) approaches eg(w). Therefore, if
ep(w) is greater than €4(w), e(w, #) increases, and vice versa.

To explain an intuition behind Proposition 1, we need only explain the change in the
price elasticity of demand for inputs as the degree of common ownership increases. More
specifically, it is sufficient to explain that when the size of market A is smaller than that of
market B, the price elasticity of demand for input decreases with the degree of common
ownership. First, when the market is large, the price elasticity of demand for inputs
decreases. Thus, if o < 8, which is equivalent to r < 1, we have e4(w) > ep(w). Since
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an increase in @ brings e(w, ) closer to ep(w), a large 6 decreases £(w, #). Therefore,
as the degree of common ownership increases, the input demand becomes less elastic,
leading to a high input price: dw*/06 > 0 if r < 1.

Intuitively, the other results for Proposition 1 are simple. Since downstream firm
D2 is a monopolist in market B and the degree of common ownership has no effect on
competition in market B, the price of the final product moves in the same direction as
the input price. Finally, an increase in 6 reduces competition in market A. Consequently,
the total output in market A decreases, leading to higher prices for the final product in
market A.

Next, we consider the effects of common ownership on the profits of the upstream

and downstream firms.

omy;  BP(B3+60+4r)[(340) —2r(5+0)]

26 23 + 0)2(7 1 0) <0,
Ory  B212r(5+0) — (3 + 0)][2r(47 — 70 — 767 — 6%) — (5— 0)(3 + 0)?]
o0 434 0)3(7 + 6)3 ’
g [ 4 (181 6* — 146° — 606° — 420)
o, 12 (304 + 406° + 17462 + 2560 + 39) — (30 + 17)(6 + 3)°
00 13+ 057 1+ 0 ’

where the sign of the first inequality is satisfied because we assume 7,,;, < r < Tynez. By

showing the signs of the derivatives, we obtain the following proposition:

Proposition 2 The upstream firm’s profit always decreases with the degree of common
ownership. The operating profits of the downstream firms D1 and D2 decrease with the
degree of common ownership if 1 < rp; and r < rps, respectively, where rpy < rps and
(5—0)(3+ 0)?
p1 = )
2(47 — 70 — 702 — 63)

~ (340) [ (7T+0)VT57 — 30* — 4463 — 17002 + 360 — 36> — 316% — 810 — 13 |
b2 = A(181 — 0% — 146° — 6062 — 420) '

Proof See Appendix.

10



An intuition behind this proposition is straightforward. From Proposition 1, if market
A is smaller than market B, an increase in the degree of common ownership increases the
input price. In other words, when r is small, common ownership increases the marginal
costs for downstream firms. This tendency strengthens as r decreases. Therefore, if the
marginal cost-raising effect dominates the competition-relaxing effect of common owner-
ship, common ownership is harmful to downstream firms. Furthermore, since market B
is a monopoly, relaxed competition due to common ownership does not occur in market
B. Thus, if the input prices increase with common ownership, the cost of increased
common ownership is greater for downstream firm D2. Therefore, if input prices in-
crease because of common ownership, the cost of common ownership will be greater for
downstream firm D2. Therefore, in Proposition 2, the threshold value for downstream

firm D2 is greater than that for downstream firm D1: rpy > rpy.

r
1.0 9mp1/90 >0 .
Bngéfae S0 e
0.8 e
- 0mp1/00 >0
0.6 Omba/cl onp1/06 <0 =T I'p2
' Onpp/06 < 0
0.4f .
0.2}

P T S S S R S S S 9
0.2 0.4 0.6 0.8 1.0
Figure 1: The effects of common ownership on operating profit of downstream firms.
Figure 1 shows that the degree of common ownership must be small if it harms
downstream firms. Furthermore, we can confirm 0.479 < rp; < 1 and 0.744 < rpy < 1.
Thus, if r has an intermediate value for each downstream firm, then 6 maximizes its

operating profits. We implicitly define 6p; such that r = rp; at 6 = 6p;,. Then, we

obtain the following result:
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Corollary 1 For 0.479 <r <1 and 0.744 < r < 1, the operating profits of downstream

firms D1 and D2 are maximized at O0py and Opo, respectively.

An intuition behind this result is as follows. As 6 approaches 1, the downstream firm’s
objective function approaches that of the merging firms. When input prices are fixed,
the competition-reducing effect of common ownership disappears at # = 1 because the
downstream firm’s operating profit is maximized in the monopoly. However, because the
effect of changing input prices persists, the effect of common ownership on input prices
dominates the competition-reducing effect when @ is large. Thus, at some intermediate
6, the operating profits of the downstream firms are maximized.

Finally, we provide the results of the comparative statics for consumer, producer, and

total surpluses.

5 [ —4r2(50° + 6962 + 3436 + 607) ]
00 S* | +r(0" + 406° + 35460 + 121660 + 1461) — (6 + 15)(6 + 3)°
20 1B+ 07+ 07 <0,
g [ —4r?(6* + 156° + 816% + 1576 + 2) ]
dPS* | —r (705 — 30" — 246° — 662 + 3520) + (1 — 0)(0 + 3)°
20 231 077+ 0)p <0,
g [ —4r2(20" + 350% + 23162 + 65760 + 611) ]
oTS* | +r(70* + 880% 4 3660* + 51260 + 51) — (30 + 13)(0 + 3)*
00 A3+ 0)3(7 + 0)? ’

where the signs of the inequalities above are satisfied because we assume 7,,;, < r < Tnaz-

Then, we obtain the following proposition:

Proposition 3 Consumer, producer, and total surpluses decrease with the degree of com-

mon ownership.
Proof See Appendix.

An intuition behind this result is straightforward. Since an increase in the degree of

common ownership relaxes competition in market A, the double marginalization prob-
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lem worsens, leading to small total output. Therefore, consumer, producer, and total

surpluses decrease with the degree of common ownership.

4 Robustness
4.1 A large class of inverse demand functions

In the basic model, we use linear inverse demand functions. Here, we demonstrate that
the main results hold under more general inverse demand functions. We denote the
inverse demand function in market k € A, B by px(Qk), where @y is the total output
in market k. We assume that the inverse demand function in market k£ has a constant
curvature zj; more precisely, we define z, = —p}(Qr)Qr /1) (Qk), where for any Q) > 0,
2k, is constant. This assumption leads to the following parametric form: pg(Qr) =
a—bQ) /(1= 2z) if Q1 < [a(l — 2) /b)Y =) pi(Qr) = 0 if Q) > [a(1 — z) /6] 1724,
where a,b > 0. This type of inverse demand function is used in the literature on industrial
organization (Hu et al. [9]; Lépez and Vives [16]). For simplicity, we assume z, < 0.
Thus, each inverse demand function is concave. The other settings are identical to those
used for the basic model.

The main results of the basic model, Propositions 1 and 2, are obtained under a
small r. In other words, the main results are obtained when market A is sufficiently
smaller than market B. Therefore, we restrict our analysis to a situation in which the

equilibrium total output of market A is positive but sufficiently close to zero.

Assumption 1 The equilibrium total output in market A is positive but sufficiently close

to zero.

Decision on output of downstream firms Since the downstream firms are sym-
metric in market A, both downstream firms choose the same output in market A; we

denote the output chosen by each downstream firm in market A by g4 and the output
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chosen by downstream firm D2 in market B by ¢g. Substituting these outputs into the

first-order conditions of downstream firms, we obtain the following:

Ve
9qp2

OVp;
8in

= pa(2qa) —w+ (1+0)qaps(2qa) = 0, =pr(gs) —w+qspi(gs) = 0. (2)

Differentiating the first-order conditions with respect to w or €, we obtain the fol-

lowing lemma:

Lemma 1 The results of the comparative statistics are as follows:

Iga _ 1 o Y4 _ qa
ow  [3+460(1—za)— za]p'4(2q4) T 00 3+0(1—24)—2a
dqp 1 <0

ow (2 — zg)p(qB)

<0,

Proof See Appendix.

An intuition behind Lemma 1 is simple. An increase in the input price raises the
marginal cost of downstream firms. Thus, a large w results in small outputs: dgy /0w < 0.
As the degree of common ownership increases, competition in the downstream market

A becomes more moderate. Therefore, output in market A decreases with 6.

Decision on input price By substituting the outputs in the second stage, ¢4 and
qB, into the profit of the upstream firm, differentiating it with respect to w, and using

Lemma 1, we obtain the first-order condition in the first stage.

O _ oga + g5 + e + 3 =0 ®)
T dAa T 4B [3 + 9(1 _ ZA) — ZA]pfq(QQA) (2 - ZB)p/B(QB) ‘

By solving the first-order condition for w, we obtain the equilibrium input price.

(294 +45)[3+0(1 — 24) — 24](2 — 25)1/4(294)Pp(45) 1)

YO = T B0 )~ W @an) 22 5lp(as)
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Comparative statics By applying the implicit function theorem to (3) and using
Lemma 1 and the definition of z;, we obtain a comparative static result in the first

stage.

w(0) = 244952 — 28)*Pa(294)Pp(g8)*[w + qa(3 + 0 — 24 — 624)p/4(244)]
2qpwza(2 — 25)*Pp(q)* — qA(3 + 0 — 24 — 024)P)4(2q4)®

Y

where ® = —4qp(2—25)*ps(qp)* — (B3+0 — 24 — 024)P's (2q4) w2 +2q5(2 — 25)P5(48))-

From Assumption 1, we obtain the following result:

Proposition 4 If the equilibrium total output in market A is positive but sufficiently
close to zero, then the input price increases with the degree of common ownership:

w'(0) > 0.
Proof See Appendix.

We find that our main result is robust even if we allow the inverse demand function
to be nonlinear. The intuition behind this proposition is the same as that for Proposition
1.

Regarding the effect of common ownership on the operating profits of downstream
firms, differentiating the equilibrium operating profit of downstream firm D1, denoted

by mp1(0), with respect to 6 and using Lemma 1, we obtain the following:

0m1(0) _ [pa(200) — wllw/(0) — aaphCan)] _ o
20 B+0(1—24) — 2alpa2qa) A0V

From Proposition 4, we have w'(f) > 0 if g4 is positive but sufficiently close to zero.
Therefore, under Assumption 1, the first and second terms of dmp(0)/00 are negative,
which means that the operating profit of the downstream firm D1 decreases with the
degree of common ownership: dmp;(0)/00 < 0.

Next, we consider the effect of common ownership on the operating profit of the

downstream firm D2. Differentiating the equilibrium operating profit of the downstream

15



firm D2, denoted by mps(), with respect to 6 and applying Lemma 1, we obtain the

following;:
Ompa(0) _ [pa(2q4) — w][w'(0) — qapla(294)] qa(0)
o0 34+ 6(1 — z4) — zalP's(2q4) .
_gs(1 —zp)w'(0) | [pp(gs) — wjw'()
2—2p (2 = zB)P(aB)

Thus, under Assumption 1, the operating profit of downstream firm D2 also decreases
with the degree of common ownership: dmps(6)/06 < 0.

Finally, we consider the effect of common ownership on the upstream firm’s profit.
Differentiating the equilibrium profit of upstream firm U, denoted by 7y (#), and using

Lemma 1 and the equilibrium input price (4), we obtain the following:

oy (0) 2q4(2q4 + q8)(1 — 2B)P4(294)P’3(¢5)

90 —[3+0(1—2za) — zalPu(2q4) — 2(2 — z)Ds(aB)’

Thus, 0y (0)/00 < 0. Summarizing the above results, we obtain the following proposi-

tion:

Proposition 5 The profit of upstream firm U always decreases with an increase in the
degree of common ownership. If the equilibrium total output in market A is positive
but sufficiently close to zero, then the operating profits of downstream firms D1 and D2

decrease with the degree of common ownership: Omp;(0)/06 < 0.

From this result, we find that Proposition 2 is robust, even when we consider a case
with a nonlinear inverse demand function. The intuition behind Proposition 5 is the

same as that for Proposition 2.

4.2 Symmetric supply of downstream firms

In the basic model, we assume that downstream firm D1 supplies its product only to
market A and downstream firm D2 supplies its product to both markets A and B. To
emphasize the importance of supply asymmetry, we show that our results are not robust
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in symmetric situations. There are two types of symmetrical cases: (i) downstream firms
D1 and D2 exclusively supply to markets A and B, respectively; and (ii) downstream
firms D1 and D2 supply to both markets A and B.

First, we consider case (i). Since we assume that markets A and B are independent
and that the downstream firms do not compete with each other, the equilibrium output is
independent of the degree of common ownership. Therefore, the input price and profits
of the downstream firms D1 and D2 are also independent of the degree of common
ownership. Therefore, our results are not robust in this case.

Next, we consider case (ii). Since the downstream firms supply both markets, we
assume that the inverse demand functions in markets A and B are p4 = a — qa1 — a2
and pgp = 6 — g1 — qB2, respectively. To guarantee positive outputs in equilibrium, we
assume 1/3 < r < 3, where r = /. The other settings are the same as that for the
basic model.

In the second stage, the first-order condition yields the following outputs:

L a—w '_B—w
“3y0 T 3ye

qAi

In the first stage, the upstream firm U sets the following input price:

a+p
w = .

4

Thus, the equilibrium input price is independent of the degree of common ownership,
indicating that Proposition 1 is not robust under the symmetric supply of downstream
firms.

From these outcomes, the equilibrium profits of the upstream and downstream firms

are as follows:

B31 +1)? B (5 —6r +5r?)B%(1 +0)
8(3+6) 8(3+0)?

Ty = Tpi =

The equilibrium profit of the upstream firm 7y (0) decreases with the degree of com-
mon ownership: dmy(0)/00 < 0. By differentiating 7p; with respect to 6, we show that
17



the downstream firm’s’ equilibrium profits increase with the degree of common owner-

ship.
Omp; _ (b—6r+5r%)5*(1—0) =0
20 8(3 1 6)° ’

where because of 1/3 < r < 3, the inequality is satisfied. Therefore, our results are

robust for upstream firm profits but not for downstream firm profits.

4.3 Differentiated products in market A

In the basic model, we assume that each downstream firm produces a homogenous prod-
uct. Here, we consider the case of differentiated products in market A. For simplicity,
we use linear inverse demand functions: pa; = a— qa1 — Yqa2, Paz = @ — qas — Yqa1, and
pB = B — qp2, where pyu; is the price of downstream firm Di in market A and v € (0, 1)
is the degree of product substitutability. To guarantee positive outputs in equilibrium,
we assume that 7, = (2+7+790)/(8 + 2y +290) <r < (10 + v+ 0)/4 = ez The
remaining settings are identical to that for the basic model.

In the second stage, from the first-order conditions, the following outputs are ob-

tained:
B o a—w _pf-w
A1 = qA2 = 2+~ +0° dB2 = 5
In the first stage, the upstream firm chooses the following input price:
4 2 6
w(6) = a+pB2+y+99)
2(64+~v+19)

By substituting these outcomes, we obtain the equilibrium profits of the upstream and
downstream firms.

B2+ 4r + v + 70)* BE1+0)[2 + v + 70 — 2r(4 + v +~0)]?

0 — 0 =
7 (6) 8(2+0)(6 + 7 + 16)’ m1(f) A2+ +v0)%(6 + v +10)? ’
ron(8) = LRy +90 24+ +10)F | F(10 — dry +46)°
bz 4247 +70)2(6 + v + 6)? 16(6 + v +10)%

By differentiating the equilibrium outcomes with respect to 6, we obtain the following
proposition:
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Proposition 6 When the degree of common ownership increases, (i) input price in-
creases if v < 1, (ii) the profit of the upstream firm decreases, (iii) the operating profit
of downstream firm D1 decreases if r < p1, and (iv) the operating profit of downstream

firm D2 decreases if r < Fps where

[44+~(1 = 0)](v0 + v+ 2)?

"L 5031 — 0)(0 + 1)2 + 272(5 + 20 — 362) + 47(7 — 30) + 8]’
b4\ J7 — 4dady
'p2 = ~ ’

20,
Dy = 64+ 4y(v0 + v + 4)[y(1 — 0*) (70 + v + 8) + 8(3 — 26)],

O =290+ 1)°(30 — 1) + 87 (0 + 1)%(80 — 1) + 87(276% + 260 — 1) + 32v(80 + 1) + 64,

A

Dy = —(v0 4+ v+ 2)* (370 + v + 16).

Proof See Appendix.

From Proposition 6, we find that our main results are robust, even when we introduce
product differentiation in market A. Thus, the intuition behind this proposition is the

same as that for the basic model.

5 Conclusions

We consider a market with one upstream and two downstream firms whose shares are held
by an institutional investor; that is, downstream common ownership. One downstream
firm can supply its product to all markets, whereas the other can supply its product to
one of the markets. This channel asymmetry may reverse the effect of common ownership
on input price. That is, an increase in the degree of common ownership may increase
the input price and decrease downstream firms’ profits. In this case, common ownership
worsens the double marginalization problem, resulting in small consumer, producer, and
total surpluses.

We consider only quantity competition in a downstream market. However, it is
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worth considering price competition between downstream firms. We also assume that
downstream markets are independent. However, if each market is expressed as a product
distinction rather than a spatial distinction, substitutability arises for the products sold
in each market. Therefore, it is worthwhile to explore this possibility. These extensions

should be the subject of future research.
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Appendix
A1l. Proof of Proposition 2

First, we consider the effect of # on an upstream firm’s operating profit. By solving
ong; /00 < 0 for r, we have r > (34 60)/(10 4 20). Assuming that 7, <7 < 7ne and
Tmin = (34 0)/(10 + 20), we obtain Onj;/00 < 0.
Next, we consider the sign of d7},,/00. By solving 077, /06 < 0 for r, we obtain the
following condition:
(5—0)(3+0)* -

r < =TD1-

2(47 — 70 — 70% — 63)
A comparison of rp; with 7,,;, and 7,,., yields that r,,;, < rp1 < Tmae. Thus, we obtain

87T*Dl/89 <0ifr <rp;.

Finally, we show the condition under which 073,,/00 < 0. By solving 07},,/00 < 0

for r, we have rpy < r < rpi, where

(340) [ (7T+0)V/757 — 30* — 4463 — 17062 + 360 — 30° — 316% — 810 — 13 |
4(181 — 64 — 1463 — 6002 — 420) ’

(346) [ —(7+0)V/757 — 36" — 4463 — 17062 + 360 — 36° — 316% — 810 — 13 |
4(181 — 64 — 1463 — 6062 — 420) '

D2 =

T'py =

Furthermore, for any 6 € (0, 1), we can numerically confirm rpy < 7y < p2 < Tmaz-

Hence, we complete the proof of Proposition 2.0

A2. Proof of Proposition 3

First, the sign of 0C'S*/00 depends on the terms in square brackets of the numerator.
This is a quadratic function of r and the discriminant is — (21 + 1060+ 6%)?(4079+ 26120 +
45860 + 2003 — 6*) < 0. Thus, we obtain dC'S*/90 < 0.

Next, we demonstrate that 0PS*/06 < 0. By solving 0P.S*/00 < 0 for r, we obtain
r < rpg or r > rpg, where rpg and rpg are the roots of 0PS*/00 = 0 and rpg < rpg.
We can numerically show that rpg < 7. Thus, for any r € (rmin, Fmae), We have
OPS*/00 < 0.
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Finally, we consider the sign of 97'S*/90. The sign of the derivative depends on the
terms in the square brackets of the numerator. This is a quadratic function of r and the
discriminant is — (21 + 100 + 62)2(7775 + 104200 + 452202 + 7880 + 476*) < 0. Therefore,
we obtain 07'S* /060 < 0.0

A3. Proof of Lemma 1

By differentiating the first-order conditions (2) with respect to w or § and substituting

Pr(2qr) = —zkpi(2qk) / (2qx ), we obtain the following equations:

o oV N T

9w [361,%_ =B+0(1—24)— ZA]pA(2QA)_aw 1 =0,

o [Vl | g

5 {aqi_ = p4(2q4) QA+(3+9—92A—ZA)8—9A =0,
8 8VD2_ . / 8QB o

aw |:8QB2_ - 1_ (Q_ZB)pB(qB) aw _O

By solving the equations for dqa /0w, 0qa/06, and dqp /0w, we complete the proof.O

A4. Proof of Proposition 4

First, we consider the sign of the denominator in w’(#). The first term 2gpwz4(2 —
25)*’3(qB)? is negative. When g4 is positive but sufficiently small, the second term
—qa(3+ 0 — z4 — 024)P'4(2g4)® is sufficiently close to zero. This is because, for any
qr > 0, pr(2qr) and p)(2¢x) are bounded; note that we use the inverse demand function
with a constant curvature. Therefore, under Assumption 1, the denominator is negative.

Next, we consider the numerator. The term outside the square brackets 2¢g4qp(2 —
2)*P'(2q4)p'5(qB)? is negative. Owing to Assumption 1, the terms in square brackets
are positive. Thus, the numerator is also negative. Therefore, when the total output in

the downstream market A is sufficiently small, we obtain w’(#) > 0.0
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A4. Proof of Proposition 6

First, we consider result (i). The first derivative of w(#) leads to w'(0) = 2(1—r)B~/(6+
v +~0)2. Therefore, we obtain (i) from Proposition 6.
Second, we demonstrate that Omy(0)/00 < 0. By differentiating 7 (#) with respect

to 6, we obtain the following:

Oy () _ B2+ A+ +0)[r(8 + 27 +290) =2 — 7 = 10)] ~0
a0 20247+ v0)%(6 + v + 10)? ’

where the terms in the square brackets of the numerator are positive because we assume
Prnin < T < Praz-
Third, we consider the effect of 6 on wpy(#). By solving the first derivative 0w py(6)/00 <

0 for r, we obtain the following condition:

[4+~v(1 = 0)](v8 +~ + 2)? _ .
2[v3(1 — 0)(0 + 1)2 + 2+2(5 + 20 — 362) + 4v(7 — 30) + §]

r < =Tp1-

Furthermore, we show that 7, < 7p1 < Fmas. Thus, we obtain (iii) from Proposition
6.
Finally, we consider the sign of 0mpy(6)/06.

Ompa(0)  B2y(Dor? + Dyr + Byp)

00 42+~ +70)3(6 + v +~0)3’

where ®y = 64 + 4y(70 + v + 4)[y(1 — 62) (10 + v + 8) + 8(3 — 20)], &, = 274(0 +
13(30 — 1) + 873(6 + 1)2(80 — 1) + 872(2762 + 260 — 1) + 327(86 + 1) + 64, and d, =
—(v0 + v +2)*(3v0 + v + 16).

Owing to dy >0, solving Omps(0)/00 < 0 for r, we obtain 7py < r < Fpo, where 7 pos
and 7pg are the roots for the equation Ompe(0)/00 = 0. Additionally, we numerically

show that 7po < Fin < Fp2 < Tinae- This result leads to (iv) in Proposition 6.0
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