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First-Mover and Second-Mover Advantages in a
Bilateral Duopoly*

DongJoon Lee** - Kangsik Choi*** - Kyuchan Hwang®***

This study examines a first-mover and a second-mover advantage in a vertical structure
in which each upstream firm trades with an exclusive retailer and downstream retailers
move sequentially. We provide two main claims. One is that, in Cournot (Bertrand)
competition, the leader’s upstream firm sets the input price equal to its marginal cost (equal
to its marginal cost), while the follower’s upstream firm sets the input price below its
marginal cost (above its marginal cost). The other is that the follower’s (leader’s) upstream
firm enjoys higher profits than the leader’s (follower’s) upstream firm in Cournot (Bertrand)
competition.
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I. Introduction

We have probably heard of the old proverbs, “The early bird gets the worm” and

“The second mouse gets the cheese.” What do those have to do with an economic
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theory? Your answer is the first- and the second-mover advantage in nine cases out
of ten. The prime examples of a successful first mover are Coca-cola, eBay, Kleenex,
Kellogg, and P&G’s disposable diapers. However, being a first-mover is not a
guarantee of a sustainable competitive advantage. Sometimes, followers were able to
outmaneuver the first movers and walk away with a larger market share. The
examples of the first-movers whose market shares were subsequently eroded by the
second movers are Nintendo, Amazon, Google, Facebook, i-phone, Microsoft,
Youtube, and so on.

During the last 30 years, the appropriateness of the equilibrium concept, Cournot
(Bertrand) and Stackelberg, in classical oligopoly theory was dealt in various
competitive settings and has been a major revival. This revision consists of two main
strands. One strand compares the equilibrium payoffs of the two firms under perfect
information. This strand includes Gal-or (1985) and Dowrick (1986).! From the
viewpoint of firms, the strategic decision about whether to move early or late is a
very important topic. A conventional wisdom about the first- and the second-mover
advantage is that, in a sequential move game, the firm who moves first (leader)
earns higher (lower) profits than the firm who moves second (follower) if the
reaction functions are downwards (upwards) sloping.

The second strand deals with the issue of endogenous timing. In other words, the
order of move between two given players should reflect each player own intrinsic
incentive without exogenously determined timing structure. This strand includes
Hamilton and Slutsky (1990), Amir (1995), and Amir and Stepanova (2006).

This paper is related to the first strand and extends the first- and second-mover
advantages in a vertically related market, in which each upstream firm trades with
its exclusive downstream firm via two-part tariff contract. Many literatures in
industrial organization have generally supposed that, in vertical separation, each
upstream firm charges the franchise fee that can extract the full profit of its exclusive
downstream firm.’ It is also rare that upstream firms (producers) sell directly to
consumers. Most commonly, they sell to distributors, who then sell to consumers.
Therefore, we revisited the first- and the second-mover advantage in a vertical
structure. Most relationships between producers and distributors consist of
sophisticated contracts using more than the simple linear pricing rules. The
sophisticated contracts are referred as to vertical restraints. Those are not only to set

! Albaek (1990), Mailath (1993) and Daughety and Reinganum (1994) extended their models to cost
uncertainty or signaling frameworks by adding an informational trade-off to leader-follower roles.

? Many studies are specific oligopolistic settings. They include Boyer and Moreaux (1987), Robson
(1990), Deneckere and Kovenock (1992), van Damme and Hurkens (1999, 2004), Amir and Grilo
(1999), Amir et al. (1999), among others.

? See, for details, Rey and Stiglitz (1988, 1995), Rey and Tirole (1986), Bonnano and Vickers (1988),
and Saggi and Vettas (2002) and so on. The example of exclusive dealing can be seen in car dealership,
franchise industry, and high quality brand-products distribution.
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more general terms of payments, for example, two-part tariffs, quantity discounts,
and royalties, but also to include terms limiting distributor’s decisions, for example,
resale price maintenance, exclusive dealing, and exclusive territories. Notably, this
paper is the first study to consider the first- and the second-mover advantage in a
vertically related duopoly.

Our study has two related objectives. One is to extend the conventional model to
vertical structure. The other is to consider whether the classical results can be
sustained in a vertical structure or not. The main results are as follows. In contrast
to the canonical results in a one-tier market, we find that the upstream firm whose
downstream firm moves first (leader) earns higher (lower) profits than the firm
whose downstream firm moves second (follower) when downstream firms compete
in price (quantity). The intuition of the result can be explained as follows. Let us
see the downstream competition. It is straightforward that the first-mover (leader)
sets larger quantity than the second-mover (follower) if the wholesale prices are
equal. This is the conventional result. We now turn to the upstream competition.
Notice that each upstream firm can extract all of the profits from its downstream
firm via two-part tariff. Anticipating downstream competition, the follower’s
upstream firm sets the wholesale price as low as it can for its downstream firm to
stand at advantage over downstream competition. The leader’s upstream firm can
also do so. In this case, market competition is so fierce. In the end, both firms’
profits are lower than those in equilibrium in which the wholesale price for follower
is lower than that for leader.

The remainder of this paper is organized as follows. Section 2 describes the
model. In Section 3, we consider the benchmark case of the simultaneous-move
quantity and price games. Section 4 considers the sequential-move quantity and
price games. Finally, the concluding remarks appear in Section 5.

I1. The Model

There are two differentiated goods in a market. We have a representative
consumer who maximizes {U(q)—X._, p,q, : g € R, }, where p, is the price good
i and U(-) is a differentially strictly concave utility function on R, which is
differentially strictly monotone in a nonempty bounded region Q. Let g=(q;,q;)
and PZ(PI"P]‘) denote the vector of the quantities and the retail prices,
respectively. A representative consumer by maximizing U((])—Zf:1 p:q; gives rise
to an inverse demand function p; =p.(q),7=1,2, which is twice continuously
differentiable in the interior of Q. Inverse demands will be downward sloping,

Py

g . . .
§<0 and the cross effect %<O,l # j." We assume that the inverse demand
J

i

* We assume that the goods are substitutes.
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function p, =p,(g) can be inverted to yield a direct demand function
q; =q,(p),i=1,2. The bounded region in price space where demands are positive
will be denoted by P . Direct demands are going to be downward sloping, a—q’_ <0

%

oq. . . . ‘

and 0< api’ 1 # j . We assume that the own effect is larger than the cross effect.
7

%>0 and %>%>0, ,7=1L2, i#7J. (A1)

aqi aq J a!)i aj) 7

Consider a manufacturing duopoly in which each upstream firm (i.e.,
manufacturer) sells its product to its own downstream firm (i.e., retailer). The

inverse and direct demand function for downstream firm 7 are
Pi = Pi(qz"qj) and ‘],' Z%(Pij) 5 lhs]‘ = 132 ) l. * ] ’ (1)

where g, and g, are the quantities, and p, and p, are the retail prices
charged for product 7 and j, respectively. The marginal cost for each upstream
firm is ¢ . For simplicity, there are no retailing costs. In addition, we assume that
each upstream firm prohibits its downstream firm from trading and distributing the
product produced by the rival upstream firm, and that only one downstream firm
serves a given upstream firm.

We posit a three-stage game. At stage one, each upstream firm offers a contract to
its own downstream firm. The contract is composed of two variables: wholesale
price w,; and franchise fee F.. At stage two, downstream firm ; (leader) sets
quantity g; (retail price p;) in the sequential move quantity (price) game.
Finally, at stage three, downstream firm 7 (follower) sets quantity g; (retail price

;) in the sequential move quantity (price) game.’

ITI. Benchmark

As a benchmark, we first consider Cournot (Bertrand) competition in which each
downstream firm simultaneously sets a quantity (price).
At stage two, given the wholesale price w; and rival downstream firm ;’s

> Given the market structure, one could imagine all sorts of different variants of sequential-move
games. For example, (i) upstream firms move sequentially first, then downstream firms move
sequentially afterwards (ii) upstream firm 7 and downstream firm 7 make their moves, then
upstream firm ; and downstream firm ; move sequentially afterwards (iii) it may be a benefit for
an upstream firm to move first (second) as long as downstream competition is a la Cournot (Bertrand).
While there are situations where different timing games may have another solution, it is left to future
research to develop the analysis more generally.



DongJoon Lee - Kangsik Chot - Kyuchan Hwang: First-Mover and Second-Mover Advantages 39

quantity g, (price p;), downstream firm ¢ sets the quantity (price) so as to
maximize its profit. Downstream firm 7’s maximization problems are as follows:

max7;(q;,q;,w,;) =1pi(q;,q;) ~wilq; = E51, =1,2,i # ] .

i

rr;?lX”i(Pi:Pjawi) :[Pi _wi]‘]i(P,'an)_E'Si’ J=L2,i#].

where p; is the retail price, ¢, is the quantity, and F. is the franchise fee. Note
that quantity ¢,(p;) isindependent of F.
The first-order condition for downstream firm 7 is expressed as follows:

A .(q.,q.

O g+ T g i -1
aqz' g aql

aﬂ-' aqf(pz’lb/) aqi(Pi’Pj)

—L=q.(p.,p.)+p: —w, =0, ,7=12,i# 7. 2-2
o, q:(pisp))+ p; o, o iJ i#] (2-2)

.. o’ o’ .
We assume that the second-order conditions <% <0(37f’ <0) are satisfied.
oq, o

Solving Eq. (2-1) and (2-2), we obtain the unique equilibrium quantities c}i,c}j
(prices (f)l.,ﬁj) ), where the superscript “ ™ ” denotes the equilibrium at stage two.

Let w=(w;,w;) denote the vector of the wholesale prices set by upstream firms
at stage one. To wunderstand how w= (w,.,w].) affect ¢ = (ql.,q]-) and
P=(pisp;)s let us see the total differential of Eq. (2-1) and (2-2). Differentiating
Eq. (2-1) and (2-2), we have

I o'n, o',
dq;  0q,0q, {dqi}{dw,} -,
827rj 827r]. dq; dw; .

| 0q,0q; oq’

I o'n, o',
.  opop, {dpl}_{dwi} 5
627r]. 627rj de dwj '

;o Op;

For i,7=1,2,i# j, we make the following assumption.

0'7,(4;,4;) +|52ﬂ1-(q,-,q]—)|
og} | 0q0q, |

<0, forall g, in the interior of QO
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i, 7=L2i#7. (A2)
O’ (p,p.) |0 (p,p.
,(P; P])+| ALl P])|<0 forall p, in the interior of
81)1' ‘ apiajbj ‘
(A3)

i, 7=12,i# ;.

This assumption ensures that Cournot reaction functions have slope less than
one in absolute value. Therefore, there exists unique Cournot equilibrium. Note
that the assumption does not put any restriction on the sign of the slope of the

reaction functions.’
Under (A2) and (A3), the stability conditions of the equilibrium are satisfied

by

_ 5277,-(6]1-,%-) 5275]—(%,6]]-) _5275,-(%,4]-) azﬂj(q,':q]')

D¢ : - >0,
q; oq; 0q,0q 0q ,0q;

DF = 827zi(p1,,p].) azﬂ'j(PnPj) _5277{(171:?]') 627[/'(Piﬂpj) >0
aPiz api apiapj af’jaf’,‘

where the superscripts C and B, respectively, denote simultaneous move Cournot

and Bertrand game.
We have the following results.

da. da. dg . dq . dp. dp.

9 <o, Mg, Hisg, Higy, Ly, Ly,
dw;, dw ; dw, dw i dw;, dw f

dp . dp .

P <0, 7 <0.

dw. dw .

i j
At stage one, upstream firm 7’s maximization problems are as follows:

max,, p u;(w;,w;)=w; —c)q; + F,
st. 7w =(p,—w,;)q,—F. 20 and w; 20
and

max,, i (wi,wj) =(w,; —c)q; + F,

1

s.t. ﬂ-':(ﬁi_wi)qz’_E’ 20 and w, 20.

® See, for detail, Kolstad and Mathiesen (1987).
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Note that the first constraint is binding. Therefore, we rewrite the maximization

problems as follows:

max,, r u,‘(w,'awj) = [P,‘(éi(wl',wj),éj(wiswj))_5]41(”/,',”/]')

st w, 20,

and

mani ui(w;‘awj) = [ﬁ[(w,’awj)_c]qi(ﬁ,‘(w;"wj)sf)j(w;"wj))

st w20

The first-order conditions are

Ou. 84, 0 | o6, 04,
L{%i+%i} L L S P T

Ow, |0q, ow; 0q; ow, Ow;  Ow,
ou, . oq. &, 0Og. Op; .
LIPS A A ) P S R Y Y ST
Ow; op; Ow; Op; ow; Ow,
We assume that the second-order condition jzu; <0 is satisfied. Solving Eq. (4-1)

and (4-2), we obtain the equilibrium wholesale price WCZ(wiC,w]C.) and

B_, B B .
wo = (w; 7% ), respectively.

IV. Sequential Move Game
4.1. Sequential Move Quantity Game

We now turn to the sequential move quantity game in which downstream firm
J (Leader) moves at stage two and downstream firm 7 (Follower) moves at stage
three. At stage three, given the wholesale price w; and its rival’s quantty ¢,
downstream firm 7 sets the quantity g; so as to maximize its profit. Downstream

firm 7’s maximization problem is as follows:
maqu ﬁz'(qz"qj’wi) = [Pz (qz ’qj)_wi ]qz _E > l-’ ] = 1’2’ 1# ] :

Note that the quantity ¢, is independent of F.. The first-order condition for

downstream firm 7 is expressed as follows:
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o, ;(4;,9;) . o
—’=pi(qi,qj)—wi+—]qi=0, i, 7=12i# ). (5)
aqz' aqz
A2 2
It is assumed that the second-order condition 272 =2%"+ 6& q; <0 s satisfied.
7 i, 0

Solving Eq. (5), we obtain the equilibrium quantity q; =lq;(q]-), where the
superscript * denotes the equilibrium of the sequential move game. To see how
change in g; affects g;, let us see the total differential of Eq. (5). Differentiating
Eq. (5), we have

.(q.,9.) 0°p(q.,q, .(q.,9.) p(q.,q.
5 Pi(q; qj)+ r:(q:,9;) ,-]dq,-{ Pi(q; 61])+ pi(q; qj)ql_ dg,.  (©

0, 0q; 0q, 0q,04,

1

To guarantee the sing of the comparative static, we need a further assumption.

*p. o*p, d'g. d'q,
Chicy, ZLiso, Shcoand —Lico, i j=12i%). (A4
oq; aq,'&]/ op;

1

iy
These assumptions mean that both products are substitutes.” In addition, to

guarantee the stability condition for a sequential move game, we make an

additional assumption.
P =(p,p)>c. (A5)

This assumption means that the equilibrium price is higher than the marginal cost
of leader. Duopoly market will be sustained by the assumption.
From the second-order condition and (A4), we obtain that

i (9;59;) + 62?;‘(%’%)

i

dg, _| %, 0q,0q, 0 7
dq, zaPi(q,',q]’)_'_aZPi(%’q]’)q.
0, og;

At stage two, given the wholesale prices (W,-,Wj), downstream firm ; sets the
quantity g, so as to maximize its profit. Downstream firm ;’s maximization

problem is as follows:

" If the sign of the cross derivatives is reverse, both products are complements.
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* . . . .
max, wi(q,w)=1p(q:q9,,9,)—wlg;—F; 1,7 =12,1# ;.

The first-order condition for downstream firm ; is expressed as follows:

Orr . ) 00"
J Z(Pj_wj)’{%*'zii:l%:o =120, ®)
Og ; Oq i 0q; Oq i
Assume that the second-order condition 667? <0 is satisfied. Solving Eq. (8), we
9j

obtain the equilibrium quantity q:- at stage two.

Let w =(w;,w;) denote the vector of the wholesale prices set by upstream firms
at stage one. To understand how w =(W,~,W]-) affect ¢ =(qi,qj) , let us see the
total differential of Eq. (5) and Eq. (8). Differentiating Eq. (5) and Eq. (8), we have

o', o'x,

o 09,09, |[dg, | [ dw,

o'z, O [dqf}{d“’/] Y
0q,;0q; @

Under (A2), the stability condition of the equilibrium is satisfied by

0'741,9) O'7(g09)  0'7(41,9,) O'7 (9109

D= - - >0.
0g; g, 0q;09; 04,04,
We have
- 0’7 q..,q.)/0q>
dg, _9°7;(4;,4,)/ 04, <0, (10-1)
dw, D
- 0'7q.,q.)/8q.0q.
dg, _ 079;,4,)/ 04,04, 0 (102)
dw]- D
dg.  *7.(q.,q.)/0q.0q.
9, __9'7;(4:,9;)/ 04,0, =0 (10-3)
dw;, D
dq, 0'7(q,,9,)/0q"
/. 49:,9,)/ %, <0. (10-4)

dw . D

J

At stage one, given the wholesale price w; and the franchise fee F;, upstream

J
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firm 7 sets the wholesale price w; and the franchise fee F. so as to maximize
its profit. I's maximization problem is as follows:
*
;

max, pu, =w,—c)q; +F

1

st 7 =(p;—w;)q; —F, 20 and w; 0.

Note that the first constraint is binding. Therefore, we rewrite the maximization
problem as follows:

max, u; = [P,»(q;(q;(wi,wj)),q;(wi,Wj))—f]q;(f];(W,-,W/))
st. w; 20.

The first-order condition is

Ou, | Op, Oq; O4; Op, %4 | . oq; Oq;

= + q; +(pi =)<

Pa— » ; ; " =0. (11)
ow, 0q; Oq i Ow, aqj Oow. 8q]. Ow,

1 1

" o . .
We assume that the second-order condition %<0 is satisfied.
ow.

On the other hand, upstream firm ;’s maximization problem is as follows:

max u.=(z4/]-—c)q;+Fj

w; ;7

s.t. ﬂ]-z(pj—wj)q;—FjZO and w; 20.

Note that the first constraint is binding. Therefore, we rewrite it as follows:

max,, u; =[p;(q} (q;(w;,w))),q;(w,; w;)—clq;

s.t. w]-ZO.

The first-order condition is ®

® For the comparative static on w; and w; in equilibrium, we need some additional
assumptions. Without any additional assumption, we consider it with a linear demand. Suppose a
linear demand function as p;=a—gq;—dq;, where p; is price, g; is quantity, 2>0, and
d €(0,1) which represents the degree of product differentiation. Differentiating upstream firm 7 ’s
and ; ’s maximization problem with respect to w; and w;, respectively, we obtain w;=
[2¢(8 64> +d")~d’(4~2d —d*)a—2dw ]/ (16-16d° +3d") and (c-w;)/(2—d’)=0. Therefore,

w; isdecreasingin w; and w; isindependenton w;.



DongJoon Lee - Kangsik Chot - Kyuchan Hwang: First-Mover and Second-Mover Advantages 45

=0. (12)

J

o (oo o).,
ow . aq; Oqj. ow ; Gq; Oow . 0

We assume that the second-order condltlon ~ ’ <0 is satisfied. Solvmg Eq. (11)
and Eq. (12), we obtain the equilibrium wholesalc price wC = (wl- 7% ), where
the superscript “C” ” denotes a sequential move quantity game.

Noting Eq. (5), Eq. (12) can be changed as follows:

. ) 5 *0q"
% pz' - wi ap* ql aql + (wi - C) aql* q] ap q] *
0g; 6 Ow, oq; Ow, 8q ; aw

ai_qj +%_qj q* =0

= (wi - C) * *
qu Ow; Oqj Ow;

From the above equation, we have the following result:

o 0
" oq' ow; i
C q ‘
WS —e== <. (13)
(7q,* a‘7/
aq; ow,

In the end, we have that u/IC <c.

Noting Eq. (7), Eq. (11) can be changed as follows:

a”j(wi’wj): p,—w.+6pi% +6Pi aq; aqj-

ow, N e e g M ow, T T aw,

. oq’
= C — J =
Gy =) Ow

In the end, we have

We summarize these findings in Lemma 1.

Lemma 1: Consider a vertical duopoly where one downstream firm (the leader) chooses
its quantity before the other downstream firm (the follower). At the sub-game perfect
equilibrium of this three stage game, The follower’s upstream firm sets the wholesale
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price below its marginal cost, while the leader’s upstream firm sets the wholesale price

equal to its marginal cost.

Proposition 1: The follower’s upstream firm enjoys higher profits than the leader’s

upstream firm does.

Proof: Let us check the first order condition for the upstream firm 7 when
s

w; =c.Rearranging Eq. (11) yields

1

o [ e

. -, N 1
5w

Gq% " ow, : 514/- 6q Ow;

1 1 1

Noting that wlc =c, the first-term and the second-term of the right-hand side of
the above equation are equal to zero. We also know that the sign of the third-term
is negatwe from Eq. (10-3) and 6’]’ < 0. The first-order condition that Eq. (11) < 0
when w =c¢ 1is satisfied. Therefore we obtain the result that wC <c at
equilibrium. In the end, u]C (W]c_ )< ul. (W,' ). Q.E.D.

The intuition behind Proposition 1 can be explained as follows. Let us see the

downstream competition. It is straightforward that the first-mover (leader) sets
larger quantity than the second-mover (follower) if the wholesale prices are equal.
This is the conventional result. We now turn to the upstream competition. Notice
that each upstream firm can extract all of the profits from its downstream firm via
two-part tariff. Anticipating downstream competition, the follower’s upstream firm
sets the wholesale price as low as it can for its downstream firm to stand at
advantage over downstream competition. The leader’s upstream firm can also do so.
In this case, market competition is so fierce. In the end, both firms’ profits are lower
than those in equilibrium in which the wholesale price for follower is lower than
that for leader.

4.2. Sequential Move Price Game

We now turn to the sequential move price game. At stage three, downstream firm
7’s maximization problem is

maxp/ uz :(Pz' _wi)qi(Pi!Pj)_E 5 i’ ]. = 1’2’ 1# ]. .

Note that the price p; isindependent of F..

The first-order condition for downstream firm 7 is expressed as follows:
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o, Oq.(p;sp;)  Oqi(p;,p;)
—— =4, P,)*+ P W

; =0, 5,7=12,i# ;. (15)
@)i @i apz

o, T —w)<0 s
o; o ! ! .
satisfied. Solving Eq. (15), we obtain the unique equilibrium for quantity p;,

It is assumed that the second-order condition

=%
_Zap,+

where the superscript * denotes the equilibrium at stage three. To understand how
p; affect p;, let us see the total differential of Eq. (15). Differentiating Eq. (15),

we have

o0, 0% og, 0'q.
op;  Op; Op;  Op;op,

1

From (A4) and % <0, we have the following result:

og. 0,
K >0. (17)
dp, 2%‘*%(%_”{)

o, op;

At stage two, given the wholesale prices (w;,w;), downstream firm ; sets the
price p, so as to maximize its profit. Downstream firm ;’s maximization
problem is as follows:

Inaij_ 71-]' = (Pj _Wj)qj[(P,'(Pj),Pj)]_E‘ 1, ]' =1L2,i# ]' .
The first-order condition for downstream firm is ;j expressed as follows:

or. 0q; dpF 0Oq,
L=q.(p(p))sp)+(p,—w )| —L—+—L|=0, i,j=12,i#;. (18
. q;(p:i(p;),p;)+(p; %ﬁ{@;@j %, 1] i=j. (18

Assume that the second-order condition is satisfied. Solving Eq. (18), we obtain the
equilibrium p; at stage two.

Let w=(w;,w;) denote the vector of the wholesale prices set by upstream firms
at stage one. To understand how w =(w;,w;) aftect p=(p,,p;), let us sce the
total differential of Eq. (15) and Eq. (18). Differentiating Eq. (15) and Eq. (18), we
have
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o', o'r,
op; Op;p; {dpi } B |:dwl- :|
Gzﬂj 627z]. dp; dw
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Under (A3) and (A4), the stability condition of the equilibrium is satisfied by

O (pp) O (0 Omppy) O (pisp))

D= : . >0.
op; af’j p; ap]- P 7 %,
We have
2 2
dp; _ O/ _ (20-1)
dw, D
P O (pop;)
P __ 2% . (20-2)
dw]. D
& (pip;)
dp. e
b2 oy, (20-3)
dw. D
dp, _Oxpor)) /05 (20-4)
dw]» D

At stage one, given the wholesale price w, and the franchise fee F,, upstream

firm 7 sets the wholesale price #w; and the franchise fee F. so as to maximize

its profit. I’s maximization problem is as follows:

maxw,,E uz' = (wi _C)ql[P,*(P:(W,awj));Pj(W,sW])]“‘E

st 70, = (p, (w;w ;) —w)g, [ p; (p(w; w ), pi(w;,w;)]=F, 20 and w,20.

Note that the first constraint is binding. Therefore,

problem as follows:

we rewrite the maximization

maxw,- u, = (P;(Wi,wj)—f)%[P;(P;(Wij)),P;(W,-,Wj)]

st. w; 20.
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The first-order condition is’

Qu _ ol %

i _ i

Il
o

ot Op" op’
R B T
ow. ap]. ow. Op; 8;7]. Ow, 6p Ow;

1 1

(21)

& . .
“% <0 is satisfied.
ow,

On the other hand, upstream firm ;s maximization problem is as follows:

max,, p u; =(w; —c)q,1p; (p;(w;,w))), p;(w;,w);)|+F,

77

.c.z.iz'j=(p](w w) )q] pl(pj( )) p](w,,w) F>0 and w;20.
Note that the first constraint is binding. Therefore, we rewrite it as follows:

max,, u, = (p(w,,w )= (P} (P} w,,w ), p(w,,w))

TR N LT i A

—— ” =0. (22)
Op; Op; Ow; Op; Ow,

We assume that the second-order condition —% <0 is satisfied. Solving Eq. (21)

and Eq. (22), we obtain the equilibrium wholesale price wh = (w,-B*,wj.B ), where
the superscript “ B*” denotes a sequential move price game.
Noting Eq. (15), Eq. (21) can be changed as follows:
ou, | . g |op %; a o; . . 0g O
LTI TR A O N L (] — oL
awi api ap J aw ap i aj) 6 aj)j awi
15/ op"
=(w, — )a a‘b’ P] +(pj c)a’ Py :0.
p; Op; ow; p’; Ow,

° For the comparative static on w; and w; in equilibrium, we need some additional
assumptions. Without any additional assumption, we consider it with a linear demand. Suppose a
linear demand function as ¢; =[a(l—d)—p; +dp]-]/(1—d2) , where p; is price, ¢g; is quantity, a>0,
and d€(0,1) which represents the degree of product differentiation. Differentiating upstream firm
7’s and ; ’s maximization problem with respect to w; and w;, respectively, we obtain
(c—w))/Q2-d)=0 and  w;=[2e(8-10d"+3d")+d’(1-d)(4+2d ~d*)a+d2—d")w;]/ (16~

164° +3d")=0 . Therefore, w; isindependenton w; and w; isincreasingin w;.
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From Eq. (20-1) and Eq. (20-3), we have the following result:

) (pf—c)fj &z
wh =P 50 (23)
Oq; p; @

oy op; Ow;

In the end, we have that u/f >c.

Noting Eq. (18), Eq. (22) can be changed as follows:

Ou ; (w; ,w )
ow ;

J

aq; Oq; op | 0q,
:lij""(f’j_wj)gj“'(f)j ])a / ap :| !

. —0) 8q] ;. 6 Qb]- Cw.—0) ﬁq] ) +8 ﬁpj =O
/ p; Op, ap ow; ! op; Op; p;

In the end, we have

We summarize these findings in Lemma 2.

Lemma 2: Consider a vertical duopoly where one downstream firm (the leader) chooses
its price before the other downstream firm (the follower). At the sub-game perfect
equilibrium of this three stage game, The follower’s upstream firm sets the wholesale
price above its marginal cost, while the leader’s upstream firm sets the wholesale price

equal to 1ts marginal cost.

Proposition 2: The leader’s upstream firm enjoys higher profits than the follower’s
upstream firm does.

Proof: Let us check the first order condition for the upstream firm 7 when
B

w; =c.Rearranging Eq. (21) yields

1

Ou; . 0g; : oq; op; . dg, p;
—=|(p _W,')ii"'% %"'(Wi_f)ili_(l% oA 15

op: Ow; Op; Ow, op’; Ow,

Noting that @’ =c, the first-term and the second-term of the right-hand side of

the above equation are equal to zero. We also know that the sign of the third-term
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is positive from Eq. (20-3) and 2,% >0. When u/tB* =, the first-order condition
that Eq. (21) > 0 is satisfied. Therefore, we obtain the result that w? >c at
equilibrium. In the end, uf* (wf*) > uf;* (M/ZB*) .Q.E.D.

The intuition behind Proposition 2 is the same logic as Proposition 1. Let us see
the downstream competition. It is straightforward that the second-mover (follower)
sets lower price than the first-mover (leader) if the wholesale prices are equal. This
is the conventional result. We now turn to the upstream competition. Notice that
each upstream firm can extract all of the profits from its downstream firm via two-
part tariff. Anticipating downstream competition, the leader’s upstream firm sets the
wholesale price as low as it can for its downstream firm to stand at advantage over
downstream competition. The follower’s upstream firm can also do so. In this case,
market competition is so fierce. In the end, both firms’ profits are lower than those

in equilibrium in which the wholesale price for leader is lower than that for follower.

V. Concluding Remarks

We study the issue of first- and second-mover advantages in a vertical structure in
which each upstream firm trades with its exclusive downstream firm via two-part
tariffs. We show that the upstream firm, whose downstream firm moves first
(second), sets lower input price than its rival upstream firm, whose downstream
firm moves second (first), does under price (quantity) competition. In the end,
when the goods are substitutes, the upstream firm, whose downstream firm moves
first (second), earns higher (lower) profits than its rival upstream firm, whose
downstream firm moves second (first), under Bertrand (Cournot) competition. This
result is in stark contrast to the conventional results of a one-tier market.

We conclude by discussing the limitations and extensions of our study. We
exogenously compare the equilibrium profits of two upstream firms under perfect
information. If it is possible to bargain for the input price between upstream and
downstream, what will happen? In addition, we do not consider asymmetric costs
between downstream firms. Finally, it is also interesting to consider the issue of
endogenous timing in a vertical structure. Extending our model in these directions
is left for future research.
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