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ABSTRACT
We examine an industry in which manufacturers set their wholesale prices (i.e., they engage in
price competition) and retailers select order sizes (i.e., they engage in quantity competition). We
consider the simplest example of such price-quantity competition, in which each of two manufac-
turers of a homogenous product sells through a different retailer, and the two retailers together face
a non-linear demand function. We show that under this price-quantity competition, manufacturers
vertically separate from their retailers and equilibrium wholesale prices are set below the marginal
cost of production. The manufacturers’ profits are lower than under vertical integration (i.e., a pris-
oner’s dilemma occurs) and economic welfare is greater. Equilibrium wholesale prices decrease
with demand expansion. The wholesale prices set by the manufacturers are strategic substitutes.
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1 Introduction

Why might competing manufactures vertically separate from their retailers?
Many papers consider this question and reach conflicting answers. Coase (1937)
and Williamson (1975, 1985, 1986, 1989), for example, argue that vertical inte-
gration can reduce transaction costs and increase channel profit, but that vertical
integration itself has inherent costs that might negate its otherwise propitious
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effects. Meyer et al. (1992) argue that vertical separation occurs if the influence
cost, which represents loss of efficiency of organization activities, is large. Stra-
tegic effects among horizontal competitors also matter. Bonanno and Vickers
(1988), Rey and Stiglitz (1988), and Bettignies (2006) point out, while consider-
ing the strategic relationships between channels, that manufactures may verti-
cally separate from their retailers to soften their competition with one another.

Our paper offers a new perspective on manufacturers’ vertical separation
from their retailers. Its starting point is the very natural presumption that
manufacturers set their wholesale prices (i.e., they engage in price competition)
and retailers select order sizes (i.e., they engage in quantity competition). We
consider the simplest example of such price-quantity competition, in which
each of two manufacturers of a homogenous product sells through a differ-
ent retailer, and the two retailers together face a non-linear demand function.
Saggi and Vettas (2002), which is most related to our paper, posit a similar ver-
tical channel facing a linear demand function (see also Flath, 1983; and Motta,
2004). In this paper, we extend their model to a more general framework and
examine the manufacturers’ channel strategy: vertical separation with franchise
fee, vertical separation without franchise fee, or vertical integration.

Our main result is that, with price-quantity competition, the equilibrium
outcome is for the two manufacturers to vertically separate from their retail-
ers. In this equilibrium, the wholesale prices are below the marginal production
cost. The manufacturers’ profits are lower than under vertical integration, and
economic welfare is greater. In effect, vertical separation in this setting amounts
to a prisoner’s dilemma. Moreover, when the inverse demand function is linear,
equilibrium wholesale prices decrease with demand expansion. The wholesale
prices set by the manufacturers are strategic substitutes.

The rest of the paper is organized as follows. Section 2 shows the model,
section 3 examines whether manufacturers separate their retailers, and the last
section concludes our study.

2 The model

Two manufacturers and their two retailers operate in a market. Each manu-
facturer i (i = 1, 2) produces a homogeneous good and sells it to consumers
through corresponding retailer i (i = 1, 2). The inverse demand function of the
retail market is given by

p=p(Qa), p,<0, p>0 (D

where p is the retail price, Q (= ¢' + ¢?) the total sales, ¢’ the sales of retailer ,
and a a parameter representing demand size. The symbols p,, and p, indicate
the partial derivative with respect to Q and a, respectively. We assume that the
marginal cost of production is a positive constant, c.
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We consider a two-stage game. In the first stage, the manufacturers simul-
taneously determine their wholesale prices and franchise fees. We describe
this pricing strategy as a two-part pricing system, denoted by F. In the second
stage, the retailers choose their sales quantities. We solve the game by backward
induction to obtain the sub-game perfect Nash equilibrium.

2.1 The second stage

In the second stage, retailer 7, after accepting the wholesale price w' and the
franchise fee F', determines the sales quantity ¢, given the rival’s sales quantity
¢’. The decision problem of retailer 7, to maximize its profit 7/, is

max 7’ = (p(Q,a)-w')q' - F'.
q
The first- and second-order conditions are
prpyg—w=0, i=12 2

2p,* pypd <0. (3)

From (2), we obtain the sales quantity of retailer i, §((w,w’), as a function
of w' and w/'. We denote the industry sales quantity and the retail
price by O(w'w’) and p(w’'w’), where the hat (*) represents the equi-
librium values in the second stage. Assuming the interior solutions
are at equilibrium, we know p+ ﬁQq” —w'=p+p ¢—w/=0. Therefore, we have
q-q' = —w’)/ﬁQ and g'< ¢’ if and only if w' < w/. That is, the retailer who
faces a lower wholesale price has a larger share of the market.

Differentiating (2) with respect to w!, w?, and a, we obtain

20t P PotiBos {dq‘} [ (b, + po,d')da @
Dot @ Poo  2Po+q Do || dq’ dw’ - (ﬁa + ﬁguéz)da

where p_ is the second-order partial derivative with respect to Q. Assuming
that Hahn’s stability condition, 2p, +§'p,, < Py +q' oo <0 holds (see Hahn,
1962), we have

2po+q'Pog < Po+q'Poo <0

D= (2139 * éiﬁQQ)(zﬁQ + éji)QQ) - (f’Q + élﬁgg)(ﬁg + qAJﬁQQ) =Po (3139 + Qﬁgg) >0.

!'For notational simplicity, we do not write a.
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Then, we have

dq'/dw'=(2p,+q4'p,y)! D<0 (5)
dq’ [ dw'=—(p,+q’Pyy)! D>0 (6)
dQ/dw =p,/ D<0 (7)

Equations (5)—(7) imply that the quantity sold in the channel and the total
industry sales quantity both decrease as own-wholesale price rises, while the
rival’s sales quantity increases.

If the symmetric equilibrium (§' = §*) prevails, we have

dg' jda=—p,(p,+§'p,,)/D>0 i dMR[da=d(p+q'p,)/da>0 ()

where MR’ is the marginal revenue of retailer i and p 0a is the cross partial
derivative with respect to Q and a. Equation (8) shows that demand expansion
increases both retailers’ sales quantities if and only if the expansion raises the
conjectural marginal revenues of the retailers.

The gross profits of retailer i is given by

(Wi, wi) =g (W', w/)([)(q” (Wi, w)+q7 (Wi, w)) = w").
Therefore, from (2), we have
T =Pq'q): —q' <0 ©)
7, =41 (p(Q) =)+ ' (po(d, +3.)
=—41,0od' +3' (Po(@. +..))
=pod’q., > 0. (10)
Equations (9) and (10) indicate that a rise in the wholesale price reduces the
affiliated retailer’s profit but enhances the rival’s profit.
2.2 The first stage
In the first stage, manufacturer i determines the wholesale price w' and the fran-

chise fee " under the condition that the affiliated retailer earns a non-negative
profit. The decision problem of manufacturer i is

max IT' =g’ (w' —c¢)+ Fi s.t.w' 20.

wi
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Since the above constraint is binding in equilibrium, the decision problem
reduces to?

max IT = g'(w, w)(p(g' (W, w)+ g7 (W', w )w', wi)) = c).
In the first stage, the first- and second-order conditions are

A

I, =G'py (4, +4)+(p—c)q, =0, i=1,2 (11)
I, , <0. (12)

whw!

From (11), we have the equilibrium wholesale price w* (i= 1, 2) in the first stage’.
From (2), we can rearrange (11) as follows:

I, =(p+q'p, —c)dq'1dw') + ' py(dq’ | dw')
=(p+q'p,—w)dw'ldg') +(w'—c)(dq’] dw’) + ' p,(dq’ | dw’)
Z(Wi_c)qA{V[ +‘}[]3Q6}1{,i =0. (13)

From (13), we obtain
w'—c=-q'"pyq’.q!, <0. (14)

Therefore, we have w' < ¢. That is, the wholesale price is set below the mar-
ginal cost of production c¢. As long as w’ < ¢ holds, the two manufacturers
charge positive franchise fees to earn non-negative profits. Thus, we have the
following proposition:

Proposition 1. When price-quantity competition occurs, wholesale prices are
set below the marginal cost of production, and the franchise fees are positive.

The impact of the demand expansion on the wholesale price is given by

dw"/da = (Hiw"w»f - H;v"wi )H;v"a/E

= =TT /(T + 10

where E=IT, T/ —TI' TI' = (see Appendix 1). From Appendix 1, if

wiwl = “wlw/ whw/ " wdwl

IT', <O(IT/, >0) holds, then the wholesale prices are strategic substi-

>We assume that the retailers continue to deal with their manufacturers as long as they earn non-
negative profits.

3We assume w' > 0; i.e., the marginal cost of production is not too low.
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tutes, i.e.,(IT', , <0),dw'/da < 0; and in the opposite case (dw'/da > 0) are
strategic complements. If the wholesale prices are strategic complements, i.e.,
I, >0, I, +TI, . mustbe negative for the stability condition to hold. Then,

dw'lda < 0 holds under the condition that IT', <0,and dw'/da > 0 holds under
the opposite condition (T, >0). Thus, we obtain the following proposition:

Proposition 2. Suppose that the stability condition E > 0 holds. Then, demand
expansion causes each manufacturer to lower its wholesale price when T\, <0
and raise its wholesale price when TI', > 0.

The intuition behind proposition 2 is as follows. Suppose that the demand
expands. Then, manufacturers who can charge franchise fees increase their
retail sales quantities to maximize their own-channel profit. However, because
sales quantities are determined by the retailers, the manufacturers must lower
the wholesale prices to increase orders. They can extract the resulting retailer
profit through franchise fees. Moreover, an increase in one’s wholesale price
implies a demand expansion for the rival manufacturer (channel). Thus, the
manufacturer cuts the wholesale price in the face of the rival’s wholesale
price increase. This is a completely different scenario compared to usual price
competition.

Suppose that the inverse demand function is linear; i.e., p(Q, a) = a — bQ,
(a > 0, b > 0). Then, the marginal revenue of retailers in the second
stage becomes MR'= a — 2Q, and thus, we have dMR//da = 1 > 0 and
dq'lda=—p,(p,+q'p,)! D=1/(3b)>0. In addition, the profit of manufac-
turer { in the first stage is written as IT' =(a+w'+w/ =3¢)(a—2w' +w/)/{(9b),
so we have the reaction function w(w/) = (—a —w’ + 6¢)/4 and the equilibrium
wholesale price w” = (—a + 6c¢)/5. Therefore, we obtain dw/dw/ = —1/4 < 0,
dw"lda = -1/5 < 0, andIl!, =-1/(9h)<0. We summarize these results as
follows:

Corollary 1. If the inverse demand function is linear, the equilibrium wholesale
prices are lowered by demand expansion and are strategic substitutes. The equilib-
rium wholesale prices are below the marginal cost (i.e., w<c).

3 Endogenous determination of channel structure

In this section, we investigate whether each upstream manufacturer chooses
vertical separation or vertical integration in equilibrium. To address this issue,
we first examine the equilibrium in the following two cases: (1) linear pric-
ing, denoted by L, where each manufacturer vertically separates from its own
retailer but cannot charge franchise fees; (2) vertical integration, denoted by V,
where each manufacturer vertically integrates with its own retailer.
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3.1 Linear pricing: L

Even without franchise fees, the retailer’s profit-maximizing problem is the same
as the problem with franchise fees. The problem of manufacturer i is given by

maxIT' =g’ (w',w/)(w —c).
w!

The first- and second-order conditions are
I, :éi-{—(w"—c)q”"_ =0 (15)

I, , <0. (16)

From (15), we have equilibrium wholesale prices (w” w/*), where the super-
script L indicates equilibrium values in linear pricing. Equation (15) also yields

WL Ai A0
wit—c=-4'/q’, > 0.

This means that w* > ¢ i.e., the wholesale price is set above the marginal
cost of production.

3.2 \Vertical integration: V

Suppose that the manufacturers integrate with their retailers and sell their goods
directly to consumers, engaging in Cournot competition in the product market.
This vertical integration is the same as vertical separation with franchise fees in
which the manufacturers set their own wholesale price at the marginal cost of
production ¢; that is, w' = w/ = ¢. The equilibrium output is given by ¢’ (c, c).

By comparing the three cases, linear pricing, two-part pricing, and
vertical integration, we have w* < ¢ < w* From (7), we also obtain
O(w*, wi)>Q(c,c)>Q(wk,wt), or 0F >Q" >Q" and p* > p” > p’, where the
superscript V indicates equilibrium values in vertical integration.

We denote economic welfare, that is, the sum of the profits of manufactures
and retailers plus consumer surplus (CS) (7' + 72 +1I'+11* + CS), as W. We
know that W (Q)= '[OQ p(s)ds—cQ. Differentiating W(Q), we obtain

W (Q)=p(Q)-¢ and W7(Q)=p(Q)<0.

Thus, we find that W(Q) is concave.
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Let us consider two-part pricing. From (15) and (2), we know

p(O)—c=—pyd' —4'pyq’q’,
=-poq' (1+4.q.,)
= —pyd' (dw'/dq')(q', +,)
=—poq (dw'[dq')Q , > 0.

Therefore, W'(Q)|Q:QF >0 holds where QF is the total output under two-part
pricing. Recall that QF > Q" > Q*. Thus, we find W >W" >WE,
We summarize these results as follows:

Proposition 3. Economic welfare is maximized by two-part pricing.

The underlying logic is as follows. Because the wholesale price is set below mar-
ginal cost, two-part pricing lowers the resale price and strengthens competition
in the retail market. That is desirable from the economic welfare viewpoint but
undesirable from the channel-profit viewpoint. On the other hand, because the
wholesale price is set below the marginal cost, linear pricing raises the retail
price and softens competition. Note that this result does not hold where the
manufacturers and retailers engage in price competition in both markets.

Let us consider which organization of the distribution channel the manufac-
turers employ in equilibrium: two-part pricing (strategy F), linear pricing (strat-
egy L), or vertical integration (strategy V). We develop the following three-stage
game: In the first stage, each manufacturer chooses the mode of distribution. In
the second stage, each manufacturer 7 sets the wholesale price w' and franchise
fee F' (if possible). In the third stage, each retailer determines the sales quantity
¢'. The second and third stages of this game are the same as those examined in
the previous section. Therefore, the game reduces to the following 3 x 3 matrix
game with three strategies: F, L, and V (see Table 1). Thus, we establish the fol-
lowing proposition:

ple game apo orga ation o e d @) O d S
1 2 \") F L
\ I, 115,) (T, . IT5, ) L, I15,)
F FV’ v) (HFF‘ ) (HFL' )
L (I, 112 ) I} 112 ) (Im, 1% )
Note: 1'[1 shows the equilibrium profit of manufacturer 1 when manufacturer 1
employs strategy i while manufacturer 2 adopts strategy j, where i, j=V, F, L.
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Proposition 4. Suppose that (i) the wholesale prices are strategic substitutes
when each manufacturer employs strategy F and (ii) the equilibrium output ( sales
volume) is positive under every possible pair of strategies. Each manufacturer
employs strategy F in equilibrium.

Proof: First, we prove that strategy L is strongly dominated by strategy V. We
denote the equilibrium output of manufacturer 7 under strategy L for the rival’s
output by g. Under strategy V, manufacturer i can realize g, irrespective of the
rival’s output because the retail prices and outputs realized under strategy V are
the same as those under strategy L. Thus, the realized profit 7 is also the same
as that under strategy L. By employing strategy V, manufacturer i can always
earn at least the profit realized under strategy L.

By eliminating the strongly dominated strategy L from the original 3 x 3
matrix game, we obtain a reduced 2 x 2 game consisting of strategies F and V.
We show that the unique Nash equilibrium of the game is given by {F, F}. Sup-
pose that each manufacturer employs strategy F. If manufacturer j switches to
strategy V, the marginal cost becomes ¢. Manufacturer i, who employs strategy
F, decreases the wholesale price considering that wholesale prices are assumed
to be strategic substitutes under strategy F. The residual demand of manufac-
turer j decreases, and so does the profit. Thus, neither manufacturer has an
incentive to deviate from {F, F}.

Next, we show that the strategy pair {V, V} does not constitute a Nash equi-
librium. Suppose that each manufacturer employs strategy V. By deviating to
strategy F, a manufacturer can realize the Stackelberg leader position of this
2 x 2 game if another manufacturer continues to employ strategy V. The deviat-
ing manufacturer can increase profits because the first-mover advantage works
in this Cournot competition game with a homogeneous product. Thus, each
manufacturer has an incentive to deviate from {V, V}.

It is also straightforward that the strategy pairs {F, V} and {V, F} do not
constitute a Nash equilibrium. (Q.E.D.)

In the case of homogeneous goods, Cournot competition generally means
that the choice variables (quantities) are strategic substitutes. In our setting,
wholesale prices become strategic substitutes (see Nariu and Watanabe, 2005).
Therefore, the assumptions of proposition 4 are almost always true. Moreover,
propositions 3 and 4 imply that the equilibrium mode of distribution, i.e., two-
part pricing, achieves higher economic welfare than do the other modes. On the
other hand, the manufacturers’ profit is the highest when both manufacturers
employ vertical integration. Each manufacturer is stuck in a prisoner’s dilemma.

We examine the above 3 x 3 game in the previous linear example when the
demand function is p = ¢ — bQ and the cost function is ¢(¢’) = c¢'. Table 2 shows
the 3 x 3 game when the demand function is given by p =1 — Q and ¢(¢) = ¢'.
We find that strategy L is strongly dominated by strategy V because both 1/16
> 6/289 and 25/144 > 2/27 hold.
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game about organization of the distributio
ear dema ase
Vv F L
1/9,1/9 1/16,1/8 25/144,1/24
1/8, 1/16 2/25, 2/25 50/289, 6/289
1/24,25/114 | 6/289, 50/289 2/27,2/27

Strategy V is strongly dominated by strategy F in the reduced 2 x 2 game.
Note that strategy V is not dominated by strategy F in the original 3 x 3 game
because 25/144 > 50/289 holds. The remaining strategy pair {F, F} constitutes
a Nash equilibrium.

4 Conclusion

Traditional economic theory holds that manufacturers earn zero profit under
Bertrand competition with homogeneous goods, even when only two manufac-
turers exist. In reality, however, oligopolistic Bertrand competitors can control
their products’ prices and earn some profit margin. In this paper, we reach a
contrary result by positing that Bertrand-competing manufacturers are selling
not to final demanders but to Cournot-competing retailers. We show that under
general assumptions, manufacturers who determine their wholesale prices and
sell their goods through affiliated retailers earn positive profits, regardless of
whether they charge franchise fees. The findings in this paper shed light on a
new aspect of vertical dealings.
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Appendix 1. Stability condition

If the rival manufacturer j changes its wholesale price w/, manufacturer i revises
its wholesale price w' as follows:

T, dwi +TT, dw’ =0.
ww' ww.
Therefore, we have

>
i

o ‘ o>
dw'fdw’ =-TI'  JTT' =0, iff TI' ~=0.
< ww <

wiwl [ wit

The above inequality indicates that wholesale prices are strategic substitutes if
and only if IT', , <0. Differentiating (A-4), we obtain

I, T (aw'| | I,
lfl w \.I w = \.I a da.
H\'V“L'i H\]L'Juj dM}/ _H\jrfa

We know from the stability condition that E=IT, IT/  —II' TII' >0,

K A X . whwt w".\r’ \.v‘l.vf _u"u’
Because IT',  =I1’, ~andIT’, =TI’  , prevail in a symmetric equilibrium, we
btain wow' wowW. ww. wiw'
0

E=(TT, -, |
why whw/

-

wiw! whe/

)>O.
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