
COMPETITIVE VERTICAL INTEGRATION 

Jose Pedro Pontes (*) 

Assume that a set of competing producers sells a homogeneous good to 
a set of competing distributors. Producers are leaders in the market of the 
intermediate good in the sense that they quote its price. Producers and 
distributors compete in quantities among themselves. 

Consider now the possibility of vertical integration, that is the merger or 
signing of a contract for exclusive dealing between a producer and a distributor. 
Scherer (1980) and Greenhut-Ohta (1979) have concluded that if the downstream 
firm processes the intermediate good with other inputs in fixed proportions, the 
elimination of intermediate mark-up with vertical integration expands output both 
in the monopoly and the oligopoly cases. 

We address here two different kinds of questions. First, is forward vertical 
integration an outcome associated with a non-cooperative equilibrium? Second, 
if the answer to the first question is yes, can vertical integration of distribution 
be sustained if firms reach a binding agreement on vertical structures? 

Before formal analysis, we can give two hints. First, it is likely that vertical 
integration in a successive oligopoly is a Nash equilibrium, because an unilate
ral move towards vertical integration gives the firm that undertakes it a competitive 
advantage. As it is reported by Thurow: 

If distribution systems are owned or controlled by producers in 
one country (Japan) but open in another (Holland), one set of exporters 
finds it much easier to get its products on store shelves than another. 
Phillips, a Dutch firm, not surprisingly complains that it does not have 
equal access to the Japanese market for its consumer products 
[Thurow, 1992:64.] 

Second, if all producing firms integrate distribution, the overall expansion 
of output can depress market price and profits. The situation is similar to 
Prisoner's Dilemma. Acting cooperatively, the firms can try to prohibit vertical 
mergers or exclusive dealing. 

In what follws, we deal first with the successive monopoly case, which we 
will use as a benchmark, then with the successive duopoly. 

1 -Successive monopoly 

A producer P and a distributor 0 are engaged in a successive monopoly. 
The game has two-stages. In the first one, vertical structure is determined. 
P either bids, or does not bid D. In the first case, D accepts or refuses the 
offer. The game tree is 
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FIGURE I 

Game tree- Successive monopoly 
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b-bids. 
nb- does not bid. 
ab- accepts bid. 
nab- does not accept bid. 

I and II are subgames where the strategies of the firms are quantities. In 
I, P and D are disintegrated and P is a price leader. In //, P and D are vertically 
integrated. 

Let I be bid value of D. Then, the necessary and sufficient conditions so 
that vertical integration is a subgame perfect equilibrium are (by backward 
induction) 

r = rate of interest; 

n 6 = distributor's profit in subgame I. 

IT II =combined producer-distributor profit in subgame II; 
PD 

TI I = producer's profit in subgame /. 
p 

Substituting {1) in {2) we have 

4 

{1) 

{2) 

{3) 



which is a necessary condition so that vertical integration is a subgame perfect 
equilibrium. As is remarked by Scherer (1980), condition (3) is always fulfilled. 
The distributor's profit function is 

llo = Qf(Q) - Pw Q 

Q = output; 
f( ) = inverse demande curve; 
Pw = wholesale price; 
c = constant marginal cost. 

Producer's profit function is 

llp = Pw Q- cQ 

So that 

llp + ll0 = Qf(Q) - cQ 

(4) 

(5) 

(6) 

The maximum of (6) is n ~0 , which is achieved under vertical integration. 

Then, quantity is given implicitly by 

f(Q) + Qf'(Q) = c (7) 

We assume that marginal revenue is a decreasing function of output. 
Under vertical disintegration, the distributing firm maximizes (4), so that 

output is given by 

f(Q) + Qf'(Q) = Pw (8) 

As the producer has a positive margin, Pw > c, the quantity under vertical 
disintegration is smaller than the optimum quantity, so that (3) holds. On the 
other hand, acting cooperatively, the firms stick to the vertical agreement because 
it gives to each a higher payoff than if they remain disintegrated. 

2 - Successive duopoly: vertical integration game 

We try now to generalize the above result to the case of a successive 
duopoly, where there are two producers P1 and P2 and two distributors 0 1 and 
0 2• Producers and distributors compete in quantities among themselves and 
distributors are price-takers- they accept the price of intermediate good given 
by the market. 

The game has two stages. In the first one, vertical structures are chosen. 
In the second, quantity competition takes place and payoffs are determined. 

P1 .and P2 bid sequentially 0 1 and 0 2. Game tree is 
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FIGURE 2 

Game tree- Successive duopoly 

(//.2) (~ 

b =bids. 
nb = does not bid. 
ab = accepts bid. 

nb 

nab = does not accept bid. 
I = vertical disintegration. 

P1 

(~ (//.2) 

//.1 = partial vertical integration P1/01 integrated. 
//.2 = partial vertical integration P2/02 integrated. 
Ill = total vertical integration. 

Working by backward induction, sufficient conditions so that complete ver
tical integration (P1/01 and P2/02 vertically integrated) is a subgame perfect 
equilibrium are: 

where: 

/1 = bid value of firm 01; 

/2 = bid value of firm 02; 

II~~ combined profit of P2/02 in subgame //.2; 
I 2 £: subgame where all the firms are disintegrated; 

(9) 

(10) 

//.1 = subgame where P1/01 are integrated and P1 and P2 are disintegrated; 
11.2 = subgame where P2/02 are integrated and P1 and 0 1 are disintegrated; 
Ill = subgame where P1/01 and P2/02 are vertically integrated. 
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r./2 ~ II 6 
2 

II 11
·
2 

- rl > II 1 
P202 2 - p2 

r.l > II 11·2 
·1 - 01 

II Ill > II 11.2 
p101- p1 

Eliminating r./1 and r./2 , these conditions become 

II Ill > II //.1 II//.1 
p202- p2 + 02 

II Ill > II 11.2 + II//.2 
p101- p1 01 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

Condition (16) tells that unilateral vertical integration by P2 and 02 is 
profitable. Conditions (15) and (17) inform u~ that the best reply to unilateral 
vertical integration by a pair of upstream-downstream firms is vertical integration. 

We will try to demonstrate that these conditions are met for a general class 
of demand functions. 

3 - Successive duopoly: the quantity subgames 

We consider now the combined producers-distributors profit for each pair 
P101 and P202 

f( ) = inverse demand function; 
c = constant marginal cost. 

(18) 

(19) 

Expressions (18) and (19) hold for every vertical structure. If all firms are 
disintegrated, symmetry of demand and cost ensure that the output supplied by 
each producer is equal to the input purchased by each distributor. If a pair, say, 
P1 01, is integrated, while P20 2 is disintegrated, we make the assumption that the 
integrated firm does not trade the intermediate good, so that the output of P1 

(respectively, P2) is equal to the input of 0 1 (respectively, 02). This equality is 
trivial, if both P10 1 and P20 2 are integrated. 

We assume, in the game whose payoff functions are (18) and (19), that 
quantities are strategic substitutes, that is to say, that the reaction functions are 
decreasing functions. If 

~~~ = 0 <=> G(q1,q2) = 0 <=> f{Q) + q1f'(O) = 0 
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where Q = q1 + q2, condition on decrease of reaction function is: 

aq1 aGtat:f2. <f!f11aq1 aq2 q1 f'( OJ + t'( OJ 

aq2 = - aGtaq1 = - <f!f1!aq2 = - q1f"(O) + 2f'(O) (20) 
1 

The negativity of denominator of (20) follows from the concavity of the profit 
fuction II1 w.r.t. q1 and means that marginal revenue is a decreasing function of 
sales. The negativity of Cl2II/Clq1 q2 is a more stringent assumption which will be 
followed here and which ensures that Clq1/ClCJ2 < 0. The same reasoning applies 
to the reaction function of P2D2• 

Let us compare quantities in subgames /, //.2 and 1//. In subgame /, profit 
functions of distributors are 

so that f.o.c. are 

~01 = 0 <=:} q\,f'(O') + f'(O') = Pw 
q1 

~~2 = 0 <=:} q~f'(O') + f(O') = Pw 

Aggregating (23) and (24), we get 

f(Q1) + .Q f'(Q') = Pw 
2 

In subgame //.2, distributor's profit functions are 

I11 (q~/.2 ,q~/.2) = q~l.2f(0''·2)- Pw.q~/.2 

0'/.2 - q"·2 r/'·2 
- 1 +.,2 

IT ( //.2 11.2.. - //.2f(0''·2) //.2 2 q1 ,q2 } - q2 - c q2 
so that f.o.c. are 

8 

an1 = o ¢;:} f ( 0''·2) + qi'·2 .f'( 0''·2) = P w 
a //.2 

q1 

an2 = o ¢;:} f( 0''·2) + qj'·2 .f'( 0''·2) = c 
aqf'·2 

Aggregating (28) and (29), we get 

f'(0''·2) + o;2 f(Qif.2) = 
C+P 
. 2 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

(30) 



As Pw > c (producers have positive profit), the r.h.5. of (30) is smaller than 
the r.h.5. of (25). Therefore, as marginal revenue is a decreasing function of 
sales (second order condition), we have 

(31) 

Aggregate quantity increases with partial vertical integration, which is a result 
reached by Greenhut and Ohta (1979). It is also easy to conclude that 

q/1.2 > q' 
2 2 

(32) 

The reason for that is (31) combined with the fact that 5:1 = q2/Q2, the share 
of distributor 2 in aggregate sales, rises when we pass from subgame I (where, 
as the firms are symmetric s1 = 5:1 = 1/2) on subgame //.2 (where firm 2 has a 
lower marginal cost, so that s2 > 51). Finally, we have 

(33) 

because the reaction function of firm 1 does not change when we pass from 
subgame I on subgame //.2 (32), holds, and quantities are strategic substitutes. 

Let us compare quantities when we pass from subgame //.2, with partial 
vertical integration, on subgame Ill with full vertical integration. Profit functions 
are 

II1 (q~
1! c/;_1

) = q~"· f(d11
)- c.q~11 

II1 (q~
1! c/;_1

) = q~'· f(d11
)- c.q~1 

f.o.c. are 

an1 0 f{Qm) d 11
f' (Qm) aq1 = <=> +2 = c 

Comparing (36), (30) and (25), we conclude that 

It is easy to co~clude that 

(34) 

(35) 

(36) 

(37) 

(38) 

because o'" > d and in both cases distributing firms are symmetric, so that 
5

1 
=5

2
= 1/2. On the other hand, 

(39) 

because both aggregate output Q and share 51 rise when we pass from //.2 
(here 5

1 
< 1/2) to Ill (where s

1 
= 1/2). Correlatively, 

(40) 
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because the reaction function of the distributor is the same in subgames //.2 
and Ill, quantity sold by 1 increases and quantities are strategic substitutes. 

We will try now to prove conditions (16) and (17) of existence of full ver
tical integration as a subgame perfect equilibrium [condition (15) is identical to 
(17), as firms are symmetric]. 

Condition (17) is identical to 

(41) 

the /.h.s. of (40) can be written 

II (..11.2 11.2 ) _ II ( 111.2 Ill.~ 
1~1,q2 1'(!1•%) (42) 

where II
1 

has the same meaning as in (34). 

If we assume that (~'·2- ~11, ~-2- q~') is arbitrarily close to 0, (42) can 

be written as the following linear function 

(43) 

.arr1 ( 111 111) o b 111 111 h ·c N h ·1·b · · · aq
1 

(q1 , q2 = , ecause q1 , q2 are t e ournot- as eqUir num quantrtres 

of the game whose payoff functions are (34), (35). On the other hand 

arr1 = qlll . f'( o'") < 0 aq2 2 (44) 

According to (40) and (44), (43) is negative and condition (41), (17) is 
satisfied. 

We proceed to prove condition (16), which can be written 

(45) 

or (46) 

where II2 has the same meaning asin (35). For &~·2- q~, q~1·2- q~) arbitrarily 
close to 0, we can linearize the /.h.s. of (46) as 

(47) 
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It is easy to show that ~rr2 ( ~, q~) > 0. The steps of demonstration are 
the following: q2 ~ 

1) ~~: (q~11• q~') = 0 because q~11 and q~1 are a Cournot-Nash equi-

librium of a game with payoff functions (34) and (35); 

2) a2rr2 0 d CJ
2

IT2 b . . 
- 2- < an ~ < 0, y assumpt1on, 
()q uq2uq1 

2 

3) q111 > q1 and q111 > q1 [see (38)] 1 1 2 2 . 

With this in mind, according to (32), (44) and (33), expression (47) is 
positive, which proves condition (45). Therefore, we have proved for a general 
class of demand functions that, if output changes due to vertical integration are 
not «too large»: 

If P2D2 are integrated, it is profitable for P1D1 to replicate vertical 
integration; 

If all firms are disintegrated it pays off for an upstream-downstream 
pair to integrate unilaterally. 

Together, these conditions are sufficient to create the existence of full ver
tical integration as a non-cooperative equilibrium. 

5- Vertical integration as the outcome of a cooperative game 

We proved that full vertical integration is a non-cooperative equilibrium in 
the successive monopoly and successive duopoly games depicted in game trees 
in figures 1 and 2. 

We address now the core question of the paper. Assume that, instead of 
playing the non-cooperative game described above, upstream and downstream 
firms choose vertical structures cooperatively, i.e., they reach a binding agreement 
on them. The question is: does this agreement reproduce the non-cooperative 
outcome of full vertical integration? 

In the successive monopoly case, the answer is yes. It is possible to show 
that the profit of the integrated firm exceeds the sum of profits of the disintegrated 
producer and distributor. 

However, in the successive duopoly case, it is possible to show in general 
that 

(48) 

(49) 

Therefore, if all firms agree to remain disintegrated, they will have higher 
profits than if they integrate vertically. We will prove (48) [the proof of (49) is 
analogous]. 
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(50) 

or (51) 

where II1 (.) is in the sense of (34). If (q~ - q~11, q~ - q~1) is arbitrary close 

to 0, the l.h.s. of (51) it can be linearized as · . 

arr1 ( 111 111) ( 1 111) arr1 ( 111 111) ( 1 111) aq1 (q1 · q2. · (q1- q1 + aq2 q1 · q2 · (q2- q2 (52) 

For reasons explained above 

arr1 ( 111 111) = 0 aq1 (q1 · q2 

According to (44) and (38), expression (52) is positive so that condition 
(50) is met. 

Therefore, we conclude that a binding agreement among firms with regard 
to vertical structures will include disintegration for all competitors. This agreement 
is not welfare maximizing - output maximization is achieved under full vertical 
integration [see (37)]. 

6- Conclusion 

It has been proved [Scherer (1980), Greenhut-Ohta (1979)] that vertical 
integration, both in a successive monopoly and a successive oligopoly, enhances 
output and welfare. 

In this paper, we assess that sufficient conditions for full vertical integration 
in a duopoly hold if marginal costs are constant and quantities are strategic 
substitutes. That is to say: vertical integration by both duopolists is an equilibrium 
outcome of a non-cooperative game under fairly general assumptions. Two 
conditions lie behind this result. The first one, is that, if all firms are disintegrated, 
it pays off for a producer and a distributor to merge unilaterally. The second 
one, assuming that merging decisions take place sequentially, is that it is 
profitable for the remaining upstream-downstream firms to follow vertical 
integration. 

However, if the firms can reach a binding agreement on vertical structures, 
they will prefer to remain disintegrated: profit of an integrated firm under full 
vertical integration is smaller than the sum of producer's and distributor's profits 
when all firms are disintegrated. 

The situation is of Prisoner's Dilemma type: an upstream-downstream pair 
can enhance output and profit by unilateral integration. As the other pair 
replicates, expansion of both outputs has negative cross effects upon profits. 
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