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Abstract

We analyze the competitive effects of backward vertical integration by a partially ver-
tically integrated firm that competes with non-integrated firms both upstream and down-
stream. We show that vertical integration is procompetitive under fairly general conditions.
It can be anticompetitive only if the ex ante degree of integration is relatively large. In-
terestingly, vertical integration is more likely to be anticompetitive if the industry is less
concentrated. These results are in line with recent empirical evidence. In addition, we
show that even when vertical integration is procompetitive, it is not necessarily welfare

enhancing.
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1 Introduction

Over the last two decades substantial progress has been made on identifying pro- and an-
ticompetitive effects of vertical mergers. After the Chicago School critique of the relatively
aggressive enforcement policy on vertical mergers in the 1960’s, several theories have emerged
that base the potential competitive effects of vertical integration on more solid game-theoretic
ground. Yet, there is no general consensus under which conditions a vertical merger is likely
to benefit or harm consumers. The elimination of double marginalization has been identified
as a major efficiency gain from vertical integration. On the other hand, the merging parties
may be inclined to raise the input prices to their rivals and thereby induce market foreclosure.
As a consequence of this trade-off, vertical mergers are often judged by antitrust authorities
and courts on a case-by-case basis. General conclusions under which conditions either effect
dominates are not easily gained.!

Moreover, many models that identify different effects of vertical mergers are not readily
applicable for policy implications because they are unsatisfactory in two important aspects.
First, merging parties often claim to merge because of efficiency gains in production that lead
to cost reductions. This means that they not only avoid double marginalization but are also
able to produce the output good in a different and more efficient way than without integration.?
Second, firms that have oligopolistic market power in the downstream market often also exert
oligopsonistic market power when buying the intermediate goods. However, these effects are
not considered in many important and well-established models on vertical integration (e.g.
Salinger, 1988; Ordover, Saloner, and Salop, 1990; Hart and Tirole, 1990; Choi and Yi, 2000;
Chen, 2001).

A notable exception is Riordan (1998), who considers a model with a dominant firm and
a competitive fringe in the downstream market. To produce the final good, firms need a fixed
input, termed capacity, that is competitively offered on an upward sloping supply curve. The
dominant firm exerts market power both downstream and on the input market. The more
capacity a firms owns, the lower are its production costs of the final good. Therefore, the

model is not open to the two criticisms above. If the dominant firm integrates backwards, it

'For recent surveys on the effects of vertical mergers, see Church (2008), Rey and Tirole (2007) and Riordan
(2008).

2For example, Church (2008) argues that one of the reasons why vertical mergers are complicated to evaluate
is that the incentives to integrate often arise because of non-price efficiencies (in contrast to the efficiency of
internalizing price effects such as double marginalization) and are usually not attributable to market power
effects.



acquires more capacity and so produces more output. On the other hand, since the demand
for capacity increases, the price of capacity increases as well and so fringe firms are foreclosed.
Riordan (1998) obtains the powerful result that the second effect always dominates and, thus,
that vertical integration is anticompetitive, i.e. leads to a decrease in output and to an increase
in the final good price. However, a drawback of Riordan’s model is that it applies only to market
structures where the final good market is comprised of a dominant firm facing a competitive
fringe.

The present paper provides an analysis of a model with an oligopolistic downstream market
where the structure is otherwise very close to Riordan (1998). We obtain the following results.
First, vertical integration is procompetitive under a fairly wide array of circumstances. In the
extreme, even monopolizing the downstream market can enhance consumer welfare because
the integrated firm expands its quantity by a very large extent after integrating. Thus, the
policy implications of the present paper differ from those of the dominant firm model in that
they suggest a more permissive approach to vertical mergers. Second, we find that vertical
integration is more likely to be procompetitive if the ex ante degree of integration of the
integrating firm is relatively low and if the concentration of the industry is relatively high,
i.e. if the number of competitors is small. The former result is intuitive and policy relevant.
The latter contrasts with the common wisdom that vertical mergers are suspicious especially
when firms have considerable market power.> Third, we show that in the limit as the number
of competitors becomes large, vertical integration is always anticompetitive. Therefore, in
the limit our model encompasses the one of Riordan (1998), which shows that his model is a
good approximation for market structures in which competitors have only little market power.
Fourth, even if it is procompetitive, vertical integration is not necessarily welfare increasing.
Thus, procompetitive but welfare reducing mergers are possible. Last, there exist critical
thresholds for input and output market shares for an integrating firm above which further
vertical integration is anticompetitive. Both market shares are very similar. This is useful
for antitrust policy because these market shares are typically relatively easy to observe for
antitrust authorities. Since both critical thresholds fall in the number of competitors, antitrust
authorities should be the more suspicious about vertical mergers the larger is the number of

firms.

3For example, Lafontaine and Slade (2007) note that most empirical studies on vertical integration were
conducted for highly concentrated markets because evidence for foreclosure is thought most likely to be found
there.



The intuition behind our main result is the following. As in the dominant firm model,
backward integration has a procompetitive efficiency effect because the integrated firm produces
more output thanks to its lower production cost and an anticompetitive foreclosure effect
because rival firms lower their capacity and produce less. However, in an industry with a
dominant firm and a competitive fringe only the dominant firm has market power. Thus, the
dominant firm has only little incentive to expand its quantity after a capacity increase because
it wants to keep the output price high. Therefore, it utilizes its capacity less efficiently after
integration. In contrast, in an oligopolistic market all firms exert market power, and so each of
them is inclined to restrict its quantity relative to capacity. As a consequence, they all utilize
their capacity less efficiently than a competitive fringe firm does, and so the quantity reduction
of a non-integrated firm in oligopoly after foreclosure is smaller than the reduction resulting
from exit of a fringe firm that has no market power. Therefore, the aggregate reaction of non-
integrated competitors is relatively weak which renders vertical integration procompetitive for
a broad range of circumstances.

The intuitions for our other results can now be grasped from the above explanation. If a
firm becomes more integrated, its production costs fall and, therefore, it benefits to a larger
extent from a higher final good price. Thus, it has an incentive to curb its quantity expansion
and so it utilizes its capacity less efficiently. This explains why vertical integration is more likely
to be anticompetitive if the merging firm is already integrated to a large extent. It also helps to
understand why procompetitive but welfare reducing mergers can occur. Vertical integration
changes the cost structure by shifting more capacity to the integrated firm that uses it less
efficiently. This does not play a role when considering just the effect on final output but it is
important for overall welfare. Therefore, welfare may fall although output rises. Finally, the
aggregate reaction of competitors is larger, the more competitors are present. Thus, if there
are many small firms, their aggregate capacity and quantity reduction as a reaction to vertical
integration is larger. This explains why vertical integration is more likely to be anticompetitive
if the industry is less concentrated, i.e. if the number of firms is large.

The empirical predictions of our model are consistent with recent evidence. For example,
Hortagsu and Syverson (2007) study vertical integration in the cement and ready-mixed con-
crete industries. They find that output rises and prices fall if vertical integration increases and
show that this can be explained by the expansion of larger vertically integrated firms at the

expense of non-integrated firms. In addition, they demonstrate that via vertically integrat-



ing a firm gets larger, i.e. produces more final output, but does not become more productive
per se. Both of these results are in line with our findings that an integrated firm produces a
larger quantity but utilizes its capacity less efficiently. Lafontaine and Slade (2007) present a
comprehensive review of empirical studies on the effects of vertical integration for several in-
dustries. They show that the vast majority of these studies find only weak empirical evidence
for the foreclosure effect but document strong efficiency effects. In particular, the efficiency
effect dominates the foreclosure effect in almost all studies, and, therefore, vertical integration
has led to a fall in the final good price in almost all cases.

Our paper extends and complements Riordan’s (1998) study. We show that his results
are robust in that they obtain in the limit of the oligopolistic model when the number of
competitors becomes large, but that the conclusions and policy implications differ when the
competitors possess significant market power. As mentioned, most of the literature on vertical
integration is concerned with the trade-off between avoidance of double marginalization and
foreclosure. For example, Hart and Tirole (1990) or Ordover, Saloner, and Salop (1990),
where no efficiency gains from vertical integration are present, are only concerned with the
foreclosure motives. In Salinger (1988), Choi and Yi (2000) and Chen (2001) both effects
are present but although the downstream market is comprised of an oligopoly or a duopoly,
downstream firms have no market power in the intermediate good market. A recent model
that incorporates both effects and additionally allows downstream firms to exert market power
in the intermediate good market is Hendricks and McAfee (2009). However, when analyzing
vertical mergers they keep the downstream price fixed and suppose that the market structure
consists of no vertical integration at the outset. Under these assumptions they show that
output increases with vertical mergers. In contrast, in our model the downstream price is
flexible and, as argued above, we show that a crucial variable to determine the competitive
effects of vertical integration is the degree to which the industry is already integrated. Nocke
and White (2007) analyze a different aspect of vertical mergers, namely whether it facilitates
upstream collusion. They show that this is indeed the case because vertical integration reduces
the number of buyers for rival firms and, thus, they have less incentives to deviate from the
collusive agreement by reducing their prices.

The remainder of the paper is organized as follows. Section 2 lays out the model and Section

4Cooper, Froeb, O’Brien, and Vita (2005) survey recent empirical evidence on vertical mergers and reach
a similar conclusion, namely that there is strong support that vertical mergers are procompetitive and that
instances where they are unambiguously negative are difficult to find.



3 presents the equilibrium. In Section 4 we derive the competitive effects of vertical integration.
Section 5 analyzes the effects of vertical integration on social welfare. In Section 6 we discuss
the empirical evidence and the policy implications of the model. Section 7 concludes. All proofs

are relegated to the appendix.

2 The Model

The model is adapted from Riordan (1998) with some minor differences with respect to timing.
The main difference is that we consider a downstream oligopoly in contrast to a dominant firm
and a competitive fringe. There are two types of firms, one (partially) vertically integrated
firm, which we index by I and N > 1 non-integrated firms. A typical non-integrated firm is
indexed by j.?

All firms produce a homogenous good and compete a la Cournot on the downstream market,
where the inverse demand function is P(Q) with P'(Q) < 0. So P(Q) is the market clearing
price for aggregate quantity Q = qr + Zjvzl ¢j- The cost function of firm j € {1,...,N} for
production of g; units is given by

d%ﬁ02%0<%>7

J
where k; is firm j’s production cost reducing capacity and C’(g;/k;) > 0 and C”(q;/k;) > 0.
The integrated firm I has a cost advantage of v > 0 per unit of output.” Therefore, its cost

function can be written as

c(qr, kr) = kiC (%) - q.
I

As a consequence, marginal costs for all firms are increasing in the produced quantity for given
capacity but c¢(q;, k;) exhibits constant returns to scale in ¢; and k;, i € {I,1,..., N}. This cost
function is more general than most cost functions used in models of vertical integration since
it allows a firm to vary its quantity for given capacity. In particular, it is more general than
the widely used fixed proportions cost function which allows a firm to produce only a maximal
number of output units given its number of inputs units.

Capacity is supplied competitively with an inverse supply function of R(K), with R'(K) > 0

and K = kr + Z;v:1 k;. Firm I’s initial capacity endowment, i.e. its ex ante degree of vertical

5In Section 6.4 we briefly discuss the consequences of more than one firm being vertically integrated.

5This type of cost function was introduced by Perry (1978) and used e.g. by Perry and Porter (1985),
Riordan (1998) and Hendricks and McAfee (2009). For an interpretation of the cost function see Perry (1978)
and Riordan (1998).

"One can also interpret 4 as a quality advantage in the integrated firm’s product.



integration, is denoted by k& > 0.

The timing of the game is as follows: In the first stage, the capacity stage, all firms 4
choose simultaneously their level of capacity k;. The ex ante degree of vertical integration k
is exogenously given and common knowledge. Firm I buys k; — k at the market price R(K).

Thus, the profit function of firm I at the capacity stage is given by

(a1, he) = P(Qar — k€ () 0 — (b — DR (E),

and the one of a non-integrated firm j is II;(q;, k;) = P(Q)q; — k;C (gj/k;) — k; R (K). As in
Riordan (1998), this implies that firm I has the opportunity to sell undesired capacity to an
outside market, which occurs if k7 < k. In the second stage, the quantity stage, all firms simul-
taneously choose their quantities after having observed all capacity levels k = (kr, k1, .., kn).
The aggregate quantity ) determines the market clearing price P(Q) and payoffs are real-
ized. We focus on symmetric subgame perfect equilibria, where symmetry means that the
non-integrated firms play the same strategies.

To ensure interior solutions and a unique equilibrium, we make some shape assumptions on
the demand, supply and cost function. We suppose that limg_,., P(Q) < 0, that P”(Q) is not
too positive and that P”(Q), C"(¢;/k;) and R"(K) are not too negative. These assumptions,
which are similar to the ones imposed by Riordan (1998), are relatively mild and guarantee
that the second-order conditions are fulfilled. They are standard in two-stage games where

firms have market power upstream and downstream.®

3 Equilibrium
We solve the game by backward induction.

3.1 The Quantity Stage (Stage 2)

At the quantity stage, k is already determined. Since k has a direct effect only on k; but not
on qj, the first-order condition for a profit maximum for each firm ¢ does not depend directly
on k. So, the first-order condition for a non-integrated firm j € {1,..., N} in the subgame of
the quantity stage is given by®

P(Q) + P (Q)gj = Cj, (1)

8Linear demand and supply functions and quadratic cost functions are obviously sufficient for these assump-
tions to be satisfied. While it is possible to spell out more general conditions on these functions, these more
general conditions are rather complex and obscure.

9To shorten notation, in the following we abbreviate P(Q) by P, C (g;/k;) by C; and R(K) by R. We do so
also for all derivatives.




while the first-order condition for firm [ is given by
P(Q)+ P(Q)qr = C — . (2)

It is easy to see that the second-order conditions are satisfied given that P” is not too pos-
itive, which we assumed above. Our assumptions also imply that firm ’s reaction function
has a negative slope greater than —1. Therefore, every quantity-stage subgame has a unique
equilibrium.

We denote by Q*(k) the aggregate equilibrium quantity given any vector of capacities k,
and by ¢ (k) the corresponding equilibrium quantity of firm . The first-order conditions (1)
and (2) imply that q;-k(/;;,-,k_i) > ¢ (ki,k—;) if and only if k; > k;, where k_; is the capacity
vector of all firms other than i. That is, a firm’s optimal quantity increases in its capacity

independently of the type of the firm.' We then get the following lemma:
Lemma 1 qk( ) decreases in k; Yie{l,1,..,N}.

The same result obtains in Riordan (1998). As observed above, a firm with a larger capacity
produces a larger quantity. But because it produces more inframarginal units, it benefits more
from a price increase. Therefore, it has an incentive to lower its quantity relative to capacity,
i.e. it utilizes its capacity to a smaller extent.

From the first-order conditions we get the following intuitive lemma.

Lemma 2

dg; (k) dg; (k)
dk: >0 and dk;

<0 foral i#j,4,5j€{l,1,...N}. (3)
Therefore, all own effects are positive and all cross effects are negative.
3.2 The Capacity Stage (Stage 1)

We now move on to the first stage of the game, the capacity choice game.
Using the envelope theorem we get that the first-order condition of a non-integrated firm j
in the capacity stage is given by

o1 ,Q*]* 4 )
o, Pdk: —C]+Ck] R— kR =0, (4)

1975 see this, suppose to the contrary that k; > k; but ¢ (I;i7k,¢) < ¢; (ki,k—;). But then the right-hand
side of (1), respectively (2), is strictly smaller for k; than for k; because C; is convex in ¢; and decreasing
in k; while the left-hand side is (weakly) larger for ]Aﬁ than for k;, which is a contradiction. Conversely, if
q?(l;h k_;) > q; (ki,k—;), the left hand-side of (1), respectively (2), is smaller than the right-hand side. Since Cj;
is convex, IQ:Z must be bigger than k;.



where QZ ; is the equilibrium quantity of all firms but firm j. The first-order condition of the

integrated firm I is given by

olly _ /dQ*—I * 47 ;o
o = g = Cr+ Ol = R (ki — k)R =0, ()

Showing that an equilibrium exists and, if it does, is unique is more involved in the capacity
stage than in the quantity stage. This is the case because now a change in firm ¢’s capacity
has an effect on the equilibrium quantity of each firm in the second stage. This must be taken
into account when considering the capacity reaction function of every firm other than . Thus,
the expression for the reaction function is more complicated than in a standard single stage
game.!'! Nevertheless, using arguments based on Kolstad and Mathiesen (1987) the next lemma

establishes that an equilibrium exists and is indeed unique.

Lemma 3 There exists a unique equilibrium in the capacity stage. In this equilibrium, kj and

kr vj € {l,..,N} are determined by (4) and (5).
From the two first-order conditions we can now derive the following lemma:

Lemma 4

dky dkj :

This result is intuitive. If k increases, firm I owns more capacity units. Thus, the number
of inframarginal units for which it has to pay the capacity price R on the upstream market
decreases. As a consequence, firm [ finds it optimal to increase its overall amount of capacity.
On the other hand, k does not directly influence the optimal capacity of the non-integrated
firms. However, since k7 rises, the price for capacity increases, and so it is optimal for each
non-integrated firm to acquire less capacity. Thus, capacities are strategic substitutes.

It follows immediately from Lemma 4 and equations (1) and (2) that k7 > k7 if either
k > 0 or v > 0 or both. Thus, if firm [ is vertically integrated to some extent or has a cost
advantage or both, its equilibrium capacity is larger than the one of the non-integrated firms.
From Lemma 1 we know that this implies that its capacity utilization ¢ /k} is lower than for

the non-integrated firms if v is small.?

1 Moreover, the game is not an aggregator game since the reaction of a non-integrated firm is different if firm
I changes its capacity than if a non-integrated firm changes its capacity because this has different effects on the
overall quantity produced in the second stage.

12 This replicates the finding of Riordan (1998) who shows that the capacity utilization of the dominant firm
is smaller than the one of fringe firms provided that the cost advantage is not too large.



4 Competitive Effects of Vertical Integration

In this section we analyze whether vertical integration is pro - or anticompetitive, i.e. whether
a change in k increases or decreases the aggregate equilibrium quantity supplied in the down-
stream market. From above it follows that an increase in k has a direct positive effect on kj
and via that an indirect negative effect on all kj.13 This in turn leads to an increase in g; and

to a decrease in all ¢;. Thus, dQ/dk > 0 if and only if

dqQ dqr dg; \ dkr dgr . dg; dg; \ dk;
—=—+4+N—7|—+N|—+-—"7+(N-1 —
dk <dk1 * dky ) dk + dk; * dk; + )dkj dk >0
or equivalently
(%) o N

. (6)
)

(%) N(E+mew-ng
The left-hand side of (6) expresses the relative change of a non-integrated firm’s capacity with
k to the change in the integrated firm’s capacity. We know from Lemma 4 that this relative
change is negative. The right-hand side gives a benchmark against which to compare this term.
The inequality says that if the relative change is small enough in absolute terms, then vertical
integration is procompetitive. Intuitively, if k; does not fall by too large an extent after firm
I becomes more integrated, the positive effect resulting from the increase in gy dominates the
negative effect that stems from the decrease in ¢; of all non-integrated firms.
Inserting the respective derivatives (derived in the proof of Lemma 2) in the term on the

right-hand side of (6) and simplifying yields

(%) orpey - kP
> — - :
<%> NC}7(C] =k P')

(7)

To gain some intuition for this formula suppose that both k and ~ are zero. In this case all N+1
firms are the same and we have that q; = g;, k; = k; and thus C7 = C7. As a consequence, the
right-hand side of (7) simplifies to —1/N: At k = 0 and vy = 0, all firms’ capacity utilization
is the same. Thus, to keep overall output constant, the aggregate capacity reduction of the
non-integrated firms must be the same as the increase in the capacity of firm I. But since all
N non-integrated firms are symmetric, this is the case if each of them lowers its capacity by

1/N of the increase in the integrated firm’s capacity.

BTo simplify notation here and in what follows we omit the superscript * on equilibrium quantities and
capacities.
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Suppose now that v = 0 but £ > 0. From the above lemmas we know that in this case
kr > kj, qr/kr < g;/kj and thus C7 < C7. Then, the right-hand side of (7) is in absolute value
smaller than 1/N. The reason is that in this case the integrated firm uses its capacity less
efficiently than a non-integrated firm. As a consequence, if all non-integrated firms reduced
their capacity in sum by the same amount as the capacity increase of the integrated firm,
overall output would fall since capacity is shifted to the less efficient firm. Thus, to keep
output constant the reduction has to be smaller and overall capacity must rise.

To characterize how vertical integration changes overall output, we begin with the case

where k is small.

Proposition 1 For any finite N there exists a k* > 0, such that for all k < k* wvertical

integration is procompetitive at the margin.

If the ex ante degree of vertical integration is small enough, further integration is procom-
petitive at the margin. If k is small, firm [/ is more efficient than a non-integrated one or, in
case v is small, only slightly less efficient. But the reaction of the non-integrated firms to an
increase in k, i.e. the fall in Nk;, is in sum always smaller than the increase in k;. Thus, the
aggregate capacity that is used increases and overall output rises.

Next we look at the opposite case where k is so high that the resulting k7 in equilibrium
is large enough to induce k = 0 for all j € {1,..., N}. The following definition is useful. We
define k as the ex ante degree of vertical integration at which k; =0 and therefore q; =0, 1ie.

if k = k, only the integrated is active and the market is monopolized.!*

Proposition 2 For any finite N there either exists a k** < k, such that vertical integration
is anticompetitive at the margin for all k > k™, or it is procompetitive at the margin for all k

close to k.

This result implies that even if rival firms are completely foreclosed by the integrated firm,
this is not necessarily detrimental to consumer welfare. This is the case because our model
does explicitly take into account efficiency gains in production beyond pure avoidance of double

marginalization. If a firm has to acquire a very large amount of capacity, so that its competitors

'Such a k necessarily exists since from Lemma 4 we know that dk;/dk > 0 and dk;/dk < 0. In addition,
variable production costs c(gj, k;) are decreasing in k; since C”'(g;/k;) > 0. Thus, both production and capacity
costs are increasing for a non-integrated firm j, while revenue is decreasing because g; is decreasing and gr is
increasing. So if k and therewith k; is large enough, j’s costs are too high relative to P(Q), and so it is optimal
for firm j to stop producing.

11



stop producing, its production costs are so low that it may produce a quantity that is larger
than the oligopoly quantity.

The question arises whether the thresholds identified in Propositions 1 and 2 coincide.
Put differently, is it possible to show that there is a unique k* = k™ in case this threshold
exists or that dQ/dk > 0 for all k < k?'5 Since the expressions that are involved in the
calculations are rather complicated and unwieldy, it is not possible to show uniqueness in
general. However, we can show that the threshold, provided it exists, is indeed unique for two
important subclasses of the general specification: The first class consists of models where R’
is dominating the derivatives of the other functions.'® The second class is the widely used
linear-quadratic specification, i.e. the demand and supply functions are linear and the cost
function is quadratic. The functions can then be written as P(Q) = a — Q, R (K) = JK and

N 2
C(qi/ki) = g (Z—) Vie{I,1,..,N},

where a, 3, ¢ and ¢ are positive constants. The integrated firm still has a marginal cost advan-

tage v > 0.

Proposition 3 Suppose either that (i) R' is dominating all other derivatives in absolute values
or that (ii) the model is linear-quadratic. Then, for any finite N there either erists a unique
k* € (0,k), such that vertical integration is procompetitive at the margin for all k < k* and

anticompetitive at the margin for all k > k™, or vertical integration is always procompetitive.

A few comments are in order. The intuition for case (i) of the proposition is that if R’
is large compared to all other derivatives, the capacity reaction of a non-integrated firm to a
change in k7, and therefore also to a change in k, is independent of the value of k. Therefore,
(dk;/dk)/(dkr/dk) stays constant as k varies. But the right-hand side of (7) is in absolute
terms constantly decreasing as k rises. This is the case because firm I utilizes its capacity less
and less as k increases. Thus, there is at most one point of intersection between the left- and
the right-hand side of (7). Case (ii) of the proposition is important because it shows that the
threshold is unique (given that it exists) in the general linear-quadratic specification used in

many industrial organization models. In addition, this indicates that the threshold is unique

5This would imply that the left- and the right-hand side of (7) cross either exactly once or never.

16 A steeply increasing supply curve can be observed in many high technological industries. For example,
dedicated fiber-optic cables or several semiconductor devices like customized integrated circuits that are produced
in specialized plants exhibit large production costs that are steeply increasing once a plant produces close to its
capacity limit.
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also for specifications that are close to the linear-quadratic one and suggests that the threshold
is likely to be unique even more generally.

Since our result that the efficiency gains of vertical integration are often larger than the
foreclosure effects differ from the one of the dominant firm model, it is of interest to understand
the economic reason behind this. In the dominant firm model vertical integration leads to
foreclosure of fringe firms. As a consequence, some of them exit the market. But since fringe
firms have no market power, they have no incentive to restrict their quantity. Therefore, they
utilize their capacity efficiently. In contrast, under downstream oligopoly the competitors of
the integrated firm also exert market power and restrict their output to keep the final good
price high. Thus, as a consequence of the foreclosure through vertical integration, a rival firm
lowers its quantity to a smaller extent than the exit of a fringe firm reduces the final output
in the dominant firm model. Moreover, as vertical integration increases, each rival firm in the
oligopoly case buys a smaller amount of capacity, and so its capacity utilization increases. As
a result, in the dominant firm model the output contraction of fringe firms after foreclosure is

larger than the reaction of rival firms under oligopoly.

Change in the Number of Firms We now consider the effect of a change in the number
of firms on the competitive effects of vertical integration. First, we look at the general model
when the number of downstream firms becomes large. This is of interest from a theoretical
perspective because this limit corresponds to the model Riordan (1998) analyzes. Second,
understanding how the competitive effects of vertical integration depend on the competitive

structure of the industry is particularly relevant for antitrust policy implications.
Proposition 4 If N — oo, then vertical integration is anticompetitive for all 0 < k < k.

So if the downstream market becomes perfectly competitive, vertical integration is always
anticompetitive. Intuitively, the aggregate reaction of the non-integrated firms to an increase
in k is the larger, the more firms are in the market. Therefore, the aggregate capacity reduction
and, hence, the quantity reduction of the non-integrated firms increases in their number. As
N goes to infinity this effect dominates any cost advantage of the integrated firm. Thus in
the limit, as the market power of the non-integrated firms vanishes, we obtain the result of
Riordan (1998). As the integrated firm has no first-mover advantage in our model but has

one in Riordan’s, Proposition 4 also shows that his strong result stems genuinely from the
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Figure 1: The threshold values k*(N,~) for v = 0,0.05,0.1,0.15 and v = 0.2 in the linear-
quadratic model.

dominant firm’s market power rather than being an artefact of the first-mover advantage it has
by assumption.

Let us now look at changes in IV given that it is finite. We restrict our attention to the
linear-quadratic case because, unfortunately, such a comparative static analysis is not possible
in the model with general functions. In the linear-quadratic case introduced above, we can solve
for the equilibrium capacities and quantities if we consider explicit numbers for the parameters
«, 3, ¢, § and 7.

Using numerical computations we first analyze how the threshold k* changes with N, pro-
vided k* < k. Figure 1 shows how k* depends on N for five different values of .17 It is
evident from the downward sloping shape of the graphs that vertical integration is more likely
to become anticompetitive as N increases. We have analyzed many variations of the model
with different slopes of the demand function, the variable cost function and the capacity supply
function. All results most strongly support the notion that in the linear-quadratic model k*
decreases in N. Since k* decreases in N, these results also show that Riordan’s (1998) dom-

inant firm model becomes an increasingly better approximation as the downstream industry

17 All simulations were done in Python and are available upon request. In Figure 1 we set the parameters «,
B, ¢ and § equal to one.
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becomes more and more competitive.

Surprisingly, Figure 1 also reveals that vertical integration is procompetitive for a larger
set of k the larger is v because increases in 7 result in upward shifts of £*.'® The intuition is
that the integrated firm utilizes its capacity to a larger degree if its cost advantage is bigger.
Therefore, capacity is shifted to the more efficient firm which makes vertical integration more
likely to be procompetitive.

Figure 1 also illustrates that vertical integration even to monopoly can be procompetitive.
For example, for v = 0.2 vertical integration is procompetitive at the margin for any k, pro-
vided N < 4. This is the case because for small N there exists no k* < k above which vertical
integration reduces aggregate quantity. Notice that vertical integration to monopoly is pro-
competitive for a larger range of N the larger is . Interestingly, and to some extent ironically,
these results show that vertical integration is more likely to be anticompetitive exactly when
the industry is more competitive (i.e. when N is large). As we will discuss in Section 6.1
this is at odds with the common belief that foreclosure effects are present especially in con-
centrated markets but in line with the empirical observation that in these markets efficiency

effects dominate foreclosure effects.

5 Welfare Effects of Vertical Integration

So far we have only looked at the competitive effects of vertical integration, i.e if vertical
integration leads to an increase in overall quantity and thereby to an increase in consumer
surplus. Since competition authorities both in Europe and in the U.S. base their decisions
mainly on the effects on consumer surplus, this analysis is most relevant for competition policy.
Yet, it is of equal importance to analyze the implications of vertical integration on social welfare,

which can be expressed as

Q K
W= /P(az)dm e <%> +vqr — Nk;C <Z—J> - /R(y)dy-
1 J
0 0

The first term is the consumer surplus, the second and third term are the variable cost of the

integrated firm while the fourth term represents the variable cost of all non-integrated firms.

18Fach curve k* (N,~) also exhibits a flat segment initially. This flat part corresponds to the smallest value
of k such that the non-integrated competitors stop production (in our notation E)7 at which we stopped our
simulations. For any k > k, vertical integration is procompetitive simply because it reduces the cost of the only
active firm. The fact that the curves k*(V, ) intersect for small values of N does therefore not conflict with the
statement that vertical integration is procompetitive for a larger set of k£ the larger ~.
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The last term is the opportunity cost of capacity. Differentiating this expression with respect

to k (and dropping arguments) yields that welfare is increasing in k if and only if

AW dQ dk; 1 dg;  q; dk;
2 _p* _NC.ZL _ NEC J J )

8
ki dk k2 dk ®)

1 K
e dkr ki < dgr a1 dk‘[) dgr  d

ik ok wak) Va7

Using the first-order conditions from the quantity and the capacity stage for all firms, we

can rewrite the above expression to get

. dQ_
— P (02 + 0,81) + R~ ) )
- > — .
dk )
] OF BT R

This inequality has a similar structure as (6). The left-hand side is the equilibrium ratio of
the reaction of k; in response to a change in k to the reaction of k7. It is the same in both
equations. The right-hand side is different because when considering social welfare we have to
take into account that the cost structure and therefore the absolute value of the overall costs

changes as k varies. Nevertheless, the result we obtain is similar to the one of the last section.

Proposition 5 For any finite N there exists a kyy > 0 such that for all k < ky, vertical
integration is welfare increasing at the margin. There also either ewists a ki < k such that for
all k > k3 vertical integration is welfare decreasing at the margin, or it is welfare increasing

at the margin for any k close to k.

The intuition behind this result is similar to the ones for Propositions 1 and 2. If the ex ante
degree of vertical integration is low, further vertical integration increases final output and has
the effect of shifting production to the more efficient firm. Therefore, it is welfare increasing.
On the other hand, if k is already very large, the overall quantity may decrease and, in addition,
the less efficient firm produces more, which rises production costs even for a given quantity.

As in the last section, the question arises under which conditions there is a unique threshold

(given that it exists). We can show a result that is akin to the one of Proposition 3.

Proposition 6 Suppose either that (i) R' is dominating all other derivatives in absolute values
or that (i1) the model is linear-quadratic. Then, for any finite N there either erists a unique
k}y € (0,k) such that vertical integration is welfare enhancing at the margin for all k < kjy
and welfare reducing at the margin for all k > kjy,, or vertical integration is always welfare

enhancing.
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The analysis so far resembles the one of the previous section. However, the threshold values
of k obtained in the welfare analysis are different from the ones obtained for consumer surplus
because, as mentioned, the variable costs of production and the opportunity costs of capacity
change with an increase in k. Since the rise in k; caused by an increase in k is larger than the
fall in aggregate capacity of non-integrated firms, K is increasing in k£ and so capacity costs
are increasing. If, in addition, firm [ utilizes its capacity less efficiently than a non-integrated
firm, we know that overall production costs must increase. In this case the set of k for which
vertical integration is welfare enhancing is smaller than the one for which it is procompetitive.
The next proposition confirms that for the linear-quadratic specification such a case can indeed

occur.

Proposition 7 In the linear-quadratic case, there either exists a unique 4 such that ki, < k*

for all v <4 and kyy > k™ for all v > 4, or kyy < k™ for all 5.

This result implies that if the cost advantage of the integrated firm is small and the ex
ante degree of integration is between ky, and k¥, vertical integration benefits consumers but
lowers social welfare. The intuition is that for small v, firm [ is always less efficient than a non-
integrated firm at k*. As a consequence, vertical integration increases overall production costs
at k*, where aggregate quantity stays constant. Thus, even if aggregate quantity increases
slightly, the effect of increased production costs dominates and welfare falls. The result is
interesting since it seems natural to conjecture that procompetitive vertical integration also
improves welfare because firms’ profits should rise as the market becomes more concentrated.
However, what is missing in this reasoning is that vertical integration shifts production costs
between firms. Proposition 7 shows that this effect can be so large that procompetitive but
welfare reducing mergers are possible.

On the other hand, if the cost advantage of the integrated firm is sufficiently large, vertical
integration may shift production to the more efficient firm. In this case, anticompetitive but
welfare enhancing mergers occur if k € (k*,kjy;). Although overall quantity decreases, this
smaller quantity is now produced more efficiently. This result is also consistent with Riordan’s
(1998) finding that welfare increasing but anticompetitive vertical integration is possible if the
cost advantage of the dominant firm is large. However, procompetitive but welfare reducing

mergers cannot occur in the dominant firm model.
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6 Discussion

6.1 Empirical Evidence

The main results of our analysis are that the efficiency gains from vertical integration are
larger than the foreclosure effects for a fairly wide array of circumstances, and that vertical
integration is more likely to be anticompetitive if the industry is less concentrated. We now
briefly argue that our results are consistent with the recent empirical studies by Hortacsu and
Syverson (2007) and Lafontaine and Slade (2007).

Hortagsu and Syverson (2007) provide a study of the cement and ready-mixed concrete
industries during the years 1963 to 1997. In this time period the extent of vertical integration
between both industries increased, especially between 1982 and 1992 when the fraction of
vertically integrated cement plants rose from 32.5% to 49.5%. Hortagsu and Syverson (2007)
find little support for anticompetitive effects of vertical integration. Instead, vertical mergers
between firms in the above industries have led to a rise in output and to a fall in the final
good price. The rise in output stems from the expansion of more productive integrated firms
and was to the detriment of smaller, less efficient producers. These results are in line with
our findings. In addition, Hortagsu and Syverson (2007) show, after controlling for firm size
and productivity impacts, that efficiency of a firm cannot be explained by vertical integration.
Instead, firms that are larger and more efficient at the outset tend to be vertically integrated,
and increases in integration reflect the expansion of these more efficient producers. This is
also consistent with our finding that the firm with a cost advantage increases its output after
integration but integration itself makes it utilize its capacity less.'?

Lafontaine and Slade (2007) present a comprehensive survey of empirical studies on vertical
integration. The industries in these studies include several different sectors ranging from the
steel industry, where a steel producer acquires an iron ore mine, to the gasoline industry, where
some refiners and stations are integrated, while others are not.?’ Lafontaine and Slade (2007)
observe that ”[aJuthors have looked for detrimental effects from vertical mergers mostly in
concentrated markets. [...] However, even though authors typically choose markets where they

expect to find evidence for exclusion, half of the studies find no sign of it. And where they find

¥ Cooper, Froeb, O’Brien and Vita (2005) as well as Lafontaine and Slade (2007) in their extensive reviews of
empirical studies on vertical integration also find that in the vast majority of cases vertical mergers are beneficial
to consumers. Although foreclosure effects are present in some cases, the net effect appears to be positive because
efficiency gains dominate.

20See Mullin and Mullin (1997) for an in-depth study of the steel industry and e.g. Barron and Umbeck (1984)
or Blass and Carlton (2001) for studies of the gasoline industry.
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evidence of exclusion or foreclosure, they also at times document efficiencies that arise from the
same merger” (p. 671). Lafontaine and Slade (2007, p. 680) draw the conclusion that “[e]ven
in industries that are highly concentrated so that horizontal considerations assume substantial
importance, the net effect of vertical integration appears to be positive in many instances”.
This evidence and the conclusion are fully consistent with the predictions of our model. In
addition, our model suggests that detrimental effects from vertical integration are more likely
to be found exactly when markets are less concentrated. Here, the foreclosure effect is likely

to dominate the efficiency effect.

6.2 Policy Implications

Let us now discuss some policy implications of our analysis. As a general theme, our results
suggest a relatively permissive approach to vertical integration since we find that although the
foreclosure effect on non-integrated firms is present, the efficiency gains are 'usually’ larger.?!
An important question is if our model permits conclusions about the welfare effects of
vertical integration that are based on observable market conditions. For example, a nice feature
of Riordan’s (1998) dominant firm model is that it establishes an indicator about the welfare
effects of vertical integration that holds for general functions and is based on the ratio of input
to output market shares. Though such general conclusions cannot be drawn in the present
paper, it is nonetheless possible to calculate in an easy way the critical input or output market
share of the integrated firm from the thresholds £* and kj;,. Beyond these critical market shares
further vertical integration reduces consumer surplus and social welfare. This is particularly
useful if data on market shares are easier to obtain than assessing the ex ante degree of vertical
integration. For the linear-quadratic model Figure 2 illustrates this critical output market
share of the integrated firm, denoted by s* for different values of v and N. As expected, these
graphs closely resemble the results obtained above for the threshold value of the ex ante degree
of integration. We also find for several parameter constellations that the critical input market
share is almost identical to the output market share. Qualitatively, these results also hold for
the critical market shares beyond which further vertical integration reduces social welfare.
Our analysis thus provides a rationale for the EU non-horizontal merger guidelines issued in

2007 which recognize safe harbors expressed as market shares of 30% both in the input and in

2! This result is line with the conclusions by Lafontaine and Slade (2007) and Church (2008) who argue that
the burden of proof that vertical integration is harmful should be placed on the competition authorities.
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Figure 2: The critical output market share of the integrated firm s*(V,v) for v = 0, 0.05 and
v = 0.1 in the linear-quadratic model.

output market below which no investigation of vertical integration takes place.?? However, our
results also indicate that these thresholds decrease with the number of firms in the industry.
The more competitors there are, the lower is the threshold above which vertical integration is
anticompetitive. Overall, this suggests that it is reasonable to impose similar thresholds for
input and output market shares but it may be useful to make them contingent on the number

of firms in the industry.

6.3 Discrete Vertical Integration

Throughout the paper, we have treated vertical integration as a continuous variable. This is
done for analytical tractability. In reality, however, vertical integration is rarely a continuous
process. Instead, if a downstream firm merges with an upstream firm, it normally acquires a
non-negligible fraction of the intermediate good market. Translated into our model this means
that k increases in a discrete step. This is likely to shift the balance even more in favor of a
more permissive approach to vertical integration. The reason is that the first units of vertical
integration up to some threshold are always procompetitive. Suppose now that a firm is not

or only slightly integrated at the outset. If this firm acquires an upstream firm even to such

223ee European Union, Commission Notice, Guidelines on the assessment of non-horizontal mergers, p.5;
available at: non-horizontal http://ec.europa.eu/competition/mergers/legislation /nonhorizontalguidelines.pdf.
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an extent that the marginal unit of integration is anticompetitive, the merger as a whole may
still be procompetitive because the first units are procompetitive. These units dominate if the
threshold is not too small, and the merger not too large. So even if a firm can only merge with
a significant part of the upstream industry, it seems plausible that the overall effect of vertical

integration should result in an increase of final output.

6.4 Several Vertically Integrated Firms

In our analysis we have restricted attention to the case in which only one firm has the possibility
to vertically integrate. Yet, since in the oligopoly model all firms have market power, it is
conceivable that there is more than one integrated firm. Due to the complexity of the model
it is impossible to treat this case analytically. However, numerical calculations confirm that all
of our insights hold in this case as well. In fact, if there is a second integrated firm, say firm I,
the threshold for k below which vertical integration of firm I is procompetitive is even larger.
The reason is that the capacity reduction of firm I5 as a reaction to the integration of firm [
is smaller than the one of the non-integrated firms. This is the case because firm I, now owns
some capacity units itself and is therefore less affected by an increase in the capacity price.
We can also compare the ex ante degree of vertical integration below which further marginal
integration is procompetitive for the two firms. Here we find that the one of firm 7, i.e. the firm
with the cost advantage, is larger. The intuition is similar to the model with one integrated
firm, namely that a cost advantage induces firm [ to utilize its capacity more efficiently than
firm I>. In addition, the result that vertical integration is more likely to be procompetitive the

larger is the number of competitors now holds for both integrated firms.

7 Conclusion

In this paper we show that vertical integration with downstream oligopoly and an increasing
upstream supply curve is procompetitive under fairly wide circumstances. Whether it is pro-
competitive or anticompetitive depends on the ex ante degree of vertical integration. Only
if this degree is high and the number of downstream competitors relatively large will verti-
cal integration reduce final goods output and increase consumer prices. Otherwise, vertical
integration lowers prices and thus benefits consumers. Nevertheless, this does not necessarily
imply that social welfare increases as well, because final output may be produced less efficiently.

Our analysis allows the determination of critical input and output market shares above which
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vertical integration is anticompetitive.

We obtained the results in a framework with homogeneous goods in the downstream market.
An interesting direction for further research is how the strength of the efficiency effect and the
foreclosure effect changes when firms produce differentiated goods. In this case, the effect
of vertical integration on the downstream market interaction between firms is smaller. This
indicates that the reduction in quantity of a non-integrated firm is smaller as well. However,
since firms have more market power downstream, it is not obvious how a non-integrated firm
reacts with its capacity choice if the capacity price increases. In general, since downstream
competition is lower than with homogeneous goods, it seems likely that the overall effect is
procompetitive for a large range of parameters as well.

An important challenge for future research is to endogenize the downstream market struc-
ture by allowing firms to enter and exit conditional on the degree of vertical integration. This
might be accomplished by imposing fixed costs of entry and adding an entry stage that precede
the capacity stage in the current model. Since the non-integrated firms can now not only reduce
their capacity but also exit as a reaction to further integration, the range for anticompetitive
vertical integration is likely to become larger. Nevertheless, if the integrating firm is only in-
tegrated to a moderate extent, it seems plausible that the efficiency effect is still dominating,
which would yield similar policy implications as the present analysis. As such an exercise is

most likely to be a difficult one, we leave it for further research.
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A Appendix

To simplify notation, we omit the superscript * on equilibrium quantities and equilibrium

capacities throughout this appendix.

A.1 Proof of Lemma 1

We know that qi(/;;,-, k_;) > qi(ki,k_;) if and only if k; > k;. But this implies that the left-hand
side of (1), respectively (2), is smaller for k; than for k;. As a consequence, the right-hand side
must be smaller as well. Since C; is convex, it follows that qi(l%i, k_;)/ k; < qi(ki, k—;)/k;. The

only if part can be proved by following the steps in the opposite direction. H
A.2 Proof of Lemma 2

Let j # 1,7 # I and i # I. Totally differentiating (1) with respect to k; yields®3

dQ L p de —i—P” dQ C// + Ol = 1 dQJ

P—= —
dk; dk; % dk J /<;2 T kjdk;

(10)

We can write dQ/dk; as dQ/dk; = dqr/dk;+>_, ,; dg;/dk;+dg;/dk;, which under the symmetry
assumption that k; = k; for all i,j € {1,..., N}, becomes

4Q _ du
dk; ~ dk;

dgi +%

V- 1)dk dk;

Therefore, (10) can be written as an equation that depends on the three variables dg;/dk;,
dq;/dk; and dqr/dk;, which we wish to determine.
Totally differentiating the first-order condition of firm ¢, which is analogous to (1), with

respect to k; yields

dQ dg; dQ 1 dg;

/ / /! 1
Pk dk; P dk; + P dk =Gy ki dk;’ (11)
and, analogously, differentiating the first-order condition for I, equation (2), with respect to k;
yields
dQ dqr dQ 1 dgr
P—=4+P =4 Pg—==0C——. 12
ak, Ty T Mk T Yk dk, (12)

The unique solution to the system of three equations (10), (11) and (12), which are linear in

the three unknowns dg;/dk;, dg;/dk; and dqr/dk;j, is

dgr  Ciagki(P'+ Pq;) )
s U/fj <0 for j#I, (13)
dgi C7qj[(C] — P'k;)(P' + P"q;)]

= for j# i 14
dk; (C]” P'ky) <0 for g7 1)

2 Notice that the proof holds for any capacities, not only for equilibrium values.
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and
dg;  CJql(P)?kikr(N + 1) + P'(P"kjki(qr + (N —1)g;) — 2C7k; — CTk;N)) (15)
dk; nk;(C} — P'k;)
Clay(CICY — P'(CYbyar + (N = 1)Cfia,)
T]k'j(C]// — Plkl)

> 0,

where n= {(P/)2(N—I—Q)k‘[k,’j—I—P,[P”k,’jk?[(qI—l-qu)—C}k?j(N—I—l)—Qk‘[C]/-l]+C},C]/-,—P/,(C]/-IQI]{?[+
C7qjkjN)} > 0. The inequality sign follows from the assumption that P” is negative or not
too positive.

Totally differentiating the first-order conditions of firm I and j with respect to k; yields,

respectively,
d@Q dqr d@ qr 1 dqr
P/_ P/_ P// % /44 "~ 1L 1
dkr " dkr o dky "k} T ky dk; (16)
and
dqQ dq; dqQ 1 dg;
P/_ P/_,? P// — = //__,] 1
dkr U dk T Yk T Y dky (7

where under symmetry dQ/dk; = dqr/dk; + Ndg;j/dk;. Using the last equation to replace
dQ/dkr in (16) and (17) yields a system of two linear equations in the two unknowns dq;/dk;s
and dgq;/dkr. The solution is

de C}/qﬂfj (P”qj + P/)
B 1
ks ” <0 (18)

and
@ _ _C}/q"[kj(P/qj(N—i— 1) —i—P”qu) _ Cj/'/]
dk; -

where v = kr{(P")?krk;(N + 2) + P'[P"k;jki(qr + Ngj) — CVkj(N + 1) — 2C/'k;] + v -

>0, (19)

P"[CYqrk; + C7qjk;jN]} > 0. Again, the inequality sign follows from P” not being too positive.
|

A.3 Proof of Lemma 3

Differentiating (4) with respect to k; and (5) with respect to k; yields second-order conditions
of

dgi
dk;

d?qr
2
dk‘j

d? qi

2
dk;

= — + (N -1)
k3 dk;

dk,

+ (N —-1)

217 )
a H] _ P/ dq] |:qu + (20)

:| +P/q]'

+Pg @+(N—1)dq"] [@ju@ju(]v—l)dqi} +ord <@—@> — 2R —k;R" <0
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and
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In the following we show that (20) is indeed fulfilled when the first-order conditions are satisfied.
The second-order condition for the integrated firm can then be shown to be fulfilled in exactly
the same way.

In Lemma 2 we determined the equilibrium expressions for dg;/dk;, i € {I,1,..., N}, that
we need in (20). To determine the sign of 9%I1;/ 8k]2- we still have to determine d?q;/ dka- and
d2qi/dk]2-. To do so we again calculate dq;/dk; and dg;/dk; but now explicitly distinguish
between ¢; and ¢; and between k; and k;, i # 7, ¢, € {1,..., N}. This gives us

dgr  Claski(P'+ arP")(C! + P'k;)

dk; kj
and
dqi . C}/qjk,-(P/ + qu//)(C}/ + P/k[)
dk; N k; ’
with

p = —kik;ki(N+2)(P")?+(3C kjk+kk; (N+1)C} +kik;(N+1)C7 = P"krkik;(N—1)gi+qr+q;)) (P')*+

((CF kil (ar+(N—1)g0)+C ik a5+ (N —1)0)+C bk a5+ 0)) P N Cf O} —2k1 C Y —2h; GO P!
(V= DCYCYaiki + ClakiCY + arkaCY)P" + CLCHCY 21

Differentiating both formulas with respect to k;, using dg;/dk;, dg;/dk; and dqr/dk; from the

proof of Lemma 2, and inserting the resulting expressions into the second-order condition yields

oy @ (S (P (S ka(P) 4 kaaP" + rsCY 4 g O+ ki?))
5 = —9R — kR,
Ok; Y

with
0 = KH(CY — ki P')? [kk; (N +2)(P'+
3
+ (krkj(qr + Ngj)P" = 2k;CY — (N 4+ 1)k;CY) P' — (NCTkjq; + Ckrqr) P" + C}/Cj'-/} > 0,
where we have used that in equilibrium ¢; = g, k; = k; and C}' = C7.
In this equation kg, = rsn(g, ks, g1, kr, C7,C7, P, P",N), s € {1,...,9} and h € {1,...,7}.

We do not specify the exact expressions for kg, here since they stand for rather complex

expressions consisting of several terms. Yet, the sign of these expressions is easy to determine

*One can easily check that if ¢ = g;, ki = k; and, therefore, C; = C (which is the case in equilibrium),
these formulas yield (13) and (14).
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in each case and this is the only point of relevance for our purpose. These signs are the following:
For h = {1,2,3} kg, > 0, if both s and h are either even or odd and kg, < 0 if one is even and
the other one is odd. kg4, ks5, ksg = 0 for s even and kg4, K5, Ksg < 0 for s odd. kg7 > 0 for s
even and kg7 < 0 for s odd. Thus, the numerator in the fraction is positive because P” is not
too positive and P"” and C"" are not too negative. Since R” is not too negative as well, we get
that 82Hj / azﬁ < 0. In exactly the same way we can show that the second-order condition for
firm [ is satisfied. Thus, the profit function of each firm is quasiconcave in its own capacity
and we have an interior equilibrium.

We now turn to the question of uniqueness. From Kolstad and Mathiesen (1987) and Vives
(1999) we know that the equilibrium is unique if and only if the Jacobian determinant of minus

the marginal profits is positive. In our case this determinant is given by

oy oL _o,
81@3 81@81@1 e 8kj8k1
0% _ 021 o1
|J| _ 8ki8kj 8k? Ok;0kr ’ (22)
— 621—[1 — 621—[1 _621_[[
Ok1Ok; Okrdk; """ 8k§

with i # 7, 1,7 € {1, ..., N}. The terms that determine this determinant are given by the second-
order conditions, (20) and (21), and the terms 9%I1;/(0k;0kr), 6°11;/(0k;0k;), 9*11;/(Ok;Ok;),
O*111/(0k;0k;) and 9*11; /(OkOk;). We know that in equilibrium 6211, /(0k; 0k;) = 911, /(0k;0k;)
and 011 /(0k;0k;) = 02111 /(0k0k;) because of symmetry. The remaining terms can be writ-

ten as
Ol pida @+(N—1) dai] | prg, [ Lar +(N—1) ] (23)
ak; k1 dk; | dk; ;| 7Y | digdi; dk;dk;
dqr dg; | | dqr dg; ¢; dgj
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+ Pl [dijr(N 1)dkj} |:de+Nde:|+C]k]2de R — k;R",
911, dq; [dqr dg; d*qr d*qy, d?q;
= P2 |-+ (N-1)-2|+Pq|5—+(N-2 - 24
Ok; 0k dk; [dkj * )d/-cj T [dk‘jdki N dk‘jdkj (24)
dqr dgi | |dgi | dqr dg, q; dg;
P// | 2L N _ 1 T N _ 1 _] //_,7_,7 _ / _ !
LR [dkj + )dkj [dki T W Vg R
011 dqp . dg; &g d*qi
= PPEN-ZL 4P J N -1 ! 2
Ok10k; e, kg [d/cjdkl * )dkjdkj} * (25)
dqr | dqr dg; qr dqr
/! L L _] //__ _ / _ _ /!
+ PN le[ +Ndk1] Ol g~ R~ (k= DR

The second derivatives that appear in these expressions can be derived in the same way as

above where we checked that the second-order conditions are satisfied.
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Proceeding in a similar way as Kolstad and Mathiesen (1987), i.e. subtracting the first
column in (22) from the other columns, and then dividing the m-th row by

11, B 011,
OkyOk;  OkZ, '

with m € {I,1,..., N}, yields

217 . 211 217 .
8%11, _ o’my +a I
ok?2 dk;0k; T oK2
-3 1 -1 L
9%1; 921y 9%1; 921y
Ok;0k; Bka Ok;0k; @ka
o211, 2%, n o211,
Bk;0k; dk; 0k ' Ok;0k;
’J’ — | o%m;  o%m; 1 0 0 . 9211; 9211,
Bkiakj k2 E)kiakj k2
7 7
2
%11y
Ak Ok

——r—a 0 0 L. 1

221, o2y
Ok Ok, aklé

We can then calculate the determinant in a relatively straightforward way. Cumbersome but
otherwise routine manipulations show that this determinant is unambiguously positive and,

therefore, that the equilibrium of the capacity stage is unique. W
A.4 Proof of Lemma 4

Differentiating (4) and (5) with respect to k yields

O*11; dkg N82HI dk; 9%

or2 dk N okyok, dk T okror ~°

and
OCWsdky ) Ly dks | Oy dky
k2 dk Ok;0k; dk " Oh;0k; di

Using the fact that in equilibrium %% = %5 for 1,7 # I we get
g dk — dk J g
aznj 821_[]
dk; Ok, 0k; Ok 0k (26)
d& o 02I1; 9211, + (N _ 1) 0211, 9211, _ 21, 921,
akf 8k§ 8k2j6k:i 8k§ 8k2j6k:[ 8k]8kj
and
821_[1 82Hj 82Hj
dk’[ Ok0k < aka (N - 1)816]‘8/67;
dk 91 01 +(N—-1) O, 9211y _ 91l 9211y (27)
- 8k‘]2 8]@% 8k]8k1 8k% 8kj8k1 8k18kj

The terms that appear in these expressions are given by (20), (21), (23), (24), (25) and by

0?11y ,
Okok R > 0.
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Tedious but routine calculations then show that all terms in (23), (24) and (25) have a
negative sign. Thus, the numerators of the fractions on the right-hand side of (26) and (27)
are both negative. The denominator in these fractions is the same in both equations. It is easy

to show that |82Hj/8k]2-| > |6°11;/(dk;0k;)| which implies that

011, 0211, - O*11; 911,
Ok3 Oki ~ Okjok; Ok3

In addition one can also easily show |02I1;/0k?| > |01, /(0k;0k;)| and that

O*11; 911, - o1, 91
Ok;Ok; Ok? ~ Ok;Okr OkOk;

This implies that the denominator is positive. As a consequence, we get that dk;/dk < 0 and
dkr/dk > 0. &

A.5 Proof of Proposition 1

We start with the right-hand side of equation (7), i.e.

 CYE(C) - kP
NCTE(CY — ki PY)’

Suppose first that v = 0. As mentioned above, if k = 0, we have k; = k;, g1 = g;, and C7 = C.
Therefore, the right-hand side of (7) simplifies to —1/N.
We now turn to the left-hand side of equation (7). From (26) and (27) we obtain that

a; o1,

dk . Ok;O0kr

dk;\  0°IL _ 6211, °
(%) o (V= Dagat;

At v =0 and k£ = 0, we know that there is no difference between firm I and any of the
non-integrated firms. This implies that 9%I1;/(0k;0k;) = 0*I1;/(0k;0ks). To determine if
(dk;/dk) / (dkr/dk) is bigger or smaller than —1/N at v = 0 and k = 0, it remains to compare
azﬂj/aka with 6211;/(dk;0k). This yields

P | P q; P’
Ok?  OkOkr — k2(CY— (2+ N)kjP' — (1 + N)k;jq; P")(CY — P'k;)%’

where

€ = k2 (¢;C]'N + k;C/(3N +2)) (P")*+
+ (553 (kj(1 4+ 3N)CY + q;C)'N)P" — k;CY (3k;(N +2)C) + ¢;C}")) (P')*+
+ (—qjijj’-’(ij]’-’(?)N + 4) + q]'Cj,-”)P” + 5(0]/-,)3143]') P — (05_/1)3(0]/'/ — 3qu"k‘j) < 0.
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But since the denominator is positive and P’ and £ are negative, we get

FIy; 0PI
ok?  Ok;Ok;

<0,

ie. 82Hj/8k:j2- is larger in absolute terms than 9%I1; /(0k;0kr). As a consequence, (dk;/dk) / (dkr/dk) >
—1/N. Thus, at v = 0 and k = 0 vertical integration is procompetitive at the margin.
We now turn to v > 0. From (4) and (5) we know that if ¢; = ¢;, we have k; = k; at £ = 0.
But since v > 0, at kr = k; we in fact get g; > ¢;. From (4) and (5) this in turn implies that
kr > kj. But one can show that nevertheless qr/k; > ¢;/k; because qr > ¢; is a first-order
effect. Thus, at £ = 0 and v > 0, firm [ utilizes capacity more efficiently. This implies that a
shift in capacity to firm I is also procompetitive for v > 0. By continuity it follows that vertical
integration is also procompetitive at the margin for all k below a certain, positive threshold

denoted by £*. B

A.6 Proof of Proposition 2

Let k = k, so that k; = 0 for all j € {1,..., N}. We first have to determine ¢;/k; in this case.

Because Cj is strictly convex, Cf is invertible and equation (1) can be written as
-1
g =k; (C}) ™ (P(Q)+ P'(Q)g;) - (28)

It follows directly from (28) that if £; = 0 we also have ¢; = 0.

Observe that the inverse (C]’-)_l(.) is strictly increasing and that it is zero if and only if its
argument is zero. By using the rule of L’Hopital we get that

j -1 .
L= ()7 (Pan) >0, Vje (L. N}
j

if ¢; = 0 and k; = 0. To simplify notation in the following we denote (C]’-)_l(P(qj)) = p.

We now turn to equation (7). The right-hand side of (7) in the case of k = k can then be

written as "
Y9k
p(CF — kPN
On the other hand, the left-hand side of (7) in case of ¢; = k; = 0 can be calculated from (26)

and (27). We obtain that

dk;

T C}’P’p% +o 20
d (N +1) (02P'(CY = kiP) +0)’ (29)

with o = R'ky (2P'kr + P"kiq;r — CY) < 0.
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It follows that

% p(C] — ki P")N
if and only if
N C/P'plt + o o7
- o < (30)
1+N )\ p?P/(C] —kiP')+0o p(C] — ki P")

But the left-hand side of (30) can either be larger or smaller than the right-hand side. To
see this suppose first that ¢ is small in absolute terms. In this case, the second term of the
left-hand side is approximately the same as the right-hand side. But since —N/(1+ N) > —1,
the left-hand side is larger. On the other hand, suppose that N is very large. In this case,
N/(1+N) is close to 1. We then have that vertical integration is anticompetitive at the margin
if
B C’}’P’p% +o _ C’}’%

PO —kiP)+o - p(C]— kiP)’

Obviously the left-hand side equals the right-hand side if o = 0. But since o < 0 and p? P'(CY —

krP") < P'Clpft <0, the inequality in (31) is fulfilled.

(31)

By continuity, there exists either a k** < k such that for all k£ > k** vertical integration is

anticompetitive at the margin or vertical integration is procompetitive at the margin even for

k close to k. W

A.7 Proof of Proposition 3

Case (i):
From the proof of Proposition 1 we know that
(%) o,
) Ok; 0k
(%) T+ (V- Dok

If R is dominating all other derivatives in absolute values, we get, after inserting (20), (23)
and (24), that (dk;/dk)/(dk;/dk) = —1/(N +1). Thus, the left-hand side of (7) does not vary
with k.

We now analyze how the right-hand of (7) changes with k. Differentiating it with respect

to k reveals that this derivative has the same sign as

d(u d(%
~CYCY(CY — ki P')(CY — k;P') <k1>% <k)ﬂ

g a1 dky dk;
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j dCy dcy d@ q; q1
. P/‘]_jﬂ 'l Y 1 i 4j " "
k’j i\ dk C k‘ (C] — krP") — dk dk‘c Clk‘ ks (k‘ C k‘]C ).

From Lemma 4 we know that dk;/dk > 0 and dk;/dk < 0. Because of Lemma 1 this implies

ik <0 and @

Lotk (Cf — ij’)> + P

that

> 0.

Therefore, the first two terms in (32) are positive.

Now let us turn to the third term. Since C"” is positive or not very negative, we get that
dC]/dk is also positive or not very negative while dC7/dk is negative or not very positive.
Therefore, the third term is either positive, or, if it is negative, then only slightly so. As a
consequence, the sum of the first three terms in (32) is positive.

Now let us look at the fourth term. We know that dQ/dk = 0 at any intersection between
the left- and the right-hand side. Therefore, the fourth term is zero at an intersection. But this
implies that the right-hand side is strictly increasing in k at an intersection, and, therefore, it
can cross the left-hand side only from below. Since we know that the right-hand side is smaller
that the left-hand side at £ = 0, there can at most be one intersection between the two sides,

which proves the result.

Case (ii):
We first solve for the equilibrium in the linear-quadratic case. The profit function of the

integrated firm in this case can be written as

I, =

N
a-ﬁQz—ﬁZ%]Qz—%+7m—5kl— k:1+Zk (33)
i=1

and the one of a non-integrated firm j as

;= |a—Bq;j — Bar — B Z g q — —_ Okj(kj + k1 + Z k;) (34)
1=1,i#7] ] i=1,i#7j

Differentiating with respect to ¢; and ¢; and solving for the equilibrium quantities yields

Blat (N+Dy)kj+cly+a)k (Bkr(a =) +ca) k;

qr = and q; =

B(Bk;j(N +2) + 2¢)kr + ¢ + k;jBe(N + 1) B(Bk; (N +2) +2c)kr + 2 + k;jfe(N + 1)
After substituting these quantities into the respective profit functions, we can take derivatives

of II; with respect to kr and of II; with respect to k;j.25 The equilibrium capacities k; and k;

25 As before, we have to differentiate between k; and k; i # j, 4,5 € {1,..., N}. Of course, in equilibrium we
will have k; = kj.
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are then implicitly defined by
(62(6 +kj(1+ N)3)) (02(7 +a)? + 2¢((y + @)B(a+y(1 + N)) — Noc?)k; (35)

+B8((a+ (14 N))*8—4N(1 + N)éc*)k? — 2N (1 + N)*k3) Zkfet 0ok,

with
0o = 20(B3*(2 + N)kjkr + B(N + 1)kjc + 2Bck; + ¢*)?,

61 = (68*5Nc(2+N)(14+N)*k; —3*((2+3N)(a+(N+1)7)* 8—46¢*(1+N)(TN?* + 11N + 1))k} —
—23%c((o + (N 4+ 1)7)(3c(N + 1) + 7(3 + 4N))3 — 36¢*(TN? + 10N + 2))k? —
—BA((y + a)((TN 4 6)y 4 3a(N +2))8 — 126¢2(2N + 1))k; — 2¢3(B(a + 7)? — 26¢?)),

= (68°6Nc(1 + N)(2+ N)*kj +63"0¢*(2+ N)(N? + 10N + 2)k3 +
+243%6¢% (2N + 3)(2N + 1)k3 + 128°6¢* (TN + 6)k; + 24535¢°),
05 = 2325(k3 BN (2 + N) + 28kjc(AN + 3) + 6¢*)(k; B(N + 2) + 2¢)?,
0, = 48°5(kjB(N + 2) + 2¢),
and
A(2krB + ¢)(B(—=8c*5 + B(a — 7)H) kT + 2¢(Bafa — ) — c*0)ky + 2a® — 86%cik?)
= ((86"ed(8 + 3Nk} — B(( = 7)2(6 + N)B = 16¢0(7 + 4N))f - (36)
—B%c((a —7)((14 4+ 3N)a — y(N +2))8 — 1825 (3N + 4))k3+
+c2(kra(—(3N+10)a—2(N+2)7) 32 +c(2(IN+10)ckrd—a? (N +2)) f+2c35(N+1)) )+§4: k;n) kj,
with .

1 = ¢B(128cd(N + 4)(N + 2)k} + 83(—(a —7)%(2 + 3N) 8 + 226 (116N + 104 + 27N %)) k3 +

+68%c((a —¥)((BN — 1)y — 3(3 + N)a)B + 6¢5(39N + 28 + 12N?))k7+
+BE (23N —1)y—9IN)B+12¢* §(3N+5) (N+1))kr+c* (((1-3N)a?) B+2c25 (3N +4) (N+1))).
9 = 23%5¢((2 + N)krB + (N +1)e) (B3 (N + 8)(N + 2)k} + c6%(8N? + 45N + 40)k?+
+2¢?B(5N + 14)(N + 1)k + 3¢3(N + 2)(N + 1)),
73 =23°0((26°(1+ N))kj + cB(N +9)(N + 1)k + (N +4)(N +1))((24+ N)kr B+ (14 N)c)*k],
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ri = 2845(N + 1)(N +2)kiB+ (N +1)e)’.

We now turn to the competitive effects of a change in k. Since Q) = g7 + Ng;, we can insert
the above explicit solutions for the quantities and differentiate () with respect to k. From this

we get that dQ/dk > 0 if and only if

s o KB+ ABOW +1) +ak; +c(y + ) -
& N(kiB+o)(Bla—)ki +ca)

Via differentiating (35) and (36) with respect to k, taking into account that k; and k; vary
with k, we can calculate the left-hand side of (37). Subtracting the right-hand side from the

left-hand side yields an expression that has the following structure:

6 5
DY K kv, (38)

u=0 z=0
where vy, = vy (o, 8,7,0,¢, N). We do not spell out the exact expressions for v,,, u € {1,...,6},
z € {1,...,5} because they are rather complicated. As will become clear, we are mainly inter-
ested in determining their signs and compare them, which is relatively easily possible.
Differentiating (38) with respect to k we get

6

6 5 5
dkr 1, dk; dk; dk
ug.z—1 u—17.2 J z—1 u—1=2"v)
E: E: Vs <zl<: k7 dk ukj kl_d@) +ZE:1v02zk:I + g Vol k: %

where, from Lemma 4, dk;/dk < 0 and dk;/dk > 0.

First, one can show that all v,, > 0 if u > z. Then calculating vuz(zk;-‘kf_l(dkj/dk) +
uk;-‘_lkf(dkj /dk)) for u > z reveals that all these expressions are negative. The expressions for
Uy, With 4 < z can have different signs. So let us first take each term Uuz(zk]”kf_l(dkl/dk) +
uk‘;_lkrf(dkj /dk)), where z = z, > u, = u. Now we compare it with the corresponding
expression where u = z, and z = u,. One can then show that the latter expression is larger
than the former in absolute values in any comparison. Therefore, the sum of each of the
comparisons is negative. Finally, we have to look at terms with v = z. Again, v,, can be
positive or negative, i.e. vy, > 0 foru=2=1,2,3, vy, < 0 for u = z = 4 and v,, = 0 for
u = z = 5. Now for any of these expressions Uuz(zk]”kf_l(dkl/dk) + uk;‘_lkf(dkj/dk)) with
u = z we can find a previous comparison, to which we can add the expression and the resulting
sum still stays negative. Thus, equation (38) is strictly decreasing in k. Since at k = 0, the
left-hand side of (37) is larger than the right-hand side, we know that there exists either a

unique intersection or no intersection between the terms on the two sides. B
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A.8 Proof of Proposition 4

We first show that ¢; — 0 and k; — 0, j € {1,...,N}, as N — oco. Suppose to the contrary
that ¢; > 0. But since @ = ¢q; + Ng¢; and P(Q) < 0, as N — oo, the first-order condition for
firm j given by (1) cannot be satisfied if ¢; > 0, since the right-hand side would be positive
while the left-hand side would be negative. Therefore, g; — 0, as N — oo. Given this, suppose
now that k; > 0. But then in the first-order condition of the capacity stage, (4), the left-hand
side would be negative while the right-hand side is zero. In order to fulfill this condition we
must have k; — 0. Therefore, as N — oo, ¢; — 0 and k; — 0.

In the proof of Proposition 4 we already calculated the case of ¢; — 0 and k; — 0. Taking
in addition N — oo we get from (30) that vertical integration is anticompetitive if

B C}’P’pg—fT +o _ C}’g—‘;
p?P'(CY — kP +o p(C] — krP')’

where p and o are defined in the proof of Proposition 2. But we already showed in this proof

that the inequality is fulfilled. Therefore, vertical integration is anticompetitive if N — oco. B

A.9 Proof of Proposition 5

We start with the case where k£ = 0 and v = 0. In the proof of Proposition 1 we calculated the
left-hand of (9). To determine the right-hand side of (9) we first insert dQ/dk; = dqr/dk; +
Ndq;/dkr, dQ_1/dkr = Ndg;/dkr and dQ/dk; = dqr/dk; + dq;/dk; + (N — 1)dg;/dkr into the
right-hand side and then use equations (13), (14), (15), (18) and (19) from the proof of Lemma
1, i.e. the derivatives of ¢; with respect to kj;, 4,5 € {I,1,..., N}. Knowing that at £ = 0 and
v = 0 we have q; = g;, k1 = kj and C = C7, the right-hand side simplifies to —1/N. But from
the proof of Proposition 1 we know that the left-hand side is larger than —1/N at £ = 0 and
~v = 0. Therefore, marginal vertical integration is welfare increasing at this point. In the same
way as in the proof of Proposition 1 we can show that it is also welfare increasing for v > 0.
By continuity there exists a threshold kj; such that vertical integration is welfare enhancing
at the margin for all k£ < kjy .

Now we turn to the case where k = k. From the proof of Proposition 2 we know that in

this case sk
@ CyPal + 3
dky (N +1) (a?P'(CY — krP') + 3)

Proceeding in the same way as above to determine the right-hand side of (9) but now inserting
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k=k, gj =k; =0 yields

P'@C — ki(CY — ki(2P" + i P") (ks — k)
P/qI]{T%N(P/—l-(]iP”) ’

(39)
Subtracting (39) from (dk;/dk)/(dkr/dk) then yields
—k? (=2kP' — krP"qr + CY)? (1 4+ N) (R)*+
+P' (=2kP' — kP"q1 + CF) ((¢f + k3e®) 1+ N)C] — k7 (i NP" + P' (kra® + kINo® + Nq;))) R -
—C{(P")¢ia (—kP' (a+ Na+ N) — kfNP"q; + aC (1 + N)) + (40)
+R'KI (2k P + ki P"q; — CY) (R'qrkrP" — kI(P')?a® + 2k R'P' + P'a®C] — R'C}) (1+ N) k.

The first three terms in this expression are negative while the last term is positive. Therefore,
if the ex ante capacity that is needed to induce the non-integrated firms to stop producing, k,
is small, the expression is negative and welfare is decreasing at k = k. By continuity there then
exists a kyy such that for all £ > kjy; vertical integration is reducing welfare at the margin. If

instead k is large, the expression is positive and vertical integration is welfare enhancing at the

margin. l

A.10 Proof of Proposition 6

Case (i):
From (9) we know that vertical integration enhances welfare if
dQ dg; dqr dk;
N [P (gj— + (N — 1)g, — ki | | =2 41

_pr (09 Q-1 ey dkr
+< P <qukI+qj ks +R(k}[ E) dk > 0.

If R’ is dominating all other derivatives, we can calculate dk;/dk and dk;/dk from (26) and

(27) to get
dk; 1 dkr N +1

kT Ntz M g TNy “2)

Inserting this into the last expression and using the fact that R’ is dominating all other deriva-

tives yields
Nkj+ (N +1)(k — k)
N +2

Differentiating the left-hand side of the last equation with respect to k and using (42) yields

R >0.

d (Nkj+(N+1>(@—kz)R,> .

N+2 L ,
dk B (N+2)2R <0
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Therefore, the term that determines the sign of (41) is strictly decreasing in k. Since welfare
is increasing in k at k = 0, there is either a unique intersection point or none.
The proof for case (ii) proceeds along the same lines as the proof of case (ii) in Proposition

3 and is therefore omitted. W

A.11 Proof of Proposition 7

From (8) we know that welfare is increasing in k if and only if

dQ dk; , [ 1dg; g dk;j
_N _N B C R U 4
dk‘ Cirak dk ki C <k7 dk k‘]2 dk (43)
dkl , (1 dqr  qrdkp dqr dK
CI — kCy <k1 ik K2 dk + v dk de > 0.

The first term on the left-hand side, PdQ/dk, has the same sign as the condition for pro- or
anticompetitive vertical integration. Therefore, we know that it is zero at k*. As a consequence,
if the rest of the left-hand side is negative at k*, this would imply that kjyp» < k™.

We start with the case of v = 0. In this case the term v(dq;/dk) = 0. The term —R(dK/dk)

is negative since overall capacity is increasing in k. Thus, if the terms

dk; 1dg; q;dk; dkr 1 dqr qr dkg
-N — Nk;C! | — =2 - — o drt 44
Citge ~ VR (k: dk K d@) Crae —kiCr <I<:1 dk k2 d@) (44)

are negative at k*, we have established that ky,» < £* at v = 0. We can now use the respective
expressions for the cost functions and the equilibrium values of ¢; and ¢; in the linear-quadratic
case that we calculated in the proof of Proposition 3, case (ii). Inserting them into (44) yields

that the sign of this expression is given by the sign of

— [Va (e i) (6226 = Bl (N +2)) + kreB(c — Bl; (2N +5)) + e — B; (N + 1)) | 5

—a?[c+ k;f] [k‘? (B2e(N + 1) — ki B3 (N +2)) +kjeB (c(2 — N) — kB3N + 4)) — 2k1c25+c3} .

From (37) we know that dQ/dk = 0 at v = 0, if k£ implies equilibrium values of k; and k; such

that dk
& (kiB+c)a(Bks+c)
&k N(kiB+ c)a(Bk + )’

Inserting the last equation into (45) and simplifying gives

_ 265(/@7 — k:j)(c + ﬁk‘j) (k]ﬂ(QC + kjﬁ(N + 2)) + C(C + kjﬁ(N + 1)))
(C—i—ﬂk[) ’
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which is negative because k; > k; at £*. Thus, we have shown that kj,p < k" at v = 0.
Now we turn to the case in which v # 0. We know that d@/dk = 0 at k = k*. We can then
write (43) under the linear-quadratic specification for the case of k = k* as
k‘?k%g N
(k1B(2¢+ k;B(N +2)) + c(c + kjB(N + 1))

. (c+ Bk;(N + 1)) (c(a + ) + afk; + Byk;j(N + 1)) — krBN(ac + Bkr(a — 7)) (% %) -
7 (k1B2c + k;B(N + 2)) + c(c + B BN + 1))’ "

dk; /dk;
—d(kr + Nk;)(N <d—E/d—E> +1),
with

0= [N(ac+ Bhila = 7)) (K 8%(a = 7)(2e = Bk (N +2) +

hreB(e(a — 39) = B (@(2N +5) + (N +1))) + ale = Bk (N +1))] <%/ %) !

+[e(a +7) + kjaB + Bvk;(N +1)] [k‘]z-(a + (N +1)) (BPe(N +1) — kB (N +2)) +
+kjcB (c(2(a+ ) — N(a —27)) — krB(a(3N +4) + v(N +4))) — 2k Bla+7) + A(a+ 7)] .

From (37) we have that (dk;/dk)/(dkr/dk) at k = k* is given by

T (kB +)BON +1) + a)k; + ey + @)
U N(kB + )((Bla —))ks +ca)

Inserting this into (46), differentiating the resulting expression with respect to v and using the
fact that dk;/dy > 0 and dkj/dy < 0 reveals that the expression is strictly increasing in .
But from the first part of the proof we know that (46) evaluated at k = k* is negative at v = 0
which implies that kj, p < k. Therefore, we have shown there exists either a unique value of
v denoted by 4 such that ky, p < k* for all v <4 and kjy p > k* for all ¥ > 4, or no such value
exists because (46) turns positive only at such high values of v at which the non-integrated

firms are not active. In the latter case kjy» < k™ for all . B
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