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1 Introduction

The theory of industrial organization traditionally distinguishes between hor-
izontal and vertical issues. For instance, largely disparate bodies of literature
deal with the competitive effects of horizontal and vertical mergers. Similar
distinctions are familiar from antitrust policy. For example, the U.S. De-
partment of Justice has released two different guidelines to describe its pro-
ceedings towards horizontal mergers (“Horizontal Merger Guidelines™) and
vertical mergers (*Non-horizontal Merger Guidelines™).

However, case evidence suggests that a simultaneous treatment of hori-
zontal and vertical strategic activities is called for. For instance, Chandler
(1977) observes a strong relation between horizontal and vertical integra-
tion.! Recently, in the well-known Airtours/First Choice case, the European
Commission (1999) argued that vertical integration was a prerequisite for
significant increases of market shares and, conversely, that only firms of suf-
ficient size were able to integrate vertically. While the theoretical basis of
the argument is not entirely clear, the market under consideration appears
to match the Commission’s description fairly well.?2

In the present paper, we put forward the basic idea that the coincidence
of vertical integration and horizontal expansion is the result of a system-
atic relationship between the strategies available to firms, rather than mere
coincidence. In particular, we demonstrate that, in general, cost-reducing
investments are more attractive for integrated firms, and vertical integration
IS more attractive for efficient firms.

We adopt a reduced form approach which is consistent with models of ver-
tically related industries that consider product market decisions explicitly.*
In these models, vertical integration typically has two effects on downstream
marginal costs. First, the integrated firm produces at lower marginal costs

1“In the United States horizontal combination rarely proved to be a viable long-term
business strategy. The firms that first grew large [...] remained profitable only if [...] they
then adopted a strategy of vertical integration.” (Chandler 1977, 315)

2We shall discuss this market in more detail in section 2.

30n a related note, Bonaccorsi and Giuri (2001) discuss the relation between the evolu-
tion of the jet engine industry and the corresponding downstream industry (the jet aircraft
industry).

4See, e.g., Salinger (1988), Ordover et al. (1990), Riordan (1998), and Linnemer (2002).



than its downstream unit would have done as a separated firm (the efficiency
effect). Second, the downstream competitors produce at higher marginal
costs than they would have done in the absence of integration (the foreclo-
sure effect). \We thus assume that vertical integration (weakly) reduces own
marginal costs and (weakly) increases the downstream competitors’ marginal
costs. However, vertical integration is costly to achieve, as it involves taking
over an upstream supplier. To model the possibility of horizontal expansion,
we further assume that each downstream firm can carry out cost-reducing
investments, thereby increasing its efficiency.

In this setting, we derive the following results, under otherwise reason-
ably general assumptions. First, we consider vertical integration decisions
for given initial efficiency levels. If firms decide simultaneously about verti-
cal integration, there may be an equilibrium where some firms integrate and
others stay separated, even if firms are identical ex ante. In other words, ver-
tical integration of some firms may act as a barrier to integration for other
firms. When firms differ with respect to their initial cost structures, effi-
cient firms—i.e, firms that have carried out more cost-reducing investments
than others—will integrate vertically, and inefficient firms stay separated.
Second, we focus on cost-reducing investments, taking the integration status
as given. If firms decide simultaneously about cost-reducing investments,
then integrated firms will invest at least as much as separated firms. Third,
we consider both investment decisions in a sequential game. If firms decide
sequentially on vertical integration and cost-reducing investment, firms may
use vertical integration strategically so as to avoid cost-reducing investments
by competitors (pre-emption).°

To understand why these results hold, note that because of the efficiency
and foreclosure effects, vertical integration generally leads to higher equi-



corresponding variables for the competitors.

Under relatively general conditions, it follows that vertical integration and
horizontal cost-reducing investments are complementary activities. That is,
vertical integration is more profitable for firms with higher efficiency, and,
conversely, the profit increase associated with cost-reducing investment is
higher for integrated firms than for separated firms. Underlying this result is
a



ciple, the complementarity between vertical integration and horizontal cost
reduction may thus break down. However, this would require that wholesale
activities are relatively important even for downstream firms. Third, endoge-
nous acquisition costs may also work against the forces identified above. For
instance, vertical integration and cost-reducing investments are less likely to
be complements when the costs of acquiring an upstream firm depend on
market structure. In addition, the strategic substitutes property of vertical
integration decisions is less likely to be satisfied. However, to dominate the
effects identified in our above analysis, acquisition costs would have to vary
strongly with market structure.

Our analysis sheds new light on the competitive effects of vertical merg-
ers. If horizontal expansion and vertical integration are complementary from
a firm’s point of view, vertical and horizontal antitrust policies are to some
extent substitutes. That is, a restrictive antitrust approach towards vertical
mergers may reduce the need for policy measures against horizontal con-
centration, and vice versa. Furthermore, vertical mergers may not only be
relevant for antitrust authorities because of the well-known foreclosure and
collusion effects, but also because of their potentially pre-emptive nature.
That is, firms may vertically integrate to prevent cost-reducing investment
by downstream competitors. Hence, vertical integration might foster polar-
ization of the market.

The paper is organized as follows. In section 2, we consider the horizontal
and vertical expansion in the U.K. tour operating business as an interesting
case study. Section 3 introduces our assumptions on downstream product
market competition. Section 4 presents the main results on the relation be-
tween vertical integration and horizontal expansion, suggesting that vertical
integration and horizontal expansion are intricately linked. Section 5 points
to possible countereffects. Section 6 concludes and discusses extensions.



2 A Case Study: The Market for Foreign
Package Holidays in the UK

The market for foreign package holidays in the United Kingdom serves to
motivate our theoretical analysis. The recent developments in this market
are well documented, since it has twice been subject to antitrust proceedings
during the 1990s. The first analysis was undertaken by the Monopolies and
Mergers Commission [MMC] (1997) in the light of increasing concentration
and widespread vertical integration. The second investigation was carried out
by the European Commission [EC] (1999) when one of the most important
players in the business (Airtours) was attempting to take over another one
(Flirst Choice).b

The supply side of this industry consists of three vertical layers (MMC
1997):

() Tour Operation: Foreign holidays packages are assembled by tour op-
erators contracting with the suppliers of transport services and accom-
modation. Tour operators sell their packages directly to the public
or—more commonly—through travel agencies.

(i) Travel Agencies: Travel agents act on behalf of tour operators to sell
holidays to consumers; they are typically rewarded by a commission on
the package price.

(i) Airlines: Many foreign holiday packages require air transportation
services.-Airlines often provide seat capacities to more than one tour
operator.’

Figure 1 summarizes the vertical market structure of the industry as of
1998. Note that each of the four largest tour operators is fully integrated,
i.e. the dominant firms are both integrated backwards into the provision of air
transportation (“upstream®) and integrated forward into the travel agency

6The Court of First Instance (2002) annulled the EC’s initial decision to block the
acquisition.

"We shall ignore a fourth layer, accomodation, because vertical integration of tour
operators into accomodation plays a limited role.
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business (“downstream”).® The respective years of forward and backward
integration are indicated in parentheses. Figure 1 further indicates that
each vertical layer contains various other firms. In particular, the EC (1999,
21) points out that the “polarization of the market into large integrated
companies and smaller non-integrated companies is a widely recognized trend
in the industry.”

<Figure 1 here>

The market share data reproduced in Figure 2 support this observation.
There are four large integrated firms, each with a market shares of 15% or
higher. The remainder of the firms are essentially separated, the largest with
a market share below 3%. The aggregate market share of all other firms with
individual market shares below 1% is around 8%.

<Figure 2 here>
Our first observation summarizes these findings.

Observation 1 (polarisation) The industry consists of a small group of
vertically integrated tour operators with high market shares, and a fringe,
containing numerous firms with small market shares, most of which are ver-

tically separated.

Interestingly, table 1 (see the Appendix) indicates that none of the four
largest tour operators started out as a vertically integrated company. For
example, Thomson integrated its airline Britannia in 1964. Yet, full vertical
integration was achieved much later, in 1972, with the acquisition of Lunn
Poly. Similarly, after the integration of the airline Air 2000 in 1987, First
Choice waited for more than ten years before it integrated forward. The
development of Airtours (now called MyTravel) is a particularly interesting
case in point: the company actually divested vertically in 1982 to finance
horizontal expansion. It reintegrated vertically in 1991 by founding its own

8The terminology we use here is common, but somewhat arbitrary: It would also make
sense to consider the tour operators as downstream firms who are supplied by airlines as
well as travel agents.



airline and subsequently acquired a number of upstream and downstream
companies to achieve full vertical integration. These observations suggest
the following pattern:

Observation 2 (vertical integration) Tour operators typically integrated

vertically after having reached considerable market share.

Table 1 also suggests that the vertical integration and horizontal expan-
sion of firms are inherently related. Not only did firms tend to integrate
vertically after having reached considerable horizontal size, they also tended
to further expand horizontally after vertical integration:

Observation 3 (horizontal expansion) Vertical integration was generally

followed by further horizontal expansion.

In our theoretical analysis, we shall investigate to what extent these obser-
vations can be attributed to more general forces. We propose a reduced form
model that is consistent with each of these observations, but also cautions
against sweeping generalizations.

3 Product Market Competition

3.1 Assumptions

We consider a reduced form model of two vertically related oligopolies. There
are [ downstream firms active in the retail market and J > I upstream firms
active in the wholesale market.® Initially, KX < I firms are vertically inte-
grated. Firm i’s degree of vertical integration is characterized by the variable
V;, such that V; = 0 if it is vertically separated and V; = 1 if the firm is ver-
tically integrated.’® The vector V = (V4,...,V;) therefore summarizes the
vertical structure of the industry. To produce one unit of the final product

9The assumption of a relatively large number of upstream firms .J > I is made to avoid
restrictions on the downstream firms’ integration decisions associated with initial market
structure. In fact, some of our results are trivially satisfied for J < I.

101n principle, the degree of vertical integration could also be measured by a continuous
variable (Davies and Morris 1995). Qualitatively, this would not affect the results.

8



(the downstream good), firms require one unit of an intermediate product
(the upstream good). The marginal cost of obtaining the intermediate prod-
uct is given by the relevant upstream price pY. Recent literature on the
competitive effects of vertical integration suggests that p? should depend
on the vertical industry structure. Models of vertically-related oligopolies
have shown that vertical integration has two immediate effects on the firms’
marginal costs:!!

() The marginal costs of the integrating firm are generally reduced due to
the elimination of successive mark-ups and possibly other integration
economies. That is, there is an efficiency effect of vertical integration.

(i) The marginal costs of the competing firms are typically increased, since
the integrating firm has an incentive to discriminate separated down-
stream rivals, e.g. by raising their costs.!> That is, there is a foreclosure
effect associated with vertical integration.

The existence of these two effects is broadly accepted among antitrust
scholars, even though the debate about their relative size and significance
is not settled (Chen and Riordan 2003). Thus, we assume that p! (V) is a
non-increasing function of V; and a non-decreasing function of V;, j # i, to
capture the efficiency effect and the foreclosure effect, respectively.

In order to analyze the relation between vertical integration and hori-
zontal expansion, we require a treatment of horizontal expansion. In the
tour operating business outlined in section 2, horizontal expansion was often
accomplished by the acquisition of small firms. Instead, for simplicity, we
introduce cost-reducing investments as a way of increasing market share.3
In most of the following, we shall work with a fairly general investment model
where firms decide on vertical integration and/or cost-reducing investments.
To motivate that model, we first introduce a more specific example.

11See Ordover, Saloner and Salop (1990), Choi and Yi (2000), and Church and Gandal
(2000). For a survey of earlier contributions see Perry (1989); Rey and Tirole (forthcoming)
provide an updated survey of the literature, with particular emphasis on contractual issues.

12The concept of “raising rivals’ costs” is familiar from Salop and Scheffman (1983,
1987).

BIntroducing acquisitions of small firms rather than cost-reducing investments is slightly
more complicated, but leads to similar results.

9



In line with the above-mentioned literature, we assume that processing
the intermediate product adds ¢” to marginal costs. Downstream costs c”
may differ across firms for two reasons. First, there may be exogenous cost
differences. Second, firms can carry out cost-reducing investments. It will
be convenient to write firm 4’s initial cost level ¢? before investment as ® —
Y2 where ® = max; € {1,...,1}(?). Here Y? can be interpreted as an
initial efficiency level. Further, we introduce the notation y; for cost-reducing
investments and Y; = Y,° +; for the efficiency levels after investments. Firm
i’s marginal costs can thus be written as4

¢ (ViYi) = pf (V) + " =V —ys.

Our first assumption summarizes the relevant characteristics of the marginal
cost function.

Assumption 1 The marginal cost function ¢; (V;Y;) is (i) non-increasing
in Vi, (ii) non-decreasing in V;, (iii) non-increasing and linear in'Y;, and (iv)

additively separable in V and Y.

Strategic competition on the product market is modeled in reduced form.
We suppose that for every vector ¢ = (cq,...,c;) of marginal costs there
exists a unique product market equilibrium with downstream profits 7 (c),
satisfying the following assumption:

D D
on; on;

2 < 05 (i) e 2 0 for j # i; (iii) oy = 05 (iv)

92D . 3 827D ) ]
dci0c; <0 fori#j; (v) 3c; 00 >0 for j, k #1i.

Assumption 2 (i)

Part (i) and (ii) of assumption 2 are standard and hold in most oligopoly
models. Parts (iii)—(v) become intuitive by decomposing profits as

7 (e) = ¢ (¢) - m{ (c), D)

14Banerjee and Lin (2003) argue that cost-reducing downstream investments might also
influence the price of the intermediate product and thereby the costs of other firms, which
would imply a cost function ¢; (V;Y). The approach sketched in section 4 below is con-
sistent with such a setting.
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where ¢P is equilibrium demand and m? is mark-up (price minus unit costs).
If, for simplicity, both ¢” and m? are linear functions that are non-increasing
in ¢; and non-decreasing in c¢;, then (iii) becomes

o?xP _9qP OmP

(8@-)2 dc; Oc;

> 0. )

Intuitively, (2) reflects a demand/mark-up complementarity: increasing the
mark-up is more valuable when demand is high, and vice versa. It is naturally
satisfied in most linear oligopoly models, including differentiated Bertrand,
Cournot and Hotelling. Similar arguments show that part (iv) and (v) of
assumption 2 also hold in these standard models. Intuitively, (iv) holds
because, having a high cost competitor works towards having higher demand
and mark-up, which increases the value of decreasing own costs. Similarly,
(v) states that increasing rival j’s costs is more valuable for firm i when j
starts out with high costs or when some other rival £ starts out with higher
costs.?®
In the following it will be helpful to write product market profits directly
as a function II; (V;Y) of the vertical structure and cost reducing invest-
ments, i.e.
IL(V;Y) =7 (a1 (VsY1), .., er (V5Y7)) . 3

We further introduce the following notation:

Notation 1 Let A (V_;;Y) denote firm i’s profit increase associated with

vertical integration, given the values of all other variables, i.e.

A(V—MY) = HZ (‘/17"'7‘/;—1717‘/2""17"'7‘/1;Y)
—Hi (Vl, ceey ‘/1417 0, ‘/;+1, N V},Y) .

That is, A (V_;;Y) gives the incentive of firm i to integrate vertically.

5In non-linear models, the demand/mark-up complementarity may be dominated by
curvature effects, but linearity is by no means a necessary condition for (iii)—(v) to hold
(Athey and Schmutzler, 2001).
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3.2 Results for Two Firm Case

For the moment, we confine ourselves to the case with I = 2 downstream
firms. Also, we assume that II; is differentiable in Y.

Lemma 1 Suppose I =2 and assumptions 1 and 2 hold.

(i) Then the profit function I1; satisfies the following conditions:

oll;
oY, is non-decreasing in Y;; 4)
oll; ‘ o o,
5y, 18 non-increasing in Y;, fori#j; 5)
8Y-Z- is non-decreasing in V;; A(V_;;Y) is non-decreasing in Y;. (6)
oI,

oy is non-increasing in V;; A (V_;;Y) is non-increasing in Y;. (7)

(i) If, in addition, an integrating firm’s own cost reduction is not much
higher when the other firm is integrated rather than separated,'® then

Vi and V; are strategic substitutes, i.e.
A (V_;;Y) is non-increasing in V. (8

Proof. See Appendix. m

To understand part (i) of lemma 1, consider (6) as an example. Re-
call that, by assumption 1(i) and (ii), higher V; means lower own costs and
higher competitor costs (the efficiency effect and the foreclosure effect). The
demand/mark-up complementarity captured in assumption 2(iii) and (iv) im-
plies that lower own costs and higher competitor costs increase the benefits
from further cost reduction. Thus, higher V; increases g%', as required for (6).
The remaining statements (4), (5) and (7) also rely on similar demand/mark-
up complementarities, as captured by assumption 2(iii)-(v).

As to part (i), note again that vertical integration of firm ¢ leads to both
lower own costs and higher competitor costs, which has positive effects on own

16 Technically, we require that c; (0, Va; Y1) — ¢; (1, Va; Y7) is not much larger for V5 = 1
than for V5, = 0, and, analogously, for ¢, (V1,0;Y5) — c2 (V1,1;Y3).
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demand and mark-up. Integration of firm j has the opposite effects, that is, it
increases firm ¢’s costs and decreases those of firm j. Thus, using assumptions
2(iii) and (iv), own cost reductions and competitor cost increases of given
size (brought about through own integration) are more valuable if one starts
from lower own costs and higher competitor costs. This would suggest that
vertical integration is more valuable when the competitor is not integrated.
However, a countervailing effect might arise because the size of these cost
effects depends on the competitor’s integration decision. Specifically, the
effect of an increase in V; (own integration) on own costs is likely to be
greater if V; = 1, because, for V; = 0, firm ¢ may only be foreclosed if firm j
is integrated. That s, if V; = 1, firm ¢ will have higher pre-integration costs—
and might achieve a greater cost reduction from integration than when it faces
a separated competitor (V; = 0). Note, however, that this countervailing
effect is relevant only if vertical integration generates substantial foreclosure
effects, whereas the demand/mark-up complementarity is the result of both
efficiency and foreclosure effects. Thus, when efficiency effects are strong and
foreclosure effects are not, the strategic substitutes property is likely to hold.

To sum up, demand/mark-up complementarity is the main force towards
the statements in lemma 1. Countervailing forces may arise because integra-
tion by other firms means that own integration typically yields greater cost
reduction. Nevertheless, the two-firm model suggests that conditions (4)-
(8) would not appear to be unreasonable characterizations of the product
market profits in vertically related industries. We shall therefore use these
conditions in our analysis of a firm’s decisions regarding vertical integration
and horizontal cost-reducing investments.

4 Analyzing Investment Decisions

We now investigate the interaction between vertical integration and horizon-
tal expansion. To do this, suppose product market profits are a function
I1; (V;Y) as in (3). Henceforth, we allow for arbitrary numbers of firms, but
we use conditions (4)—(8) of lemma 1 as the starting point of our analysis.
In section 5.1 below, we shall discuss whether these conditions are likely to
hold for I > 2. Further, we require that product market profits satisfy the

13



following symmetry condition.

Assumption 3 II; is exchangeable, that is,

(i) If, for some j, k # i, (VI;YT) is generated from (V;Y) by permutation
of Y; and Yy, and V; and Vi, then IL(VT; YT) =11, (V;Y).

(ii) If, for some i,j # i, (VI;YT) is generated from (V;Y) by permutation
of Yi and Y;, and of V; and Vj, then IL;(VT; YT) =11; (V;Y) .

Furthermore, let Y° = (Y, ..., Y?) and V° = (V... V}?) denote the vec-
tors of firms’ initial efficiency levels and initial degrees of vertical integration,
respectively. Finally, assume w.l.0.g. that firms are ordered such that

VP>V > .. >Y) 9)

4.1 The Vertical Integration Game

First, we consider the vertical investment game where non-integrated firms
(V? = 0) with initial efficiency levels Y simultaneously choose v;. We sup-
pose that vertical integration is costly. For simplicity, we assume that the
costs of acquiring an upstream firm are constant and given by A > 0. With
v = (v, ..., v7), Objective functions are given by

1! (V,YO) =11, (V,YO) —A-v;.

Hence, we abstract from the possibility that integrated firms may also be
active on the wholesale market, obtaining non-zero profits from supplying
intermediate goods to downstream competitors.t’

In the following, we use the notation v = 1 and v = 0 to denote situations
where all firms choose to integrate (v; = 1) or stay separated (v; = 0),
respectively. Also, v denotes a vector where the first ; firms choose to
integrate and all remaining firms stay separated.

7We shall discuss the role of upstream sales in section 5.2. The effects of relaxing the
assumption of constant exogenous acquisition costs will be explored in section 5.3.
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First, we show that even if all firms start out identically and face ex-
ogenous acquisition costs, the equilibrium may have some firms integrating,
whereas others stay separated.

Proposition 1 Consider the vertical integration game with Y = ... = Y.

Suppose that, for all i,'®
A0_;Y%) >A>A(1;Y9%. (10)

Then, (i) there exists an asymmetric equilibrium v = v with 0 < n* < I
where exactly n* firms integrate. Also, (i) all pure strategy equilibria must
be asymmetric. (iii) If, in addition, (8) holds with strict inequality, n* is
unique. (1) If condition (10) does not hold, then no asymmetric equilibrium

exists. 19

Although only the uniqueness result explicitly relies on (8), note that
(10) is a generalized strategic substitutes condition: While A (0_;Y?) >
A (1_;;Y?) does not necessarily imply that integration incentives are weakly
decreasing in the number of other firms that have integrated as required by
strategic substitutability, it at least states that integration incentives should
be higher if nobody else integrates than if everyone else does. In particular, if,
instead of (8), we would move to the opposite extreme and assume strategic
complements, then only symmetric equilibria could exist. Results (i) and (ii)
are straightforward to prove: First, A (0_;; Y°) > A ensures that, if nobody
else integrates, it will be a best response for one firm to do so. Second,
A (1_;Y%) < A guarantees that if all but one firm integrate, it is not a best
response for the remaining firm to integrate. That is, (10) implies that there
cannot be equilibria with all firms integrated or all firms separated. Also,
note that A (0_;; Y%) = A (v%;Y?) and A (1_;;Y%) = A (v1; Y?). Hence,
by (10), there must be at least one n* such that, for all separated firms i,

18The vector 0_; is the (I — 1)-dimensional vector generated from 0 by eliminating
component ¢ (similarly for 1_;)

proposition 1 can be extended to sequential integration decisions. For instance, if (10)
holds, any subgame perfect equilibrium of a sequential vertical integration game must lead
to integration of some, but not all firms.
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A (v75Y0) >0and A (v?;; Y?) < 0. Thus, there is an equilibrium where
exactly n* firms integrate.

To understand (iii), observe that the strategic substitutes condition guar-
antees that A (vi:il; Y?) is strictly decreasing in i, that is, the value of inte-
gration is decreasing in the number of competitors that also integrate. Thus,
using (10) again, there can only be one intermediate value n* at which there
is an equilibrium.

Result (iv) is immediately clear: it simply states that there cannot be an
asymmetric equilibrium if none of the firms is willing to integrate if nobody
else does (A (0_;Y?) < A). A similar argument holds for the case where all
firms are willing to integrate (A < A (1_;;Y?)).

Proposition 1 relates to the familiar Chicago school claim that strategic
vertical foreclosure cannot generate competitive harm, because non-integrated
firms are always able to replicate the behavior of integrated firms.?® Our
proposition clarifies that, even when the costs of vertical integration are equal
for all firms, the benefits of integration may be decreasing in the number of
integrating firms. That is, in the presence of demand/mark-up complemen-
tarities, a separated firm may not find it attractive to integrate vertically.
Obviously, we are not suggesting that the Chicago claim is never valid: As
argued in section 3, it is possible that A (v_;; Y?) is increasing in v; for j # i
if the demand-markup complementarities are dominated by the fact that in-
tegration of competitors increases the size of the cost effects. Then, equilibria
must be symmetric. As argued above, this is more likely to happen when
foreclosure effects are strong relative to efficiency effects. This would suggest
that asymmetric equilibria are more likely when they are also more desirable
from an efficiency perspective. However, we shall show that this view is more
debatable when the interaction between vertical integration and horizontal
expansion is taken into account.

Our next result is closely related to proposition 1. WWe now analyze how
integration decisions depend on initial efficiency differences. In particular,
we investigate under which circumstances efficient firms are more likely to
integrate vertically than inefficient firms.

205ee e.g. Bork (1978).
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Proposition 2 Consider the vertical integration game. Suppose that
II, (V,Y) satisfies (6) and (7). Then,

(i) If Y. > Y and there is a pure strategy equilibrium with V¥ < V;* there
also is a pure strategy equilibrium with Vi > V. In particular, there
is an equilibrium v = v with n* such that 0 < n* < I where exactly

*

firms 1, ...0n

(ii) If (8) and

ntegrate.

A0_; YY) >A>A (1Y) (11)

hold, there exists an asymmetric equilibrium where some firms integrate

and others stay separated, i.e. v; =1 for n* firms, 0 < n* < I.

Proof. See Appendix. =

Result (i) states that, if an equilibrium exists where an inefficient firm
integrates and an efficient firm does not, then there is also an equilibrium
where the efficient firm integrates and the inefficient firm does not. In this
sense, efficient firms are more likely to integrate. Result (ii) gives a sufficient
condition under which an asymmetric equilibrium actually exists. Together
with result (i), condition (11) implies that there must be an equilibrium
where only firms above a critical initial efficiency level integrate. As more
efficient firms also have greater market share, this corresponds to observation
2 which states that tour operators typically integrated after having reached
considerable market share.

The intuition for the proof of proposition 2(i) is as follows. As pointed out
above, cost-reducing investments and vertical integration are complementary
activities if (6) is satisfied. Similarly, (7) implies that vertical integration is
more attractive when facing an inefficient competitor. As a result, if a firm
is more efficient than another one, it is more likely to integrate.

Nevertheless, proposition 2 does not entirely rule out the existence of an
equilibrium with Y, < Y, and V;* > V;*: Though (6) and (7) work against
such an equilibrium, with strategic substitutes (8) it might still arise as one
of several equilibria: An inefficient firm’s decision to integrate may reduce
the incentives of an efficient firm to integrate (even though, in principle,
integration is more attractive for efficient firms).
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The intuition for (ii) is similar to the one given for proposition 1. Condi-
tion (11) guarantees that any pure strategy equilibrium must be asymmet-
ric. However, the existence of an asymmetric equilibrium requires additional
conditions in this case. From (11), we only know that there is at least one
“marginal firm” n* such that A (v"",-%;Y%) > A and A(v7",..); Y) < 4,
i.e., if only the n* firms with highest efficiencies are integrated, separation
is not a profitable deviation for firm n*, and integration is not a profitable
deviation for firm n* 4+ 1. To guarantee that firms other than »* and n* + 1
do not have an incentive to deviate from the proposed equilibrium either,
we require, roughly speaking, that, if firm n* is wants to integrate, then the
firms with higher efficiency will do so as well (and similarly with firms that
are less efficient than n* + 1). This is what conditions (6) and (7) imply.
Note that these conditions were unnecessary in proposition 1 because the
firms were assumed to be symmetric ex ante.

4.2 The Cost Reduction Game

Next, we consider the cost reduction game: For given vectors V° and Y?,
firms simultaneously choose the extent to which they want to reduce their
costs. We suppose that reducing costs by y; involves investment costs of
k; (y;, Y;?) that are increasing in y;. Though we make no additional formal
assumptions on k;, it is useful to think of g’;:j as being increasing in Y,? and y;
to capture decreasing returns to investment. With y = (v, ..., y;), objective

functions are given by

I =1L (VO Y +y) — & (v, V7).

In the following proposition, we investigate whether integrated firms engage
in more cost-reducing investments than separated ones.

Proposition 3 Consider the cost reduction game and assume it has a

unique equilibrium.?t Further suppose that (5)—(7) hold.

2L This condition can be released by demanding only conditional uniqueness in the sense
of Athey and Schmutzler (2001).
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(1) If Vi, > Vi and Yy, =Y, then yr > yy.

(ii) Suppose om > 25 [f V>V, and Vi, > Yy, then y, > yi.

Proof. See Appendix. m

Result (i) relates closely to observation 3. It states that, if any two
firms differ only with respect to their degree of vertical integration, the in-
tegrated firm will invest more into cost reduction. Intuitively, vertical inte-
gration decreases a firm’s own costs and increases those of the competitors.
The demand/mark-up complementarity therefore implies that integration in-
creases a firm’s incentives to invest into cost reduction, whereas those of the
competitors decrease, as reflected in (6) and (7). Condition (5) further im-
plies that these direct effects are mutually reinforcing. As a result, one should
expect integrated firms to invest more than separated firms.

Result (ii) generalizes (i) to the case where integrated firms have higher
initial efficiency levels. The generalization comes at the cost of the additional
condition g/igéi > a?/j gy which makes sure that the greater initial efficiency
of integrated firms reinforces the higher cost-reduction incentive coming from
integration itself. The additional condition is more restrictive than (4) to
ensure that investment incentives for efficient firms are sufficiently strong so
as to dominate decreasing returns to investments in cost reductions.

To sum up, at least in a set-up where integrated downstream firms are
not active as suppliers on the upstream market, the twin observations that
efficient firms are more likely to integrate vertically and integrated firms tend
to invest more into cost reduction should be expected to hold relatively gen-
erally, as they only require fairly natural assumptions on product market
competition. A countervailing force might arise if there are strongly decreas-
ing returns to investments, and integrated firms have greater initial efficiency.

An alternative interpretation of the results of this section is that, in indus-
tries with endogenous vertical structure, forces towards increasing dominance
of efficient firms could be strengthened. If there is a cost asymmetry between
integrated and separated firms, this asymmetry will tend to induce differences
in investment behavior, which, in turn, increases the initial asymmetry.
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4.3 Strategic Vertical Integration

We finally analyze strategic incentives for vertical integration in a setting
where integration decisions precede cost-reducing investments. We assume
that initial states are given by V° = Y% = 0. In stage 1, firms make
integration decisions v;, leading to V! = v. In stage 2, they choose cost-
reducing investments as in the cost reduction game analyzed in section 4.2.
For simplicity, we consider only 7 = 2 and suppose that, for each V!, the
cost-reduction game has a unique equilibrium y (V1) = y (v). Further, we
introduce the following notation:

Notation 2 Assuming that cost reductions correspond to the equilibrium in
the subgame following v, firm i’s profit as a function of integration decisions
s given by
I (v) =mi(v,y (v)) = ki (1 (v),0).
The profit differentials associated with integration, taking the induced changes

in the cost reduction game into account, are denoted by

A (V_l) = ﬁl (1, Uz) — ﬁl (0, Uz) X ﬁ (V_z) = ﬁz (Ul, 1) — ﬁz (Ul, 0) .

In this setting, the following observations are straightforward.
Proposition 4 Suppose in the two-stage game (5)—-(7) hold.
(i) If V=1,V =0, then y (V) >y, (V).
(i) A(v1) > A(vo1;y (0,02); A(v2) > A(vy (v1,0)).

Part (i) of proposition 4 is a direct application of proposition 3(i) to the
second-period subgames of the two-stage game. Intuitively, part (ii) states
that there is a strategic incentive to integrate vertically: The left-hand side
of each inequality in (ii) is the profit differential associated with integration,
taking into account the induced change of second-period investment behav-
ior. The right-hand side is the profit differential associated with integration,
fixing the second period equilibrium at the level that corresponds to no in-
tegration. The difference is the strategic effect of vertical integration. In-
tuitively, because of demand/mark-up complementarities, integration makes
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cost-reducing investments for the competitor less attractive, which increases
profits of the integrating firm. Thus, a firm might integrate to reduce the
incentives for a competitor to cut costs. Therefore, asymmetric vertical in-
tegration may be problematic from an antitrust policy point of view: Even
when integration of one firm is efficiency-enhancing from a static perspective,
it may stifle competition to cut costs.

It is also possible to provide an analogue of proposition 1 where A is
replaced with A. Thus when A (0_;) > A > A(1_,), the two-stage game
has an asymmetric equilibrium. By proposition 4(i), the integrating firm will
invest more into cost reduction than the separated firm. Thus, we obtain
a market structure that is consistent with observation 1: an integrated firm
with low costs (and thus high market share) and a separated firm with high
costs (and low market share).

5 Cautionary Remarks

As we argued earlier, the assumptions underlying the results presented in
section 4 arise naturally when there are two firms who do not engage in
wholesale activity and acquisition costs are constant. In principle, the re-
sults are still applicable in a more general setting. We shall, however, argue
that the underlying assumptions are less likely to hold without our initial
simplifications.

5.1 Large Numbers of Firms

Our argument that partial vertical integration is a likely outcome of the game
relied in an essential way on the strategic substitutes condition (8) or its
generalizations (10) and (11). In section 3, we argued that, except for some
relatively minor caveats, these properties make sense for two downstream
firms. For I > 2 firms, however, this is less clear.

Appendix 2 gives a formal treatment of the issue; we briefly sketch the
intuition. We show that integration of firm 2 does not necessarily reduce
the integration incentives of firm 1. Intuitively, as firm 2 integrates, this not
only raises the costs of firm 1, but also of firms 3, ..., I. For firm 1, the cost
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increase for third parties is a beneficial indirect effect of firm 2’s integration
that mitigates the direct effect of higher own costs. If the indirect effect
dominates, integration of firm 2 works towards higher demand and mark-
up for firm 1. By integrating itself, firm 1 can further increase the costs of
firms 3, ..., 1. The positive effect of both integration decisions (higher costs
for firms 3, ..., 1) are mutually reinforcing; technically, this corresponds to
Assumption 2(v). Thus, even though the effects that worked in favor of the
strategic substitutes property are still present in the case I > 2, they may,
in principle, be dominated by the indirect effects just described.

5.2 Upstream Sales

To model the possibility of upstream sales, we still work with the reduced
form profit functions I1; (V,Y). However, we suppose that II; also contains
profits from wholesale activities, 7 (V,Y). Using ¢V (V,Y) and mY (V,Y)
to denote wholesale demands and mark-ups, respectively, we obtain

The objective function of firm i is therefore given by

To assess the robustness of the comparative statics results in the presence
of positive upstream profits, it is necessary to explore more thoroughly the
characteristics of the functions ¢ and mY.

To start with, consider the effects of V; and Y; on demands, mark-ups, and
profits. Since separated downstream firms (V; = 0) do not sell anything on
the wholesale market by definition, i.e. ¢V = 0, whereas ¢” > 0 and m{ > 0
for vertically integrated firms (V; = 1), we immediately obtain that

¢” and 7 are non-decreasing functions of V;, (13)
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With respect to Y;, the following properties appear plausible:
¢v, m{ and thus 7¥ are non-increasing in Y;. (14)

Intuitively, if an integrated firm reduces costs, its downstream demand will be
higher and its competitors will face lower demands. Thus, the competitors
will require less inputs on the wholesale market, which decreases firm i’s
wholesale demand. As a result, both ¢V and m? should decrease.

The cross effects of changes in Y; and V; on ¢¥ and mY are not clear-cut.
For instance, consider the effect of V; on ¢”. It is hardly controversial that,
to avoid double marginalization, the downstream unit of firm ; will demand
less from the wholesale market after integration. Thus, considering only the
efficiency effect of vertical integration by firm j, one would expect decreasing
wholesale demand for firm 7. However, the upstream unit of firm j will pre-
sumably also supply less to the wholesale market after integration—the fore-
closure effect of vertical integration. The latter effect should be expected to
affect firm ¢’s wholesale demand positively. Without specifying product mar-
ket competition any further, it is unclear which of these effects dominates.??
Similar ambiguities arise with respect to m?. The following terminology thus
appears sensible.

Definition 1 The upstream sales model satisfies the “Domainant-Efficiency-
Effect Property” (DEEP) if ¢° and m{ are non-increasing in V;.
The model satisfies the “Dominant-Foreclosure- Effect Property” (DFEP)

if ¢V and mY are non-decreasing in V;.%

Now consider the effect of increasing Y; on ¢”. This effect will clearly
depend on whether firm j is integrated or not. To see this, first note that
the increase in Y; will typically increase firm j’s demand qu—the expan-

2ZHowever, it is not difficult to obtain some intuition about the determinants of the
relative importance of the two effects. For instance, take the intensity of competition on
the downstream market. Consider an extreme case where downstream firms produce highly
differentiated goods, that is, they are essentially local monopolists. Then an integrated
firm will have virtually no incentive to foreclose its downstream competitors. That is, the
efficiency effect will dominate, and ¢” will be lower for V; = 1 than for V; = 0.

23Note that these two cases are not necessarily exhaustive.
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sion effect—and decrease the competitors demands ¢, k # j—the business-
stealing effect. Assuming that the expansion effect of higher Y; on qu domi-
nates over the business-stealing effect on ¢, additional intermediate inputs
will be required to satisfy the additional downstream demand.

If V; = 0, these intermediate inputs will be supplied by the wholesale
market. Thus, wholesale demand and, in particular, ¢” should be increasing
inY;. If V; =1, the increase in Y; will still increase ¢}’ and decrease ¢} for
k # j. However, even if the expansive effect on firm j’s downstream demand
dominates over the business-stealing effect, wholesale demand in general and
¢V in particular will presumably be decreasing in Y;: Assuming that most of
firm j’s input demand will be satisfied in-house, the demand expansion by
firm 5 will only have a small effect on the wholesale market. The business
stealing effect, however, will also impact on separated downstream firms who
buy from the wholesale market. Thus, if V; = 1, it seems more plausible that
¢V is decreasing in Y;. Table 2 summarizes the findings.

Table 2: Properties of wholesale demand and mark-up
Vi Yo ViG#Y  Yi(G#1)

¢ + - —(DEEP) — (ifV;=1)
+ (DFEP) + (if V; = 0)
mY —~  —(DEEP) — (ifV;=1)

+ (DFEP) + (if V; = 0)

From these preliminary considerations, it is clear that the assumptions re-
quired for the propositions in section 5 might be violated. Take for instance,
the complementarity assumption on vertical integration and cost-reducing
investments (6), which is crucial for propositions 3 and 4. Using the decom-
position (3) and assuming that ¢V and mY are linear functions, we obtain

U

)

9Y;

is non-increasing in V;. (15)

Condition (15) holds because %‘? =0 for V; =0 and % <0 forV;, =1.
Intuitively, compared with a separated firm, the incentive for an integrated
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firm 4 to increase its efficiency level is reduced because the business-stealing
effect of a higher efficiency also means that the downstream competitors
reduce their input demand from the upstream unit of integrated firm 4.

Of course, (6) might still hold because of the complementarity of Y; and
V; in downstream profits. Nevertheless, the case for the results that rely on
(6) is weakened somewnhat.

Another important assumption was that integration decisions are strate-
gic substitutes (8). To see whether V; and V; are strategic substitutes in 77
first note that 7 = 0 if V; = 0. Therefore, we simply need to check whether
for V; = 1, 7/ = ¢ - mY is non-increasing in V;. As both ¢” and m{ are
non-increasing in V; when (DEEP) holds, and non-decreasing when (DFEP)
holds, the following observation is immediate:

m{ satisfies strategic substitutes with respect to V; and V;
if and only if (DEEP) holds. (16)

There is thus another reason why some of our earlier results might not
hold in this context: If (DEEP) is violated, the supply reduction of an inte-
grating competitor j may increase m? and ¢V if i integrates.

5.3 Endogenous Acquisition Costs

We finally explore the effects of relaxing the assumption of constant and ex-
ogenous acquisitions costs. To this end, we suppose that for downstream firm
i, the cost of acquiring an independent upstream firm is given by A(V_;,Y).
That is, acquisition costs depend on the structure of the vertically-related
industry. To assess the robustness of our approach, it is necessary to dis-
cuss the characteristics of this function. The discussion makes use of the
idea that acquisition costs reflect the opportunity costs of the firms that are
being taken over.

24Chen (2001) called this reduction of firm 7’s incentive to invest into cost reduction the
collusion effect of vertical integration.
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With respect to Y, the following properties are plausible:
A is non-decreasing in Y; and Y. (17

Intuitively, equilibrium downstream demand will increase when downstream
firms reduce their downstream costs. Thus, the demand for inputs will in-
crease, which raises the profits of upstream firms. Since the costs of acquiring
an upstream firm approximately correspond to the profits of that firm in the
absence of a merger, acquisition costs should be expected to increase in cost
reductions.

The effects of changes in V_; on A are less clear-cut. Using definition 1,
we may obtain the following properties of acquisition costs appear plausible:

A is non-increasing in V; if the model satisfies DEEP (18a)
A is non-decreasing in V; if the model satisfies DFEP  (18b)

Intuitively, if the model satisfies DEEP, the profit of the upstream firm
to be integrated by downstream firm 7 decreases with V. Acquisition costs
should thus decrease with V;. Conversely, if the model satisfies DFEP, the
profit of the upstream firm and thus acquisition costs should be expected to
increase with V.

Inspection of these properties indicates that, in principle, there may be
circumstances where our above assumptions (6) and (8) are violated when
acquisition costs are endogenous. For instance, if (17) holds, vertical inte-
gration is more costly for more efficient downstream firms. Thus, the com-
plementarity of increases in Y; and V; captured in (6) is more difficult to
satisfy when acquisition costs are endogenous. Furthermore, if (18a) is sat-
isfied, (8) is less likely to hold, i.e. V; and V; are less likely to be strategic
substitutes.?® However, to dominate the basic effects identified in our above
analysis, acquisition costs would have to vary strongly with market structure.

251n contrast, if (18b) is satisfied, (8) is reinforced by a direct increase of firm i’s acqui-
sition costs.
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6 Policy Implications and Conclusions

This paper presents a formal analysis of the relationship between horizontal
and vertical market structure. We show that there is a systematic relation-
ship between vertical integration and horizontal expansion. In spite of some
possible countereffects, efficient firms with a large market share are more
likely to integrate vertically than inefficient firms, and integrated firms tend
to invest more into cost reduction than separated firms. Further, when firms
decide sequentially about vertical integration and horizontal expansion, firms
may use vertical integration as a strategic barrier to horizontal expansion by
competitors.

Considering the firms’ horizontal and vertical strategic activities simul-
taneously sheds new light on the competitive effects of these strategies and
possible antitrust policies towards them. For instance, since equilibria in the
vertical integration game are likely to be asymmetric, i.e. some firms integrate
and other remain separated, vertical integration asymmetrically affects the
firms’ incentives to invest in cost reduction. Thus, vertical mergers tend to
give rise to polarized market structures with relatively strong concentration.
By itself, this does not mean that vertical integration should be frowned upon
by antitrust authorities.?® The result suggests, however, that in the context
of vertically-related oligopolies, increasing dominance by a small number of
firms is a more serious concern than in a purely horizontal setting.

Our analysis further implies that antitrust authorities should be aware
of the possibility of strategic vertical mergers that are carried out in order
to pre-empt to horizontal expansion by competitors. As a result, antitrust
authorities might want to debate whether they are willing to prevent vertical
integration even if none of the standard concerns with vertical mergers—
vertical foreclosure and (tacit) horizontal collusion—is an issue.?’

26First, it is not integration itself that causes the problem, but the asymmetric behavior:
if all firms integrate, then their behavior in the horizontal investment game will also be
the same. Second, even if a polarized market structure emerges as the result of strong
cost reduction efforts by leading firms, the efficiency gains may outweigh the losses from
increased concentration.

27See Pitofsky (1997) for a critical review of the U.S. antitrust policy towards vertical
mergers.
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Similarly, in vertically-related oligopolies, antitrust policy towards in-
creasing horizontal concentration should try to account for the potential ef-
fects on vertical market structure.?® Since horizontal expansion and vertical
integration are complementary from a firm’s point of view, horizontal and
vertical antitrust policy are to some extent substitutes: Fighting any one of
the two types of expansive activities might reduce the returns from the other
one and might therefore reduce the need to control this other activity. Simi-
larly, if one of the two activities, say vertical integration, is desired, whereas
the other activity is not, a policy towards the undesired activity might have
adverse effects on the desired activity.

7 Appendix 1: Proofs

7.1 Proof of Lemma 1

(i) First consider (4). Using (3) and assumption 1 (iii),

0TI, _ 0?rP <60¢>2 orP ¢ 9?nP <%>2

OY)2 (92 \ Y, de; (Y2 (9ei)? \ 9V

Thus, (4) follows from part (iii) of assumption 2.
(5) follows because

oL, &PrP 0e; O

Y, 0Y;  dcide; 0Y; dY;

which, by assumption 2 (iv) and assumption 1(iii) is non-positive.
(6) By assumption 1 (iv), in

oI, B (97TZ-D oc;
aY;  O¢ 9Y;’

aniD
oc;
assumption 1, ¢; is decreasing in V;. Thus %LC_— IS non-increasing in V;. As

D - - - - -
%’rcé <0, % is non-decreasing in V;. The second statement is equivalent.

depends on V;. By assumption 2 (iii), 88”5 is increasing in ¢;. By

only

(7) is analogous.

28Here, it should be clear that in addition to cost-reducing investments, horizontal merg-
ers and other firm activities may generate asymmetric horizontal market structures.
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(if)

7.2

W.l.o.g, suppose i = 1 and j = 2. By assumption 1 (ii), c1(1,v2,Y1) <
c1(0,v2,Y1), and by assumption 1 (ii), ¢ (1,v2,Y2) > ¢2 (0,v2,Y2). Define
of =c1 (L2, Ya); off = c1(0,02,Y1); ¢ = c2(0,v2,Y2); ¢ff = c2(1,02,Y2).

Then, using the Fundamental Theorem of Calculus,

A=7P (cf,cf)—ﬂlD (cf,c%): (18)
/1 67T1(c +r- (L—CH) cH)dr—i-/l 81(6 c —l—r(H—cL))dr
o 0661 1 €] 1),62 =0 662 1,02 (&) 2 .

If ¢; (1,v2,Y;) — ¢; (0,v2,Y;) is independent of vy, then v, affects the integral
in (18) only via ¢f/,c§f and c%, but not via (cf — ¢f’) and (c2 —c¥). By
assumption 1, higher v, (weakly) increases ¢, but reduces c§’ . Thus, using

assumptions 2 (iii) and (iv),g—’crl1 (cAf +7- (cf —¢ff) , ¢4 is non-increasing in

- - - - - 8
vz. Similarly, using assumptions 2 (iv) and (v), G2t (¢, cf + 7 (¢ff = ¢5))
is non-increasing in v,. Thus, the integral in (18) is increasing in v,.
The argument still works if ¢z (1,v2,Y) — c2 (0,v2,Y) is decreasing in v,.

Proof of Proposition 2

W.l.0.g suppose Y, = Y > Y = Yi, whereas v; =0 < 1 = o] in some
equilibrium. Then

] <1,0,U_(1,2),Y,Y>Y—(1,2)> — 71 (07070_(1,2)7Y>Y,Y—(1,2)> >0
> <1,1,U(1,2)>57, 57,Y(1,2)> — (1 0,v_12,Y, Y Y_ @, 2))

Using exchangeability, by (6) and (7),

™5 (0, 1,11(1,2),57,?75/(1,2)) — <0707U(1,2)7?757,Y(1,2)>
=m] (1,0,U-(1,2),17,37,Y—(1,2)> — <0,0,U_(1,2),57,1771/—(1,2))
> ] (17070_(1,2)7Y7Y,Y—(1,2)> — 71 (070,11_(1,2),Y’Y>Y—(1,2)> > 0.

Similar arguments show that

ol <1, L?,?) - (o, 1,?,;7) .
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Thus, there is an equilibrium with vj = 0 and v3 = 1.

(i) Because of condition (11), there must be an intermediate value n* for which
AWV"HY0) > AL but ALy YO) < A We first show that

—_n*
AVYTEYY) > A fori <t

e., if exactly firms 1,...,n* are integrated, none of them wants to deviate
from integration. By exchangeability, A(v™,™*; Y?) = A((v?;:fl))T’ (YO)T),
where (Y9)T and (v (*; )" result from YO and (vi,.° 1 ) by permutation
of i and n*. By (9), Y? > YO, for i < n* . Thus, A((v.2)T;(Y)T) >
A(v".72,¥0). Using strategic substitutes, A(v".~2;Y%) > A(v. 71, Y0) >
A. Thus, A(vF 1Y) > A for i < n*.

Using similar arguments, one can show that

AV LYY <A fori>n*+1.

Thus, firms n* + 1,...,1 do not want to deviate from the equilibrium by
integrating.

7.3 Proof of Proposition 3

Both parts of proposition 3 are applications of Athey and Schmutzler (2001),
which concerns the comparative statics in games with strategic substitutes. To
understand the implications of this theorem, consider any I-player game with
player i’s strategy space given by &;, with typical element x;. Let X; = &; for all
i,j. Suppose that X; is a product set in R”,n < co. Let X = x;A;. For each
player, there is an exogenous state variable 6; € ©;, where ©; is a product set in
R™ n < 00,0 =(01,...,07), and © = x,0;. Let the players’ payoff functions be
given by f; : X x © — R. Now consider the following assumptions:

(B1) For all @ and all z_, f; (z;,z—;;0) is supermodular in z;, that is, an in-
crease in any component of z; increases the returns to increasing any other
component of x;.

(B2) The game satisfies strategic substitutes, i.e., an increase in the actions z; of
any player j # i decreases the returns of increasing x; for player i.
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(B3) f; has increasing differences in (x;;6;), that is, increasing 6; increases the
returns to increasing ;.

(B4) f; has increasing differences in (z;; —6,), that is, decreasing 6; increases the
returns to increasing ;.

(B5) The game has a unique equilibrium.
(B6) The payoff functions are exchangeable.

Given these assumptions, the following result can be shown to hold:
Theorem 1 If (B1)-(B6) hold, then 0, > 6; implies x} (0) > x} (0).

Proof. See Athey and Schmutzler (2001). =

To prove part (i) of the proposition, suppose 6; = V;,0; = {0,1},2; = v;
and X; = R4. Then (B5) and (B6) follow by assumption, (B1) is trivial as A is
one-dimensional. (B2) and (B4) follow from (5), (6) and (7), respectively. Part

(ii) is analogous, except that 6; = (v;, z;),0; = {0,1} x R4. (B3) now also uses

Bzﬂ'iD N 2k,

the additional requirement that - > 557

. (B4) also requires (5).
7.4 Proof of Proposition 4
We need to show (ii). First note that

Oy (1,v2) = m1(Lv2391(1,02),92(1,v2)) — k1 (y1 (1,v2),0) >
T (17 V2;Y1 (07 UZ) » Y2 (17 UZ)) - kl (yl (07 UZ) 70)

by definition of y; (0,v2) as firm 1’s strategy in the equilibrium of the sub-
game (0, v2). Next, using Theorem 5 in Milgrom and Roberts (1990), vy (0,v2) >
y2 (1,v2). Thus, using Assumption 1,

T (17 V2;Y1 (07 UZ) » Y2 (17 UZ)) > m (17 V2;Y1 (07 '1)2) )y Y2 (07 UZ)) :

Therefore,
Hl (17 UZ) > T (17 V2;Y1 (07 UZ) » Y2 (07 UZ)) - kl (yl (07 UZ) 70) .
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Subtracting IT; (0,v2) on both sides gives A (v_1) > A (v_1;y (0,v2)). The

proof of the second statement is analagous.

7.5 Appendix 2: I > 2 firms

We sketch more formally why the strategic substitutes property is more difficult to
satisfy with I > 2 firms. To simplify the notation, we extend II* to a differentiable
function of v; and v,. We obtain

2171 I 2
o<1l :Z @ 01 aCkZ &%y % 19)
0v10v2 pt Oc1 Ov10v2 81}1 60;49@ oy
To illustrate why this expression might not be negative, we show that

oc. 9%m 80@
8@128@;80@ 81)2 -

for k # 2: Clearly, g—f}’; > 0. Similarly, for ¢ > 2, . Also, m}:— is positive for
k,¢ > 2 by Assumption 2(v). Thus, even if assumptlons 1 and 2 hold, it is not
clear that (19) is non-positive.
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