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Abstract

We re-examine the common wisdom that cross-border mergers are the most effective merger
strategy for firms facing powerful unions. In contrast, we obtain a domestic merger outcome
whenever firms are sufficiently heterogeneous (in terms of productive efficiency and product
differentiation). A domestic merger unfolds a “wage-unifying” effect which limits the union’s
ability to extract rents. When asymmetries among firms vanish, then cross-border mergers
are the unique equilibrium. However, they may be either between symmetric or asymmetric
firms. Social welfare is never higher under a domestic merger outcome than under a cross-
border merger outcome.
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1 Introduction

We re-examine the question whether national or international mergers should be expected in
the presence of powerful unions. Lommerud et al. (2006) argue in favor of an “only cross-
border merger” equilibrium. By creating an “outside option” abroad, an international firm
can threaten to move production into a different country which creates downward pressure on
domestic wage demands. In contrast, we show that a domestic merger exhibits a “wage-unifying”
effect which may more effectively counter union power than an international merger. For the
wage-unifying effect to arise it is necessary that the merging firms differ with regard to their
productive efficiency. Moreover the effect is re-enforced by product differentiation. An “only
domestic merger” equilibrium then exists, in which asymmetric firms producing differentiated
products merge in their home country to counter union power.

The wage-unifying effect of a merger is sometimes a direct result of labor law. For instance, in
Germany the tariff unity (“Tarifeinheit”) principle stipulates that only one collective agreement
should apply within a firm to the same type of labor. Accordingly, a merged entity will “unify”
labor contracts simply by the fact that it must reach a new collective agreement which then
applies to all its employees. A recent example is the RWTU v/ TUVNord merger in 2011. Both
firms had different collective agreements before the merger. After the merger, a new collective
wage agreement was concluded with the services labor union Verdi. That collective contract
defines a uniform wage profile for all workers of the merged firm (see Verdi, 2011).!

Another recent example of the wage-unifying effect is the creation of Vattenfall Europe
in Germany. The merger included previously independent public utility operators BEWAG,
HEW and LAUBAG. Before the merger, employees at BEWAG and HEW enjoyed much better
working conditions and higher wages than those employed by LAUBAG.? Right after the merger,
Vattenfall Europe announced in a restructuring plan that it wants to reach a new collective

agreement for the entire group to reduce wage levels at HEW and BEWAG locations.> On April

'The adjustment towards a more uniform wage structure after a merger may take some time as workers are
protected to some extent by previous collective agreements (see Haucap et al., 2007, for more details on German
labor market institutions).

HEW (Hamburg) and BEWAG (Berlin) were located in former West Germany and West Berlin, respectively,
whereas LAUBAG was active in former East Germany (Senftenberg/Brandenburg).

3Immediately after its formation Vattenfall Europe announced that wages at BEWAG and HEW locations had



4th, 2010 the daily newspaper Der Tagesspiegel published an interview under the title “Die
BEWAG war am grofiziigigsten” (“The BEWAG was most generous”) with the Head of Human
Resources at Vattenfall Europe, Mr. Udo Bekker. In that interview Mr. Bekker stated that
the new tariff agreement concluded in 2007 has reduced annual salaries of employees at former
BEWAG locations by 7,500 Euro. He also reported salary cuts at former HEW locations in
Hamburg of about 2,000 Euro.*

Even in the absence of a legal provision as the tariff unity principle in Germany, the wage-
unifying effect should be considered as a part of a (domestic) merger. First, unions have strong
preferences for egalitarian wage-setting and it can be expected that this objective is most effective
at the firm-level.> Second, there is some casual evidence that a unifying effect is also present in
non-labor input markets. It should be expected that right after a merger contractual relations
with suppliers are compared. If a certain supplier was able to discriminate before the merger,
then the merged entity should be able to renegotiate contractual terms to the better. Such a
behavior was expected by most suppliers according to an investigation conducted by the German
Federal Cartel Office in association with its decision on the EDEKA /Tengelmann merger (see
Bundeskartellamt, 2008).

By considering the uniformity effect of domestic mergers, our model combines aspects from
the literature on price-discrimination in input markets (e.g., Yoshida, 2000) and downstream
mergers in vertically related industries. More specifically, our paper builds on a growing litera-
ture which analyzes mergers in a vertical structure where upstream firms (or unions in the case

of labor) have market power vis-a-vis downstream oligopolists.® Making the vertical structure

to be reduced significantly in order to align them with the much lower wage levels at LAUBAG. See newspaper
article “Vattenfall plant neuen Tarifvertrag,” Hamburger Abendblatt, 3 January 2006, online article (available at:
http://www.abendblatt.de/wirtschaft /article372957 /Vattenfall-plant-neuen-Tarifvertrag.html).

YThe interview is available online (http://www.tagesspiegel.de/wirtschaft/unternchmen/udo-bekker-die-
bewag-war-am-grosszuegigsten/1712310.html).

The trade union principle “equal pay for equal work” summarizes this nicely. See Freeman (1982) for an early
empirical study which shows that unionism reduces within-establishment wage dispersion.

SWorks which assume linear wholesale prices (or, the right-to-manage approach in the case of labor) include
Horn and Wolinsky (1988a), Dobson and Waterson (1997), von Ungern-Sternberg (1997), Zhao (2001), and
Symeonidis (2010). Another approach is to assume “efficient contracts” in input market relations (see, for instance,

Horn and Wolinsky, 1988b) which avoids double marginalization issues.



explicit this literature has uncovered new incentives for downstream mergers resulting from im-
proved purchasing conditions on input markets. We depart from those works by analyzing an
international setting and we apply the approach of endogenous merger formation as put forward
by Horn and Persson (2001a, 2001b).”

We extend Lommerud et al. (2006) by considering asymmetric firms.® Lommerud et al.
(2006) analyze a two-country model with four symmetric firms (two in each country) each
producing an imperfect substitute. In each country a monopoly union sets wages at the firm
level. Within such a symmetric setting, Lommerud et al. (2006) obtain their main result that
the endogenous merger equilibrium only exhibits cross-country mergers. Under the resulting
market structure wages reach their minimum as both merged firms can most effectively threaten
to scale up production abroad if a union raises its wage.

By allowing for asymmetric firms in each country, we qualify the “only cross-border merger”
result as follows:” First, given that products are sufficiently differentiated, a domestic merger
equilibrium follows whenever cost asymmetries between national firms are large enough. Sec-
ond, as products become more substitutable, the cross-country merger equilibrium becomes
more likely; however, both a symmetric and an asymmetric cross-border merger outcome are
possible. If products are close substitutes, then a cross-border merger induces intense competi-
tion between the unions to the benefit of the international firm. If, however, products become
more differentiated the “threat-point” effect of “internal” union competition becomes less effec-
tive. Considering cost asymmetries gives then rise to our main result that a domestic merger
equilibrium emerges.

From the perspective of the low-cost firm, a national merger with the high-cost firm becomes

attractive as this constrains the wage demand of the domestic union. It is, therefore, the wage-

"Horn and Persson (2001b) analyze how international merger incentives depend on input market price setting
and, in particular, on trade costs. They show how trade costs affect cross-country merger incentives and the type
of mergers (unionized or non-unionized firms).

8Related are also Lommerud et al. (2005) and Straume (2003). Straume (2003) considers international mergers
in a three-firm, three-country model where labor is unionized only in some firms. Lommerud et al. (2005) examine
how different union structures affect downstream merger incentives in a three-firm Cournot oligopoly.

9Specifically, we assume that total costs are the sum of labor and non-labor costs. With regard to non-labor

costs we suppose a high-cost and a low-cost firm in each country.



unifying effect of a domestic merger that prevents the labor union from extracting rents from
a low-cost plant in order to maintain employment at a high-cost plant. The merged entity can
partially shift production domestically from a less towards a more efficient plant, rendering a
domestic merger even more profitable.!’ As a result, depending on cost asymmetries among
firms and the degree of product differentiation, we find that either domestic or cross-border
mergers may result in equilibrium.

There is some empirical evidence that the internationalization of firms unfolds negative effects
on wages, so that it may serve as a mean to counter union power. For instance, Clougherty et
al. (2011) show that international mergers unfold a threat effect which increases international
firms’ bargaining power vis-a-vis unions.!! Concerning domestic merger outcomes, we note two
empirical observations which are aligned with our finding. First, while cross-border mergers have
become increasingly important, the major amount of mergers and acquisitions is still domestic
in nature (Gugler et al., 2003; UNCTAD, 2012). Second, mergers typically occur between rather
asymmetric firms which is documented in Gugler et al. (2003) who report that target firms are
on average only 16 percent of the size of their acquirers.

The remainder of this paper is organized as follows. In the following Section, we present
the basic model and the cooperative merger formation process. Firms’ merger incentives, in
the form of wage and employment effects of different merger types, are analyzed in Section 3.
Based on these findings, we determine the equilibrium industry structure and discuss the welfare
implications of our results in Sections 4 and 5. Finally, Section 6 offers a short discussion and

concluding remarks.

"Breinlich (2008) has shown that the liberalization of trade between the US and Canada triggered substantial
merger activity between asymmetric firms in Canada. Those mergers allowed for an optimal re-allocation of
production which strengthened the merged entities’ competitiveness vis-a-vis US firms.

" Recent empirical labor research obtains mixed results concerning the relationship between labor demand and
internationalization of firms. Fabbri et al. (2003) provide an empirical study which shows that labor demand of
UK and US firms for low skilled workers between 1958 and 1991 (UK data are available until 1986) has become
more elastic. They argue that increased activity of multinational firms is (partially) responsible for this trend.
Barba-Navaretti et al. (2003) provide a cross-country firm-level study of European countries where they find that
multinationals adjust their labor demand more rapidly than domestic firms in response to shocks. However, they
report a more inelastic demand curve with respect to wages for multinationals which they contribute to differences

in skill structure.



2 The Model

We consider an oligopolistic industry with initially four independent firms, i € N = {1,2,3,4}.
Each firm operates one single plant and produces one variant of a differentiated good. There
are two countries A and B. Firms 1 and 2 are located in country A, while firms 3 and 4 reside
in country B.

Firms compete in quantities in an internationally integrated product market. This set-up
resembles a “third-market” model (see e.g. Brander, 1995). The (inverse) demand function for
product ¢ is given by

pi=1—¢q —p Z qr for all i € N, (1)
kel\{i}

where ¢; denotes the quantity supplied by plant i, and § € (0,1) measures the degree of prod-
uct differentiation. As  approaches 1, products become perfect substitutes, while for 5 — 0
products are virtually independent.

Firms use labor and non-labor inputs in fixed proportions to produce the good. We consider
a constant-returns-to-scale production technology, such that one unit of output of product ¢
requires one unit of labor at wage w; and one unit of a non-labor input at unit-price ¢;. Firms
differ in their non-labor production costs. We assume that firms 1 and 3 are the low-cost firms
with ¢; = c3 = 0, while firms 2 and 4 are the high-cost producers, with ¢; =: ¢ > 0 for i = 2, 4.'2

We can express firm i’s cost function (with i € N) as

1, ifi=1,3
Ci(gi) = [wi + D(i)c] ¢; with D(i) :==
0, ifi=2,4

Note that D(i) € {0,1} is an indicator such that D(i) = 1 for the high-cost firms i = 2,4 and

D(i) = 0 for the low-cost firms i = 1,3.!13 The profit function of firm i is thus given by

i = [pi(-) — w; — D(i)c] g; for all i € I. (2)

12For ¢ = 0, all firms are ex ante identical and we are back in the model analyzed by Lommerud et al. (2006).
13We abstract from the option that mergers induce efficiency gains with respect to marginal costs. We calculated
another version of this model where mergers induced marginal cost savings for the high cost plants to pc, where
u € (0,1) measures the degree of efficiency gains. Our results are not affected by the introduction of merger
synergies, only the scope for domestic mergers is reduced the larger the cost savings through mergers becomes.

The results are available from the authors upon request.



Workers are organized in centralized labor unions in their respective countries.!* We consider
a monopoly union model and we adopt the right-to-manage approach, which stipulates that
labor unions set wages for the firms residing in their countries, whereas the responsibility to
determine employment remains with the firms. Unions make take-it or leave-it wage offers to
firms to maximize their wage bills. The wage-setting of labor unions adjusts to the industry
structure which the plant owners determine cooperatively.

Wage setting depends crucially on whether or not a domestic merger occurs. In market
structures without a domestic merger (i.e., in which either cross-border mergers or no merger
has taken place), each labor union j = A, B sets a firm-specific (and hence, plant-specific) wage
to maximize its wage bill

Uy =Y wia D), 3)
where ¢ = 1,2 in country j = A and i = 3,4 in country j = B. We denote by w; the wage paid
by firm i and ¢;(D(i)) is the labor demand of firm 4 which depends on its non-labor costs.!?

If a domestic merger occurs, then the labor union offers a uniform wage rate to the merged
entity which now operates two asymmetric plants.'® The labor union j’s wage bill in those cases
is then given by

Uj=w;y_ a(D(0),
with ¢ = 1,2 in country j = A and ¢ = 3,4 in country j = B, where w; is the uniform wage rate
in country j € {A, B}.
We analyze the following three-stage game. In the first stage, firms merge in pairs according

to the cooperative merger formation process proposed by Horn and Persson (2001a, 2001b).7

" A crucial assumption is that workers are unable to organize in unions across borders. Although there have
been attempts towards more cooperation among labor unions at a European level, in general, labor market regimes
are bound locally at the national level (Traxler and Mermet, 2003).

15Workers’ reservation wages are normalized to zero.

YIn an industry structure with two domestic mergers, both unions set uniform wages. In contrast, when only
one domestic merger has occured (and the plants in the second country stay independent) only the union in whose
country a merger has taken place sets a uniform wage rate. The second union sets two separate plant-specific
wage rates.

"That is, we only allow mergers between two firms, so that the most concentrated market is a duopoly. We

are interested in highlighting the incentives for domestic versus cross-border mergers and the role asymmetries



In the second stage, labor unions simultaneously and non-cooperatively set wages after having
observed the outcome of the merger process. Finally, in the third stage of the game, firms
compete in quantities in the final product market (“Cournot competition”).

We solve for the subgame perfect equilibrium. In the third stage of the game we obtain a
unique quantity vector depending on the market structure and wages. In the second stage of
the game, unions set wages depending on the market structure while foreseeing firms’ subgame
perfect quantity choices. In the first stage, a merger formation process applies, in which all
parties foresee perfectly unions’ wage demands and optimal Cournot quantities depending on
the resulting market structure.

Merger formation process. We apply the method developed in Horn and Persson (2001a,
2001b) by modelling the merger formation process as a cooperative game of coalition formation.
An ownership structure M" describes a partition of the set N into voluntary coalitions. As in
Lommerud et al. (2006), we consider only two-firm mergers. We obtain ten such partitions,
two being mirror images, which leaves us with eight relevant industry structures of the merger

formation process:'®

1. no merger: M° = {1,2,3,4},

2. one domestic merger: MP! = {12,3,4} or MPY = {1,2, 34},

3. two domestic mergers: MP2? = {12,34},

4. one symmetric cross-border merger between the efficient firms: M1 = {13,2, 4},

5. one symmetric cross-border merger between the inefficient firms: M1 = {1, 3,24},

between firms play in this formation process. If firms have the opportunity to monopolize the market, an all-
encompassing merger is the obvious outcome, regardless of firm asymmetries. In addition, three- or four-firm
mergers are more likely to be blocked by antitrust authorities. Finally, cost of administering a merger may grow
overproportionally making mergers of three or four plants unprofitable.

'8We use the following abbreviations for 7 to describe a market structure M”. A merger can be domestic
(D) or cross-border (C) and there can be one merger (D1; C1) or two mergers (D2; C2) in either case. If two
cross-country mergers occur, then they can be symmetric (C2s) or asymmetric (C2a). If one cross-border merger
occurs, then it can be symmetric (Cls) or asymmetric (C'la). Finally, in case of a single cross-border merger

between symmetric firms it can be either between the efficient firms (C'lse) or between the inefficient (C'1s3).



6. two symmetric cross-border mergers: M©2$ = {13,24},
7. one asymmetric cross-border merger: M1® = {14,2, 3} or M = {1,4,23}, and
8. two asymmetric cross-border mergers: M 2% = {14,23}.

As firms are not symmetric, cross-border mergers can take place in different constellations.'’

First, firms with the same non-labor production costs can merge, which we call symmetric cross-
border mergers (cases 4., 5. and 6.). When there is only one international symmetric merger,
it can either be the two efficient (M©'%¢) or the two inefficient (M ') firms that merge. The
ownership structure with two mergers between the symmetric (low-cost and high-cost) firms is
represented by structure M©?*. Thus, in structure M2 there is one firm producing brands 1
and 3 at low costs, and one firm producing brands 2 and 4 at high costs.

Second, there can be cross-border mergers between two firms of different cost types, which we
call asymmetric cross-border mergers (cases 7. and 8.). If there is only one asymmetric cross-
border merger, the outcome is obviously identical for structures M1 and M€, Industry
structure M©2¢ indicates that there have been two cross-border mergers each between one low-
cost and one high-cost firm. As a result each merged firm produces one brand at low cost and
the other brand at high cost.

The determination of the outcome of the cooperative merger formation process is based on
dominance relations between the partitions of N. If an ownership structure is dominated by
another structure, it cannot be the equilibrium outcome of the cooperative merger formation
game. The approach involves a comparison of each structure M" against all other structures
M ™" separately. M" dominates a structure M " if the combined profits of the decisive group of
owners in structure M" exceeds those in structure M™ .

Decisive owners can influence which coalition is formed. All firm owners which belong to
identical coalitions in ownership structures M" and M" are not decisive. By that we exclude

the possibility of transfer payments among all firms.?’ Within a coalition of firms, owners are

YWhen firms are symmetric, then partitions M1%¢, M1 and M©!® are structurally equivalent. The same
holds for structures M2 and M2,
20Clearly, if we allow for transfers between all firms, then the equilibrium structure is the one which maximizes

industry profits.



free to distribute the joint profit among each other. Thus, an industry structure M" dominates
another structure M" if the decisive group of owners prefers M” over M" which is the case if
the combined profit of this group is larger in M than in M" .

Applying the bilateral dominance relationship, it is possible to rank different ownership
structures. We then search for the equilibrium industry structure (EIS) which is undominated.
Undominated structures belong to the core of a cooperative game of coalition formation where
the characteristic function follows from the subgame perfect strategies unions and firms choose
for a given industry structure.

Parameter restriction. A well-known problem associated with a uniform input price (or
wage) is that the input supplier (or union) may prefer to set a price (wage) so high that the

less efficient plant is shut down.?!

In our model, this issue arises in structures when domestic
firms merge and marginal non-labor cost, ¢, of the inefficient firm becomes large. The following
assumption ensures that all plants ¢ € I produce strictly positive quantities under all market

structures.??

Assumption 1. The high-cost firms’ marginal cost, ¢, fulfills 0 < ¢ < ¢(8). The critical value
¢(B) is monotonically decreasing in B3, with limg_oc¢(B) = 2 — V2 and
llmgﬁlé(ﬂ) =0.

We maintain Assumption 1 throughout the entire analysis. In Appendix B we show that the
critical value ¢(3) is derived from market structure M1, In case of a single domestic merger,
the union has the strongest incentive to raise the uniform wage rate up to a level which makes
production at the high-cost plant unprofitable. By assuming ¢ < ¢(3) we ensure that the union
prefers a relatively low wage rate which keeps the inefficient plant active.

Before we analyze the equilibrium of the merger formation process, we present the following

preliminary result. All proofs are relegated to the Appendix.

Lemma 1. The no-merger (M°) and all one-merger structures (MPY, MEtse MC1si gnd

MC1) are dominated by at least one two-merger structure (MP%, M2, or M©?9).

A comparison of profit levels reveals that industry structures involving two mergers (M P2,

21 For instance, Haucap et al. (2001) show that a union may have an incentive to raise a uniform industry-wide
wage rate above a certain level to drive inefficient firms out of the market.

22We provide the derivation of Assumption 1 in Appendix B.



M€2e and M©?%) unambiguously provide higher total profits for the decisive group of firms
than industry structures in which more than two firms prevail in the market. The equilibrium
outcome of the merger formation process will therefore always result in a downstream duopoly.
As a consequence, when analyzing possible candidates for equilibrium industry structures, only
structures with two merged firms have to be considered. Therefore, we restrict our attention
in the following analysis to the three candidate equilibrium industry structures: MP2, A¢2e
and MY?3_i.e., we focus on the incentives for either two domestic or two cross-border mergers,
where we distinguish between coalitions of symmetric plants (two efficient and two inefficient
plants merge) and coalitions between asymmetric plants (one efficient producer merges with one

inefficient producer each).

3 Merger Incentives

We solve our model for all possible industry structures in Appendix A. As we focus on the
driving forces behind domestic and cross-border mergers when firms are asymmetric, it will
be instructive to analyze first of all the impact of different types of mergers on wages and

employment.

3.1 Wage and Employment Effects

As wage rates are determined endogenously, unions may react to each market structure by
adjusting their wage demands accordingly. How do different types of mergers affect wage rates?
As we can restrict attention to two-merger structures, wage rates in countries A and B are
always symmetric in equilibrium. However, there can be differences in the wage rates paid by
efficient and inefficient plants if labor unions set plant-specific wages (i.e., in structures M2
and M 02“). In those cases, we use subscript I to indicate wages paid by inefficient plants
(plants 2 and 4) and subscript E to indicate wages paid by efficient plants (1 and 3). As there
is only one equilibrium uniform wage for MP?, we do not use a subscript in this case.

When we compare the wage rates set by the labor unions in countries A and B for structures
MP2 MC25 and M©?¢, we find that the plant-specific wages in industry structures involving
cross-border mergers can be ranked unambiguously. When including the uniform wage set

for domestic merger participants, the ranking is not distinctly possible. The relation between

10



the wage rates in the different industry structures then depends on the degrees of product

differentiation () and cost asymmetry between firms (c).

Proposition 1. Consider all market structures with two mergers, i.e., MP2, M5 and M22.
Then, equilibrium wages can be ranked as follows:

i) The ranking of wage rates set by labor unions in structures MS?s and MS?® is unambigu-
ously given by ng“ > wg% > w?QS > w?Qa.

ii) The equilibrium wage under structure MP? is always larger than the equilibrium wage of
the inefficient firms under market structures MS%s and M¢%, j.e., wP? > w?zs > w?za holds
always.

iii) The comparison of the equilibrium wage under structure MP? with the equilibrium wage of
the efficient firms under market structures M2 and MS2® depends on two uniquely determined
critical values c1(8) and c2(B), with c1(B8) > c2(B) > 0 such that w¥* > wP? holds for
c > c1(B), w§? > wP? > wh2 holds for c1(B) > ¢ > ca(B), and wP? > w§?* holds for
c < ca(B).

Moreover, c¢1(8 — 0) = c2(8 — 0) =0 and c1(8) and c2(B) are monotonically increasing.

Part i) of Proposition 1 compares both cross-country merger structures and says that efficient
plants pay unambiguously higher plant-specific wage rates than inefficient plants. Quite obvi-
ously, as labor unions can discriminate in case of cross-country mergers, they are able to extract
a higher surplus from efficient plants. Post-merger wages depend on which type of plants have
formed a coalition. Recall that in structure M2 each merged firm operates one efficient and
one inefficient plant. To save on non-labor cost of production, each merged firm will partially
reallocate production from the high- to the low-cost plant. The magnitude of this reallocation
depends on the degree of substitutability between brands. Consequently, the efficient plants
increase their market shares in M©2® giving labor unions the opportunity to raise wages nga
while balancing wage demands and respective effects on employment.

In contrast, in structure MS?* firms of the same cost type merge and do not create an
option to reallocate production among each other to save on non-labor cost. Unions adjust their
wage demands to these different constellations of ownership. The respective production shifting

opportunities in the two structures yield higher wages for efficient plants in M2 than M©?s.

For inefficient plants, obviously the reverse holds true.
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Figure 1: Wage effects of different merger types

D2 with the plant-specific wage rates under cross-border

Comparing the uniform wage w
merger structures is less easy. Part 4i) of Proposition 1 shows that the wage in case of domestic
mergers is always larger than the wage which prevails at the inefficient plant in case of cross-
country mergers. Hence, a domestic merger outcome is always good news for employees at
inefficient firms which would otherwise suffer from wage cuts in case of cross-country mergers.

Part iii) of Proposition 1 shows that the comparison of the wages at the efficient plants
depends on both the cost asymmetries and product differentiation. Figure 1 illustrates the

different rankings. The three areas in Figure 1 follow from Proposition 1, such that the following

orderings hold:

Area A ng‘l > wg% > wbP? > fw?% > wIC2“;
Area B wg% > wP? > fngS > fw?% > wIC2‘l;
Area C : wP? > wg% > wg% > w?% > wICQ"’.

A domestic merger allows the merged entity to reallocate production domestically towards
the more efficient plant. The union has an incentive to balance this threat of production shifting
by adjusting the uniform wage rate downward. As part iii) of Proposition 1 shows, union

power is most effectively constrained through a domestic merger when products are sufficiently

12



differentiated and/ or firms are sufficiently asymmetric. In Figure 1, area A represents all
parameter constellations where a domestic merger allows to operate the efficient firms at the
lowest possible wage level. If the labor unions were allowed to discriminate between efficient and
inefficient firms in that area (as it is the case when firms merge cross-border), then unions would
optimally increase the wage rates at the efficient plant in anticipation of increased production.
Thus, as can be seen from Figure 1, for higher values of ¢, w”? is driven below the levels of wgza
and ngS .

The reason for this result is that the non-labor cost of the inefficient firms affects wage rates
differently. Note that

owP? 1

= - 0
Jdc 4+2,B<

for B € (0,1). When the non-labor cost of production of the inefficient plants marginally in-
creases, the wage rate paid by the merged firm falls. As uniformity of wages restricts the labor
union in exploiting the production efficiency of the low-cost producer, it limits its wage demand
when firms become more asymmetric in order to maintain employment at the high-cost plant.
In contrast, in cross-border merger structures, low-cost plants’ wages rise if non-labor costs of

high-cost plants increase; i.e., in equilibrium it holds that

C2a C2s o
O = b > 0 and 0w = 25(1 = ) > 0.

o 4-p de (4—p8)(4-30)

Next to the impact of firm asymmetry and uniformity of wages, a merger further affects the
choice of wage rates through changes in the elasticities of labor demand at the merged firms.
Different merger types may result in different changes in labor demand elasticities due to the
relation between national labor unions and international firms. While for a domestic merger
plants with relation to the same labor union merge, cross-border mergers induce rivalry between
nationally organized labor unions due to the threat of moving production abroad.

To analyze the changes in labor demand elasticities, first consider structure MP? in relation
to the no-merger case. Using the results for derived labor demands presented in Appendix A,

we can write the slopes of the labor demand curves as follows,

oy, gy 2 4232

ol ouwd (B2 +3p) ™
ogg: ogP* 2 — 232
owbP2 — gwP2 4B —1)(1+28)’
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for the pre- and post-merger cases, where gj, and g7, » = {0, D2}, are the derived labor demand
functions of efficient and inefficient plants, respectively. Comparison of the two expressions

reveals that

JwD? ow?, 2(—4 — 128 — 532 + 64°)

Reduced product market competition after the two domestic mergers reduces the responsiveness
of firms’ labor demand. Ceteris paribus, labor demand becomes less elastic in a domestic merger
case and the labor unions have an incentive to raise wages. However, the previously described
wage-unifying effect countervails this incentive, because the union would raise wages for all
workers in both plants.
On the other hand, a cross-border merger induces union rivalry through the threat effect.
The slope of labor demand in both cross-border merger structures M°?* and M 2% is given by
0352 B 0352 B 932 B 9352 2428+ 32
ows?  ows? T gwge  gw  A(B-1)(1+28)

Comparison with the slope of labor demands in the no-merger case reveals that

B 38%(2 + 28 + 32 -0
44 —-88-782—1183 +68%) T

‘ 8@%28

94y,
3wg25 B

0
ow',

Ceteris paribus, cross-border mergers increase the responsiveness of labor demand of the firms,
which would lead to a decrease in wage demands by unions. The difference in labor demand
responsiveness for different merger types is in line with the results by Lommerud et al. (2006).
However, a countervailing effect may arise in our model increasing firms’ incentives to merge
domestically: the constraining effect of a uniform wage on a labor union’s ability to extract
surplus from efficient firms.

To understand which types of mergers will be chosen in equilibrium, it is also instructive
to look at the employment effects of different merger types. Total employment is given by the
sum of firms’ output levels. Accordingly, define @ := ), ¢;. The following Lemma summarizes
the impact of different merger types on total employment when compared with the pre-merger

employment level.
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Lemma 2. Total employment, Q, under the three two-merger structures (MP2, M2, and
MC2%) and the no merger structure M can be ranked as follows: Employment levels are identical
in the two cross-border merger structures (QC? = Q%%). Employment is always lower in the
domestic merger structure than in the cross-border and in the no merger structure (Q%%* =
Q% > QP? and Q° > QP?). Whether cross-border mergers reduce or increase total employment
compared to no merger depends on the degree of product differentiation in the following way:

i) Q¥ > QY% = Q% if Be(0,1/2), and

i) Q% = Q9% > Q0 if B e (1/2,1).
Moreover, equality holds, Q€ = Q¢%* = Q°, if B =1/2.

Three interesting observations can be made from Lemma 2. First of all, we find that total
employment is always lowest in the domestic merger structure compared to cross-border merger
structures and the no-merger benchmark.?® Inspection of the plant-specific employment rates
(see Appendix A) reveals that this mainly hinges upon the low employment of inefficient plants
in the domestic merger structure. The increase in market concentration leads to a contraction
of total employment.

Second, total employment in the two cross-border merger structures is identical, although
different types of mergers are formed in the two structures. The reason for this result becomes
obvious from the ranking of wage rates above. In the two cross-border merger structures, labor
unions set wages as to balance total costs for the firms in the two structures. Note that,
however, this does not mean that the distribution of output across plants is identical for the
merger structures. This is not the case, as firms shift production towards more efficient plants
in structure M©2® while this is not possible for structure M©?S, where plants with identical
technologies merge.

Third, for lower degrees of product differentiation, total employment is higher with cross-
border mergers than in the no merger case. If products are closer substitutes (3 close to 1) the

opportunity for firms to shift production, for either labor or non-labor cost savings, becomes

23 Note that uniformity of wages in the domestic merger structure M P? does not influence this result. Essentially,
uniformity has no effect on total employment compared to plant-specific (discriminatory) wages when market
demand is linear (Schmalensee, 1981; Yoshida, 2000). Assuming symmetric firms, total employment is the same
as in the model analyzed by Lommerud et al. (2006). Differences in total employment are therefore only a result

of firm asymmetries.
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larger. Thereby, efficient firms produce a higher output compared to the no-merger case, which

has an overall increasing effect on employment.

4 Equilibrium Industry Structures

The previous Section has examined how different merger types influence wage and employment
levels. We now turn to the industry structures which will result in equilibrium as the outcomes
of the merger formation process. Since firms will anticipate the wage-setting behavior of the
unions, they will take into account the effect their merger decisions will have on union behavior.

The following proposition summarizes which industry structures will arise in equilibrium.

Proposition 2. If § > B ~ 0.913, then the equilibrium industry structure is MC%°. If B <
B, then there exists a critical value ¢(B3), such that the equilibrium industry structure is MP? if
¢ > ¢(B) and M if ¢ < ¢(B). Moreover, limg_o ¢(8) = 0 and 0¢(B)/0B > 0 in the relevant
interval 0 < ¢(B) <€(B8) and ¢(B) =¢(B) for f ~ 0.351.

In contrast to previous work with homogenous firms and purely plant-specific wages, the equi-
librium industry structure in our model can consist of either domestic or cross-border mergers.
Two domestic mergers will be the unique equilibrium if products are sufficiently differentiated
and firms are sufficiently asymmetric, more specifically when ¢ > ¢(3). Figure 2 illustrates these
results. The result that either domestic or cross-border mergers can occur is in contrast to the
findings by Lommerud et al. (2006), where domestic mergers never occur in equilibrium. The
incentives for firms to merge domestically when plants are sufficiently asymmetric stem from
the two effects described above. A domestic merger induces the labor unions to limit their wage
demands from the efficient plant in order to maintain employment at the inefficient plant. The
mergers decrease competition in the product market and induce a reduction in overall employ-
ment. Concerning the distribution of employment among the plants, merged firms domestically
shift production from an inefficient to the efficient plant.

When these two effects dominate the gains from cross-border mergers — namely the reduction
of market power of labor unions through the threat of reallocation — two domestic mergers will
emerge as an equilibrium industry structure. More specifically, merging domestically becomes

more attractive the more asymmetric firms become. Thus, we should expect that the threat

16



vE
c(8)

0.4

03

ol

Figure 2: Equilibrium industry structures

effect will conversely dominate the wage-unifying effect if firms are rather symmetric or products
are closer substitutes.

For a wide range of parameter values, we observe that cross-border mergers between sym-
metric firms (M2 = {13,24}) will occur in equilibrium. In this region, the threat effect of
cross-border mergers dominates the benefits of uniformity for the firms. When products be-
come less differentiated, the reallocation of production becomes easier, thereby strengthening
the firms’ threat position vis-a-vis the labor unions.

Closer inspection of this equilibrium reveals that the driving factor is the gain in profits
of the merged efficient plants compared to the other two industry structures in this parameter
range. As they are not able to reshuffle production for non-labor cost savings, incentives are even
stronger to threaten production reallocation to put downward pressure on wages. Nevertheless,
also the inefficient plants gain through the increase in market concentration.

Finally, M©2® = {14, 23} is the equilibrium outcome for 5 > B, i.e. when products and firms
are almost homogeneous. In this area, the production shifting effect becomes strongest while
market shares are distributed rather evenly between firms. Note that equilibrium cross-border

mergers will not necessarily lead to higher employment compared to a no-merger case. Only for
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the region 5 € (0.5,1) cross-border mergers will increase total employment.

5 Welfare

Finally, we inspect the welfare implications of our results. At first glance, a domestic merger
might have welfare improving effects because of the redistribution of production from less efficient
to more efficient firms. However, the employment effect of domestic mergers gives rise to the

following result:

Proposition 3. The ownership structure involving two domestic mergers, MP?, is never socially
optimal. The optimal industry structure from a welfare perspective can be either no merger (MP°),
one domestic merger (MP1), one cross-border merger between the inefficient plants (M%) or

two asymmetric cross-border mergers (M©2®).

Calculating the global welfare as the sum of firms’ profits, labor union wage bills and con-
sumer surplus, we see that industry structure MP? is never welfare optimal. For all parameter
constellations of 8 and ¢, it is welfare dominated by other structures. Although a domestic
merger results in a partial reallocation of production from less towards more efficient plants,
the reduction in overall quantity in the market causes this structure to be never optimal from a
welfare perspective.

Establishing which industry structure is welfare optimal (from a global welfare point of view)
is, however, not easy in practice. Since the production asymmetry may cause a reallocation of
production from inefficient to efficient plants in some structures, total quantity sold in the
market does not necessarily indicate when a structure is also most desirable from a welfare
perspective. Figure 3 summarizes the industry structures, which can be welfare optimal in given
parameter regions.Interestingly, there can be also welfare optimal industry structures which will
never be the equilibrium outcome of the merger formation process between firms (M°%, MP!, and
M Clsi). Most notably, while two domestic mergers are never optimal from a welfare perspective,
an industry structure with one domestic merger can be when firms are rather asymmetric and
product differentiation is rather strong. This parameter constellation roughly coincides with the
area where two domestic mergers are the equilibrium industry structure (see Figure 2). From a

welfare perspective, too many domestic mergers occur for these parameter constellations.
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Figure 3: Welfare maximizing industry structures

We do find, following Lommerud et al. (2006), that two cross-border mergers (M©2?) always
welfare dominate structure M P2, However, this result is only true for asymmetric cross-border
mergers which result in one efficient and one inefficient firm in the industry. In contrast, we
cannot establish a pattern leading to the conclusion that cross-border mergers are the welfare
optimal industry structure for a wide range of parameters.

A comparison with the results of the equilibrium outcomes of the merger formation shows
that firms only choose the welfare maximizing industry structure when products are close sub-
stitutes, i.e. when g > B This result supports empirical findings of an increasing trend in
cross-border mergers where target and acquiring firms may strongly differ in size (Gugler et al.,

2003).

6 Concluding Remarks

We have presented an extension of the model analyzed by Lommerud et al. (2006) to uncover
the role of cost asymmetries among firms in a unionized oligopoly. Our results suggest that
domestic mergers may result as an equilibrium outcome of the merger formation process when

firms are asymmetric in their non-labor costs of production.
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The incentives for domestic mergers critically depend on the labor unions inability to discrim-
inate among workers belonging to the same employer. Thereby, firms face a trade-off between
domestic and cross-border mergers in the coalition formation game: cross-border mergers give
rise to the threat effect — the opportunity to reallocate production from one country to another
— which puts downward pressure on wages. Domestic mergers constrain the labor unions in
their freedom to extract surplus from efficient plants. This uniformity effect provides incentives
for firms to merge domestically. On the one hand a domestic merger may lower the wage paid
by the efficient plant, on the other hand production may be reshuffled within one country from
the less to the more efficient producer.

We obtain, therefore, both domestic and cross-border mergers in equilibrium, depending on
the degree of product substitutability and the asymmetry between firms. If cross-border mergers
occur, mergers between symmetric plants will be the prevailing industry structure for the widest
range of parameter constellations. However, asymmetric international merger outcomes are also
possible whenever products are sufficiently homogeneous.

A comparison with the optimal industry structures from a global welfare perspective reveals
that firms do not choose the welfare optimal industry structures, unless products are close
substitutes. While two domestic mergers are never welfare optimal, no unambiguous pattern
in the industry structures according to welfare effects can be established. The welfare optimal
structure can involve no mergers at all, one, or two mergers. For intermediate to low degrees of
product differentiation, the global welfare maximizing industry structure involves two mergers
between asymmetric firms, i.e. between an efficient and an inefficient plant each. Obviously, this
result is enforced by the positive welfare effect of these mergers because of the reallocation of
production from less to more efficient firms. A comparison to the equilibrium industry structure
chosen by firms, reveals that such an industry structure is however rarely chosen by firms.

How do these results relate to the evaluation of merger proposals in the light of collective
bargaining institutions? The presence of powerful labor unions and egalitarian wage-setting
principles (“one firm, one wage”) affects firms’ merger decisions and gives rise to equilbrium
industry structures which do not result when wages are set purely firm-specific. The wage-
setting regime has a considerable impact on the optimal, welfare maximizing industry structure.

In contrast to previous research on domestic and cross-border mergers, our model supports the
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idea that one domestic merger can be welfare maximizing under certain parameter constellations.
However, the presence of a wage-unifying effect triggers too much merger activity from a welfare
perspective. A domestic merger, or a no merger outcome, maximize global welfare when firms are
rather heterogeneous in terms of productive efficiency and product differentiation. In our model
firms choose two domestic mergers in this area. In reality we observe an increasing amount
of international mergers in this region (when firms are rather asymmetric) as put foward in
the introduction to this paper. A relevant question which arises in this context is, therefore,
whether merger policies should take into account the prevailing wage-setting institutions and

thereby generated wage effects of mergers when evaluating merger proposals.
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Appendix A

In this Appendix we explicitly solve all possible industry structures. All structures are solved

by backward induction.

No merger (M°): {1,2,3,4} Given the demands (1), firms’ profit functions are given by

() = (I-—q—Ble+tat+au)—w)a,
ma() = (I—q—Bla1+a3+aq)—w2—c)g,
m3() = (1—qs—B(ar+ a2+ as) — ws) gs,
ma() = (1—qa—Blar+q2+q3) — wa —c)qu,

Solving the four first-order conditions yields the following optimal quantities which are also the

derived labor demands:

A() _ —2¢fH2wi+B+20wi —fwa—Lfws—Lwa—2
at) = (B-2)(35+2) ’

~ () _ 2c+BH2wa+cf—Pwi+2Bwe—Lws—Lwyg—2
Q)= (B-2)(35+2) ’
B() = —205+2w3+5(—6/3_w?1)z?;55uf;)-2ﬁw3—5w4_2, and
~ () _ 2c+BH2ws+cB—Pwr—Pwa—Lws+2LBwas—2
“ut) = (B-2)35+2) '

The labor unions’ wage bills are given by

Ua() = wiqi(-) +w2q2("), and

Up(") = wsgs(-) +waqa(-).
The unions set wages to maximize their wage bills. Solving the four first-order conditions yields
the optimal wage rates

’U)(l) = wg = 7(4+B(§2+C)) and ’U}g = 'U}g = —(4+B(_28+C)_4C) .

Using the expressions for w?, w9, wg and w{, we obtain the union wage bills

U0 — [0 — A0 (248)=4(=248)2 2+ B)c+ (164 B(8+(=2+8)8))c?
A=Up= 32(2—B)(2+3B) ’

and production quantities

8482 (—24c)+68¢c

0o _ 0 __

U = 4= sp-peies o ond
0 _ 0 _ 8+8%(—2+c)—8c—68c
© = U= T RErE-3mHH
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It follows immediately that 7 = (q(l))Q, Ty = (qg)z, 7Tg = (qg)2 and 1) = (qg)Q.

One Domestic Merger (MP'): {12,3,4} Here, we only consider the interior solution in
which all four plants produce a positive output. In Appendix B, we will derive a sufficient
condition to ensure an interior solution in all market structures.

When all plants produce positive outputs in the last stage of the game, the profit functions

are given by

m2() = (1—q—Ble2+ g+ @) —wa)a+ (1 —q — Blqr + g3+ qa) —wa — ¢) go,
m3() = (1—q3—B(q1 + 92+ qa) —w3) g3, and
() = (1—qa—B(e1+q+q3) —ws — ) qa.

Solving the four first-order conditions yields the following optimal quantities which are also the

derived labor demands:

2+(8%2-3B)(1—c)+(8—B) (w3+ws)+(B+B2—2)w,

) = 2(5-1)(2-35157) ’
~ () L 2(1—0)B(B—3)+(8—B2) (ws+wa)+(B+B2—2)wa

T 2(5-1)(-2-36+6") 7

i) = 428 +4Be— o~ (4+45— 5" )ws + 2Bt (4828 wa g

2(4+48-532+5%)
Q) = (4=28)(1—c)+B%c+2Bws — (4+48—25)wa+ (482" )wa
% 2(4+45-582+8°) '

In the second stage, unions maximize their wage bills by simultaneously setting their wage rates

w4, wy and wy. The wage bills are given by
Ua() = wa(@()+a()), and
Up(:) = wsqs(-) +waga(").

Solving the first-order conditions yields the optimal wage rates

D1 _  (-9(8+2-8%)
YA T TETAEER)
wbl —  4EBULB(-1+o)+o)
37 2(4+5(6+5))
le _ 4—4c—pB(—44B+5¢)
47 2(4+5(6+5))
Using the expressions for wg L w3D I and wf 1 we obtain the union wage bills
_o\2(__ a2 2
bt — (422 (-8 +2ﬁ+2)2’ (4)
4(—B2+3p+2) (B2+68+4)
bl _ (34p%—108*—B°+124582+1128+32) 2+ (1—c)(—28+183° —283* —803°+ 6437 +1605+64)
Bl o=

4(4+(—4+8)(—1+B8)B) (4+B(6+8))* ’
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and optimal quantities

2¢+284+11c8—682—B3+B%+11c¢B%—cB%—cBr4+4

= 235 +43T—335°—1657+32B+16 ’
_ —6¢+2B—13cf—682—B3+B8%—5c82+2c83+4
2 = 23514353855 —1637+323+16 ’
_ 12846¢8-28%-58%4+8%49c¢B2+cB% —cB+8 and
3 = 2351257 —443° 116521808132 ’
_ —8¢+128—18¢8—282—583+8%— 7c,82+4c,33+8
94 = 285 +23% 4455+ 163% 4808432
The final profits of the unmerged firms in country B are given by 7rD L= (qgf) 1)2 and 7T4D L=

(q4 ) . The profit of the merged firm in country A is given by

D1 2(1—c)(1—ﬁ2)(—4—66+B3)2+(4O+B(216+,8(426+B(332+B(24+B(4+5)(—17—0—36))))))02
T2 = 4(1-P)(—2+(=3+B)B)*(4+B(6+5))?

Two domestic mergers (MP?): {12,34} As in the previous industry structure, we solve
for an interior solution with all four firms producing a positive output. We will show below that
whenever the sufficient condition ¢ < ¢(3) is fulfilled, also in the two domestic mergers case all

plants produce a positive output. The firms’ profit functions are consequently given by
m12(-) = (I—q1 =B+ +aqs) —wa)g + (1 —q2 — B(q1 + 93+ q4) —wa — ¢) g2, and
m34() = (I1—g—Bl@r+q+aq)—ws)g+(1—q—B(@+q¢+qg)—ws—-c)q.

Solving the first-order conditions of the firms’ profit maximization problems, the optimal quan-

tities (derived labor demands) are given by:

2—28—2w 4 +3cB+2Bwp+2B8%w s — 2,82wB

al) = 45-86%+4

~ () _ 2-2¢—28—2w—cB+2Bwp+28%wa— 262103

72 = 1386714

N 2 2

(J3(') _ 2-28— 2wB+SCf;2§§)2,:_426 wa+28%wp and
Q) = 2—2¢—2B—2wp —cB+2Bw 4 — 2/32wA+262w3
Qat) = 45—867+4

In the second stage, unions maximize their wage bills by simultaneously setting their wage rates

w4 and wp. The wage bills are given by

Ua() = wa(@a() +()), and

Up() = wp(@()+al)).
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Solving the first-order conditions yields the optimal wage rates

D2 D2 _ 2-c
Wa™ =W = 1325

Using the expressions wf 2 and ng, wage bills are given by

(B+1)(c—2)*
UR? = Ug® = Grajsiayanss) (5)

Finally, we obtain optimal quantities

D2 _ 2+c+5Bc+p%(—243¢)

N = 93 T Tgi125-123788°
_ D2 _ —2+3c+5Bc+B%(24¢)
@ = 9 = 4(-2-38+352+28%)
and firm profits
702 _ D2 _ —4=14B)(148)*+4(-148)(14+8)° et (5+8(22438(1148(6+5))))c?
A —"B & 8(1-B)(2+5)2(1+28)?

One efficient symmetric international merger (M'¢*¢): {13,2,4} Firms’ profit func-

tions are given by

m3() = I-q—B@e+e+a)—w)a+(1—q9g—06@+q0+qu)—ws)ags,
() = (1—q—pB(e1+ g3+ qs) —wa2—c)g, and
() = (1—q—B(a1+q+4g3) —ws—c)qu

Solving the four first-order conditions yields the following quantities:

~ () _ (2—2w1+B(—3+2c+2ws+wr —w1 +wa—B(—1+2c+wa— w1+w4)))

N - 2(2+5-46%+5%)

~ () _ (—A(=14ctw2)+B(2(—14B)c— (w1 —2wa+w3)+2(—14+w1 —2wa+w3+wa)))
@\ = 2(4+(—4+B)(—1+B)B) ’
~ () _ (2—2w3+B(—342c+2w1 +wa—wz+ws—LB(—1+2c+wa— w3+w4))) and

a - 2(2+5-46%+5%)

w() = (B2(=14-B)c—B(w1 4wz —2w4)+2(—1+w1+watw3z —2wy)) —4(—1+ctwy))

ut) = 2(A+(—4+B)(—1+5)B) :

The labor unions’ wage bills are given by

Ua(:) = wiqi (1) + w22 (), and

Up () = w3gz(-)+waqs(-).

25



The unions set wages to maximize their wage bills. Solving the four first-order conditions yields

the optimal wage rates:

Clse _ , Clse _ 2(1-8)(4+B(=2+c))
wy ¢ = wg = 16+(—1245)8

w§lse — (2=9)(A-35+2(-245)0)

wClse
2 16+(—12+58)8 ’

and union wage bills

Uglse — Uglse —

(28°—168*+548°—6082 —328+64 ) >+ (—63°+383* —603° — 4832 +1928—128 ) c-+(53° —323*+423%+843% —2243+128)
(16—5(12—75))*(2+6(3-5)) ’

Finally, quantities and firm profits are given by

Clse __ Clse __ (2_5)(_84‘52—650)

gl = B T 36 (1248)F) (21 (31B)B)
Clse __ Clse __ 8(—14¢)+B(2+8(4+B(=1+c)—Tc)+4c)
@ T 4 T e 12rAA (-2 H(31H)8)
Clse _ (=248)°(1+8)(-8+5%~68c)”

T3 T 2A6H(—12+AB (-2 H(—3+B)B)”

7Clse  _  Clse _ (8(=14¢c)+B(24+8(4+B(—1+4c)—Tc)+4c))?
2 = Ty =

(16+(—12+5)8)*(—2+(-3+5)B)*

One inefficient symmetric international merger (M ¢'*"): {1,3,24} Firms’ profit func-

tions are given by

moa(r) = (I—q—pB(q1+q3+qs) —w2—c)ga+ (1 —qs — B(q1 + g2 + q3) — wg — ¢) q4,
() = (1—q1—B(g2+q3+qs) —wi1)q1, and
m3(-) = (1—g3—B(q1+ g2+ qa) —w3) g3.

Solving the four first-order conditions yields the following optimal quantities (derived labor

demands):

~ () _ 4—4w1 —B?(2c—2w1 +wa+ws ) +28(—1+2c— 2w +wa +ws+wy)

) = 2(A+(~4+B)(~1+B)B) 7
o) = 2(1—c—w2)+B(=3+ctwi —wa+B(1+c—w1 +wa —w3)+wz+2wy4)

Qv = 2(2+5—457+5°) ’

~ _ 4—4w3—B?(2ctwa—2wsz+ws)+28(—142c+wi +wa —2w3+ws)

@ () = 2at (—A+B) T+ P)F) , and
() = 2(1—c—w4)+B(=3+ctwi +2we+ws —wa+B(1+c—w1 —wz+wa))

2(2+8-482+8%)
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The labor unions’ wage bills are given by
Ua(r) = wiqi () +w2q (), and
Up () = wsgs(-)+waga(:).

The unions set wages to maximize their wage bills. Solving the four first-order conditions yields

the following optimal wage rates:

Clsi Clsi _ (2—B)(4+B(—3+
w§ st w$ st ( 16)+((712(+B),36))’ and
Clsi _ . Clsi _ 2(1=8)(4+8(=2+c)—4c)
wS st g,0lst — et .
Using the results for w{, w$1?, wg 1si and w{'**, we obtain the following optimal union wage

bills

UC“Z - UC’lsz _ (2—B)((B*—8B%+2082+165—32)c?+(188% —48*+1282 —968+64)c— (228 53 +-232 —808+64))
(16-126+42)° (—2-38+6°)

9

quantities
Clsi __  ,Clsi __ —8+8(2—6¢+5(4—B+3¢))
@ T BT e RERR) (-2 (-3 AP
Cisi _ C1si_ (=24B)(848%(—1+c)—8c—68c)
© T U T (3224515087 15854+ 8)
and profits
Clsi _ (—2+8)2(148) (8+8(~1+¢)—8c—68c)
@ 2(16-126+5%)" (~2-36+4%)"
Als  Clsi (8+8% 5% (4+3¢) +8(~2+6c))”

(16-128+82)° (—2-38+82)"
Two symmetric cross-border mergers (M©?%): {13,24} Firms’ profit functions are given
by
m3() = (1—q—Bla2+g3+q1) —wi) qn + (1 — g3 — Blar + g2 + 1) — w3) g3, and
m2a() = (1-q@—Ba+ag+q)—wr—c)g+(1—q—B8(@+q+4q3) —ws—c)qa
Solving the four first-order conditions yields the optimal quantities:

2(—=1+w1)+B8%(2c—wi +wa —ws+ws) —B(—242c—2w1 +wa+2w3+wy)

a() = —4-4B+832 ’

~ () _ 2(=14ctw2)—B(—2+wi1 —2watwsz+2wa+ L (2c— w1 +wa — w3+w4))

92 = 4(=1+B)(1+2P)

(/]\3 () _ 2(=1+4ws)-B(= 2+2c+2w1+iu42 j;ujgﬁig4)+ﬁ2(20 w1 +we—ws+ws) , and
~ () _ 2(=1l+ctwy)—B(—24wr +2wrtw3z —2wa+L(2c—wi +wa — w3+w4))

94 = 4(—1+B)(1+2P)
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The labor unions’ wage bills are given by
Ua(r) = wiqi () +w2g (), and
Up () = wsgs(-)+waga(:).

The unions set wages to maximize their wage bills. Solving the four first-order conditions yields

the optimal wage rates

C2s __ C2s __ 2(1—p)(44B(=3+c¢))
wi” = Wyt = S yagy s and
C2s __ C2s _ 2(1—f)(4—3B8+2(—2+p)c)
W2 = W T TR (a8

and the union wage bills

—2(4-383)2(—2+8+8?)+2(4—3B)% (—2+8+p? ) c+(—148) (—32+82 (30+(—14+8)8) )2

C2s _ 77025 __
Ua™ =Up™ = =3B (4317 2)

Finally, quantities and firm profits are given by

C2s __ C2s _ 8+8(—2-3B+(6+(—4+p)B)c)
T BT T REemesE-3s)
C2s _  C2s _ 8—8c—f(2+38+(4+(=7+B)B)c)

@ T A T T E-p e U3
C2s  _  (148)(8+8(=2-3+(6+(=4+8)B)c))*
TS = 203 arprres? 0 and
2025 (4B)B(=1+0)+B(243B+ (4+(=T+8)B)c))?
# 2(4-38)*(—4+B)* (1+28) '

One asymmetric cross-border merger (M©'%): {14,2,3} Firms’ profit functions are

given by
() = I-—q-Be+a+aeu)—w)a+(1—qg-—>5(@+qp+q)—ws—-c)aq,
ma() = (1—q—pB(g1+ g3+ q) — w2 —c)ge, and
m3() = (1—q3—B(q1+ ¢+ q1) —w3) gs.

Solving the four first-order conditions yields the optimal quantities:

~ () _ 22w +B(—34+3c—wi+wartwz—LB(—1+c—wi+wa+wsz)+2wa)
ni= 2(2+5-457+57) ’

~ () _ —4(=14ctw2)+B((=2+8)c— B (w1 —2w2 +wq) +2(—14+w; —2we +w3+wy))
@) = 2@+ (—4+B) (—1B)B) ’
~ _ 4—dw3—B2% (et w1 —2w3Fwa)+26(—1+2c+ w1 Fwa —2w3+ws)

Bl = 20+~ AFA) (-1+5)B) , and
() = B(=3+2w1fwatws—f(—1+wztws—ws)—wa) —2(—1tctws)

2(2+8-46%+5%)
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The labor unions’ wage bills are given by
Ua(r) = wigi(-) +w2q2 (), and
Up() = wsgs(-)+waga(:).

The unions set wages to maximize their wage bills. Solving the four first-order conditions yields

the following optimal wage rates:

wCle — —64¢8+965+13682—13233 42854 —8¢3%+50¢3° —13¢5*—128

1 7849643 +24032—256 ’
wCle — 128c+643— 32c,8+12852—10663+2154—120c,82+74053—12c64—128
2 78%—963%+24032—256
wlle —  =32c8+645+1285°-1065°+2151 ~8ch®+32¢4° —9ch1~128 _and
3 784-9643+24032 256
wCle —  128c4968— 32c,8+13652—132,83+2854—128c,82+82053—15c64—128
4 78%-963%+2408%—256

Optimal quantities are given by

Cla _  —1928+4256¢8—304582+2883%—228*—3385+785—-80cB2—244¢3%+162c8*—23¢[5 — c56+256

il - —1487+24835-12623°+2084 54 +416 3% —30083°2+5125+1024

Cla _  2163°—384c8—7045%—512c+19643*—1083%+143%+736¢3%4+168¢3° —380c3" +120¢8°—11¢4%+512
72 —1487+2628%—14963°+31128% —6403° —448032 42048342048 ’
Cla __  384c8—T70452+2168%+19658*—1083°+1485%—32¢52 —384¢B%+184cB* —12¢8° —3¢85+512 , and
a3 - —14874+26243°5—14963°+31126*—64033 —448082 42048342048

Cla __  —256c—1928—64c8—304/32+28843% —223*—333°+78%+384¢3%—44c¢33 —140c84+56¢8° — 6066+256
44 - —1457+2483%-12623° 420843144163 —300852+5125+1024

We can use the results for wage rates and profits to calculate the union wage bills Uf;l“ =
wlCla . qfla 4 wgla . q201a and Ugla = wgl‘l . qgla + wfla . qfla (explicit derivations are omitted

here for reasons of space). Finally, the profits of the unmerged firms 2 and 3 are immediately

given by 7r01“ = (qgla)2 and 7r§1“ = (qgl“)z. The merged firm earns a profit of
~Cla _ —2(62—1)(0—1)(—7B5+2664+4863—240,6’2+64B+256)2+¢c2
T4 = I(=1+B)(16+(—121B)B)2(—2+(—3+B)B)2(—16+B(—12+7D))2

#(B) = op7+18819285-1606405°—218 8805 +219 13633 +159 7445298 3045 — 65 536,

o(B) = 1285+2138%—465333+279685%—64 6208 + 7568.

Two asymmetric cross-border mergers (M©2?): {14,238} Firms’ profit functions are

given by
() = I-q—pFle+a+qu)—w)a+1—qg-—0B8(q+qp+q)—ws—c)a,
mo3(-) = (I—q—flgn+a3+qs) —w2—c)ga+ (1 —q3 — Blqr + g2 + qa) — w3) g3.
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Solving the four first-order conditions yields the optimal quantities:

G() = 2(—1+w1)+B2 (w1 +wa+ws—wsg)—B(—2+3c— 2w1+w2+w3+2w4)

o —4-131857

~ o 2(—1+c+w2)+ﬁ(2+c—w1+2w2—2w3—w4)+ﬁ2(w1—wg—w3+w4)
() = —4-4B+857 ’

~ _ 2(=14ws)—B(—2+3ctw1 +2wz —2w3+ws)+6% (w1 —w2 —ws+ws)
@() = —4— 454857 , and
~ () _ BP(—witwatws—ws)+2(— 1+c+w4)+ﬁ(2+c—2w1 wo — w3+2w4)

The labor unions’ wage bills are given by

Ua() = wiqi (-) +weg2 (+),
Up () = w3gz(-)+waqs(-).

The unions set wages to maximize their wage bills. Solving the four first-order conditions yields

the optimal wage rates

2 —2
wlC2a _ nga _ +64(—B+C)’ and
w2C’2a — waa _ 2_254:?36+6C-

Firms produce the following optimal quantities

C2a _  (C2a _ 4—B%(2+c)+B(—2+4c)
a1 = 43 = 1(4135 905 126%) and
C2a _  C2 _ 4—4c—28(1+c)+B%(—2+3c)
@ T T T Carp)(~a-aptss)

The wage bills of the unions are then given by

[yC2a _ 7C2a _ B3 (=2+¢)2+12B(—1+4¢)—282c2+4(2+(—2+c)c)
A —VB 2(—448)*(1-5)(1+25) )

Finally, firms earn the following profits

7020 _ 1C2a _ 3¢2 54 —16¢2 8% —2c2 3% +16c2 B+8c2+4c* +16¢8%+12¢6% —16¢8—16c—484—163% — 12B2+166+16
14 =723 — —323542568%1—48835—184/3%+3205+128

With the explicit solutions to industry structures, we can sketch the proofs of our paper . Since
all proofs involve large expressions which are hard to include in the text, we restrict ourselves to
outlining the relevant comparisons and calculations which need to be performed. All expressions

used for these calculations are stated in the previous part of the Appendix.
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Proof of Lemma 1 In this Lemma, we show that industry structures involving no or only
one merger are always dominated by at least one industry structure involving two mergers for
B € (0,1) and ¢ € (0,¢(8)). Thus, we need to compare the profit levels of the decisive owners in

the relevant market structures.

e No merger (M?): We can show that MP? dom M° by considering 7122 — (7 +79) > 0

and 7?2 — (7§ +79) > 0.

e One domestic merger (MP"'): We can show that MP? dom MP' or M©?% dom MP?

by considering 72 — (7P + 7P1) > 0 and (702 + 7§P%) — (7Bl + 7PV + 7P > 0.

e One symmetric cross-border merger between the efficient plants (M15¢): We

can show that M2 dom MCE'*¢ by considering (752%) — (7§1%¢ + 7{1%¢) > 0.

e One symmetric cross-border merger between the inefficient plants (1¢'%"): We

can show that M2 dom MCE'* by considering (7$2%) — (7§15 + 7{15%) > 0.

e One asymmetric cross-border merger (M“'?): We can show that M 2% dom M¢1e

by considering (71'%25 + wgfs) - (Wﬁla + nga + nga) < 0.

Proof of Proposition 1

C2s _

C2a
E — Wg

e Part (i). The ranking presented is unique. It is sufficient to show that w

c C2a _ _ (2-PB)B
wf? —wf = G5 ey, and w

case for 5 € (0,1) and ¢ € (0,¢(8)).

gzs — w?QS = lel:fﬁ)c are positive. Obviously, this is the

e Part (ii). Since w§? —w$?¢ > 0, it is sufficient to show that w?? — w§?* > 0 holds for

B e (0,1).

e Part (iii). To rank wg2s, nga and w2, it is useful to establish the relations bilaterally.
First, we can show that there exists a critical value ¢1() such that wg% —wP? > 0 if
¢ > c1(B). Second, there exists a critical threshold c2(8) such that wP? — w$? > 0 if
¢ > ca(f). A comparison of these thresholds yields ¢1(5) > c2(8) > 0. Finally, we can

establish that w$? — wP? < 0 and wP? — w§? > 0if ¢1(B) > ¢ > c2(B).
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Proof of Lemma 2 It can be easily checked from the solutions of firm specific output derived
previously in this Appendix that Q¢%¢ = Q¢?°. The inequality Q¢?* — QP? > 0 reduces to
% > 0, which holds —given the restrictions on parameters— for all 5 € (0,1) and
c € (0,¢(3)). Equivalently, the inequality Q° — QP2 > 0 reduces to if;;i—;zgzl(f;ﬂ?

¢ < ¢(p), the inequality is fulfilled for all 5 € (0,1). For the last part of Lemma 2, we consider

> (. Since

the inequality Q° — Q¢?® > 0. It is easily confirmed that the expression on the LHS changes it
sign at 8 = 1/2. More specifically, the difference Q° — Q¢?* is positive for 8 < 1/2 and negative
for g >1/2.

Proof of Proposition 2 From Lemma 1, we know that the only candidates for equilibrium
industry structures are those structures involving two mergers. In order to determine the EIS,
we need to compare bilaterally the profits of the decisive owners in each of the two-merger
industry structures against those of the other two structures.
Equilibrium MP?: MP? is the equilibrium industry structure if and only if M P2 dom M©?s
and MP? dom M©% ie. 72+ 7D — (7§25 + 7§2) > 0 and 72 + 7B — (722 + 7527) > 0.
Consider first MP? dom M©?s: Substituting the results for profits derived in this Appendix

yields an expression which is quadratic in c:

1
4(—2624_54’_1)(363_1062_166+32)2 51 (C, B) > 0,

where 01(c, 3) = r1¢? + s1¢+ 1 and

t1 = 2528% 38435 — 5728* + 896> + 3208% — 5125,
s1 = 3848° — 2528 +57258% — 8963 — 32032 + 5123, and
r o= 28°—158% + 2487 + 10385 — 3168 + 3818* 4+ 51283 — 172832 + 5123 + 768.

We see that

L s >0
4(—28%48+1)(38°-108>—163+32)

for all 8 € (0,1). Additionally, we can unambiguously determine the signs of the rest of the
terms. We have that ¢; < 0 for all 5 € (0, 1) such that §;(8,¢) < 0 when ¢ — 0. Further, s; > 0

and r; > 0 for g € (0,1).
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The existence of a unique critical value ¢(3) > 0 such that 6; (¢(8),8) = 0 while 61(c, 5) >0

for all ¢ > ¢(j3) follows from noting that §281/0c®> = 2r1 > 0. Solving the quadratic equation

L 251(67/8):0

4(—282+8+1)(383-1082—163+32)

yields two real roots, of which only one is feasible and given by

(A .— =(B) (4-3B)*(=14+8)B(1+8)(8+78)
o(9) =2 (|- S + e

where

w(f) = 1266 — 11378 + 26665 + 280982 — 24 3328 + 52332810 + 121003° — 265 636
B8 + 26736087 + 38008085 — 614 27235 — 147 9683* + 454 6563% — 2048052 — 98 3043, and

p(B) = 25° — 153% + 2487 +1033° — 3164° 4 38158* + 51233 — 1728532 + 5123 + 768.

Thus, there exists a threshold ¢(3), which indicates that d1(c, ) > 0 for all ¢ > ¢(8).
Inspection of this threshold function reveals that limg_o ¢(3) = limg_,1 ¢(f) = 0. Furthermore,
in the relevant interval of 5 € (0,1), ¢(f) is a concave function which reaches a global maximum
at B ~ 0.494.

Finally, we need to ensure that this solution is feasible with respect to Assumption 1. Thus,
define Aci(B) := ¢(8) — ¢(5). We need to show that Aci(5) > 0 for at least some values of
B. We can easily check that limg_gAci(8) = 2 — v/2 and limg_,; Ac;(8) = 0. Looking for a
numerical solution for Acy(8) = 0, we find that Aci(5) = 0 for 5 ~ 0.351 = 3. Thus, for all
8 < /B\, ¢(B) < ¢(B). Hence, we know that there exists a feasible threshold ¢(3) such that M2

dom M©?% whenever ¢(3) < ¢ < &(B).
Next, we examine MP? dom M ie. 782 + 72 — (7§ + 7n52%) > 0. We can use the

expressions derived in this Appendix, so that we obtain for the LHS of the inequality

1
4(_/82+2,3+8)2(—252+5+1) 52(Ca /8) > 0,

where 02(c, ) = r2c? + sac + t3 and

1208 + 5382 — 483 — B* + 48,

T2
sy = 320+ 288% —323% —283*, and

ta = —328—286%+ 3263 + 2854
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We can easily see that
1
0
4(—p2+28+8)" (—282+5+1) =
for § € (0,1). By the same reasoning as above, we can establish that to < 0 for all 5 € (0,1)

such that 02(8,¢) < 0 when ¢ — 0, while s5 > 0 and 2 > 0 for 8 € (0,1). Thus it must be
that da(c, 8) is a convex function since 92d2(c, 3)/0c¢? = 2ry > 0 and there must exist a critical
thershold ¢ (3) such that §2(c™(8),8) = 0 and d2(c, 3) > 0 for ¢ > ¢ (). Solving da(c, 3) = 0

we obtain two real solutions, of which only one is feasible and given by

H(B) = 2(—88-78°+88%+75*) | 4 [968+3405°12485% 2505 —3815° —050° 13747 1145°
" 4841208+538%—43°— 37 (—48-1208-5382+45%+ %)’

Thus, there exists a threshold ¢ (3), which indicates that d2(c, 3) > 0 for ¢ > ¢ (). Inspecting
ct(B) in more detail, we find that limg_qct(8) = limg_; c¢™(B8) = 0, and that ¢*(8) is a
concave function in the relevant parameter range 5 € (0, 1), which reaches a global maximum
at g =~ 0.483.

Again, we need to determine that this threshold is feasible, i.e. that ¢*(8) < ¢(8) for at
least some values of 3. Thus, define Acy(83) :=¢(8) — ¢t (83), with limgﬂo Acy(f) =2 —+/2 and
limg_.; Aca(f) = 0. It can be verified that Acy(8) > 0 for all 5 < 5, with E ~ 0.367. Thus,

MP? dom MC? for ¢t (B) < ¢ < E(p).

To establish that MP? is an equilibrium in a given parameter range, we need to show that
MP2 dom MC?5 and MP? dom MS?® at the same time. From the above considerations, we
know that ¢ must not be too small for MP? dominating the other structures. Specifically, we
have derived two thresholds on ¢, which determine when MP? dominates either M? (¢ > ¢(3))
or M (¢ > ¢t(B)). To derive when MP? dominates the other structures at the same time,
we compare ¢(f3) to ¢t(8) to determine which one of the thresholds is tighter on ¢. Moreover,
for this comparison we only need to consider the feasible parameter range 0 < 8 < B, sind E <
E. To this aim, we inspect the expression Acz(8) := ¢(8) — ¢t (3). Mathematical manipulation
reveals that Acs(f) is always positive for § < B Consequently, for ¢ > ¢(8), MP? dom M2
and MP? dom M©?e,

Equilibrium M¢2%:  For two symmetric cross-border mergers to be the equilibrium result
of the merger formation process, we need to determine when 7¢2* 4+ 752 — (722 +7D2) > 0 and

23 4 7rC’23 _ ( 2a 4 ,NCZa) > 0.
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MC?s dom MP?: From the previous case we can deduct that for f < B and ¢ < ¢(B), it

holds that M%2% dom MP?. Considering the range 8 > B, we find that M©?% dom MP? for
c <¢(B).
ME?s dom M©2%: To establish when two symmetric cross-border mergers dominate the two

asymmetric cross-border mergers, it must hold that 7{2% + 752 — (7{2?+752*) > 0. Substitution

of the expressions derived in this Appendix and simplifying yields
?"402 > 0,
where

Y B(B—2)%(882—pB*—~248+16)
4= 4(1-6)(38%-168+16)”

Inspection of this term yields that limg_g74 = 0. The sign of r4 cannot be determined unam-
biguously. A numerical solution yields that r4 > 0 for § < 0.91262 = E and rq4 < 0 otherwise.
Therefore, we can immediately conclude that M%?s dom M©2® if 8 € (0,0.91262). As there is

no restriction on ¢, it must only hold that ¢ < ¢(5).

Equilibrium M®?¢: Finally, we can establish when two asymmetric cross-border mergers
will result in equilibrium. This is the case whenever 7{2% 4+ 7$2¢ — (722 + 782) > 0 and
{2 + 7§ — (7 + 75E%) > 0.

The proof for M2% dom MP? and M©2* dom M?s follows from the solutions above.
Most simply, we know from the prior case that M2* dom M?S whenever 8 > E (otherwise,
MC?s dom M©?%). Further, we know from above considerations that there exists a threshold
c < ct(B) < &(B) such that M2* dom MP2.

However, we know that ¢™(8) < ¢(8) only for 8 < E Thus, for 8 > 5 it must be that

¢ < () in order that M“2® dom MP2.

Proof of Proposition 3. We define global welfare as the sum of consumer surplus, firm profits

and union wage bills. More specifically, denote global welfare in structure M" to be

4

4
W=V =D (vfa}) + Y m +Uh+Up,
i=1 1=1

where V" denotes the utility function of a representative consumer in industry structure M"

(r =0, D1, D2, Clse, Clsi, C2s, C'la, C2a) and, following Singh and Vives (1984), is defined
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as
4 4

4 4
vi=Ya - (@YY da ) e
=1

i=1 i=1 j=1
where z denotes the outside numeraire good with a normalized price to 1, and 4,5 = 1,2, 3, 4;
17 7.
The welfare expressions for each industry structure can be calculated using the expressions
presented in this Appendix. Through the relevant comparisons of the welfare expressions, the

relation established in Proposition 3 and graphically presented in Figure 3 can be derived.
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Appendix B

In order to obtain an interior solution in each industry structure, we derive a sufficient condition
(which implies an upper bound on cost parameter ¢), which ensures that all plants produce a
positive output in every possible industry structure. Most importantly, we need to inspect the
incentives of labor unions in structures M P! and M P2, i.e. in industry structures with uniform
wages, to raise the wage above some critical level such that the inefficient plant ceases production
and exits the market.

The intuition for this consideration ist simple. With a uniform wage, a union is constrained
in its wage choice. It can thus decide to set an intermediate uniform wage and obtain wage
bill revenue from employment in both plants of the merged firm, or set a high wage, at which
the merged firm closes down the inefficient plant. Obviously, the union only receives wage bill
revenue from the efficient plant, but can consequently demand a higher wage rate. The higher
is the non-labor cost ¢, the more we move into the direction of such a corner solution.

We begin our analysis by considering industry structure M1, where we distinguish between
the interior solution (four-firm case), which we have derived in Appendix A, and the corner
solution (three-firm case). For expositional purposes, denote by UJD Yp_4 and UjD Y p_3 the

wage bill of union j = A, B for the respective four- and three-firm cases.

Derivation of the three-firm case in structure MP!

When plant 2 does not produce a positive output, profit functions of the firms are given by

() = (1—q —B(g3+q1) —wa)q,
m3(:) = (1—gq3—B(q1 + q4) — ws3)gs, and
ma(-) = (1 —qs—B(q1 +q3) —wg — ¢)qa.

Solving the three first-order conditions of the firms’ profit maximization problems, we obtain

the following quantities

Q) = 2—B+BetPws+Pwa—(2+B)wa

Qv = 2(2+6-57) :

-~ _ 2—=B+Bc—(24+B)ws+PwstPw

as() = =g o nd
64() — 27B7207Bc+6w37(2+ﬁ)w4+6w,4 )

2(2—-p)(1+5)
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Labor unions maximize their wage bills
Ua(t) = waqi(’), and
Up(:) = wsqs() +waga(),

by simultaneously setting their wage rates. Solving the first-order conditions yields the following

optimal wage rates for the three-firm case:

wRlres = fEAE, (6)
wflles = MU g
w'|p=s = _i’)420—|?12ﬁﬁﬁ’tcfﬁt4’ (8)
and the union wage bills
UR' Ir=s = s s s i P (9)
and
UR'|p=s =

(B°—3p31—24B°4483%+1928+128) 2 +(643% — 2484 +1283% —1928—256 ) c-+ (363 —483° — 17632 +1283+256 )
8(2—B)(1+8)(—8+(—4+p5)B)? ’

We are now able to derive a condition such that all four plants will produce a positive output. To
this aim, we examine the incentives of labor union A (or more general, the labor union setting a
uniform wage rate) to have two rather than one plant in its country producing a positive output.
Naturally, union A will only prefer to set a low wage and have two plants active if and only if
UPYp—y — U p—3 > 0. Using (4) and (9) and simplifying, the LHS is a u-shaped function

which has two roots along the real axis. Solving for the two roots, we obtain one feasible solution

o(6) = 2 - V3, [ 20,

with
AB) = —512— 192083 — 211262+10165*+603°—2443°4+6287+3335—1487+ 31,
p(A) = —512— 17928 — 147224112083 +1736 34 +363° — 40085 +46 37 +4038 —133°+ 31,
Y(B) = 262144 + 23592963 + 871628832 +162856963°+137830403*—16957443°

—126965768%—664576087+3405056 35 +37063683° —27552080—9715203"*

—186408'2+1518724'3+332314 —138645'5+832316+-5643'" —57318 -8 319 520,
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Note that limg_o¢(3) = 2—+/2 and limg_.; &(8) = 0. Moreover, 9¢(3)/08 < 0 holds everywhere.

Derivation of the three-firm and two-firm cases in structure NP2

Now, we need to consider industry structure M 2. Results for the interior solution (four-firm
case) have been derived in Appendix A. Since in this case both unions set a uniform wage rate,
we also need to consider the incentives for either one union or both unions to raise the wage(s)
so high that the inefficient plant(s) is (are) closed down. Thus, we consider now the three- and
two-firm corner solutions of industry structure MP2. We will derive a condition on ¢ so that
both unions will always prefer the interior solution (four plants active) and compare it to the
threshold derived from structure MP1.

Again, denote by UjD2|F:4, U]~D2|F:3, and UjD2|F:2 the wage bill of a union j = A, B in the

four-firm, three-firm and two-firm case of industry structure MP?2, respectively.

The three-firm case (q1,q2 > 0 and g3 >0, g4 =0)
Consider the case when plant 4 in country B is closed down. Firms’ profit functions are then

given by
m2(-) = (1—q —Bg2— Bz —wa)g1 + (1 — g2 — fq1 — Bgzs — ¢ — wa)qz, and
m3() = (1—g¢3—PBq —Bg2 —wi)gs.

Solving the three first-order conditions of the firms’ profit maximization problems yields the

optimal quantities

Gi() = 4—68+285°+4Bc—B%c—4w 4 +4Bw 4 +2Bwp —2> ws

atv) = 4(1-B) (2+26—67)

S —  4-60+28°—detfPe—dwat+dBwa+2Bwp—26%wp
20 = 4(1-5)(2+26-67) , and
~ _ 24Bct+2Bwa—2wp— 25103

() = 2(2+25—47)

The reduced wage bills of the unions are then given by

Ua(r) = wa(@i(-)+a2()), and
Up() = wp(g()).

Solving both first-order conditions we obtain as optimal wage rates:

D2 _ 6B8—4c—4cB—4B%+cB248
wa'lr=s = 16-+168—257 , and
D2 _ 2B+cB—B%+4
wplr=s = 8+88—-52 -
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Using the results for w£2| F—3 and w§2| F—3, we obtain the union wage bills

2 2 2
b2 _ (68—4c—4cB—4B2+cB%+8) q
Alr=s 2(2426-52) (s+85-p2)° "
(B+1)(26+cB—p2+4)”
(2+26-5)(8+86-4%)"

UB?|p=s

The two-firm case (q1,q3 > 0 and q2,q4 =0)

(10)

(11)

When both inefficient plants are inactive, the profit functions of the two remaining firms are

given by

mi() = (1—aq —Bg3 —wa)q, and

m3(-) = (1—q3—Bq —ws)gs.

Solving the two first-order conditions of the firms’ profit maximization problems, we obtain the

solutions for optimal quantities

Q) = %7 and
~ 2-5-2

The unions’ wage bills are given by

Us(-) = waqi(-),and

U () = wpg(:).

Solving the two first-order conditions, we obtain the optimal wage rates in the two-firm case:

wh?|poe = wh?| P2 %7

and the wage bills

2(2—
UR p=2 = UR®li=2 = G2tk

(12)

We can now inspect under which circumstances a labor union finds it beneficial to reduce a wage

rate in order to keep an inefficient plant active in the market. The union wage bills for all three

cases are summarized in the following table.
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Union A\Union B q3,qs > 0 g3 > 0,94 =0
(B+1)(c—2)2 (68—4c—4c8— 462+c/32+8)2
q1,92 >0 (B+2)(28+4)(45+2) 2(2+26—52) (8185 52
(B+1)(c—2)? (B+1)(28+cB—B2+4)
(B+2)(28+4)(48+2) (2+28-52)(8+88— 52)
_ (8+1)(28+cB—B>+4)" 2(2-5)
g1 > 0,2 =0 (2+25—52)(8+85—52)2 (B—4)2(215)
(68—4c—4cB—4p2+cp?+8)” 2(2—5)
2(2426-52) (8+88-52)" (B—4)%(2+5)
Table 1

To this aim, start with the two-firm case in the lower right corner. In this case, both inefficient
plants (2 and 4) are closed down. Now consider the decision by union A. Given that only plant
3 produces a positive output in country B, union A would earn a higher wage bill when both

plants 1 and 2 produce a positive output in country A if and only if
UAD2|F:3 — U£2|F:2 > 0.

Using expressions (10) and (12), this inequality can be written as

(68—4c—4c8—482+c52+8)"\ ( 2(2-8) >>0
2(2426-52) (8+86-42)° (B-4)*(2+5) ’

where the LHS is quadratic in ¢. Solving for the roots, we obtain two roots, only one of which

is feasible and is given by

c*(B) == 2(—4-35+26%) 9, [ 256+6405+19252—4165°—923" +11459 2050+ 57
143+ 37 (2+6)(16+125-85%+5%)

Now consider the three-firm case, where q1,q3,q2 > 0 and g4 = 0. Under which circumstances
would union B be willing to deviate in a way such that also plant 4 produces a positive output?

This will be the case if and only if
Ug2‘F:4 — U}gD’F:g > 0.

Using expressions (5) and (11), we can write this inequality as

( (B+1)(c—2)° >_ (B+1)(28+c8—2+4)” >0
(B+2)(28+4)(48+2) (2+26—62)(8+8B—62)2 :
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Again the LHS is quadratic in ¢ and has two roots, only one is feasible and given by

() =2 (wa) B \/ <—2—6ﬁ—352+263)(64+160ﬁ+104ﬂ2—4ﬂ3—1Oﬁ4+ﬁ5)2)

() (—7(8))
with
©(B) = 12844168 + 40032 + 4833 — 508 + 835 — 53%, and
T(8) = 128+ 3848 +2725% — 112533 — 1148* + 108° — 5.

As a next step, we can compare ¢*(f) and ¢**(). Using the expressions derived above, it can
be checked easily that ¢**(8) < ¢*(5) for 5 € (0,1). Thus, for ¢ < ¢**(5) a union always has
a unilateral incentive to lower its own wage rate to have both plants in its country produce a

positive output, independent of the number of active plants in the rival country.

Comparison of thresholds derived from structures M”! and M??

We have derived two conditions, one from structure M P! and one from structure MP?, which
ensure that within a given industry structure both inefficient plants produce a positive output,
because the unions will prefer these cases over the cases where inefficient plants do not produce.

We can summarize our previous results as follows

Structure | ¢1,¢2 > 0 and ¢3,q4 >0

MD2 c< C**(B)
MP1 c <¢(p)
Table 2

Thus, to find a sufficient condition such that all plants produce a positive output in all
market structures we can compare ¢**(/3) and ¢(). It can be shown that ¢(5) < ¢**(8) for
B € (0,1). Thus, we only consider firm asymmetry within the valid parameter range ¢ € (0,¢(5))

to ensure an interior solution in every possible industry structure.
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