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Chapter 1

Introduction

In this thesis, I present four papers in two different areas of industrial organi-
zation. First, we study a model with boundedly rational consumers. In many
markets, at least some share of consumers shows different behavioral biases while
making their decisions. As the firms are also aware of these biases, their marketing
strategies often aim to exploit naive consumers. Understanding the differences in
consumers’ behaviors is very important for designing consumer protection poli-
cies. There exist a growing literature which analyze the impact of consumer
naivety on market prices and consumer welfare. The second chapter of this dis-
sertation contributes to this literature.

Chapter 2 is titled “Advertising and Price Competition in Online Markets.”
This chapter studies how firms’ advertising and pricing strategies, as well as con-
sumer surplus, depend on consumers’ search behavior in online markets. Nowa-
days, online retailers and price comparison websites provide lists of prices for
many products. Many (if not most) of these platforms allow advertisements on
their sites and give prominent positions to the advertised firms in the search re-
sults. We consider a sequential search model in which all prices are observable
and consumers look for products which meet their needs. Consumers are differ-
ent in their search orders. A group of “sophisticated consumers” always searches
products in an increasing price order, while “naive consumers” start their search
from the advertised products. We show that if the share of naive consumers is
relatively low, only one firm advertises in the market. Otherwise, both firms ad-
vertise. Advertisements increase market prices, but the prices are the highest if
the firms adopt asymmetric advertising strategies, i.e., when only one firm adver-
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2 CHAPTER 1. INTRODUCTION

tises. We also show that an increase in the share of naive consumers can decrease
market prices and increase consumer surplus depending on their existing share.
In an extension of the main model, we introduce a positive fraction of shoppers
who have zero search costs. We show that depending on the level of search costs,
all consumers may benefit, suffer, or not be affected from the existence of naive
consumers. This study suggests that regulating online retailers’ advertising poli-
cies, which can influence the share of naive consumers, can improve consumer
welfare.

In the second part of this dissertation, we analyze different aspects of vertically
related markets. First, we re-visit Nash bargaining problem between an upstream
supplier and a downstream manufacturer and derive a simple and instructive
formula for profit-sharing rule. In Chapter 4, we analyze downstream firms’
merger and FDI incentives when they bargain with plant-specific input suppliers.
We focus on the role of platform (modular) production concept which allows the
firms to produce different product variants at all plants they own. In Chapter 5,
we consider a sequential bargaining between a downstream firm and two upstream
suppliers. We study the upstream firms’ merger incentives and socially desirable
market structure depending on the substitutablity of the inputs.

Chapter 3 is a joint work with Markus Dertwinkel-Kalt and Christian Wey
and titled “The Nash Bargaining Solution in Vertical Relations With Linear Input
Prices.”. We re-examine the Nash bargaining solution when an upstream and a
downstream firm bargain over a linear input price. We show that the profit
sharing rule is given by a simple and instructive formula which depends on the
parties’ disagreement payoffs, the profit weights in the Nash-product, and the
derived demand elasticity. A downstream firm’s profit share increases in the
equilibrium derived demand elasticity which in turn depends on the final goods’
demand elasticity. We show by example that the total profit of the downstream
firm can increase if the final demand becomes more elastic. Our simple formula
generalizes to bargaining with N downstream firms when bilateral contracts are
unobservable.

Chapter 4 is a joint work with Markus Dertwinkel-Kalt and Christian Wey
and titled “Multi-plant Firms, Production Shifting, and Countervailing Power.”
In this chapter, we study how multi-plant firms’ ability to shift the production
of differentiated products across their plants shapes union-firm bargaining rela-
tions and affects consumer welfare. So far, the economic literature has focused
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on multi-plant and cross-border mergers where firms’ products are plant-specific,
i.e., each product variant can be produced only at its respective plant. In our
analysis, we consider a merger with plant-specific products as a benchmark. In
our main model, we focus on the case in which production shifting is possible. We
show that a merger decreases input prices under both scenarios. In the benchmark
case, a merger never increases social welfare. However, a merger which gives the
possibility of production shifting increases both consumer surplus and social wel-
fare if products are not close substitutes and the capacity constraint of the plants
are not very restrictive. We also study a firm’s investment incentives to open
a new plant for producing a differentiated product. We show that the firm has
higher incentives to invest abroad than in the home country. Incentives to invest
abroad are even stronger if the firm can produce both product variants at both
plants. Our findings suggest that having the option to shift production creates
considerable countervailing power in supplier-manufacturer bargaining relations
with important implications for both merger control and FDI policy.

Chapter 5, published in Journal of Institutional and Theoretical Economics,
is a joint work with Christian Wey and titled “Multiunion Bargaining: Tariff
Plurality and Tariff Competition.” We study (efficient) sequential bargaining
between two unions and a single firm. We consider a firm which gets labor
inputs from two different unions to produce a single product. If labor unions
represent substitutable worker groups, then there is a first-mover advantage and
the second union is foreclosed. If unions represent complementary work forces,
then there is a second-mover advantage, such that the wage bill of the union who
bargains first is smaller than the wage bill of the second union. We also study
the merger incentives of the unions under both cases. Unions have strong merger
incentives when they are perfectly substitutable. On the contrary, unions prefer
to bargain separately if their work forces are complementary. We also consider a
multi-product firm case in which each unions labor force produces a differentiated
good. Qualitatively, unions’ merger incentives are the same as in single-product
firm case. Moreover, we also show that these incentives always stay in conflict
with socially desirable market structure.





Chapter 2

Advertising and Price
Competition in Online Markets

2.1 Introduction

In many cases, consumers have to incur search costs to find the product which
meets their needs. Nowadays, price comparison websites and online retailers
provide lists of prices for many products. Usually, online retailers also allow
advertisements on their websites. When a consumer visits an online retailer, or
a price comparison site, she faces a list of products which order is determined by
the pricing and advertising decisions of the firms.

In this paper, we analyze a model in which firms producing homogeneous
products compete in prices and advertisements to attract consumers’ attention.1

Firms offer homogeneous products to consumers which meet their needs with a
positive probability. Although consumers can observe all the prices in the market,
they have to incur a search cost to find the true match value of each product.2

We consider two groups of consumers who differ with their search order. A group
1 For example, if one searches a hotel on booking.com, she faces a list of offers which is

initially sorted according to the site’s recommendation. Although the prices of the hotels
are transparent, one have to change the order of the search to get the list in an increasing
price order. Even in this case, there are some offers with special labels, like “value deal”
or “genius”, which can influence the consumers’ search order.

2 For instance, a consumer who search a three-stars hotel in a city center can get a list of
such hotels in an increasing price order by using an online retailer or a price comparison
site. Although the offers are fairly homogeneous, the consumer has to invest some time to
investigate each product by checking additional services or by reading consumer comments.

5



6 CHAPTER 2. ADVERTISING AND PRICE COMPETITION

of “sophisticated consumers” starts their search from the lowest priced product,
while the group of “naive consumers” starts their search from the advertised
product. So, the firms can attract consumers’ attention either by pricing lower
than their rivals, or by advertising their products.

We analyze the impact of the existence and increasing share of naive con-
sumers on the equilibrium pricing and advertising strategies of the firms, as well
as on consumer welfare. We show that if the share of naive consumers is rela-
tively large, then both firms advertise their products. However, if their share is
relatively small, then there exists a unique stable equilibrium in which only one
firm advertises. The expected prices increase when at least one firm advertises in
the market. Moreover, the prices are even higher when only one firm advertises
its product compared to the case in which both firms advertise. Given the firms’
advertising decisions, consumers suffer from an increasing share of naive con-
sumers. However, there is a critical level, such that a small increase in the share
of naive consumers increases the equilibrium number of advertisements from one
to two. In this case, expected prices in the market decrease and consumer welfare
increases.

In an extension of our model, we consider a third group of consumers who are
fully informed about the products. The existence of informed consumers allows
the firms to charge prices higher than the searchers’ reservation price. If the unin-
formed consumers’ search costs are very high, then the firms always charge prices
higher than their reservation price. In this case, the firms do not serve searchers
and market prices do not depend on the share of naive consumers. Oppositely, if
the search costs are very low then the firms choose prices from the lower interval
and serve all consumers. In this case, an increasing share of naive consumers in-
creases the expected prices in the market and harms all consumers. If the search
cost is at an intermediate level, then firms randomize their price choices between
high and low price levels. When the share of naive consumers increases, then
the firms more likely charge prices from the lower price interval and the group of
uninformed consumers are more likely active in the market. Thus, it decreases
expected prices and increases consumer welfare.

Related Literature. There is an extensive literature on sequential search mod-
els. Wolinsky (1986) and Stahl (1989) analyze sequential search models in which
consumers visit firms randomly. Stahl (1989) analyzes a model in which firms
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provide homogeneous products. He shows that an increase in the number of com-
petitors raises obfuscation level and prices. Wolinsky (1986) consider a random
search model with differentiated products. He shows that imperfect information
may turn an oligopolistic market into a monopolistically competitive one.

There are several recent papers which show how market prices depend on
consumers’ search order. Arbatskaya (2007) considers a model in which firms sell
homogenous products and consumers visit the firms in a predetermined order.
She finds that the prices decrease in consumers’ search order, i.e., the more
prominent firms charge higher prices. While Zhou (2011) shows that the prices are
increasing in the order of search when the firms produce differentiated products.
Armstrong, Vickers and Zhou (2009) consider a model in which only one firm
is more prominent in the market and they find a similar result to Zhou (2011).
In their model, the prominent firm charges lower price than its rivals, but gets
more profit because of a higher demand. Note that, all the three papers analyze
models in which firms’ decisions which influence consumers’ search orders are
exogenously given.

Our paper is closely related with the following models in which firms can in-
fluence the consumers’ search order. Bagwell and Ramey (1994) and Haan and
Moraga-González (2011) study models where consumers’ search order depends
on the relative advertising levels of the firms. In our model, “naive consumers”
behave similarly, i.e., the advertised products are more prominent for these con-
sumers. Haan and Moraga-González (2011) show that if the firms are ex-ante
symmetric, then all firms advertise their products with the same intensity. As a
result, the consumers search in a random order and the firms’ advertising costs
are sunk. “Sophisticated consumers” in our model behave similarly to consumers
in the models of Zhang (2009) and Armstrong and Zhou (2011, Section 2). Both
papers analyze price-directed search models in which consumers visit the firms in
an increasing price order. Armstrong and Zhou (2011) consider two firms com-
peting in a Hotelling framework with differentiated products. They show that
the prices in the market decrease in the search costs, as the higher search costs
increase the benefit of being searched first. Zhang (2009) studies price compari-
son sites in a different framework. He considers a model in which the firms offer
products which match the consumers’ needs only with some probability. Zhang
(2009) shows that the equilibrium price in the market does not monotonically
depends on search cost and firms can get a higher profit if the search cost of the
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consumers is lower.
In our paper, we analyze a model in which both groups of consumers are

present in the market and we show how the firms’ advertising and pricing strate-
gies depend on the relative shares of these consumers. We show that, although
the firms are ex-ante symmetric, the advertising strategies of the firms are asym-
metric when the share of sophisticated consumers is relatively high. In this case,
only one firm advertises its product in the only stable equilibrium. However, if
the share of sophisticated consumers is relatively low or these consumers are not
present in the market, then we get similar results to Haan and Moraga-González
(2011), i.e., both firms advertise in the market and naive consumers search ran-
domly. Differently, from the literature discussed above, we also analyze how
consumer welfare depends on the share of naive consumers. We find that, con-
sumers do not always suffer from an increasing share of naive consumers. In the
certain range of parameters, consumers can even benefit from them.

Haan, Moraga-González and Petrikaitė (2015) also analyze a model in which
firms can influence consumers’ search order in two different ways. In their model,
firms can get a prominent position by pricing lower than the rivals and/or by
providing match-value information. Differently from our model, they consider
consumers who are heterogeneous in their tastes, but homogeneous in their at-
tentions. They show that price advertising decreases prices in the market and
equilibrium prices decrease in search cost. In the equilibrium, firms advertise
their prices, but they do not reveal match value information when search costs
are realistically low enough.

A model of price comparison websites with homogeneous products is also
analyzed by Baye and Morgan (2001). They consider two groups of consumers
those who are loyal to a firm, and others who are looking for the cheapest price.
To attract the price sensitive consumers, firms can advertise their prices on a price
comparison site. They show that the firms’ advertising decisions are random, and
the firms who advertise their product on the site charge lower prices.3 In their
model, they consider a different framework in which consumers do not incur a
search cost and firms can decide whether to advertise their prices or not.

3 Another related work is Baye and Morgan (2009). They analyze a model in which the firms
sell homogeneous products and engage in both brand and price advertising. In contrast to
Baye and Morgan (2001), they assume that the share of loyal consumers depends on the
firms’ brand advertising decisions.
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2.2 Model

We analyze a search model in which two firms compete on an online platform
over a unit mass of consumers. The consumers have a “need”. They get utility
v if their need is met, and 0 otherwise. Each firm’s product meets a consumer’s
need with a probability θ ∈ (0, 1), which is independent and identical for both
firms. The cost of production is normalized to zero.4

Consumers search the products on a price comparison site, so all the prices
are observable in the market. To learn the match value (quality) of each product,
a consumer has to pay a search cost of s. The firms can also advertise their
products on the site at a cost c. Without any advertisement the site shows only
the organic results to consumers, i.e., the list of the products in an increasing
price order.5 If one of the two firms advertises, then the site lists the advertised
firm’s product on the top of the organic results. When both firms advertise, then
the site lists both of the advertised products in a random order on the top of the
organic results. Alternatively, if there is only one slot for advertisement, then for
each consumer, the site randomly lists one of the two products on the top of the
organic results.

We consider the following search strategies for the consumers. Consumers
search a product only if its price is lower than their “reservation price” r, where

r = v − s

θ
. (2.1)

Note that r solves θ(v − p) ≥ s, i.e., consumers search a product only if their
expected utility from that product is higher than their search costs.

As the firms offer a “risky product”, consumers’ willingness to pay for learning
the quality (their reservation price) decreases in the search cost. In our model,
we assume s ∈ [0, vθ), so the reservation price is always larger than the firms’
marginal cost which we set to zero.6

4 Athey and Ellison (2011), Chen and He (2011), and Zhang (2009) also analyze models in
which the products offered by the firms match a consumer’s need with a certain probability.

5 As the firms are ex-ante symmetric and none of them pay the advertisement fees, the
platform does not have an interest to list the firms in a different order.

6 Note that, we consider boundedly rational consumers in our model. Consumers make
their search decision for each product by considering its expected value and they purchase
a product only after learning its match value. We consider a model with fully rational
consumers as an extension.
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We assume that there are two groups of consumers. Formally, α ∈ [0, 1]
share of consumers are “sophisticated”. Sophisticated consumers always ignore
the advertisements and search products in an increasing price order. If the prices
are equal, the sophisticated consumers search randomly. The remaining share of
consumers, 1 − α, are “naive”.7 Naive consumers always start their search from
the advertised product, which is listed on the top of the results. If there is no
advertisement, all consumers behave like a sophisticated one. When both firms
advertise, then naive consumers randomly search the products. In all cases, the
consumers stop their search when they find a product which meets their need.

The timing of the game is as follows. In the first stage, firms simultaneously
make their advertising decisions. In the second stage, firms’ advertising decisions
become public and they compete in prices. We solve the game backward. In
Section 2.3, we analyze the pricing strategies of the firms given their advertising
decisions from the first stage and compare the results from the different cases.
In Section 2.4, we derive firms’ equilibrium advertising strategies and discuss the
platform’s optimal policy.

2.3 Equilibrium Pricing

In this section, we derive equilibrium pricing strategies for each firm under three
different advertising scenarios. First, we discuss the symmetric cases and then
we analyze the asymmetric case in which one firm is more prominent than the
other one. In the end of the section, we compare the results from the three cases
and discuss how the equilibrium prices change in the number of advertisements.

2.3.1 Equilibrium Pricing without Advertisements

Without any advertisement, the site lists the products in an increasing price order
and all consumers behave like a sophisticated consumer.8 This model without

7 Many platforms which provide lists of prices for different products also allow advertisements
on their sites. The impact of advertisements on the share of naive consumers depends on
platform’s advertising strategy, rather than firms’ advertising decisions. For example, an
advertisement on top of the organic results may be more effective than the advertisement
on the side of the results.

8 One can make a less strong assumption, such that without advertisements, only a fraction
of the naive consumers behaves like a sophisticated consumers, and the other fraction
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advertisements is a special case of Zhang (2009) with only two firms and without
informed consumers.

Claim 1. There exists no equilibrium in pure strategies.

It is obvious that there is no equilibrium in symmetric pure strategies. If both
of the firms charge the same price p > 0, then one of the two firms can slightly
undercut the rival’s price and increase its expected profit. If both firms set the
price p = 0, then one firm can deviate to a positive price and get a positive
expected profit.

If there is an equilibrium in asymmetric pure strategies, then the firm with
the higher price has to choose the reservation price, r. In this case, the other firm
has to charge a price p ≤ r(1 − θ), otherwise the firm with the higher price can
deviate to p − ε, with arbitrarily small ε > 0, and increase its expected profit.
But given the rival firm charges the reservation price, the firm with lower price
can increase its price above r(1 − θ), up to the reservation price. So, there is no
equilibrium in pure strategies.

Thus, we are looking for an equilibrium in mixed strategies. The following
two lemmas must hold in any possible equilibrium.

Lemma 1. In equilibrium, i) both firms charge prices from the same interval
[pmin, pmax], and ii) there exists no price interval (x, y) ⊆ (pmin, pmax), such that
firm i attaches zero probability to it, while it sets prices from the intervals (x−ε, x]
and [y, y + ε), for any ε > 0, with positive probabilities.

According to Lemma 1, the firms have to choose the prices from the same
continuous interval. The following lemma formally states that the firms do not
charge any price with a positive probability, and the reservation price is always
included in the support of equilibrium cumulative distribution function.

Lemma 2. In equilibrium, none of the firms charges a price p ∈ [pmin, pmax] with
a positive probability. Moreover, in the equilibrium, pmax = r.

By using the lemmas above, we can derive the equilibrium pricing strategies
as follows. Assume that, in the equilibrium, firm j chooses its price from the
interval [pw

min, r], according to a cdf H(p).9

searches randomly. The results will not change qualitatively and the main results of this
paper does not depend on this assumption.

9 The superscript “w′′ stands for the “without advertisement” regime.
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Given firm j’s equilibrium strategy, firm i’s expected profit from setting the
reservation price r is equal to

rθ(1 − θ). (2.2)

As firm i chooses the maximum possible price, all the consumers first visit firm
j, and they will buy from firm i only if its product is the only match. Firm i’s
expected profit from setting a price p ∈ [pw

min, r] is

pθ[(1 − θ) + θ(1 − H(p))]. (2.3)

The consumers will buy firm i’s product, if i) its product is the only match which
occurs with probability θ(1 − θ), or ii) both firms’ products match, but firm i’s
price is lower than its rival’s price which occurs with probability θ2(1 − H(p)).

In mixed strategy equilibrium, the firms have to be indifferent between any
prices p ∈ [pw

min, r]. The following cdf solves the equality of (2.2) and (2.3):

H(p) = 1
θ

(
1 − r

p
(1 − θ)

)
. (2.4)

The support of H(p) is [pw
min, r], where pw

min solves H(p) = 0, and is given by

pw
min = r(1 − θ). (2.5)

Note that the firms are symmetric, and there is a unique solution of H(p)
which makes the rival firm indifferent between charging any price in [pw

min, r]. So,
there is a unique equilibrium in symmetric mixed strategies in which both firms
price according to the same cdf, H(p), with the support [pw

min, r]. The following
proposition formalizes the firms’ equilibrium pricing strategies when there is no
advertisement.

Proposition 1. Without advertisements there exists a unique equilibrium in sym-
metric mixed strategies, such that each firm chooses its price according to the cdf
H(p), with the support [pw

min, r], where H(p) and pw
min are given by (2.4) and (2.5),

respectively.

If the search cost increases then both the maximum and the minimum prices
decrease. Moreover, the firms choose prices from a narrower interval, i.e., r−pw

min

decreases in s. In the extreme cases, if the search cost is close to consumers’
expected utility from the product, then the firms charge prices closer to the
marginal cost 0. When the search cost is equal to 0, then the maximum possible
price is equal to v. In the equilibrium, each firm’s expected profit is equal to
πw = rθ(1 − θ). The firms’ profits also decrease in the search cost s.
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2.3.2 Equilibrium Pricing when Both Firms Advertise

If both firms advertise on the price comparison site, then the site randomly lists
one of the two firms on the top of the organic results. As the search order of naive
consumers depends on the order of the products in the list, their search order is
ex-ante random.

If the share of sophisticated consumers is equal to one, then the advertisements
do not play a role and the equilibrium of the game is described in Proposition
1. If all consumers are naive, i.e., α = 0, then the model reduces to the random
search model. In this case, there is a unique equilibrium in which both firms
charge the reservation price, r, and get profit equal to rθ(1 − θ/2).

Claim 2. If α ∈ (0, 1), then there exists no equilibrium in pure strategies.

In this case, the behavior of the naive consumers does not depend on the
firms’ pricing strategies. The behavior of the sophisticated consumers does not
depend on the advertisements and it is exactly the same as in the case without
advertisements. So, the proof of Claim 2 as well as the proofs of the following
two lemmas are analogous to those in the previous section and we skip them to
keep the analysis short. We look for an equilibrium in mixed strategies.

Lemma 3. In equilibrium, i) both firms charge prices from the same interval
[pmin, pmax], and ii) there exists no price interval (x, y) ⊆ (pmin, pmax), such that
firm i attaches zero probability, while it sets prices from the intervals (x − ε, x]
and [y, y + ε), for any ε > 0, with positive probabilities.

Lemma 4. In equilibrium, none of the firms charges a price p ∈ [pmin, pmax] with
a positive probability. Moreover, in the equilibrium, pmax = r.

Now we can derive the equilibrium cdf by using the previous two lemmas.
Assume that firm j sets its price according to a cdf G(p), with the support
[pb

min, r].10

Given firm j plays its equilibrium strategy G(p), firm i’s profit from setting
the reservation price r is equal to

rαθ(1 − θ) + r(1 − α)
(

θ(1 − θ) + θ2

2

)
. (2.6)

10 The superscript “b′′ stands for “both advertise”.
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As firm i sets the maximum possible price, the sophisticated consumers always
visit firm j first, and they buy from firm i only if its product is the only match.
Expected profit from sophisticated consumers is given by the first term of (2.6).
While the naive consumers first visit the firm listed on the top of the results and
buy the product from firm i only if i) it is the only match, or ii) both products
match, but firm i’s product is listed on top of firm j’s product, which happens
with probability 1/2. Firm i’s expected profit from naive consumers is given by
the second term of (2.6).

Similarly, firm i’s expected profit if it sets a price p ∈ [pb
min, r] is

pα
(
θ(1 − θ) + θ2 (1 − G(p))

)
+ p(1 − α)

(
θ(1 − θ) + θ2

2

)
. (2.7)

The sophisticated consumers buy the product from firm i, only if i) firm i’s
product is the only match, or ii) both firms’ products match but the firm i’s
price is lower than its rival’s price. The naive consumers buy firm i’s product,
only if i) it is the only match, or ii) both products match, but the site lists firm
i’s product on the top of the list.

From the equality of the profits (2.6) and (2.7), we get the equilibrium cdf

G(p) = 1
2

[
r + p

p
−
(

r − p

p

)(
2 − θ

αθ

)]
, (2.8)

with the support [pb
min, r], where pb

min solves G(p) = 0, and is given by

pb
min = r(2 − θ − αθ)

2 − θ + αθ
. (2.9)

Similar to the previous case, the firms are symmetric and there is a unique
solution of G(p), so firm i’s equilibrium pricing is also given by the same cdf G(p).
The following proposition describes the unique equilibrium of the game in which
both firms advertise their products.

Proposition 2. If both firms advertise on the site, then there exist a unique
equilibrium in symmetric mixed strategies, such that each firm chooses its price
according to the cumulative distribution function G(p), with the support [pb

min, r],
where G(p) and pb

min are given by (2.8) and (2.9), respectively.

Similar to the previous case, both the maximum and the minimum prices de-
crease in the search costs. The range of prices also decreases in s. The maximum
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possible price in the equilibrium is equal to the reservation price, which does
not depend on the share of sophisticated consumers, while the minimum price
decreases in α. If α is close to one, then the firms choose prices from a larger
interval of prices. If the share of sophisticated consumers is close to 0, then the
firms charge prices closer to the reservation price. So, when both firms advertise
on the site, the sophisticated consumers suffer from an increasing share of naive
consumers.

The firms’ expected profit is equal to πb = rθ(2 − θ − αθ)/2. The firms’ profit
decreases both in the search cost s and the share of sophisticated consumers α.

2.3.3 Equilibrium Pricing when Only One Firm Adver-
tises

If only one firm advertises on the price comparison site, then the site always lists
the advertised firm’s product on top of the organic results. In other words, one
firm is always prominent for the naive consumers.

Similar to the previous subsection, if α = 1, i.e., there are only sophisticated
consumers, then the advertisement does not play any role, and the equilibrium
pricing is given in Proposition 1. If there are only naive consumers, then the model
reduces to a search model in which one firm is more prominent for all consumers.
In this case, both firms set the reservation price, r, in the unique equilibrium.
The profit of the advertised firm is equal to rθ, while the non-advertised firm’s
profit is rθ(1 − θ). For any other α ∈ (0, 1) we derive the equilibrium pricing as
follows.

Note again that the behavior of the sophisticated consumers does not depend
on the advertisement, whereas the naive consumers are not price sensitive unless
p ≤ r. So, we can use the similar arguments as we had in Section 2.2.1 to prove
the following claim.

Claim 3. If α ∈ (0, 1), then there exist no equilibrium in pure strategies.

The proofs of the following two lemmas are also analogous to the proofs of
Lemma 1 and the first part of Lemma 2. We skip these proofs to keep the analysis
short.

Lemma 5. In the equilibrium, i) the upper and the lower limits of the prices are
the same for both firms, and ii) there exists no price interval (x, y) ⊆ (pmin, pmax),
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such that firm i attaches zero probability, while it sets prices from the intervals
(x − ε, x] and [y, y + ε), for any ε > 0, with positive probabilities.

Lemma 6. In the equilibrium, none of the firms charges a price p ∈ [pmin, pmax)
with a positive probability.

Although, in the equilibrium, the firms charge prices from the same continuous
interval, the following lemma states that only advertised firm can charge the
reservation price with a positive probability.

Lemma 7. The maximum price the firms charge in equilibrium is equal to the
reservation price, i.e., pmax = r. Moreover, only the advertised firm can charge
the reservation price with a positive probability.

According to Lemmas 5-7, we look for an equilibrium in which the advertised
firm sets the reservation price with a probability β ≥ 0, and all other prices
p ∈ [po

min, r) with probability 1 − β, according to a cdf F̃a(p), whereas the non-
advertised firm sets prices from the interval [po

min, r) according to a cdf Fn(p).11

Given that the non-advertised firm plays its equilibrium strategy, the adver-
tised firm’s profit from charging the reservation price r is equal to

rαθ(1 − θ) + r(1 − α)θ. (2.10)

The sophisticated consumers buy from the advertised firm only if it is the only
match, while the naive consumers will buy from the advertised firm if its product
meets their need.

The advertised firm’s expected profit if it sets price p ∈ [po
min, r) is

pα(θ(1 − θ) + θ2(1 − Fn(p))) + p(1 − α)θ. (2.11)

The sophisticated consumers buy from the advertised firm, if i) its product is the
only match, or ii) both firms’ products match but the advertised firm’s price is
lower than the rival’s price. The naive consumers will buy from the advertised
firm if its product meets their need.

From the equality of expected prices (2.10) and (2.11) we get the equilibrium
cdf for the non-advertised firm,

Fn(p) = 1
αθ

(
1 − r

p
(1 − αθ)

)
. (2.12)

11 The superscript “o′′ stands for “one firm advertises”.
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From the equation Fn(p) = 0, we can find the minimum price po
min as

po
min = r(1 − αθ). (2.13)

In the equilibrium, the non-advertised firm will not charge the reservation
price. As there is a positive probability of a tie in that case, half of the sophis-
ticated consumers will visit the rival firm first. But if the non-advertised firm
charges prices at the left limit of the reservation price, then it will get all the
sophisticated consumers’ attention with probability 1 − β, and will not decrease
its expected price.

Given the advertised firm plays its equilibrium strategy, the non-advertised
firm’s profit from charging price on the left limit of the reservation price r is equal
to

rα(θ(1 − θ) + βθ2) + r(1 − α)θ(1 − θ). (2.14)

The sophisticated consumers buy from the advertised firm i) if its product is
the only match, or ii) both products match but the advertised firm charges the
reservation price. The naive consumers buy from the non-advertised firm only if
its product is the only match.

If the non-advertised firm sets price p, then its expected profit is

pα
(
θ(1 − θ) + θ2

(
β + (1 − β)(1 − F̃a(p))

))
+ p(1 − α)θ(1 − θ). (2.15)

The sophisticated consumers buy from the non-advertised firm, if i) its product
is the only match, or ii) both firms’ products match but the non-advertised firm’s
price is lower. The naive consumers will buy from the non-advertised firm only
if its product is the only product that meets their need.

From the equality of expected profits (2.14) and (2.15), we get

F̃a(p) = 1
1 − β

(
1 − β

r

p
+ 1 − θ

αθ

(
1 − r

p

))
. (2.16)

From F̃a(p) = 0, we can find the minimum price for the advertised firm po
min =

r(1 − θ + βαθ)/(1 − θ + αθ). By using (2.13), we can find

β = θ(1 − α). (2.17)

If we plug (2.17) in (2.16), we can find the advertised firm’s equilibrium pricing
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strategy as follows

Fa(p) =

⎧⎪⎨⎪⎩
(1 − β)F̃a(p) if p ∈ [po

min, r);

1 if p = r

=

⎧⎪⎨⎪⎩
(1 − θ(1 − α)) 1

αθ

(
1 − r

p
(1 − αθ)

)
if p ∈ [po

min, r);

1 if p = r.

(2.18)

The following proposition formalizes the equilibrium pricing of the firms if
only one firm advertises on the site.

Proposition 3. If only one firm advertises, then there exist a unique equilibrium
in mixed strategies, such that the advertised firm chooses its price according to
the cumulative distribution function Fa(p) which is given by (2.18), and the non-
advertised firm chooses its price according to the cumulative distribution function
Fn(p) which is given by (2.12), with the support [po

min, r], where po
min is given by

(2.13), β = θ(1 − α), and r = v − s
θ

is the reservation price of the consumers.

In the equilibrium, the advertised firm takes the advantage and exploits the
naive consumers with a positive probability β = θ(1 − α). If the share of naive
consumers (1 − α) increases, then the advertised firm charges the reservation
price with higher probability. β also increases in the probability of a match θ.
The reason is that if the probability of match increases, then it is more likely
that a firm will sell its product to the consumers who start their search from its
product. With the remaining probability 1−β, the advertised firm competes with
the non-advertised firm over the sophisticated consumers. Note that the range
of the prices is the same for both firms, and the advertised firm’s equilibrium
cdf in the interval [po

min, r) is equal to (1 − β)Fn(p). So, in the equilibrium, the
non-advertised firm chooses any price range in [po

min, r) more frequently than the
advertised firm.

Corollary 1. The non-advertised firm’s equilibrium cdf, Fn(p), is first-order
stochastically dominated by the advertised firm’s equilibrium cdf, Fa(p).

Similar to the previous two cases, the maximum and the minimum prices, as
well as the range of the possible prices decrease in search cost s. The maximum
price is equal to the reservation price and does not depend on the share of naive
consumers, while the minimum price increases in the share of naive consumers,
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1 − α. Similar to the previous case, the sophisticated consumers suffer from the
existence of naive consumers.

The advertised firm’s expected equilibrium profit is πo
a = rθ(1−αθ), while the

non-advertised firm’s expected equilibrium profit is given by πo
n = rθ(1 − αθ)(1 −

θ + αθ). Both firms’ expected profits decrease in search cost s. The profit of the
advertised firm also decreases in the share of sophisticated consumers, α.

The non-advertised firm’s profit is not monotonic in α. If α < 1/2, then the
non-advertised firm’s expected demand increases in α, as the positive effect of an
increasing share of the sophisticated consumers is larger than the negative effect
of increasing 1 − β. Although the expected prices decrease in α, the profit of the
non-advertised firm increases in α, as its expected demand increases. If α ≥ 1/2,
then the negative effect of increasing 1 − β on the non-advertised firm’s expected
demand is larger than the positive effect of increasing sophisticated consumers.
As the expected prices also changes negatively, in this case, πo

n decreases in α.

2.3.4 Comparative Statics

In all three cases, the maximum possible price in the market is equal to con-
sumers’ reservation price and does not depend on the number of advertisements
and the share of naive consumers, while the minimum prices are different in all
three cases. Moreover, they are strictly decreasing in the share of sophisticated
consumers α, except in the case without advertisements. Compared to the bench-
mark case, the minimum possible price in the market increases when at least one
firm advertises on the site, i.e., pw

min < po
min, and pw

min < pb
min holds for any

α ∈ (0, 1). Interestingly, the minimum price is higher when only one firm ad-
vertises on the site, i.e., pb

min < po
min. The following corollary summarizes this

result.

Corollary 2. Minimum Prices. Advertisement increases the minimum prices
in the market. Moreover, the minimum price in the market is higher when there is
only one advertisement on the site compare to the case with two advertisements.
The order of the possible minimum prices in the market is as follows: po

min >

pb
min > pw

min.

Note that the ranges of the prices, r−pmin, has the reverse order. The range of
prices is the widest if there is no advertisement. When at least one firm advertises,
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Figure 2.1: Equilibrium cdfs G(p) (dashed) and Fn(p) (dotted), for α = 0.9, 0.5,
and 0.1.

then the share of the consumers who are price sensitive decreases to α, as the
naive consumers are not price sensitive anymore. This decreases the intensity of
competition, and the minimum price in the market increases, while the range of
prices decreases.

The intensity of competition is even lower if there is only one advertisement
on the site compare to the two advertisements. When there is only one advertise-
ment in the market, then the advertised firm takes the advantage and charge the
monopoly price r with a positive probability β. As a result, it competes for the
share of the sophisticated consumers only with probability 1−β. As the intensity
of competition reduces for the same share of the consumers, i.e., share of sophisti-
cated consumers, compared with the two advertisements case, the minimum price
increases, as the range of the prices decreases.

The following corollary compares the equilibrium cdfs from the three different
cases.

Corollary 3. The ordering of the equilibrium cumulative distribution functions
are as follows: Fa(p) ≤ Fn(p) ≤ G(p) ≤ H(p).

Following the discussion in this section, when there is only one advertise-
ment then the advertised firm has strong market power and it sets the highest
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price more frequently. As the competition for the sophisticated consumers is less
intense in this case, this also allows the non-advertised firm to charge higher
prices more frequently compared to the two-advertisements case. If there is no
advertisement on the site, then competition is most intense, and the firms have
to charge the lower prices more frequently. So, the equilibrium cdf in the case
without advertisement stochastically dominates all other cdfs.

Figure 2.1 shows the equilibrium cdfs for three different values of α, given
specific parameter values v = 1, θ = 0.5, and s = 0.1. The dashed lines show
the cases with two advertisements, while the dotted lines are the cdfs of the
non-advertised firm when there is only one advertisement. One can observe that,
when α increases the price competition also increases and firms charge prices from
a larger interval. In the extreme case, when all consumers are sophisticated (i.e.,
α = 1), both cases reduce to the model without any advertisement. The opposite
is true when the share of naive consumers increases. If α is close to 0, then all
consumers are naive and the firms charge only the prices close to the reservation
price. In the extreme case, when α = 0, both firms charge only the reservation
price r.

2.4 Advertising Strategies and Consumer Wel-
fare

In this section, we derive the firms’ optimal advertising strategies by comparing
their expected profits from the three cases discussed in the previous section. We
assume that naive and sophisticated consumers are always present in the market,
i.e., α ∈ (0, 1). First, we assume that the advertising cost is zero, i.e., c = 0, and
we show how consumer welfare changes depending on firms’ advertising decisions.
Then, we consider positive advertising costs and derive optimal strategies for the
general case. In the end of the section, we also discuss the platform’s optimal
policy.

First, we compare the two symmetric cases. Without advertisement, the firms
get the expected profit πw = rθ(1 − θ). When both firms advertise, then each
firm’s expected profit is equal to πb = [rθ(2 − θ − αθ)]/2. The difference between
the two cases is πw − πb = −[rθ2(1 − α)] < 0 for any α < 1. The firms’ profits
increase when both of them advertise on the site.
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When there is only one advertisement on the site, the advertised firm gets
larger profit than its rival, i.e., πo

a − πo
n = rθ2(1 − αθ)(1 − α) > 0. Given the rival

does not advertise on the site, the firm always prefers to advertise its product,
i.e., πo

a > πw. The non-advertised firm is also better off when its rival advertises
compare to the case without advertisement, i.e., πo

n > πw. So, the firms are
always better off if at least one firm advertises its product on the site.

The advertised firm’s profit always decreases when its rival also starts to ad-
vertise its product, i.e., πb−πo

a = −[rθ2(1−α)]/2 < 0. Given the rival firm adver-
tises, the non-advertised firm’s decision depends on the share of naive consumers
and the probability of a product match. If αθ < 1/2, then the non-advertised
firm also prefers to advertise its product, i.e., πo

n < πb. When αθ > 1/2, then
the non-advertised firm’s profit decreases if it also advertises its product, i.e.,
πo

n > πb. If αθ = 1/2, then the non-advertised firm is indifferent, i.e., πo
n = πb.

If advertising costs are equal to zero, c = 0, then firms prefer the market with
at least one advertisement to the one without advertisement. The equilibrium
number of advertisements depends on the share of sophisticated consumers and
the probability of a match. Note that αθ is the expected demand of the sophis-
ticated consumers for the lower priced product. If this value is smaller than 1/2,
then the advantage of being the lowest pricing firm is not very high, so the non-
advertised firm prefers to advertise its product. If αθ > 1/2, then the expected
demand from the sophisticated consumers is relatively high. In this case, the
non-advertised firm prefers to use this advantage and do not advertise its prod-
uct, as its rival competes for the sophisticated consumers only with probability
1 − β. The following proposition summarizes advertising decisions of the firms in
the online market.

Proposition 4. Advertising strategies given c = 0.
(i) If αθ < 1/2, then there is a unique equilibrium, in which both firms adver-

tise their products on the site.
(ii) If αθ > 1/2, then there are stable equilibria in pure strategies, in which

only one of the two firms advertises. There is also an unstable equilibrium in
mixed strategies, in which the firms advertise their products with the probability
2/(2αγ + 1).

Note that, the mixed equilibrium in the second case is unstable12. In our
12 If αθ > 1/2 holds, then advertising game between the firms is a 2 × 2 coordination game.
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Figure 2.2: Expected prices of firms in the equilibrium.

analysis, we will focus only on the stable equilibria.
Figure 2.2 shows the firms’ expected prices in the market depending on the

share of naive consumers, (1 − α), given the parameter values v = 1, θ = 0.75,
and s = 0.1. If (1 − α) > 1/3, then there is a unique equilibrium in which both
firms advertise their products. The solid line depicts the expected prices of each
firm. If the share of naive consumers is not very high (i.e., (1 − α) < 1/3) then
both firms are better off if only one of them advertises in the market. The dashed
line shows the advertised firm’s expected prices, while the dotted line shows the
non-advertised firm’s expected price. Note that, in all cases, the expected prices
in the market increase in the share of naive consumers. But if αθ = 1/2 (i.e.,
1 − α = 1/3), then the consumers can benefit from a small increase in the share
of naive consumers. When α is slightly smaller than 1/3, then only one firm
advertises its product. A small increase in the share of naive consumers increases
the equilibrium number of advertisements. In other words, the non-advertised
firm also starts advertising its product. As a result, expected prices in the market
decreases.

If the advertising cost on the site is positive, c ∈ (0, ĉ = πo
a − πw), then the

According to Echenique and Edlin (2004, Corollary 1), if the mixed equilibrium of a 2 × 2
game is not unique, then it is unstable for a broad class of learning dynamics.
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firms’ advertising decisions are as follows.13

Corollary 4. Advertising strategies for any c ∈ (0, ĉ).
(i) If πb − πo

n > c, then there is a unique equilibrium, in which both firms
advertise their products in the online market.

(ii) If πb − πo
n < c, then there are two stable equilibria in pure strategies, in

which only one of the two firms advertises its product. There is also an unstable
equilibrium in mixed strategies, in which the firms advertise their products with
the probability γ = 2

2αθ+1 − c
(πo

a+πo
n)−(πb+πw) .

Given the rival firm advertises in the market, the firm advertises its product
only if its gain from advertisement, πb − πo

n, is larger than the advertising cost
c. In this case, there is only one equilibrium in which both firms advertise their
products. Otherwise, there are three equilibria. In pure strategies, only one firm
advertises its product. In addition, there is also an unstable equilibrium in which
the firms advertise their products with a positive probability γ.14 Similarly to
the previous case, we will only consider stable equilibria in our analysis.

The advertising decision of the firms depends on the share of naive consumers.
If the share of naive consumers is relatively high, then both firms advertise their
products. Otherwise πb − πo

n < c holds, and only one firm advertise its product.
In general, consumers suffer from the existence of naive consumers, but there
is a critical level such that a small increase in their share increases number of
advertisements and decreases market prices.

Platform’s Optimal Policy. As the main focus of our paper is to show how
the firms’ strategies and consumer welfare depend on consumers’ search behavior,
until now we have analyzed the model in an exogenously given platform environ-
ment. But from Corollary 4 we can observe that beside other parameters, the
advertising cost plays an important role in firms’ decisions. So, in the rest of this
section, we will derive the optimal policy for the platform. For this purpose, we
consider stage 0 in which platform chooses the number of allowed advertisements
in the market and advertising fees. The following two stages of the game is the

13 If c > πo
a − πw then the cost of advertisement is larger than the maximum possible gain

from it. So, none of the firms will advertise its product.
14 Note again that, when πb − πo

n < c, then the advertising game between the firms is a 2 × 2
coordination game and according to Echenique and Edlin (2004) is unstable.
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same as described in Section 2.2. We assume that, the platform has zero marginal
costs and its profit is equal to the sum of advertising fees received from the firms.

First we consider the case in which the platform allows only one firm to
advertise its product. The platform can choose the prices from the interval [0, πo

a−
πw], as none of the firms will advertise its product when c > πo

a − πw. In this
case, the platform will charge the maximum possible price, i.e., co = πo

a − πw,
and will get equilibrium profit equal to Πo = co = πo

a − πw.
Now we consider the second case in which the platform does not restrict

the number of possible advertisements. If it chooses the fee c ≤ πb − πo
n, then

both firms will advertise their products. In this case, the platform will choose
cb = πb − πo

n and get Πb = 2cb = 2(πb − πo
n). If it will charge the fee c ≥ πb − πo

n,
then there exist unique stable equilibria in which only one firm advertise its
product. In this case, the optimal level of advertising fee is equal to co = πo

a − πw

and platform gets Πo = co = πo
a − πw.

If we compare platform’s expected profits under different scenarios, we can
conclude that the platform’s profit is maximal when only one firm advertises
on the platform and the optimal level of advertising fees is co = πo

a − πw. The
platform’s optimal strategy forces the firms to adopt the asymmetric advertising
strategies. As we discussed above, consumer welfare is the lowest under this sce-
nario. We can also conclude that, consumer welfare can be improved by regulating
advertising fees and platform’s policy.15

2.5 Market with Fully Informed Consumers

In many cases, there exists a positive share of consumers who have no search
costs or fully informed about the offers. In this section, we extend our model
by considering a positive share of informed consumers. Formally, we assume
that λ ∈ (0, 1) share of the consumers are shoppers who have search costs of 0.
Accordingly, 1 − λ is the share of the consumers who have to incur search costs
of s to learn the quality of each product. Similar to the previous model, α share
of the searchers are sophisticated. They start their search from the lowest priced
product. The remaining 1 − α share of the searchers are naive who start their

15 We have discussed possible regulations in the conclusion of this paper.
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search from the advertised firm.16

In this section, we focus only on the case in which both firms advertise in
the market; i.e., the naive consumers visit the first firm randomly. Note that the
reservation price of the searchers is equal to r, which is given by (2.1). As the
shoppers do not incur any search costs, they can buy a product even at a price of
v. This allows the firms to charge prices above the searchers’ reservation price,
but not larger than v. If the uninformed consumers’ search costs are very high
then firms do not serve them.

2.5.1 Equilibrium Analysis

Similar to the previous case, one can show that there is no equilibrium in pure
strategies. We look for the symmetric Nash equilibrium in mixed strategies. Note
also that, in the equilibrium, none of the firms will charge one price with a positive
probability.

We introduce the following notation. In the equilibrium, the firms charge
prices p ≤ r with probability β, according to a cdf Gl(p), and prices v ≥ p > r,
with probability 1 − β, according to a cdf Gh(p).17

Given the rival firm plays its equilibrium strategy, firm i’s expected profit
from charging price v is equal to

λvθ(1 − θ). (2.19)

In this case, the shoppers will buy from firm i only if its product is the only
match.

If firm i charges price p ∈ (r, v), then its expected profit is

λpθ((1 − θ) + θ(1 − β)(1 − Gh(p))). (2.20)

The shoppers will buy from firm i if it has the only product which matches their
need, or if both products match, but firm i has the lower price.

When firm i charges price r, then its expected profit is

(λ+(1 − λ)α)rθ((1 − θ) + θ(1 − β))+

+ (1 − λ)(1 − α)
2 rθ((1 − θ) + θ(1 − β)) + (1 − λ)(1 − α)

2 rθ.
(2.21)

16 If the share of the naive searchers is α = 0, then our model replicate the results of Zhang
(2009) for the case of two firms.

17 Subscripts l and h stands for “lower level of prices” and “high level of prices”, respectively.
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In this case, shoppers and sophisticated searchers will buy from firm i if firm i’s
product is the only match, or if both products match but the other firm’s price
is larger than r. With probability 1/2 the website will advertise the rival firm’s
product. Thus, the naive searchers will buy from firm i, only if its product is the
only match, or if both products match but the advertised firm’s price is higher
than the reservation price r. With probability 1/2, the naive searchers will start
their search from firm i, and they will buy from firm i if its product matches their
need.

Similarly, when firm i charges a price p < r, then its expected profit is given
by

(λ+(1 − λ)α)pθ((1 − θ) + θ((1 − β) + β(1 − Gl(p))))+

+ (1 − λ)(1 − α)
2 pθ((1 − θ) + θ(1 − β)) + (1 − λ)(1 − α)

2 pθ.
(2.22)

The behavior of the shoppers and the sophisticated searchers is the same: they
buy from firm i, either if firm i’s product is the only match or both products
match but the rival’s price is larger than firm i’s price. With probability 1/2 the
website will advertise the rival firm’s product. In this case, the naive consumers
will buy from firm i, either if it is the only match or if both products match but
the advertised firm’s price is higher than their reservation price. With probability
1/2, the naive consumers will start their search from firm i, and they will buy
from firm i if its product matches their need.

From the equations (2.19) and (2.21), we can find the probability of choosing
prices from the interval [pmin,l, r], which is given by

β = 2
θ(1 + λ + α(1 − λ))

(
1 − v

r
λ(1 − θ)

)
. (2.23)

Note that β ∈ [0, 1] only if s ∈ [s(α), s̄], where

s(α) = vθ(1 − λ)(2 − θ − αθ)
2 − θ(1 + λ + α − αλ) and s̄ = vθ(1 − λ(1 − θ)). (2.24)

If s < s(α) then β = 1 and the firms choose prices only from the interval [pmin,l, r].
Otherwise, i.e., s > s̄, β = 0 and the firms choose prices only from the interval
[pmin,h, v].

A firm charging the price from the lower interval competes for all consumers.
While if it charges a price from the higher price range it serves only the informed
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consumers. In the first case, the firm has higher expected demand, but lower mar-
gin, while the opposite holds for the second case. When s < s(α), the searchers’
reservation price is high enough to prevent the firms to charge the prices larger
than r. Conversely, when s > s̄, then the searchers reservation price is too low,
so that the firms decide not to serve the searchers at all. For intermediate values
of the search costs, the firms randomize their prices between the two intervals.

We analyze different cases separately depending on the level of search costs.
We start from the case s ∈ (s(α), s̄). In equilibrium, each firm has to be indif-
ferent between choosing any price from the support of the equilibrium cdf. From
(2.19) and (2.20), we can find the equilibrium price distribution over the interval
[pmin,h, v] as

Gh(p) = 1 − 1 − θ

θ(1 − β)
v − p

p
, (2.25)

such that pmin,h solves Gh(pmin,h) = 0 and is equal to

pmin,h = v
1 − θ

1 − θβ
. (2.26)

Similarly, we can find the equilibrium price distribution over the interval
[pmin,l, r] from (2.19) and (2.22) which give

Gl(p) = 1
θβ(λ + α − αλ)

(
1 − v

p
λ(1 − θ) − θβ(1 − α)(1 − λ)

2

)
, (2.27)

where pmin,l solves Gl(pmin,l) = 0 and is equal to

pmin,l = 2vλ(1 − θ)
2 − θβ(1 − α)(1 − λ) . (2.28)

If s < s(α), then the firms charge only the prices p ≤ r. We can find the
equilibrium cdf from equations (2.21) and (2.22), with β = 1, as

G̃l = 1
θ(λ + α(1 − λ))

(
1 − r

p
(1 − θ) − θ(1 − λ)(1 − α)

2

(
1 + r

p

))
, (2.29)

which is defined on the interval [p̃min,l, r], where p̃min,l solves G̃l(p) = 0 and is
equal to

p̃min,l = r(2 − θ(1 + λ + α − αλ))
2 − θ(1 − λ)(1 − α) . (2.30)

If s > s̄, then the firms charge only the prices v ≥ p > r. We can find the
equilibrium cdf from equations (2.19) and (2.20), with β = 0, as

G̃h(p) = 1 − 1 − θ

θ

v − p

p
, (2.31)
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Figure 2.3: Equilibrium pricing intervals depending on α and s.

which is defined on the interval [p̃min,h, v], where p̃min,h solves G̃h(pmin,h) = 0
and is equal to

p̃min,h = v(1 − θ). (2.32)

The following proposition summarizes the equilibrium pricing strategies of the
firms when both advertise and a positive share of the consumers are shoppers.

Proposition 5. Equilibrium pricing with shoppers
i) If s < s(α), then there is a unique symmetric equilibrium, in which the

firms choose their prices from the interval [p̃min,l, r] according to the cdf Gl(p)
given by (2.29) .

ii) If s ∈ [s(α), s̄], there is a unique symmetric equilibrium, such that the firms
choose their prices according to the following cdf

G(p) =

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩
βGl(p) if p ∈ [pmin,l, r],

β if p ∈ (r, pmin,h),

β + (1 − β)Gh(p) if p ∈ [pmin,h, v],

(2.33)

with Gl(p) and Gh(p) given by (2.25), and β is given by (2.23).
iii) If s > s̄, then there is a unique symmetric equilibrium, in which the firms

choose their prices from the interval [p̃min,h, v] according to the cdf G̃h(p) which
is given by (2.25), where β = 0.
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(a) s ∈ [0, smin] (b) s ∈ (smin, smax)

(c) s ∈ [smax, s̄) (d) s ≥ s̄

Figure 2.4: Equilibrium cdfs, given v = 1, θ = 0.5, λ = 0.5.

Given both firms advertise their products, an increasing share of naive con-
sumers has different effects on the equilibrium prices compare to the previous
model without informed consumers. In the previous model, we have shown that
given the number of advertisements, consumers always suffer from the existence
of naive consumers. In the next section, we show that in the presence of shoppers,
the effect of naive consumers on the expected prices and consumer welfare can
be positive, negative, or zero depending on the level of search cost.

2.5.2 Comparative Statics

In this section, we analyze how the equilibrium pricing strategies of the firms
depend on the share of sophisticated consumers, α, as well as on the search cost s

in the presence of a positive share of shoppers. Figure 2.3 shows firms’ equilibrium
pricing intervals depending on the share of the sophisticated searchers and the
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level of search cost.
We distinguish the following four cases depending on the level of search cost

s. If s ≥ s̄, then for any α ∈ [0, 1], the firms choose prices only from the
interval [p̃min,h, v], according to the cdf G̃h(p). When s ∈ (smax, s̄), then for any
α ∈ [0, 1] the firms charge prices from the intervals [pmin,l, r] and [pmin,h, v], with
probabilities β and 1−β, and according to the cdfs Gl(p) and Gh(p), respectively.
If s ∈ [smin, smax], then there is an α̂(s) such that the firms choose prices only
from the interval [p̃min,l, r] when α < ᾱ(s), and randomize between the intervals
[pmin,l, r] and [pmin,h, v] when α > ᾱ(s). In the last case, if s ∈ [0, smin], then the
firms choose prices from the interval [p̃min,l, r] according to the cdf G̃l(p).

Figure 2.4 depicts the firms’ equilibrium pricing strategies for different in-
tervals of search costs s and three different values of α, given the parameter
values v = 1, θ = 0.5, and λ = 0.5. If s ∈ [0, smin = 0.25], then the firms
charge only the prices smaller than the searchers’ reservation price and all con-
sumers are active in the market. Figure 2.4a shows also that if the share of naive
consumers increases, then the firms charge prices from a narrower interval. If
s ∈ (smin = 0.25, smax = 0.3), then firms charge prices only from lower price
interval if the share of the naive consumers are less than the threshold value, oth-
erwise they randomize prices between high and low price intervals. Figure 2.4b
reflects this case. If s ∈ (smax = 0.3, s̄ = 0.375), then, as shown in Figure 2.4c,
the firms randomize their prices between low and high price levels for any value
of α. In this case, the searchers do not consider the product priced higher than
their reservation price r. Figure 2.4d depicts the last case, i.e., s > s̄ = 3/8, in
which the firms do not serve searchers and charge only the prices higher than r.

Now we analyze how the increasing share of the naive searchers affects the
firms’ equilibrium pricing strategies in the four different cases mentioned above.
As s̄ and the firms’ equilibrium pricing strategies do not depend on α, the increas-
ing share of naive searchers does not change the expected prices and consumer
welfare when s ≥ s̄.

If s ∈ [0, smin], then in the equilibrium, firms choose prices only from the
interval [p̃l, r], according to the cdf G̃l which is given by (2.29). The derivative
of p̃l with respect to α is

∂p̃l

∂α
= − 2rθ(1 − λ)(2 − θ)

(2 − θ(1 − λ)(1 − α))2 < 0,

so the minimum price in the market decreases in the share of the sophisticated
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(a) s ∈ [0, smin] (b) s ∈ (smin, smax)

(c) s ∈ [smax, s̄)

Figure 2.5: Expected prices depending on α, given v = 1, θ = 0.5, λ = 0.5.

searchers. On the other hand, the first derivative of G̃l with respect to α is

∂G̃l

∂α
= (1 − λ)(2 − θ)(r − p)

2pθ(λ + α − λα)2 > 0,

i.e., when the share of sophisticated consumers increases then new equilibrium
cumulative distribution functions of the firms are first-order stochastically domi-
nated by their previous ones. Thus, the expected prices in the market decrease in
the share of sophisticated consumers. In other words, all consumers suffers from
the increasing share of naive consumers. Figure 2.5a depicts how the expected
prices change in the share of the naive searchers, given the specific parameter
values.

If s ∈ [smax, s̄), then for any α ∈ [0, 1], the firms charge the prices from both
intervals, [pmin,l, r] and [pmin,h, v] with the probabilities, β and 1−β, respectively.
Note that β is decreasing in the share of the sophisticated searchers, α. In other
words, if the share of naive consumers increases then the firms charge low prices
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with a higher probability. This increases the expected demand as the searchers
are more likely active in the market. Note also that the firms expected profit is
equal to vθ(1−θ) and independent of α. As the firms’ expected demands increase,
while their expected profits remain constant, the expected prices in the market
decrease in the share of naive consumers. Figure 2.5c shows how the expected
prices change in 1 − α for four different values of s ∈ [smax, s̄).

If s ∈ (smin, smax), then the firms’ pricing strategies depends on the share
of naive consumers. If the share of the sophisticated searchers fulfills α < α̂,
then the firms choose prices only from the interval [p̃min,l, r], where α̂ ∈ (0, 1)
solves s(α̂) = s. In this case, the expected prices decrease in the share of the
sophisticated searchers. If α > α̂, then the firms’ equilibrium strategies are
analogous to the case in which s ∈ [smax, s̄], and the expected prices in the
market increase in the share of naive consumers. As it is shown in Figure 2.5b,
the consumers benefit from the increasing share of naive consumers when α > α̂,
and the opposite holds when α < α̂(s). We summarize these results as follows:

Corollary 5. Consumer welfare
i) If s ∈ [0, smin], then the consumers suffer from the increasing share of naive

searchers.
ii) If s ∈ (smin, smax) and α ≤ α̂(s), then the consumers suffer from the

increasing share of naive searchers, if α > α̂(s) then the consumers benefit from
the increasing share of naive searchers.

iii) If s ∈ [smin, s̄], then the consumers benefit from the increasing share of
naive searchers.

iv) If s > s̄, then the consumer welfare and the expected prices do not depend
on the existence of naive searchers.

2.6 Conclusion

In this paper, we have studied how the firms’ advertising and pricing strategies,
as well as consumer welfare, depend on the consumers’ search behavior. We find
that, although the firms are ex-ante symmetric, their advertising strategies are
asymmetric if the share of naive consumers who pay attention to the advertise-
ments is relatively low. Consumer welfare does not monotonically depend on the
share of naive consumers. Depending on the other parameters and the existing
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share of naive consumers, a small increase in their share can be beneficial for all
consumers.

Usually, the share of the consumers who are directed by the advertisements
largely depends on platform’s advertising strategies, rather than an individual
firm’s advertising decision. For example, placing an advertisement on top of the
organic results may attract more consumers’ attention compared to the adver-
tisements on the right or on the left side of the results. Similarly, labeling the
advertised products as “best deal” or “special offer” may attract more consumers’
attention. This paper shows that, consumer welfare can be improved by regu-
lating advertising policy of the online retailers or price comparison sites. These
regulations might include restrictions on the position of the advertisements or the
usage of special labels for the advertised products, as well as regulating advertis-
ing fees. But note also that, the same regulation does not always positively affect
consumer welfare. The positive effect of these regulations largely depends on the
other parameters and the existing share of naive consumers.

2.7 Appendix

Proof of Lemma 1. First we prove the second part of the lemma.
ii) Suppose that there is an interval (x, y), such that firm i attaches zero

probability in the equilibrium, while it sets prices from the intervals (x− ε, x] and
[y, y + ε), for any ε > 0, with positive probabilities.

First, we show that if it is the case, then firm j will not charge prices from
the interval (x, y), as well.

Note that, firm i cannot charge the price y with a positive probability. If both
firms charge the price y with a positive probability, then firm i can strictly be
better off by charging price y − ε, with an arbitrarily small ε > 0, with the same
probability. If only firm i charges the price y with a positive probability, then
the difference in firm j’s expected demand on the left and the right limits of y is
θ2γ > 0. So, there always exists an ε > 0 such that firm j will not charge prices
from the interval [y, y + ε], as long as firm i chooses y with a positive probability.
If firm j does not charge prices from [y, y + ε], then firm i’s expected demand is
the same at all prices from this interval and it will be better of charging only the
price on the left limit of y+ε. This contradicts the assumption that firm i charges
prices from the interval [y, y + ε), for any ε > 0, with a positive probability. As
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firm j’s expected demand will be the same at all prices p ∈ (x, y] and firm i does
not charge y with a positive probability, firm j will prefer to charge price y to
any other price from the interval (x, y).

Now, we show that this strategy cannot be an equilibrium.
In the equilibrium, both of the firms cannot charge the price x with a positive

probability. Otherwise, one of the firms can charge price x − ε, with arbitrarily
small ε > 0, with the same probability it used to charge x, and can increase its
expected profit by attracting all the sophisticated consumers who used to visit
the other firm before him. Although the firm’s expected demand increases, its
expected price decreases only infinitesimally.

If only one firm charges the price x with a positive probability, then it would
be profitable for that firm to deviate from x to y − ε, with an arbitrarily small ε,
as it will not lose any demand but will increase its price.

If none of the firms charge price x with a positive probability, then again one
of the two firms can deviate from its equilibrium pricing strategy to y − ε. Note
that, firms’ expected profits have to be the same at all prices from the equilibrium
price range. As x is also in the equilibrium range of the prices and firm’s expected
demands are the same at both x and y − ε, firm’s expected profit is higher at the
price y − ε compared to the equilibrium profit.

In the equilibrium, there cannot be an interval (x, y), such that at least one of
the two firms attaches zero probability. Thus, both firms’ equilibrium cdfs have
to be strictly increasing in their supports.

i) Assume that, firm i’s minimum price pmin,i is smaller than firm j’s minimum
price pmin,j. Then there is an interval [pmin,i, pmin,j), from which firm i chooses
prices, while firm j does not. As firm i’s expected demand is the same at all
prices p ∈ [pmin,i, pmin,j), in the equilibrium, it will not charge any price from the
interval [pmin,i, pmin,j).

Analogously, if firm i’s maximum price pmax,i is larger than firm j’s maximum
price pmax,j, then there is an interval (pmax,j, pmax,i], such that firm j attaches
zero probability in the equilibrium. As firm i’s expected demand is the same at
all prices p ∈ (pmax,j, pmax,i], firm i will prefer to charge the price pmax,i to any
price p ∈ (pmax,j, pmax,i). But, this is contradictory to the strict monotonicity of
equilibrium cdfs.

Proof of Lemma 2. First of all, we show that, none of the firms charges p <
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pmax with a positive probability, i.e., there is no atom in equilibrium cdfs. Con-
sider the opposite holds. Firm i sets price p ∈ [pmin, pmax) with a positive proba-
bility γ. Note that, the sophisticated consumers’ demand is price sensitive when
the prices are lower than their reservation price and both products match their
needs. So, the difference in firm j’s demand on the left and right limits of p is
equal to θ2γ > 0. This means, there is always an ε > 0, such that firm j will not
charge any price from the interval [p, p + ε), as long as firm i attaches a positive
probability to p. But this is contradictory to the second part of Lemma 1.

Note also that, in the equilibrium, both of the firms cannot charge the max-
imum price pmax with a positive probability. Because one of the two firms can
charge price pmax − ε, with the same probability as it used to charge pmax and
can attract all the indifferent sophisticated consumers.

If pmax < r and none of the firms charges the maximum price with a positive
probability, then one of the firms can profitably deviate from pmax to r without
losing any demand. Similarly, if only one firm charges pmax < r with a positive
probability, then that firm can charge the reservation price with the same prob-
ability without losing any demand. So, in the equilibrium, the maximum price
cannot be smaller than the reservation price.

Now we show that, in the equilibrium, none of the firms charges the reservation
price with a positive probability.

Assume that firm i charges the reservation price with a probability γ. Then
its expected profit from charging the reservation price is equal to rθ(1 − θ), while
its expected profit at the minimum price is pminθ. As the firms’ expected profit
has to be the same at all prices in the equilibrium strategies, pmin = r(1−θ). The
firm j’s expected profit at the reservation price is equal to rθ(1−θ +γθ/2), while
its expected profit at the minimum price is equal to pminθ. From the equality of
profits, we get the minimum price pmin = r(1 − θ + γθ/2). According to Lemma
2, pmin = r(1 − θ) = r(1 − θ + γθ/2), but this can be true only if θ = 0, or
γ = 0.

Proof of Lemma 7. The first part of the proof is analogous to the proof of
Lemma 2. In the equilibrium, both of the firms cannot charge the maximum
price pmax with a positive probability. Because one of the two firms can charge
price pmax − ε, with the same probability as it used to charge pmax, and can
attract all the indifferent sophisticated consumers.
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If pmax < r and none of the firms charges the maximum price with a positive
probability, then one of the firms can profitably deviate from pmax to r without
losing any demand. Similarly, if one of the two firms charges pmax < r with a
positive probability then that firm can charge the reservation price with the same
probability without losing any demand. So, in the equilibrium, the maximum
price cannot be smaller than the reservation price.

Now we show that, in the equilibrium, only the advertised firm charges the
reservation price with a positive probability.

Assume that the non-advertised firm charges the reservation price with a
probability γ. Then its expected profit from charging the reservation price is
equal to rθ(1 − θ), while its expected profit from charging the minimum price is
po

minθ(α + (1 − α)(1 − θ)). As the firms’ expected profit has to be the same at
all prices in the equilibrium strategies, po

min = r(1 − θ)/(1 − θ + αθ). Similarly,
the advertised firm’s expected profit at the reservation price is equal to rθα(1 −
θ + γθ/2) + r(1 − α)θ, while its expected profit from charging the minimum
price is equal to po

minαθ. From the equality of profits, we get the minimum price
po

min = r(2 − 2αθ + γαθ)/2α. According to Lemma 6 the firms charge their prices
from the same interval, i.e., r(1 − θ)/(1 − θ + αθ) = r(2 − 2αθ + γαθ)/2α. But
there is no positive solution for γ.





Chapter 3

The Nash Bargaining Solution in
Vertical Relations With Linear
Input Prices

Co-authored by Markus Dertwinkel-Kalt and Christian
Wey

3.1 Introduction

We investigate the properties of the Nash bargaining solution when an upstream
supplier bargains with a downstream firm over a linear wholesale price. The Nash
bargaining solution is given by equating the slopes of the bargaining frontier and
the Nash product. The slope of the Nash product depends directly on the parties’
disagreement payoffs and the profit weights.1 It is well understood that a better
disagreement payoff and a higher profit weight in the Nash product increase a
party’s bargaining power, and hence, the profit share it gets.2 Our focus, in
contrast, is on the slope of the bargaining frontier which is different from −1

1 In case of the so-called asymmetric Nash bargaining solution, the profit weights differ from
one half.

2 See Binmore, Rubinstein and Wolinsky (1986) for the primitives which determine the
weights in the Nash product.

39
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when bargaining is over a linear input price.3 This is a direct result of assuming
that profits can only be transferred with a linear input price which leads to the
well-known double mark-up problem.4 An increase of the wholesale price (so as to
shift profits to the upstream firm) necessarily reduces the overall surplus available.
Intuitively, the “steeper” the slope of the bargaining frontier, the harder it is to
shift profits to the upstream firm so that the profit share of the downstream firm
increases.

Our analysis of the bargaining frontier confirms this basic intuition and we
derive a simple and instructive formula which comprises all three determinants
of parties’ bargaining powers according to the Nash bargaining solution; namely,
the disagreement payoffs, the weights in the Nash product, and the slope of the
bargaining frontier. The critical step in our analysis is to show that the slope of
the bargaining frontier is equal to the total value of 1 plus the derived demand
elasticity of the downstream firm for the input. The derived demand elasticity is
the elasticity of the optimal order quantity with respect to the price of the input
good. Its absolute value must be between zero and one to ensure the existence of
a Nash bargaining solution in case of a linear transfer price. It then follows that
a more elastic equilibrium derived demand goes hand in hand with an increasing
share of the total profit the downstream firm gets. This is driven by the fact
that the total profits (i.e., gains from trade) decrease the more with a marginal
increase of the input price the more elastic the derived demand becomes.

In addition, we present a generalization of our model with N downstream
firms. If contracts are unobservable, a downstream firm’s quantity is not af-
fected by the rival firms’ input prices. Then, the relation between the profit
sharing rule and the equilibrium demand elasticity which we have derived for
the bilateral monopoly setting stays true. If contracts are observable, however,
also cross-input-price elasticities affect the sharing rule and dilute the relation
between profit shares and demand elasticity.

Finally, we extend our setup toward a “flexible” production technology of a
downstream manufacturer which combines two inputs in a cost minimizing way.
The simple relation between the equilibrium elasticity of the derived demand and

3 With efficient bargaining (which requires more than one price; e.g. a two-part tariff) total
surplus is always maximal and the slope of the bargaining frontier is −1.

4 Note that the double mark-up problem can also occur with a two-part tariff when there is
uncertainty and risk aversion on the downstream firm’s side (see Rey and Tirole (1986)).
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the profit sharing rule holds true also in this setting. A more elastic derived
demand is now directly the result of the technological possibility to substitute
between different inputs which strengthens the downstream firm’s bargaining
position. This insight applies to many setups, for instance, if an international firm
bargains with national unions over wages, where a union’s bargaining position is
the weaker the easier it is to shift production between countries (see Chapter 4
of this thesis).

In particular, our analysis can be important for empirical studies on bargaining
power and on profit sharing in vertical markets as we provide a structural model
which directly links up- and downstream profits with equilibrium (final and de-
rived) demand elasticities, disagreement payoffs, and firms’ exogenous Nash profit
weights. Thus, our approach allows to estimate a party’s Nash profit weight if
profits are observed and if the derived demand elasticity (or the final good elas-
ticity) is estimated.

The concept of Nash bargaining over linear input prices is widely used to solve
the bilateral bargaining problem between up- and downstream firms, both theo-
retically (Horn and Wolinsky, 1988a; Dobson and Waterson, 1997; von Ungern-
Sternberg, 1996; Naylor, 2002; Symeonidis, 2010; Iozzi and Valletti, 2014; Gaudin,
2015, 2016) and empirically (Gowrisankaran, Nevo and Town, 2015; Draganska,
Klapper and Villas-Boas, 2008; Grennan, 2013, 2014).5

The chapter proceeds as follows. In Section Section 3.2 we present the analysis
of the bilateral bargaining problem and we derive the central profit sharing for-
mula. In Section 3.3 we analyze several applications of our main formula to show
how the downstream firm’s profit share and profit level depends on the demand
elasticities. Section 3.4 provides one extension with N downstream firms and
another extension dealing with a flexible production technology. Finally, Section
3.5 concludes.

5 Nash bargaining over linear input prices has been widely assumed in labor economics
where input prices are workers’ wages. For instance, Dowrick (1990) and Conlin and
Furusawa (2000) compare inefficient bargaining over wages with efficient bargaining over
input prices and employment. They derive conditions such that the employer is better off
under inefficient bargaining.
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3.2 Model and Analysis

3.2.1 The Model Setup

We refer to a successive monopoly problem with an upstream and a downstream
firms. The input is produced at marginal cost c = 0 and transformed one to
one by the downstream firm into the final good. Consumer demand for the final
good is given by x(p), where p is the final good price, and p(x) gives the inverse
demand. The game proceeds in two stages. In the first stage both firms bargain
over a linear wholesale price w. In the second stage, the downstream firm sets
the final good price (or, equivalently, the quantity of the final good).

We impose the standard assumption

p′′x + p′ < 0, (3.1)

which guarantees the existence of a unique equilibrium. We abstract from all
downstream costs other than the procurement costs w · x, such that the down-
stream firm’s profit is given by

π := p(x)x − w · x.

while the upstream firm maximizes L := w · x. In equilibrium the downstream
firm chooses quantity x∗ such that the first-order condition

p′(x∗)x∗ + p(x∗) = w (3.2)

holds. For any given w, Equation (3.2) determines a well-defined function, the
derived demand x∗(w) of the downstream firm when bargaining with the upstream
firm. Taking the total derivative of (3.2) gives the slope of the derived demand
function:

dx∗

dw
= 1

p′′x + 2p′ , (3.3)

such that dx∗/dw < 0. Due to (3.1), the downstream firm’s second-order condi-
tion

d2π

dx2 = p′′x + 2p′ < 0

holds, which ensures that the derived demand function is strictly downward slop-
ing. We can write the downstream firm’s profit as a function of its derived
demand, that is

π(w) = p(x∗(w))x∗(w) − wx∗(w). (3.4)
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The upstream firm’s profit function can be written as

L(w) = wx∗(w). (3.5)

3.2.2 The Bargaining Frontier

As dπ/dw < 0 and dx∗/dw < 0 hold, there is a one-to-one relation between wage
levels and profit levels. Thus, the supplier’s profit can be written as a well-defined
function of the downstream firm’s profit, L = L(π(w)), which assigns each profit
level of the downstream firm the according profit level of the upstream firm. We
denote L = L(π(w)) the bargaining frontier. The chain rule yields

dL(π(w))
dw

= dL(π(w))
dπ(w) · dπ(w)

dw
.

Rearranging gives the slope of the bargaining frontier

dL(π(w))
dπ(w) = dL(π(w))

dw

(
dπ(w)

dw

)−1

. (3.6)

Denote the derived demand elasticity as

ε := dx∗(w)
dw

w

x∗(w) .

Using dL/dw = x + w · dx/dw (which follows from Equation (3.5)) and dπ/dw =
∂π/∂w = −x (which follows from Equation (3.4) and the Envelope Theorem),
the slope of the bargaining frontier can be written as a function of the derived
demand elasticity,

dL(π(w))
dπ(w) = −(1 + ε). (3.7)

This formula reflects that the transferability of utility between the retailer and the
supplier depends crucially on the derived demand elasticity. The more inelastic
derived demand is in equilibrium the larger is the loss the retailer has to bear in
order to shift one unit of utility to the supplier. We will speak of a bargaining
frontier effect when a change in the economic environment changes the derived
demand elasticity ε and thus the slope of the bargaining frontier.

Next, we describe the curvature of the bargaining frontier L(π(w)). A neces-
sary condition for a local maximum of L(π) is dL/dπ = 0. With formula (3.7)
it is straightforward to check that there is a unique optimum at ε = −1. If de-
rived demand is elastic, ε < −1, then dL/dw = x∗(w) + w dx∗(w)/dw < 0. As
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Figure 3.1: Bargaining frontier

dπ/dw < 0 , it follows that dL/dπ > 0, that is, the bargaining frontier is posi-
tively sloped. If derived demand is inelastic, ε > −1, then dL/dw = x∗(w) + w

dx∗(w)/dw > 0. As dπ/dw < 0 , it follows that dL/dπ < 0, that is, the bargaining
frontier is negatively sloped.

Figure 3.1 depicts the bargaining frontier. If the derived demand is elastic,
that is, ε < −1, then dL/dw < 0 and dπ/dw < 0 hold such that both the supplier
and the retailer can obtain a higher payoff with a lower input price w. Therefore,
due to Pareto-optimality, the Nash bargaining solution has to lie in the domain
where the derived demand is inelastic, that is, ε ≥ −1.

3.2.3 Nash Bargaining

We investigate under which conditions a Nash bargaining solution exists.

Lemma 8. A bargaining problem (X, (π0, L0)) is defined by the set of feasible
payoff combinations X = {(π, L) ∈ R

2|L ≤ L(π)} and the profits (π0, L0) obtained
if negotiation breaks down. Suppose that (I) L(π) is a concave function and (II)
there exist (π, L) ∈ X with π > π0 and L > L0. Then there exists a unique
solution (π(w∗), L(w∗)) to the Nash bargaining problem which is given by

arg max
(π,L)

{(π − π0)α(L − L0)1−α|L ≤ L(π)},
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where parameter α ∈ [0, 1] gives the downstream firm’s profit weight.6

Proof: See for instance Eichberger (1993), Theorem 9.2 �
In order to apply Lemma 8, we investigate under which conditions the bar-

gaining frontier is concave.

Lemma 9. A necessary condition for the bargaining frontier to be concave is that
the upstream firm’s second-order condition

d2L

dw2 < 0 (3.8)

holds. A sufficient condition for the bargaining frontier to be concave is that the
derived demand is concave, that is,

d2x∗

dw2 < 0. (3.9)

Proof: We investigate under which conditions d2L/dπ2 < 0 holds. The chain
rule gives

d
[

dL(π(w))
dπ(w)

]
dw

=
d
[

dL(π(w))
dπ(w)

]
dπ(w) · dπ(w)

dw

such that

d2L(π(w))
dπ2 =

d
[

dL(π(w))
dπ(w)

]
dπ(w) =

d
[

dL(π(w))
dπ(w)

]
dw

(
dπ(w)

dw

)−1

=
d
[

dL
dw

(
dπ
dw

)−1
]

dw

(
dπ

dw

)−1

=
⎡⎣d2L

dw2 ·
(

dπ

dw

)−1

+ dL

dw
(−1)

(
dπ

dw

)−2
d2π

dw2

⎤⎦( dπ

dw

)−1

=

⎡⎢⎢⎢⎢⎣d2L

dw2 − dL

dw︸︷︷︸
>0

(
dπ

dw

)−1

︸ ︷︷ ︸
<0

d2π

dw2︸ ︷︷ ︸
>0

⎤⎥⎥⎥⎥⎦
(

dπ

dw

)−2

︸ ︷︷ ︸
>0

, (3.10)

where
d2π

dw2 = d(dπ/dw)
dw

= d(−x)
dw

= −dx

dw
> 0.

Thus, d2L/dw2 < 0 is a necessary condition for the bargaining frontier to be
concave. d2L/dπ2 < 0 is equivalent to

2 dx

dw
+ w

d2x

dw2 <

(
x + w

dx

dw

)
1
x

dx

dw
= (1 + ε)

(
dx

dw

)
,

6 Strictly speaking, α denotes the weight on the downstream firm’s gain from trade.
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or
d2x

dw2 <
dx

dw

ε − 1
w

This holds if the derived demand is not too convex and, in particular, if d2x/dw2 <

0. �
Assumption. The derived demand is concave, that is, d2x∗/dw2 < 0 holds.

Given the preceding Assumption holds (and given that the outside options
for both firms are sufficiently small) the Nash bargaining solution is given by the
maximum of the Nash product N = (π − π0)α · (L − L0)1−α subject to L ≤ L(π).

The slope of the iso-Nash-product lines is given by the total differential of the
Nash product

dN = α(π − π0)α−1 · (L − L0)1−αdπ + (π − π0)α · (1 − α)(L − L0)−αdL = 0.

Rearranging gives the slope of the objective function as
dL

dπ
= − α

(1 − α)
(L − L0)
(π − π0)

(3.11)

Pareto-optimality implies L = L(π) and thus dL/dπ = dL(π)/dπ. Using (3.11)
and (3.7), we can equate the slopes of the objective function and of the bargaining
frontier and obtain

L − L0 = 1 − α

α
· (1 + ε) · (π − π0). (3.12)

Theorem. Suppose a retailer and a supplier bargain over a linear input price via
Nash bargaining while the retailer sets quantities in the final goods market. Then,
in equilibrium the relation between profit shares, profit weights and the derived
demand elasticity is given by (3.12).

Note that this formula gives non-negative profits for the upstream and the
downstream firm as ε ≥ −1.7 It gives an equilibrium condition and states that
the higher the derived demand elasticity in equilibrium is, the larger is the profit
share of the downstream firm. In principle, it can be used to estimate empirically
the profit weights of the different parties: if the firms’ profits can be observed
and if the derived demand elasticity was known, then the parties’ bargaining
power could be estimated. The derived demand elasticity, however, is typically
unknown. Therefore, we show in the following that it is closely related to the
final good demand elasticity which is often determined in empirical studies.
7 Other papers such as Grennan (2013, 2014) have derived similar interpretations of the

Nash bargaining solution (see also Gaudin, 2016). None of these papers, however, stresses
the relation to the derived demand elasticity which we focus on.
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3.2.4 Demand Elasticity and Derived Demand Elasticity

In order to derive a relationship between the demand elasticity and the derived
demand elasticity, we distinguish between the demand function x(p) and the
derived demand function x(w). Demand elasticity is defined by

η =
(

dp

dx

)−1
p

x
.

We say that (derived) demand elasticity increases if η (ε, resp.) increases in
absolute value. Equations (3.2) and (3.3) yield the following relationship between
the demand and the derived demand elasticity:

ε = 1 + η
p′′
p′ x + 2

. (3.13)

For instance, for linear final demand, the relation between the elasticities is linear,
such that with known profits and known equilibrium final demand elasticity,
(3.12) and (3.13) allow to estimate the parties’ bargaining power.

Symmetric Nash Bargaining. Under symmetric Nash bargaining where both
parties have no outside option we can derive a more explicit relation between ε

and η. Under symmetric Nash bargaining, the Nash product

[(p(x(w)) − w)x(w)] · [w · x(w)]. (3.14)

is maximized. Considering the first-order conditions and applying equations (3.2)
and (3.3) gives 3p′p + xp′′p + x(p′)2 = −2xp′ · (p′′x + 2p′). Using this as well as
the equations (3.2) and (3.3), we can re-write the sum of the two elasticities as

ε + η = 3p′p + xp′′p + x(p′)2

xp′(p′′x + 2p′)
= −2. (3.15)

Thus, under symmetric bargaining the two elasticities add up in equilibrium to
−2. As the derived demand elasticity lies between −1 and 0, final demand is
always elastic in equilibrium, that is, η ∈ (−2, −1).

3.3 Applications

In this section we provide several applications of our Theorem. In particular, we
reveal how demand elasticities and profit shares are related in equilibrium and
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provide instances where a higher demand elasticity increases the profits of the
downstream firm.

3.3.1 Linear Demand

Suppose that the downstream firm faces a linear inverse demand function p(x) =
a−bx. The outside options are zero for both firms, π0 = L0 = 0. The downstream
firm’s profit is equal to π = (a − bx − w)x, while the supplier gets L = wx. In
equilibrium, the downstream firm’s first-order condition a − 2bx − w = 0 holds,
which gives rise to the derived demand

x∗(w) = a − w

2b
. (3.16)

As Condition (3.9) holds, the bargaining frontier is concave and a unique Nash
bargaining solution exists. Substituting (3.16) into the downstream firm’s and the
supplier’s profit functions gives π(w) = (a − w)2 /(4b), and L(w) = w(a−w)/(2b),
respectively. Moreover, from (3.16) we obtain the derived demand elasticity

ε = − w

a − w
.

Using (3.12), we obtain the bargaining solution w∗ = a(1 − α)/2 and x∗ =
a(1 + α)/(4b). In particular, both the derived demand and the demand elasticity
depend only on firms’ bargaining power and equal

ε = −1 − α

1 + α
,

η = −3 − α

1 + α
.

In equilibrium, the downstream firm’s share is also independent of the demand
function’s parameters a and b as

π

π + L
= 1 + α

2(1 − α)

holds. Thus, the sharing rule between the up- and the downstream firm is inde-
pendent from the exact specification of the linear demand function. Note that,
under symmetric bargaining, in particular Equation (3.15) is satisfied, that is,
the demand elasticities sum up to −2 in equilibrium.



3.3. APPLICATIONS 49

(a) Derived demand elasticity as a func-
tion of the Nash profit weight

(b) Derived demand elasticity as a func-
tion of final demand elasticity

Figure 3.2: Derived demand elasticity in equilibrium

3.3.2 Non-Linear Demand

Suppose that the downstream firm’s inverse demand function is given by p(x) =
1 − xβ. As in the previous example, the firms’ outside options are zero, that is,
π0 = L0 = 0. From p′′(x) = β(1 − β)xβ−2, it follows that demand is concave
(convex) for β < 1 (β > 1) and linear for β = 1. The demand elasticity equals

η = 1
−βxβ−1

1 − xβ

x
.

As
∂η/∂β = 1

xββ2

(
β ln x − xβ + 1

)
< 0 (3.17)

holds,8 the demand elasticity is increasing in β. The downstream firm’s and the
supplier’s profits are π = (1 − xβ − w)x, and L = wx, respectively. From the
downstream firm’s first-order condition we obtain the derived demand

x∗(w) = ((1 − w)/(β + 1))1/β.

and the derived demand elasticity

ε = − w

β(1 − w) .

In order to show that a unique Nash bargaining solution exists, we show that
d2L
dπ2 < 0 holds. The first and second derivatives of the firms’ profits with respect
8 This holds as z := xα < 1 and α ln x − xα + 1 = ln xa − xα + 1 = ln z − z + 1 < 0.
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to w are given as

dL

dw
= 1

β

(
− 1

β+1 (w − 1)
) 1

β

w − 1 (w − β + wβ) ,

d2L

dw2 = 1
β2

(
− 1

β+1 (w − 1)
) 1

β

(w − 1)2 (w − 2β + wβ) ,

dπ

dw
= −((1 − w)/(β + 1))1/β,

d2π

dw2 =

(
− 1

β+1 (w − 1)
) 1

β

β − wβ
.

Substituting these into (3.10) shows that d2L/dπ2 < 0 holds. Thus, the general-
ized Nash bargaining solution is given by

w∗ = β(1 − α)
1 + β

,

x∗ =
(

αβ + 1
(1 + β)2

)1/β

.

Using our central equation (3.12) and re-arranging yields

ε = − 1 − α

1 + αβ
. (3.18)

The equilibrium derived demand elasticity is increasing in the demand elasticity
parameter β and decreasing in the Nash profit weight α. Figure 3.2a shows how
equilibrium derived demand elasticity depends on the bargaining power of the
downstream firm for a given β. Figure 3.2b gives the relationship between the
derived demand elasticity and the final goods demand elasticity for a fixed α.

Equation (3.12) yields also the sharing rule between the up- and the down-
stream firms’ profits:

π∗

π∗ + L∗ = 1 + αβ

2 + β − α
. (3.19)

The downstream firm’s share is strictly decreasing in the demand parameter β.
Figure 3.3 shows bargaining frontiers and Nash bargaining solutions for different
values of β. The bargaining frontier for demand parameter β1 Pareto-dominates
the bargaining frontier for demand parameter β2 if β1 > β2. In equilibrium,
the downstream firm’s profit π∗ is increasing in β and therefore also in the final
demand elasticity, see (3.17), while its profit share is decreasing in β according
to (3.19).
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Figure 3.3: Bargaining frontiers and Nash bargaining solutions for different values
of β

3.3.3 Competition With a Competitive Fringe Producing
a Differentiated Good

In this section, we show that a downstream firm’s profit can increase when the
final demand becomes more elastic. Let downstream firm 1 bargain with an
upstream input supplier over a linear input price w, and compete with a fringe
of firms in the final product market. While all firms of the competitive fringe
produce a homogenous good, it is differentiated from firm 1’s product. The
inverse demand of firm 1 is given by p1 = A − x1 − γX−1, where x1 gives firm
1’s output and X−1 is the total output of the fringe firms. Similarly, the inverse
demand for the fringe product is pf = A − X−1 − γx1. Marginal costs for all
fringe firms are given by c < A.

The competitive fringe acts as a Stackelberg follower. Given x1, the total out-
put of the fringe firms follows from equating the residual demand with marginal
costs; i.e., A − X−1 − γx1 = c. This yields

X∗
−1 = max{A − c − γx1, 0}. (3.20)

Let π0 = L0 = 0, and let Nash bargaining be symmetric (α = 0.5). Suppose that
X∗

−1 > 0 holds in equilibrium (we abstract from a corner solution). We can then
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write the profit function of firm 1 as

π1 = (A − x1 − γ(A − c − γx1) − w)x1,

Re-arranging firm 1’s first-order condition gives the derived demand

x1(w) = A(1 − γ) − w + cγ

2(1 − γ2) .

and the elasticity of the derived demand

ε = dx1(w)
dw

w

x1
= − w

A − w − Aγ + cγ
.

As
dε

dγ
= −w

A − c

(A − w − Aγ + cγ)2 < 0, (3.21)

the derived demand elasticity increases in the product differentiation parameter
γ.

While the upstream firm’s profit equals L(w) = wx1(w), firm 1’s profit, writ-
ten as a function of w, is

π1 = (A − w − Aγ + cγ)2

4(1 − γ2) .

Next, we show that the bargaining frontier is concave (d2L/dπ2 < 0). The first
and the second derivatives of firm 1’s and the upstream firm’s profits are

dL

dw
= 1

2
A

c (c − 2A)
(
c2 − 2Ac + 2Aw

)
,

d2L

dw2 = A2

c (c − 2A) ,

dπ

dw
= − A2

2c2 − 4Ac
,

d2π

dw2 =

(
− 1

α+1 (w − 1)
) 1

α

α − wα
.

Substituting these values into (3.10) yields

d2L

dπ2 =
(

1
2

A2

c2 − 2Ac + Aw

)(
A

2c2 − 4Ac

(
c2 − 2Ac + Aw

))−2
< 0.
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which proves the existence of a unique Nash bargaining solution. Inserting our
results into L = (1 + ε)π1 (which follows from (3.12)),9 we obtain the bargaining
solution

w∗ = 1
4(A − Aγ + cγ).

This implies

x∗
1 = 3A(1 − γ) + 3cγ

8(1 − γ2) and

π∗
1 = 9 (A(1 − γ) + cγ)2

64 (1 − γ2) .

Solving dπ∗
1/dγ = 0 yields the solution γ∗ := 1

A
(A − c) < 1. As d2π∗

1/dγ2 > 0
holds at γ∗, profit π∗

1 has a local minimum at γ∗. Hence, firm 1’s profit increases
in γ as long as γ > γ∗ holds and it decreases in γ as long as 0 < γ < γ∗ holds.

We have to ensure that X∗
−1 > 0 holds at x∗

1. Substituting x∗
1 into (3.20), we

get the condition

X∗
−1 = −8c + 8A − 3Aγ − 5Aγ2 + 5cγ2

8 (1 − γ2) > 0. (3.22)

Denote the numerator of (3.22) by Ψ with Ψ := −8c + 8A − 3Aγ − 5Aγ2 + 5cγ2.
Note that Ψ(γ = 0) > 0, while ∂Ψ/∂γ < 0 always holds. Hence, we search for
the critical value γ which ensures (3.22) to hold for all γ < γ. Solving Ψ = 0, we
obtain one root which is possibly non-negative:

γ := −3A +
√−320Ac + 169A2 + 160c2

10A − 10c

Thus, assuming γ < γ ensures that the total output of the competitive fringe is
strictly positive in equilibrium. Furthermore, γ∗ < γ holds as evaluating Ψ at
γ = γ∗ gives

Ψ(γ∗) = 5
A2 c

(
2A2 − 3Ac + c2

)
> 0.

We have therefore derived the following result.

9 The analysis of the monopoly case in the preceding section can be easily extended to
the case with n competitive fringe firms. It is straightforward to check that the analysis
extends to the case in which the inverse demand depends on a function f : Rn+1 → R+,
with x := (x, x1, ..., xn) → f(x), which is linear in x. That is, the derivation of formula
(3.12) holds if p = p(f(x)) as long as df/dx = 1.
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Proposition 6. Assume γ < γ (to ensure an interior equilibrium outcome). In
the linear model with a competitive fringe, firm 1’s profit increases in γ, whenever
γ > γ∗, while the opposite holds for γ < γ∗. Note that γ∗ < γ.

Provided γ > γ > γ∗, a larger γ implies a higher equilibrium elasticity of
derived demand (see (3.21)). Therefore, a larger γ also implies a higher profit
share for the downstream firm (as L = (1+ε)π1) and also a higher absolute profit
level for the downstream firm (see the definition of γ∗), even though a higher γ

implies more homogenous goods.

3.4 Extensions

We show that our equilibrium condition holds also in more general setups, that is,
for instance, if there are N > 1 downstream firms or if the downstream firm uses
a flexible production technology which allows to produce with two input goods.

3.4.1 N Downstream Firms and Unobservable Contracts

We extend our model toward N downstream firms facing a single upstream firm
U . As in the previous section, we normalize U ’s marginal production cost to zero
and assume that all firms have the same production technology which transforms
one unit of input to one unit of output. Firm i ∈ {1, . . . , N} produces quantity
xi of a homogeneous product. Demand is given by the inverse demand function
p(x1, ..., xN) for which the N -firm analogon of condition (3.1) is assumed to hold.

In the first stage of the game, U bargains simultaneously with the N down-
stream firms. We follow the literature on simultaneous Nash bargaining (see,
for instance, Inderst and Wey (2003)) and assume that U bargains which the
downstream firms through sales agents, that is, for each downstream firm there
is one sales agent representing firm U in the negotiation. In the second stage,
downstream firms compete à la Cournot.

As contracts are unobservable, the sales agents and the downstream firms can-
not observe outcomes in the other negotiations and therefore have to form beliefs
on them. Most common in the economic literature on multilateral contracting are
“passive beliefs” according to which it is assumed that all unobservable bargain-
ing outcomes are equilibrium outcomes, even if it receives an out-of-equilibrium
offer (Hart and Tirole, 1990; O’Brien and Shaffer, 1992; Inderst and Ottaviani,
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2012)).10 In order to guarantee that the Nash product is well-defined, we assume
that a sales agent and the downstream firm he bargains with have the same be-
liefs on the outcomes of all simultaneous negotiations. Denote ŵj firm i’s and the
respective sales agent’s belief about firm j’s negotiated input price.

We solve the game via backward induction. If downstream firm i has negoti-
ated input price wi, it expects to get a profit of

πi(wi) = [p(x∗
1(ŵ1), . . . , x∗

i−1(ŵi−1), x∗
i (wi), x∗

i+1(ŵi+1), . . . , x∗
N(ŵN)) − wi]x∗

i (wi),
(3.23)
while the upstream firm U expects to get

L(wi) = wix
∗
i (wi) +

∑
i�=j

ŵjx
∗
j(ŵj). (3.24)

The best-response function of firm i solves the first-order condition

p − wi = − ∂p

∂xi

xi. (3.25)

Firm i’s equilibrium quantity choice can be written as

x∗
i (wi) = xi(ŵ1, ..., ŵi−1, wi, ŵi+1, ..., ŵN).

In particular, firm i’s equilibrium quantity x∗
i depends only on its own and not

on its rivals’ input prices.
When bargaining with firm i, U ’s outside option is Li,0 = L(ŵ1, . . . , ŵi−1, 0,

ŵi+1, . . . , ŵN) while we set the disagreement point of the downstream firms to
zero. Thus, we can write the Nash bargaining problem between the supplier and
firm i as

Ni(wi) = (πi(wi))α · (L(wi) − Li,0)1−α.

If the Nash product is maximized, the first-order condition

dL(wi)/dwi

dπi(wi)/dwi

= − α

(1 − α)
(L(wi) − Li,0)

πi(wi)
(3.26)

10 Besides passive beliefs, also symmetric and wary beliefs are analyzed in the literature (Rey
and Vergé, 2004). If firm i has symmetric beliefs, negotiated prices are assumed to be
identical for all firms, that is, wj(wi) = wi. With wary beliefs, if firm i negotiates an input
price wi �= w∗ with the upstream firm, then firm i believes that wj(wi) maximizes the
Nash product of U bargaining with firm j, conditional on U knowing wi.
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holds. From (3.24) we obtain

dL(wi)
dwi

= x∗
i (wi) + dx∗

i (wi)
dwi

wi. (3.27)

Using firm i’s derived demand elasticity εi = dx∗
i (wi)
dwi

wi

x∗
i (wi) , we can rewrite (3.27)

as
dL(wi)

dwi

= x∗
i (wi) (1 + εi) . (3.28)

Similarly, (3.23) yields

dπi(wi)
dwi

= ∂p

∂xi

dx∗
i (wi)
dwi

x∗
i (wi) − x∗

i (wi) + dx∗
i (wi)
dwi

(p − wi).

Using (3.25) we then obtain

dπi(wi)
dwi

= −x∗
i (wi). (3.29)

Inserting (3.28) and (3.29) into (3.26) yields the equilibrium profit of the down-
stream firm i as

π∗
i = (L∗ − Li,0)

α

(1 − α)
1

(1 + εi)
. (3.30)

where, with passive beliefs, Li,0 = ∑
j �=i w∗

j x∗
j and L∗ − Li,0 = w∗

i x∗
i . Thus, the

equilibrium condition (3.12) derived for the bilateral monopoly case generalizes
to N downstream firms if contracts are not observable. Note, however, that ε

in (3.12) stands for the overall demand’s elasticity with respect to input prices
while εi denotes the elasticity of firm i’s derived demand with respect to its input
price.

3.4.2 Flexible Production Technology

We again refer to a successive monopoly problem with an upstream and a down-
stream firms. In contrast to our previous analysis, the downstream firm is now
interpreted as a manufacturer rather than a retailer. The input x is produced
at marginal cost c = 0 and transformed by the downstream manufacturer with a
production technology f(x, y) into the final good q. Denote the partial derivative
of f with respect to variable x or y by indexing the respective variable, such that
for instance fx := ∂f/∂x and fxy := ∂2f/(∂x∂y). The input y is supplied un-
der conditions of perfect competition with inverse supply function wy(y).11 The
11 It is straightforward to generalize our setup to the case in which the supply of input y is

also negotiated with unobservable contracts.
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market for the final good is perfectly competitive, so that its price p is given for
the downstream firm. The game proceeds in two stages. In the first stage, both
firms bargain over a linear wholesale price wx. In the second stage, the down-
stream firm makes its purchasing decisions concerning inputs x and y and sells
the output in the final good market.

The downstream firm’s profit function is

πM = pf(x, y) − wxx − wyy.

Maximization with respect to the input quantities gives two first-order conditions

pfx − wx = 0 (3.31)

and
pfy − wy = 0. (3.32)

This implies that the optimal solution (x∗, y∗) fulfills

fx(x∗, y∗)
fy(x∗, y∗) = wx

wy

. (3.33)

The left-hand side is the absolute value of the slope of the isoquant (that is the
technical rate of substitution) which must be equal to the inverse of the relative
input prices. We assume that the optimal solution always exists and is unique.
For this to be the case, it is sufficient to require fx, fy > 0 and fxx, fyy < 0. In
addition we assume that D2πM(x, y) is a negative semi-definite matrix which en-
sures that the second order condition holds. Production functions with decreasing
returns to scale satisfy these conditions. In order to obtain a well-defined Nash
bargaining problem, we also need to assume that inputs are sufficiently comple-
mentary, otherwise derived demand is very elastic and the downstream firm gets
the entire surplus.

Noticing (3.33) gives the downstream manufacturer’s derived inverse demand
for input x as

wx(x, y) = wy
fx

fy

. (3.34)

For any given wx, Equations (3.31) and (3.34) determine a well-defined function,
the derived demand x∗(wx) of the downstream firm when bargaining with the
upstream firm. Note that p and wy are fixed in our setup and x∗ is strictly
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decreasing in wx. Differentiating wx(x, y) with respect to x and rearranging gives
the slope of the derived demand

dwx

dx
= wy

fxxfy − fxfxy

f 2
y

which yields
dx

dwx

= 1
wy

f 2
y

fxxfy − fxfxy

(3.35)

Using relations (3.33) and (3.35) gives

ε = fxfy

fxxfy − fxfxy

1
x

. (3.36)

We can write the downstream firm’s profit as a function of its derived demand,
that is,

πM(wx) = pf(x(wx), y(wx)) − wxx(wx) − wyy(wx)

and the upstream firm’s profit function as

L(wx) = wxx∗(wx).

Analogously to Section 2,

L − L0 = 1 − α

α
· (1 + ε) · (π − π0)

can be derived, such that the profit sharing rule depends on parties’ threat points,
on the parties’ profit weights and the elasticity of derived demand as given by
(3.36).

3.5 Conclusion

We have provide a simple and an instructive link between the profit shares and the
demand elasticity in vertical relations if up- and downstream firms bargain over
linear input prices. Besides the disagreement payoffs and the weights of firms’
profits in the Nash product, our formula singles out the slope of the bargaining
frontier as an additional determinant of bargaining power. The slope of the
bargaining frontier is equal to the total value of one plus the downstream firm’s
derived demand elasticity. We have provided various examples in which a more
elastic equilibrium demand benefits the downstream firm through a change of
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the slope of the bargaining frontier. Our model should be instructive also for
empirical studies which seek to determine the bargaining power of the different
parties based on observables such as absolute profit levels and equilibrium demand
elasticity.

Appendix: N Firms and Observable Contracts

We repeat our analysis from Section 4.1 with observable contracts. Profits are
given by πi := p(x1, ..., xN)xi − wixi and L := ∑N

i=1 wixi, and the first-order
condition (3.25) holds. As quantities are observable, firm i’s equilibrium quan-
tity choice can be written as x∗

i (w1, ..., wN). We assume that the second order
condition holds.
We can write the downstream firm i’s profit as

πi(w1, ..., wN) = [p(x∗
1(w1, ..., wN), ..., x∗

N(w1, ..., wN)) − wi]x∗
i (w1, ..., wN), (3.37)

while the upstream firm’s profit equals

L(w1, ..., wN) =
N∑

i=1
wix

∗
i (w1, ..., wN). (3.38)

The general Nash bargaining problem between the supplier and firm i is given by

Ni(wi) = (πi(w1, ..., wN)−πi,0)α ·(L(w1, ..., wN)−Li,0(w1, ...wi−1, wi+1, ...wN))1−α,
(3.39)
where πi,0 is firm i’s the outside option and Li,0(wj) is the outside option of the
upstream firm when it bargains with firm i. As before, πi,0 = 0.

If the Nash product is maximized, the first-order condition
dL(w1, ..., wN)/dwi

dπi(w1, ..., wN)/dwi

= − α

(1 − α)
(L − Li,0)

πi

. (3.40)

holds. Formula (3.38) gives

dL(w1, ..., wN)
dwi

= xi + dxi(w1, ..., wN)
dwi

wi +
∑
j �=i

dxj(w1, ..., wN)
dwi

wj. (3.41)

Using firm i’s elasticity of derived demand, εi = dxi

dwi

wi

xi
, and the cross-price elas-

ticity of derived demand, εji = dxj

dwi

wi

xj
, we can rewrite (3.41) as

dL(w1, ..., wN)
dwi

= xi

⎛⎝1 + εi +
∑
j �=i

εji
xjwj

xiwi

⎞⎠ . (3.42)
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Similarly, (3.37) yields

dπi(w1, ..., wN)
dwi

= ∂p(x1, ..., xN)
∂xi

dxi

dwi

xi+
∑
j �=i

∂p(x1, ..., xN)
∂xj

dxj

dwi

xi−xi+
dxi

dwi

(p−wi).

(3.43)
Inserting (3.25) into the preceding equation gives

dπi(w1, ..., wN)
dwi

=
∑
j �=i

∂p(x1, ..., xN)
∂xj

dxj

dwi

xi − xi, (3.44)

or,
∂πi(w1, ..., wN)

∂wi

= −xi

⎛⎝1 −∑
j �=i

p

wi

ηjεji

⎞⎠ , (3.45)

where ηj = ∂p(x1,...,xN )
∂xj

xj

p
gives firm j’s elasticity of demand. Inserting (3.42) and

(3.45) into (3.40) yields

α

(1 − α)
(L − Li,0)

πi

=

(
1 + εi +∑

j �=i εji
xjwj

xiwi

)
(
1 −∑

j �=i
p

wi
ηjεji

) . (3.46)

As the downstream firms are symmetric, we assume a symmetric Nash solution
in which w∗

i = w∗
j and x∗

i = x∗
j , for any i, j ∈ 1, .., N . We can write equilibrium

profit of the downstream firm i as

π∗
i = (L − Li,0)

α

(1 − α)

(
1 − (N − 1) p

wi
ηjεji

)
(1 + εi + (N − 1)εji)

. (3.47)

As a consequence, with observable contracts, the profit sharing rule does not only
depend on the elasticity of derived demand, but also on the cross-price elasticities
of the derived demand.







Chapter 4

Multi-plant Firms, Production
Shifting, and Countervailing
Power

Co-authored by Markus Dertwinkel-Kalt and Christian
Wey

4.1 Introduction

We examine the bargaining effects of manufactures’ ability to shift the produc-
tion of differentiated products among the plants they operate. Large corpora-
tions’ ability to shift production among plants has been steadily increasing in
the last decades. International car producers like Volkswagen AG and Daimler
AG, for instance, have heavily invested into new production sites outside Ger-
many (in particular, in Eastern Europe and BRIC countries).1 At the same time,
the integration of internationally dispersed value chains within corporations has
increased, and the use of platform-production concepts has made it possible to
1 See, for instance, Forbes, “Shifting Production To Central And Eastern Europe Could

Boost Profits Of German Automakers,” online edition, 23 June 2014, (retrieved from:
www.forbes.com). Volkswagen AG provides on its website (www.volkswagenag.com) a list
of all its production plants in the world and the brands it produces at each of those sites.
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produce virtually all product variants at all plants which a corporation oper-
ates.2,3

We provide an analytical framework of multi-plant firms’ ability to shift the
production of their product variants among their plants. In particular, we investi-
gate the consequences of having the option to shift production on the bargaining
outcomes in the input markets when suppliers have seller power. We show that
this option creates considerable countervailing power in supplier-manufacturer
bargaining relations with important implications for both merger control and
FDI policy. In the former case, new efficiencies have to be taken into account by
antitrust authorities and in the latter case, the possibility of socially excessive
investment incentives into new production sites abroad have to be considered.

We develop a model to study the efficiencies which arise from a multi-plant
firm’s ability to shift its production across plants. In the basic setup, we con-
sider two manufacturers offering differentiated products which get labor inputs
through bilateral monopoly relations with plant-specific unions. In order to mir-
ror capacity constraints we assume that production costs at each plant are convex.
Wages are negotiated between each firm and its plant specific labor union(s). A
downstream merger yields two opportunities: first, it allows the integrated firm
to hire workers from both unions, and second, it allows to shift production of the
different brands between the two plants. Due to capacity constraints, production
shifting is costly and will not occur in the equilibrium.4 However, the threat to
shift production increases the bargaining power of the integrated manufacturer

2 Recent trends of the production patterns in the automobile industry are presented in
Sturgeon, Memedovic, Van Biesebroeck and Gereffi (2009). An early account of the merits
of production shifting within multinational firms is Kogut and Kulatilaka (1995). In their
work the ability to shift production among internationally dispersed plants creates an
option value in the presence of exchange rate fluctuations.

3 In 2012, Volkswagen Group introduced the Modular Transverse Matrix (MQB) tech-
nology for the Volkswagen, Audi, Škoda, and SEAT brands which will theoret-
ically allow VW Group to produce different models of these brands on the
same production line. See, http://www.volkswagenag.com/content/vwcorp/info_cen-
ter/en/themes/2012/02/MQB.html

4 In case of Volkswagen, this also mirrors practice. It produces different mod-
els at different production sites (see www.volkswagenag.com/content/vwcorp/con-
tent/de/the_group/production_plants.htm). But, as different models are based on the
same platforms, it can shift production accross plants if it needs to do so (for instance, if
production breaks down because of strikes).
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and exerts downward pressure on wages. Formally, we single out the threat point
effect which increases the multi-plant firm’s bargaining power against monopo-
listic labor unions. Not surprisingly, in the course of bargaining an integrated
manufacturer may threaten to close a plant altogether if the union does not back
down.5 Similar effects have been shown in the literature, but they are all based
on the fact that labor unions at different production sites produce goods which
are close to perfect substitutes. The novelty of our contribution is to show that
even when goods are very much differentiated, the ability of production shifting
makes the different labor supplies substitutable again, from the integrated firm’s
perspective.

First, we consider the case in which the products are plant-specific, i.e., pro-
duction cannot be shifted between plants. Note that, a merger between the down-
stream firms creates a multi-product monopolist which can internalize its demand
linkages. The downstream merger is always profitable for the merging parties,
but it decreases both consumer surplus and total welfare. Next, we analyze the
case that a merged manufacturer can shift the production of both products across
the plants it owns. Such a merger creates considerable countervailing power by
improving the integrated firm’s disagreement payoff. As a consequence, input
prices decrease. This effect depends on the plants’ capacity constraints. If the
constraints are not too restrictive and the products are not close substitutes, then
a multi-plant merger is socially desirable, as the positive effect of decreasing input
prices is larger than the negative effect of monopolization.

We also discuss two extensions of our model which focus on FDI. We analyze
a firm’s investment decision to open a new plant, either in the home country or
in a foreign country, when it bargains with the country-specific labor unions.6

5 For instance, the Swedish multinational company Electrolux bought the Italian producer
Zanussi in 1984. In 1997 Electrolux-Zanussi announced to shut down plants located in
Italy. However, the company decided to continue its production in Italy after it agreed
with the metalworker’s union on lower wages (Paparella (1997)). In 2014, once more
Electrolux threatened to shift the production to the low-wage country Poland in order to
close Italian plants. Later in the same year, the company offered wage levels as paid in
Poland and Hungary as an alternative solution to the plant closure (Rustico (2014)).

6 Zhao (1995) discusses a firm’s FDI decision when labor is unionized. He finds that cross-
hauling FDI increases (decreases) employment and national welfare if the union is wage
(employment) oriented. Eckel and Egger (2009) analyze a similar scenario and find that the
manufacturer has incentives for FDI in order to improve the bargaining position vis-à-vis
the input suppliers.
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Specifically, we examine a firm’s decision about the location of a second plant
(domestic vs. foreign) at which a differentiated product is to be produced. Even
if investment costs for a production plant in a foreign country are higher than
for a plant in the home country, the manufacturer may strictly prefer the FDI.
Moreover, the ability to produce differentiated products in different plants plays
an important role in the investment decision. If the firm opens the new plant in
the foreign country, then it has an incentive to design the new brand such that
its production can be shifted between the plants as this improves the manufac-
turer’s breakdown profit. If the second plant is located in the home country, the
manufacturer does not have this incentive as the threat point vis-à-vis the labor
union is not affected by the possibility to shift production in this scenario.

We also analyze a firm’s FDI decision when the country-specific labor unions
have different levels of bargaining power. A firm’s investment decision depends
on the domestic union’s bargaining power. In particular, the domestic union may
have a strict preference to commit itself not to exert its full bargaining power
in order to prevent the firm from investing abroad.7 As the union may not be
able to commit itself, the manufacturer and the union may face a variant of the
prisoner’s dilemma: the union is strictly better off if it does not exert its full
bargaining power in order to prevent the manufacturer from FDI.8 As the union
cannot commit itself to this action, however, the firm will invest abroad, such
that the union earns lower wages and the firm earns a lower profit due to the
high investment costs.9

7 Egger and Etzel (2014) study a model with two countries that differ in the centralization of
union-wage setting. They show that in the long run, capital outflows from the country with
centralized wage-setting make the two countries more dissimilar and a decentralization of
the wage setting can prevent capital outflows and the export of jobs.

8 Aloi, Leite-Monteiro and Lloyd-Braga (2009) analyze a two-country scenario, in which
labor is competitive in one country while it is unionized in the other. They also show that
unionized workers do not have to have a strict preference for an increase in their relative
bargaining power.

9 Closely related is the following recent case. In Germany, Amazon runs several logistic
centers to distribute parcels. While the labor union Verdi went on strike at Amazon’s
logistic centers several times to obtain better wage agreements, Amazon denied the wage
requests and instead decided to scale up its capacity in Poland where workers are less well
organized (see “Amazon baut drei riesige Logistikzentren in Polen” (Amazon builds three
giant logistic centers in Poland), Die Welt, 7 October 2013, online edition, www.welt.de).
Thus, Amazon undertook large FDIs and the German workers were not able to make any
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Our analysis of the countervailing power effects of a multi-plant merger con-
tributes to the controversy about whether and to what extent efficiencies should
be taken into account when an antitrust authority decides about a proposed
merger. The efficiency defense has by now been explicitly recognized in the
regulatory guidelines.10 For instance, the revised Section 10 on efficiencies in
the Horizontal Merger Guidelines issued by the U.S. Department of Justice and
the Federal Trade Commission defines explicitly the set of cognizable efficien-
cies. Traditionally, efficiency gains (resulting in potentially lower prices or better
products) are thought to be realized i) by achieving an optimal allocation across
different plants (rationalization), ii) through realization of economies of scale and
scope, or iii) by enhancing technological progress. All these factors could render
a horizontal merger desirable from a social welfare perspective. In our model a
merger increases the purchasing power of a downstream firm vis-à-vis powerful
input suppliers. A formal analysis of countervailing power has been provided by
von Ungern-Sternberg (1996) and Dobson and Waterson (1997). Both papers
show instances where a downstream merger creates countervailing power which
reduces the input price. However, social welfare is always reduced through a
merger. While these two papers assume bargaining over constant unit prices,
Inderst and Wey (2003, 2011) have considered the case of efficient bargaining. It
is shown that a downstream merger creates buyer power if the supplier’s costs are
convex. Moreover, a merger increases the supplier’s investment incentives which
leads to lower consumer prices.11

There are some related papers which investigate how a merger of firms which
produce differentiated goods affects input prices in the presence of plant-specific
input suppliers. For this case, Lommerud, Straume and Sorgard (2005) show

use of their strong domestic bargaining position.
10 Starting with the seminal contributions by Stigler (1950a,b) and Williamson (1968), the

trade-off between monopolization and efficiency gains of mergers has been extensively
discussed in the economic literature (see, e.g., Farrell and Shapiro (1990), Perry and Porter
(1985)).

11 Dobson and Waterson (1997) and von Ungern-Sternberg (1996) have only considered cost
functions with constant unit costs. Inderst and Wey (2003, 2011) also allow for multi-
ple suppliers, multilateral relations, and horizontal mergers in either stage. The issue of
downstream firms’ countervailing power is also discussed without reference to downstream
mergers. Chen (2003) applies the asymmetric Nash bargaining solution, while Inderst
and Shaffer (2009) and Dertwinkel-Kalt, Haucap and Wey (2015) use an outside option
approach.
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that a merger is always profitable for the participants unless the goods are close
to perfect substitutes and the unions’ objective is to achieve higher employment
level rather than higher wages. Lommerud, Straume and Sorgard (2006) analyze
national and international mergers in a unionized oligopoly, where input suppliers
are country-specific. They find that international mergers are always socially
preferable over any market structure which involves national mergers. This is
driven by the fact that international mergers decrease, while national mergers
increase the wages. In a closely related setup, Symeonidis (2008, 2010) finds that
downstream mergers always decrease input prices. Such mergers increase social
welfare if goods are close substitutes and if the upstream suppliers have significant
bargaining power.

While this literature emphasizes how multi-plant mergers make (plant-specific)
monopolistic suppliers more substitutable through bargaining power, interest-
ingly, all these papers assume that products are plant-specific such that the
merged firm can produce each product only at one specific plant. Therefore,
in the case of a high wage demand or a breakdown of bargaining at one plant,
a merger allows to scale down the production at the respective plant and to in-
crease the output of the substitutable product at the other plant. Adding to this
literature, we are interested in a multi-plant firms’ ability to shift the production
of a specific product between the plants it owns.

The paper proceeds as follows. In Section 4.2, we present the basic model and
analyze the duopoly case, where each manufacturer owns a single plant. Section
4.3 analyzes the case of an integrated manufacturer which operates two plants.
Section 4.3.1 solves the benchmark case in which production cannot be shifted
to another plant. Sections 4.3.2 and 4.3.3 provide the analysis of the production
shifting case. Section 4.3.4 compares the equilibrium outcomes before and after
a merger depending on whether or not the merged firm can shift the production
between plants. Section 4.4 presents extensions, in particular with respect to FDI
incentives, before Section 4.5 concludes.

4.2 The Model

Two downstream manufacturers, located in two different countries, produce a
(differentiated) product and compete in Cournot fashion in the integrated final
product market. Each manufacturer operates one production plant and receives
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(a) plant-specific products (b) production shifting

Figure 4.1: Merger with and without production shifting.

inputs at plant i from a monopolistic supplier i, where i ∈ {1, 2}.12 If firms
merge, the merged firm runs both plants. Throughout the paper, input prices
are negotiated for each plant separately, i.e., between the firm which operates
plant i and supplier i. The main application of a monopolistic input supplier is
a labor union which bargains with the manufacturer over a wage rate on behalf
of the employees. We pose that union i maximizes the wage bill of the employees
at plant i. If the downstream firms are merged, both input suppliers bargain
simultaneously with a single firm.

We denote the total output of downstream firm i’s product by xi = xi1 + xi2,
for i ∈ {1, 2}, where xij denotes the output of product i at plant j. If the
manufacturers are independent, then each of them can only produce its own
brand, and the total output at plant i, denoted Xi, equals xii, while xij = 0
for i, j ∈ {1, 2} and i �= j. If the two plants are run by the same firm, one
of the following two cases emerges. If production shifting is not feasible, i.e.,
the products are plant-specific, then the production at each plant i equals xii

and xij = 0 for i, j ∈ {1, 2} and i �= j. This case is illustrated in Figure 4.1a.
If the production of each product can be shifted across plants, then the total
production at plant i equals Xi = x1i + x2i. Figure 4.1b reflects the merger case
with production shifting.

The inverse demand for product i is given by pi = 1−xi −γxj, for i, j ∈ {1, 2}
and i �= j, where γ ∈ [0, 1] measures the degree of product differentiation. For

12 Typically, the supplier is a country-specific labor union, such that in the following we refer
to labor unions instead of suppliers.
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γ = 1, both brands are perfect substitutes while γ = 0 indicates that both brands
are independent and each manufacturer is a monopolist.

The marginal costs of producing the inputs are normalized to zero. Moreover,
we assume that each unit of input produces exactly one unit of the final good.
Total production costs at plant i are given by

ci =
(

wi + t · Xi

2

)
Xi,

with t > 0, where wi stands for the wage paid at plant i, and Xi denotes the
total production of both products at plant i. If the plants are independent, then
Xi = xi = xii.

The production costs are linear in the input price, wi, and convex in the output
Xi. Parameter t measures to what extent capacity constraints limit a further
expansion of production. If the manufacturers have merged, the parameter t also
measures the ease of shifting production between the plants. The lower t is, the
easier it is to shift production of a product to the other plant, and therefore, the
stronger the bargaining position of the merged firm becomes. With a large value
of t, a shift of production comes at relatively large costs.13

We solve the following two-stage game for subgame perfect Nash equilibria.
In the first stage, each manufacturer bargains separately with its labor union over
input price wi. We apply the symmetric Nash-bargaining solution to solve for
the equilibrium in each union-manufacturer negotiation. Moreover, both pairs
bargain simultaneously. In the second stage, both manufacturers determine their
production quantities non-cooperatively. If the manufacturers are independent,
then the payoff function Ri of manufacturer i is strictly concave in xi = xii and
given by

Ri = (1 − xi − γxj)xi −
(

wi + txi

2

)
xi, for i, j ∈ {1, 2} and i �= j.

The payoff of union i is
Li = Xiwi = xiiwi.

13 As production costs are convex, we have to require that a downstream manufacturer does
not find it optimal to open another plant. This may follow from large upfront investments
for setting up another plant and learning-by-doing effects at the plant level, which grow
over-proportionally with total output. We analyze the firm’s incentives to open a new
plant in the extension below.
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Duopoly with two single-plant manufacturers. As the benchmark case, we
assume that each of the two manufacturers operates exactly one plant. We solve
the game backwards. In the second stage, the manufacturers take the negotiated
input prices (w1, w2) as given and compete in quantities in the integrated final
product market.1415 Each firm i chooses the quantity xi which maximizes its
payoff Ri. The first-order conditions yield the following best-response functions
for each firm i:

x◦
i = 1 − γxj − wi

2 + t
for i, j = 1, 2, i �= j.

Since input prices w1 and w2 are assumed to be observable, each manufacturer
i’s optimal strategy in the second stage, x̂i, can be written as a function of the
input prices. This yields

x̂i(wi, wj) = (2 + t − γ) + γwj − (2 + t)wi

(2 + t)2 − γ2 for i, j = 1, 2, i �= j, (4.1)

if both supplies are strictly positive, i.e., wi < 1−γ(1−wj)/(2+ t) for i, j = 1, 2,
i �= j. If the negotiated wage for firm i exceeds 1−γ(1−wj)/(2+ t), then firm i’s
output equals x̂i(wi, wj) = 0, while firm j produces x̂j(wi, wj) = (1 − wj)/(2 + t)
as long as wj ≤ 1 holds. Otherwise, both firm’s output will be equal to zero, i.e.,
x̂i(wi, wj) = 0, i ∈ {1, 2}.

Wages are determined in the first stage of the game as a result of a simul-
taneous bilateral bargaining process between firm i and union i for i ∈ {1, 2}.
Given the optimal production levels in the second stage, firm i’s payoff if it agreed
with union i on wage wi equals R̂i(wi, wj) = (1 − x̂i(wi, wj) − γx̂j(wj, wi))x̂i −
wix̂i(wi, wj) − t

2(x̂i(wi, wj))2, while union i’s payoff is L̂i(wi, wj) = x̂i(wi, wj) · wi.
As there is no outside option for the firm and the union, their disagreement points
are equal to zero. We can formalize the symmetric Nash bargaining problem be-
tween firm i and union i as

max
wi

R̂i(wi, wj) · L̂i(wi, wj) =
[
(1 − x̂i − γx̂j)x̂i − wix̂i − t

2(x̂i)2
]

[x̂iwi] . (4.2)

Each firm i and union i choose the equilibrium wage rate w∗
i which maximizes

the Nash product and is a best response to the negotiated wage rate, wj, between
firm j and union j. As the firms and the unions are symmetric, the equilibrium
14 We can safely restrict consideration to those subgames where bargaining at both firms has

been successful such that both goods can be provided.
15 We assume that the bargaining outcomes of the first stage are observable for both firms.
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wage rates which maximize the Nash products (4.2) are identical and given by

w∗
1 = w∗

2 = 2 + t − γ

8 + 4t − γ
. (4.3)

Substituting (4.3) into (4.1) yields the symmetric output levels

x∗
1 = x∗

2 = 3(2 + t)
(2 + t + γ) (8 + 4t − γ) (4.4)

Given these quantities, each firm’s profit equals

R∗ = 9(2 + t)3

2(2 + γ + t)2(8 − γ + 4t)2 ,

while each union’s wage bill is given by

L∗ = 3(2 + t)(2 − γ + t)
(2 + γ + t)(8 − γ + 4t)2 .

4.3 The Case of Integration

A merger of downstream manufacturers yields a multi-plant firm. We investigate
such a merger in different scenarios. In Section 4.3.1, we analyze the benchmark
case where each brand can only be produced at one specific plant. In this case,
the downstream merger improves a firm’s bargaining position against the unions,
unless the products are independent. If bargaining breaks down with union i,
the manufacturer will increase the supply of good j �= i, which can partially
compensate the foregone profits from not supplying brand i as long as γ > 0. In
Section 4.3.2 and Section 4.3.3, we introduce the option to shift the production of
each product between the plants, that is, both brands can be produced at both
plants. The possibility of production shifting makes demand for each input more
elastic, such that a merger enhances the bargaining position of the merged firm
and induces, as we will show, lower input prices. Finally, in Section 4.3.4, we
compare the outcomes under the different regimes, which summarizes our results
and provides more intuition for them.

To sum up, the manufacturers’ benefits from the merger are threefold. First,
if goods are (imperfect) substitutes, i.e., γ > 0, then there is the standard mo-
nopolization effect on the final goods market. Second, the merger implies a shift
in the breakdown payoff. The last effect is more pronounced if the firm can shift
the production across its plants and exists for all γ ≥ 0.
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4.3.1 Analysis of the Benchmark Case when Production
Shifting is Not Feasible

Suppose that manufacturers are merged and that brand i can only be produced
at plant plant i, that is, it is not possible to shift the production of a brand
between plants. We can write the payoff function of the multi-plant firm as

RM = (1−x1−γx2)x1+(1−x2−γx1)x2−w1X1−w2X2− t

2(X1)2− t

2(X2)2. (4.5)

Similar to the no merger case, the total production at plant i is equal to the total
production of brand i, i.e., Xi = xi = xii.

In the second stage, the merged firm takes the input prices (w1, w2) as given
and maximizes its profit (4.5) by producing

x̂i(w1, w2) = (2 + t)(1 − wi) − 2γ(1 − wj)
(2 + t)2 − 4γ2 , (4.6)

if both supplies are strictly positive, i.e., if wi < 1 − 2γ(1 − wj)/(2 + t) for
i, j = 1, 2, i �= j. If the latter condition does not hold for product i, then
we obtain x̂i(w1, w2) = 0, while x̂j(w1, w2) = (1 − wj)/(2 + t) if wj ≤ 1 and
x̂j(w1, w2) = x̂i(w1, w2) = 0 otherwise.

We now set up the bargaining problem. Similar to the previous case, bargain-
ing with the two unions proceeds simultaneously and separately.16 If the firm
reaches agreements with both unions then its payoff equals

R̂M(w1, w2) =
∑

i,j∈{1,2},i�=j

[(1 − x̂i − γx̂j) · x̂i − (wi + t · x̂i)/2) · x̂i] ,

and union i gets L̂i(w1, w2) = wi · x̂i

In contrast to the previous analysis, the breakdown payoff of the manufacturer
does not have to be zero anymore. Suppose thus that there is a breakdown of
the negotiation with union i. Then, the merged firm can only produce product
j at plant j for the given input price wj such that x̂D

i = 0. The manufacturer
maximizes its profit RM = (1 − xj)xj − wjxj − t

2(xj)2 by choosing the optimal

16 When a downstream firm bargains with two independent upstream suppliers simultane-
ously, the disagreement payoffs can be constructed in several ways. We assume that if firm
i bargains with the representative union i, then it takes the expected outcome at the other
plant j �= i as given. This way of formalizing disagreement points is also used by Horn
and Wolinsky (1988a) and Eckel and Egger (2009).
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output level x̂D
j (wj) = (1 − wj)/(2 + t) if wj ≤ 1 and x̂D

j (wj) = 0 otherwise. If
the negotiation between firm and union i fails, then firm i makes profit

R̂MD
i (wj) = max

{
(1 − wj)2

2(2 + t) , 0
}

. (4.7)

As the unions do not have an outside option, they get a payoff of zero in the
case of disagreement. Proceeding analogously to Section 4.2, the merged firm
and union i maximize the symmetric Nash product, i.e., they agree on

max
wi

[
R̂M(wi, wj) − R̂MD

i (wj)
]

· L̂i(wi, wj).

The unique equilibrium is given by the following input prices and production
quantities

wM
1 = wM

2 = 2 + t − 2γ

8 + 4t − 2γ
, (4.8)

xM
1 = xM

2 = 3(2 + t)
(2 + t + 2γ) (8 + 4t − 2γ) . (4.9)

Lemma 10. The benchmark case with integrated manufacturers and no produc-
tion shifting has a unique equilibrium where the equilibrium output levels xM

i are
given by (4.9) for both goods i ∈ {1, 2}.

The firm’s equilibrium profit is then given by

RM = 9(2 + t)2

4(2 + 2γ + t)(4 − γ + 2t)2 , (4.10)

while each union earns a wage bill of

LM = 3(2 + t)(2 − 2γ + t)
4(2 + 2γ + t)(4 − γ + 2t)2 . (4.11)

If the products are independent, i.e., γ = 0, then merging without the ability
to shift production of the different brands between the plants does not affect
the manufacturers’ joint bargaining power as (4.8) and (4.3) give rise to the
same input prices. In that case, the equilibrium production quantities also stay
unaffected by the merger. There are two separate final goods markets, which are
monopolized both before and after the merger.

However, if goods are (imperfect) substitutes, i.e., γ > 0, then a merger
improves the firms’ bargaining position as the equilibrium post-merger wages
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(4.8) are lower than the pre-merger wages (4.3). Such a merger (which does not
allow manufacturers to shift the production of the brands) also lowers the output
of each product and, therefore, consumer surplus. While unions receive a lower
wage bill, i.e., wM

i · xM
i < w∗

i · x∗
i , the merged firms’ profit exceeds the firms’ joint

pre-merger profits. In this case, the downstream merger monopolizes the final
goods market.

Lemma 11. If the products are plant-specific, i.e., shifting the production of
one brand to another plant is not possible, then a downstream merger decreases
consumer surplus, unless products are independent. In the latter case, the merger
does not affect equilibrium outcomes.

4.3.2 Optimal Production Plans with Production Shifting

In this section, we allow the manufacturer to shift the production of each product
between the two plants. First, we derive for each plant the optimal quantities
given the wages (w1, w2). We denote the aggregate quantity of the goods by
X = X1 + X2 = x1 + x2, where Xi denotes the overall output at plant i and xi

denotes, as before, the overall output of brand i. The manufacturer’s production
costs for given quantities X1 and X2 are given by

C(X1, X, w1, w2) = −w1(X1) − w2(X − X1) − t

2(X1)2 − t

2(X − X1)2,

where we used X = X1 + X2. If 0 ≤ wi ≤ 1 with i = 1, 2 holds, then the
firm will choose the following output levels at the plants in order to minimize its
production costs:

X1 =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
0, if w1 − w2 ≥ tX

X, if w2 − w1 ≥ tX
tX−w1+w2

2t
, otherwise

, (4.12)

X2 = X − X1.

Given these quantities, the total cost of the merged firm,

C(X, w1, w2) = min
{0≤X1≤X}

C(X1, X, w1, w2),

can be written as

C(X, w1, w2) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
t
2X2 + Xw2, if w1 − w2 ≥ tX
t
2X2 + Xw1, if w2 − w1 ≥ tX
t
2X2 + Xw2 − 1

4t
(tX − w1 + w2)2, otherwise

,
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which is differentiable in all three parameters. The optimal production levels
of each brand can be determined by maximizing the merged firm’s profit (4.5),
which equals

RM = (1 − x1 − γx2)x1 + (1 − x2 − γx1)x2 − C(x1 + x2, w1, w2). (4.13)

Lemma 12. For γ ∈ [0, 1) and given input prices (w1, w2), the integrated manu-
facturer chooses the unique production levels

x1 = x2 = x̃(w1, w2) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
1−w2

2(1+t+γ) , if w1 − w2 ≥ t(1−w2)
1+t+γ

1−w1
2(1+t+γ) , if w2 − w1 ≥ t(1−w1)

1+t+γ
2−w1−w2
2(2+t+2γ) , otherwise

. (4.14)

If γ = 1 the aggregate supply of both goods is uniquely determined and equal to
2x̃(w1, w2).

Proof. Suppose γ < 1. We first show that it is optimal to set x1 = x2. For a
given X, the manufacturer chooses x1 to maximize

x1(1 − x1 − γ(X − x1)) + (X − x1)(1 − (X − x1) − γx1).

Differentiation yields the first-order condition −4x1(1−γ)+2X(1−γ) = 0, which
together with strict concavity proves the assertion. The optimization problem
thus reduces to choosing x to maximize RM = 2x(1 − x(1 + γ)) − C(2x, w1, w2).
This problem is strictly concave and calculating the first order conditions for each
of the different cases yields (4.14). �

By substituting (4.14) in (4.12) we get the optimal level of production at plant
i (i.e., the derived demand for labor at plant i) as a function of the wages:

X̃i(wi, wj) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
0, if wi − wj ≥ t(1−wj)

1+t+γ
1−wi

1+t+γ
, if wj − wi ≥ t(1−wi)

1+t+γ
t−wi(1+t+γ)+wj(1+γ)

t(2+t+2γ) , otherwise.

Given x̃ and X̃i, the firm’s reduced profit function is denoted by R̃M(w1, w2) =
2x̃ · (1 − x̃ − γx̃) − C(2x̃, w1, w2) and that of union i is given by L̃i(w1, w2) =
wi · X̃i(w1, w2).
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4.3.3 Union-Firm Bargaining with Production Shifting

In the first stage of the game the merged firm bargains simultaneously with the
two unions. If the firm reaches agreements with both unions then its payoff equals
R̃M(w1, w2), while union i gets L̃i(w1, w2). We assume that the merged firm can
fully shift the production between its plants, i.e., it can produce both brands at
both plants even if it fails to reach an agreement with union i.

Suppose that the manufacturer does not find an agreement with union i. Then
the total production of goods 1 and 2 equal x1 = x1j and x2 = x2j. The optimal
production levels which maximize a firm’s disagreement profit (1 − x1 − γx2)x1 +
(1−x2 −γx1)x2 −(x1 +x2)w2 − t

2(x1 +x2)2 can be determined from the first-order
conditions and are given by

x1 = x2 = 1 − wj

2(1 + t + γ) (4.15)

as long as wj ≤ 1 and γ < 1. If wj > 1, then x1 = x2 = 0, and if the products
are perfect substitutes (γ = 0), then the aggregate output X equals 2x1. Thus,
if bargaining with union i fails the disagreement payoff equals

R̃0
i = max

{
(1 − wj)2

2(1 + t + γ) , 0
}

. (4.16)

Provided wj < 1, the breakdown payoff (4.16) strictly exceeds the breakdown
payoff if production shifting is not possible (see (4.7)), unless the two products
are perfect substitutes. The symmetric Nash bargaining problem between firm
and union i can be formalized as

max
wi

[
R̃M(wi, wj) − R̃0

i (wj)
]

· L̃i(wi, wj).

With integration and unrestricted production shifting, analogous to the previous
subsection we obtain the following equilibrium wages and quantities:

wM,W = t

3 + 4t + 3γ
, (4.17)

xM,W = 3(1 + t + γ)
(3 + 4t + 3γ) (2 + t + 2γ) . (4.18)

Lemma 13. If manufacturers are merged and the production of the brands can be
shifted between the plants, then γ < 1 yields a unique equilibrium where quantities
are given by (4.18). If γ = 1, the aggregate supply of the non-differentiated
products equals 2xM,W .
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The merged firm’s profit in the equilibrium is given by

RM,W = 9(1 + γ + t)2

(2 + 2γ + t)(3 + 3γ + 4t)2 , (4.19)

while each union realizes a wage bill of

LM,W = 3t(1 + γ + t)
(2 + 2γ + t)(3 + 3γ + 4t)2 . (4.20)

4.3.4 Comparison of the Results

We compare the equilibrium outcomes before and after a merger depending on
whether or not the merged firm can shift the production of the brands between
plants. A merger which gives the opportunity to shift production increases the
firms’ bargaining position vis-à-vis the suppliers. As a result, the bargaining
process yields the equilibrium wages (4.17) which are strictly below the pre-merger
wages (4.3). Moreover, as long as goods are no perfect substitutes, a merged firm
which can shift production between the plants negotiates strictly lower wages
than a merged firm without this ability, i.e., wM,W

i < wM
i for any γ < 1. If

the products are perfect substitutes, the ability to shift production does not
affect the equilibrium wages. Intuitively, the ability to shift production between
the plants increases the merged firm’s bargaining power and therefore exerts
downward pressure on the equilibrium wages as long as goods are heterogeneous.
If products are perfect substitutes, the scenarios in which production shifting is
feasible and in which it is not are indistinguishable such that equilibrium wages
are the same.

A merger which allows for production shifting affects equilibrium quantities
as follows. If the products are close substitutes, i.e., γ ∈ [

√
13 − 3, 1] ≈ [0.61, 1],

then a merger which allows for production shifting decreases the output levels and
consumer surplus. This effect is grounded in the merged firm’s market power:
as in Cournot markets with homogeneous products, the equilibrium outputs are
lower under a monopoly than under a duopoly. If the two brands are close to
independent, i.e., γ ∈ [0, 0.25], then the opposite holds. A merger which allows
for production shifting increases the equilibrium outputs and consumer surplus.
This effect is grounded in the merged firm’s strong outside option, which induces
lower input prices and larger output levels. The concentration of market power
through a merger is less important in this scenario as (close to) independent
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goods imply that in the pre-merger case both markets were also (nearly) monop-
olized. For the intermediate cases, i.e., γ ∈ (0.25,

√
13−3), the effect of a merger

which allows for production shifting on consumer surplus depends on the following
trade-off. While merging increases market power and tends to harm consumers,
production shifting enhances the manufacturer’s bargaining power vis-à-vis the
supplier, which reduces equilibrium wages and therefore increases output. Which
of these effect dominates depends on the costs of production shifting. The second
effect outweighs the first effect and the merger enhances consumer surplus when-
ever t is rather low, that is., t < t̄(γ) holds, where the threshold value is given
by

t̄(γ) = 4(1 − γ2) − 3γ(3 − √
5 − 4γ)

2(4γ − 1) .

If t is relatively large, i.e., t > t̄(γ), then the first effect dominates the second
such that the merger reduces joint output and consumer surplus.

Note that the threshold value t̄(γ) is a decreasing function of the product
differentiation parameter γ ∈ (0.25,

√
13 − 3). While a higher substitutability

between the products enhances a merger’s concentration effect, a lower t tends
to strengthen the manufacturer’s outside option, to decrease input prices and to
raise outputs. Therefore, if goods are better substitutes a merger’s negative effect
on consumer surplus is larger, but this effect can be counterbalanced by a lower
capacity constraint parameter t.

Next, we compare the profits the manufacturer earns in the different scenarios.
Note first that as long as γ < 1, the equilibrium wages are lower, the equilibrium
output levels are larger and therefore a merger is more profitable if production
shifting is feasible than if it is not. If γ = 1, the possibility to shift production
does not affect wages, equilibrium quantities and profits. Second, if production
shifting is feasible, then the post-merger wages are lower than the pre-merger
wages and the merged firm’s equilibrium profit exceeds the joint profit of the
two independent firms. An overview over the equilibrium wages, quantities and
profits is provided in Table 4.1.

Proposition 7. Effects of a merger when production shifting is feasible
Suppose products are not perfect substitutes (i.e., γ < 1).

i) A merger which allows for production shifting decreases the wage rates, i.e.,
wM,W

i < w∗
i , for i ∈ {1, 2}.
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ii) A merger which allows for production shifting has different effects on the
equilibrium quantities which depend on the degree of product differentiation,
γ, and the capacity constraints of the plants, t. If the goods are close sub-
stitutes, γ ∈ [

√
13 − 3, 1), then the merger strictly decreases outputs for

any positive value of t. If the goods are close to independent, γ ∈ [0, 0.25],
then the merger strictly increases outputs for any positive value of t. For
the intermediate cases, γ ∈ (0.25,

√
13 − 3), the merger strictly decreases

(increases) the output if t is above (below) the threshold value t̄(γ). For
t = t̄(γ), the merger does not affect the output levels.

iii) The post-merger profit is higher if product shifting is possible than if it is
not. If the goods are substitutable, i.e., γ ∈ (0, 1), then the merged firm’s
profit strictly exceeds the firms’ joint pre-merger profits. If the goods are
independent, then the merged firm’s profit equals the firms’ joint pre-merger
profit.

Finally, we compare the social welfare outcomes in the different scenarios.
Note that in each scenario, x := x1 = x2 = X1 = X2 holds in equilibrium.
Then, social welfare SW is a function of the equilibrium quantity x, the product
substitutability γ and the capacity constraint parameter t. In particular,

SW (x, γ, t) = 2
(

(1 − (γ + 1)x)x + 1
2x2 − t

2x2
)

= 2x − (t + 2γ + 1)x2.

Straightforward calculations yield the following corollary which shows that con-
sumer surplus and social welfare are aligned.

Manufacturer’s profit equilibrium wage equilibrium quantity
R∗ = 9(2+t)3

2(2+γ+t)2(8−γ+4t)2 w∗
1 = w∗

2 = 2+t−γ
8+4t−γ x∗

1 = x∗
2 = 3(2+t)

(2+t+γ)(8+4t−γ)

RM = 9(2+t)2

4(2+2γ+t)(4−γ+2t)2 wM
1 = wM

2 = 2+t−2γ
2(4+2t−γ) xM

1 = xM
2 = 3(2+t)

(8+4t−2γ)(2+t+2γ)

RM,W = 9(1+γ+t)2

(2+2γ+t)(3+3γ+4t)2 wM,W = t
3+4t+3γ X1 = X2 = xM,W = 3(1+t+γ)

(3+4t+3γ)(2+t+2γ)

Table 4.1: An overview of the equilibria in the different scenarios.

Corollary 6. Effects of a merger on SW when production shifting is
feasible

i) A merger which does not allow for production shifting decreases total welfare
if the products are not independent and does not affect welfare if the products
are independent.
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ii) A merger which allows for production shifting has different effects on to-
tal welfare. If the goods are close substitutes, γ ∈ [

√
13 − 3, 1], then the

merger strictly decreases total welfare for any positive value of t. If the
goods are close to independent, γ ∈ [0, 0.25], then the merger strictly in-
creases total welfare for any positive value of t. For the intermediate cases,
γ ∈ (0.25,

√
13 − 3), the merger strictly decreases (increases) total welfare

if the cost parameter is above (below) a threshold value t̄(γ). The merger
does not affect total welfare if the cost parameter equals t̄(γ).

iii) If the goods are not perfect substitutes, then total welfare is higher if pro-
duction shifting is possible than if it is not. Otherwise, total welfare is the
same in both scenarios.

Our results can be used to gain interesting further insights into the effects of
downstream mergers. If firms 1 and 2 are asymmetric with respect to their ca-
pacity constraint t (where we can interpret a lower t indicates a higher efficiency)
and merge, then wages are lowered further at the inefficient plant. This is driven
by the fact that the threat to shift production to the efficient plant improves
the inefficient manufacturer’s bargaining position a lot, whereas the chance to
shift production from the efficient to the inefficient plant cannot improve the effi-
cient manufacturer’s bargaining position by much. Therefore, it is especially the
inefficient firm which has an incentive to merge with “efficient” partners.

4.4 Extensions - Production Shifting and FDI

In this section, we study a firm’s incentives to invest in a foreign country in the
presence of country-specific labor unions. In Section 4.4.1, we assume that a firm
can open a new plant in order to produce a differentiated product. We analyze
under which conditions the firm invests in the domestic and under which it invests
in a foreign country. Hereby, we distinguish two cases depending on the firm’s
ability to shift production. In Section 4.4.2, we assume homogeneous products,
but heterogeneous bargaining power of the country-specific unions and analyze
firm’s FDI incentives.
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4.4.1 Domestic vs. Foreign Investments

Suppose a manufacturer produces one product at a domestic plant with inputs it
receives through bilateral bargaining with a supplier. We analyze the following
three stage game. In the first stage, the manufacturer can open a new production
plant to produce a differentiated product. There is a fixed investment cost H for
opening a new plant in the home country and a fixed cost F > H for opening
the plant in a foreign country. In the second stage, the manufacturer negotiates
over input prices for each of its plants with the country-specific supplier(s). If
the manufacturer did not open a new plant at the first stage, then it bargains
with the domestic input supplier over the input price w1. If it invested in the
home country, it bargains with the domestic union over the input prices w1 and
w2, where wi is the input price at plant i. If it invested in the foreign country, it
bargains simultaneously with the domestic supplier over input price w1 and the
foreign supplier over input price w2. In the third stage, the firm produces the
products and sells them in the integrated final goods market.

The demand and cost specifications are as in the previous sections. The
manufacturer transforms one unit of each input into one unit of the output. The
total production costs of the firm at plant i equal ci = (wi + t · Xi/2) · Xi, where
Xi is the total production at plant i. The inverse demand for the firm’s product
i is given by pi = 1 − xi − γxj, where xi, i ∈ {1, 2}, denotes the total output
of product i and 0 ≤ γ ≤ 1 denotes the products’ substitutability. The firm
can produce in a country only if it reached an agreement with the monopolistic
supplier in that country.

As before, we distinguish between two scenarios. In the first case, the products
are plant-specific, i.e., product i can only be produced at plant i. In the second
scenario, production shifting is feasible and both brands can be produced at both
plants. Depending on the firm’s investment decision at the first stage, we obtain
three subgames which we solve separately via backward induction. Then, we
compare the equilibrium profits to determine the optimal investment decision for
the firm. Finally, we compare social welfare levels under the different scenarios.

If the manufacturer does not invest at the first stage, we indicate equilibrium
outcomes with index S, while we use index H to denote a home and index F to
denote a foreign investment. The additional index W indicates that production
shifting is feasible.
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If the manufacturer decides not to invest, then it owns a single plant only. In
the last stage of the game, it maximizes its profit RS = (1−x1)x1−(w1+t·x1/2)·x1

for a given wage rate w1. Thus, the optimal production level equals x̂1(w1) =
(1 − w1)/(2 + t) if w1 < 1, and x̂1(w1) = 0 otherwise. In the second stage, the
firm bargains with the union over the wage w1. If the firm reaches an agreement
with the union then it makes profit R̂S(w1) = (1 − x̂1(w1))x̂1(w1) − (w1 + t ·
x̂1(w1)/2) · x̂1(w1), while the supplier earns L̂S(w1) = w1x̂

S
1 (w1). In the case of a

disagreement both players get payoff zero. We can formalize the symmetric Nash
bargaining as

max
w1

R̂S(w1) · L̂S(w1). (4.21)

The equilibrium wage rate maximizes the Nash product and equals wS = 1/4.
Given this, the firm’s equilibrium output is xS = 3/(8 + 4t), and its respective
profit is RS = 9/(64 + 32t), while the supplier earns LS = 3/(32 + 16t).

Next, we assume that the firm invests H > 0 and opens a new plant in the
home country to produce a differentiated product. As suppliers are country-
specific, the firm bargains with the same supplier at both plants. Therefore, the
ability to shift production across plants does not play a role in the bargaining
process and the equilibrium outcomes are the same if shifting is possible and if
it is not. Consequently, without loss of generality, we assume that products are
plant-specific.

In the final stage, the manufacturer chooses x1 and x2 to maximize its profit,

RH(x1, x2, w1, w2) =
∑

i,j∈{1,2},i�=j

[(1 − xi − γxj)xi − (wi + t · xi/2) · xi] − H.

The optimal production levels are given by (4.14). In the second stage, the firm
negotiates both input prices with the same supplier in the home country. If the
firm can reach an agreement with the union then it earns a profit of

R̂H(w1, w2) = RH(x̂1(w1, w2), x̂2(w1, w2), w1, w2),

while the union earns L̂H(w1, w2) = w1x̂1(w1, w2) + w2x̂2(w1, w2). In the case of
disagreement, both the firm and the union get a payoff of zero. Therefore, the
firm and the union maximize the Nash product

max
w1,w2

R̂H(w1, w2) · L̂H(w1, w2). (4.22)
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The equilibrium wage levels which solve (4.22) are given by wH
1 = wH

2 = 1/4. In
equilibrium, the manufacturer produces xH

1 = xH
2 = 3/(8+4t+8γ) and gets profit

RH = 9/(32 + 16t + 32γ) − H, while the supplier earns LH = 3/(16 + 8t + 16γ).

Lemma 14. For any γ ∈ [0, 1] and for any t > 0, there is a HC > 0 such that
the manufacturer will not invest in the home country if H > HC. In contrast, it
earns a strictly higher profit if it invests in the home country as long as H < HC.

If the firm invests F and opens a new plant in a foreign country, then the
analysis of the production and the bargaining stages are the same as in Section
4.3.1 and Section 4.3.2, depending on the possibility to shift production. If the
manufacturer cannot shift production of its brands between its plants, the equi-
librium wages, outputs and union profits are given by (4.8), (4.9) and (4.11). If
shifting is feasible, then the equilibrium is characterized by (4.17), (4.18) and
(4.20). The manufacturer’s profit is given by RF = RM −F if production shifting
is not possible and RF,W = RM,W − F if production shifting is possible.

Lemma 15. Firm’s FDI incentives

i) If production shifting is not feasible, then for any γ ∈ (0, 1] and for any
t > 0, there is a positive F C > HC, such that the manufacturer will not
invest in the foreign country if F > F C. If γ = 0, then F C = HC. As long
as F < F C holds, the firm earns a strictly higher profit if it invest in the
foreign country.

ii) If production shifting is feasible, then for any γ ∈ [0, 1) and for any t >

0, there is a positive F C,W > F C, such that the firm which can shift the
production will not invest in the foreign country if F > F C,W . If γ = 1,
then F C,W = F C. As long as F < F C,W holds, the firm earns a strictly
higher profit if it invest in the foreign country.

Given the results in Lemma 14 and Lemma 15, we can summarize the firm’s
investment incentives in the first stage. Therefore, we define the threshold values
D := 9

16
γ

(4t−γ+4)2
4t−γ+8
t+2γ+2 and DW := 9

16
γ+1

(4t+3γ+3)2
8t+7γ+7
t+2γ+2 .

Proposition 8. Domestic vs. foreign investments
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i) If production shifting is not feasible, the manufacturer invests in the foreign
country if F < F C and F − H < D hold. It invests in the home country if
H < HC and F − H > D hold. Otherwise, it does not open a second plant.

ii) If production shifting is feasible, the manufacturer invests in the foreign
country if F < F C,W and F − H < DW hold. It invests in the home
country if H < HC and F − H > DW hold. Otherwise, it does not open a
second plant.

There are different incentives for a firm to open a new plant. First of all, if
γ < 1, the firm introduces a new differentiated product in the second plant and
thereby increases overall demand. Second, a new plant reduces production costs
as plants’ production functions are convex and as the overall production quantity
can be optimally split among the plants. Third, if the firm makes a foreign direct
investment, then it improves its bargaining position vis-à-vis the country-specific
unions and reduces input prices. Note that this effect is absent for domestic
investments. Lemma 15 and Proposition 8 also imply that a firm’s investment
incentives are even higher if production shifting is possible. Therefore, for the
manufacturer it is desirable to design a new product in such a way that it can be
produced at various plants.

Note that threshold value D is increasing in γ, i.e., ∂D/∂γ > 0. If production
shifting is not possible, a foreign investment is especially desirable if the goods
are substitutes as this strengthens the firm’s bargaining position by increasing its
breakdown profit. If goods are complements, however, threshold value D is rather
low as foreign investments cannot improve the firms’ bargaining power by much,
such that the difference in profitability between foreign and home investments
vanishes. Note furthermore that foreign investments raise the manufacturer’s
breakdown profit for all γ if production shifting is feasible, such that the threshold
value DW is not monotonic in γ.

Finally, we investigate the effects of FDI on domestic social welfare SW D, that
is, the sum of domestic firms’ profits, domestic unions’ wages and the domestic
consumers’ surplus. Hereby, we abstract from the investment costs F and H

and assume that half of the consumers are domestic consumers, that is, domestic
consumer surplus equals x2/4. Then, social welfare after opening a new plant in
the home country equals SW D,H := 2x(1 − γx − x) − tx2 + x2/4 where x denotes
the equilibrium output which is produced at each plant. Under FDI the domestic
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Figure 4.2: The effects of FDI vs. home investment on domestic welfare.

social welfare is given by SW D,F := 2x(1−γx−x)−tx2+x2/4−wx, where x is the
equilibrium output and w is the wage paid by the domestic firm to workers in the
foreign country. If production shifting is not feasible, then domestic social welfare
is always lower if the firm invests in a foreign country instead of at home. While
foreign investments cannot enhance the firm’s bargaining position by much, wages
paid to foreign workers diminish domestic social welfare. If production shifting is
feasible, however, the effect of FDI on domestic social welfare depends on firms’
capacity constraint t. For small t, foreign investments enable the firm to shift a
large share of its output rather cheaply, such that the firm and consumers benefit
from lower input prices. If the downward pressure on input prices is rather low,
i.e., if t is very large or if t is at an intermediate level, but goods are rather
independent, then domestic social welfare suffers from FDI due to the wages paid
to foreign workers. Figure 4.2 illustrates the difference in domestic social welfare
ΔSW = SW D,F − SW D,H as a function of γ for three different values of t if
production shifting is feasible.

Our results can be used to gain insights into the effects of mergers in related
scenarios. Suppose, for instance, that domestic and foreign firms, which get inputs
from their plant-specific suppliers, offer differentiated products and compete in
oligopolistic fashion. Then, mergers of domestic firms can increase domestic social
welfare if the merged firms can enforce lower input prices and thereby steal market
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shares of their foreign competitors.

4.4.2 Foreign Investments Under Asymmetric Bargaining

So far, we have assumed that countries are symmetric. In this chapter, however,
we suppose that unions differ between countries with respect to their bargaining
power. Indeed, labor organizations are more professional, for instance, in West-
ern European than in Eastern European countries. We investigate the effects
of unions’ bargaining power on foreign direct investments (FDI) and on equilib-
rium wages if a domestic firm can decide to invest in a country where workers’
organization is weaker.

Our analysis yields the interesting result that a domestic union’s high bar-
gaining power may result in particularly low wages for the domestic workers. If a
firm faces a powerful union, it has higher incentives to invest in production plants
abroad. Such investments would be unprofitable if labor organization was weaker
in the domestic country. However, they strengthen the bargaining position of the
domestic firm vis-à-vis the domestic union. The opening of a production plant
in the foreign country gives the firm a better outside option such that it can
negotiate lower wages in the domestic country.

Our analysis proceeds as follows. A party’s bargaining power can be measured
via the exponent with which this party’s objective enters the Nash product. Let
R denote the firm’s profits and L the overall wage bill of workers in the respective
country. Whereas bargaining in the foreign country is assumed to be symmet-
ric, i.e., the parties maximize maxw R · L, we say that the domestic union has
bargaining power α ∈ [0, 1] if the parties maximize maxw R1−α · Lα.

In the benchmark case, we investigate the equilibrium outcomes if the firm
bargains exclusively with the domestic union. Computations which are analogous
to those in the previous subsection show that the parties agree on wage wS,α =
α/2 and output xS,α = (2 − α)/(4 + 2t). The firm makes a profit of RS,α :=
(1 − xS,α)xS,α − (wS,α + txS,α/2)xS,α, while the worker’s wages amount to LS,α =
xS,α · wS,α. Note that the firm’s profit is strictly monotonic decreasing in α, while
the union’s wage bill is increasing in α.

Second, we determine equilibrium wages and output levels if the manufacturer
invests in a second production plant which is located in a foreign country. Now,
the firm has a higher breakdown profit than in the benchmark case which allows
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the manufacturer to hold wages low. Straightforward computations yield that
the domestic workers get wage wF,α

1 = (2tα + 5α)t/(4t2 + 16t − 2α + 16) and
produce XF,α

1 = (2t + 5)(a + 2)(2 − α)/((2t2 + 8t + 8 − α)(8 + 2t)), while foreign
workers earn wF,α

2 = t(t + α + 2)/(4t2 + 16t − 2α + 16) and produce XF,α
2 =

3(t + 2)(t + α + 2)/((2t2 + 8t + 8 − α)(2t + 8)). The manufacturer earns RF,α :=
(1 − XF,α

1 − XF,α
2 )(XF,α

1 + XF,α
2 ) − XF,α

1 (wF,α
1 + tXF,α

1 /2) − XF,α
2 (wF,α

2 + tXF,α
2 /2)

and the domestic union gets LF,α = wF,α
1 · XF,α

1 .
The firm’s maximum investment is given by the difference of its profits F C(α) :=

RF,α−RS,α. The firm’s willingness to pay for a foreign direct investment is strictly
monotonic increasing in α ∈ [0, 1]. Consequently, a higher bargaining power of a
domestic union may render foreign investments profitable.

Given the manufacturer has opened a new plant in the foreign company, the
domestic workers earn, compared to the benchmark scenario, strictly less for all
α ∈ (0, 1], both in terms of wages (for all α ∈ (0, 1], we have wS,α − wF,α

1 > 0)
as in terms of total wage bills (for all α ∈ (0, 1], we have LS,α − LF,α > 0). For
α = 0, wages and total wage bills are identical in the two scenarios.

Consider the following game. Let α ∈ [0, 1] denote the domestic union’s
bargaining power and F > 0 the costs of a foreign direct investment. Bargaining
in the foreign country is symmetric (which is equivalent to assuming that the
union in the foreign country has bargaining power of 1/2). At the first stage,
the firm decides if to invest in the foreign country. Second, the firm bargains
(simultaneously) with the union(s) over the wages w∗,α. Third, the firms produce
equilibrium quantities X∗,α

i at plant i. The domestic union earns a wage bill of
L∗,α = w∗,αX∗,α

1 .

Proposition 9. Prisoner’s dilemma of wage bargaining
For all α ∈ (0, 1], there is a ε > 0 s.t. LS,α−ε > LF,α. If F C(α) > F , but

F C(α − ε) < F , then L∗,α−ε > L∗,α.

The first part follows from the fact that LS,α −LF,α > 0 for all α ∈ (0, 1], while
LS,α is continuous and decreasing in α. The second part follows from the fact
that F C(α) is strictly monotonic increasing on α ∈ [0, 1]. If F C(α) > F holds,
then the manufacturer opens a new plant in the foreign country such that the
domestic union earns LF,α. If the union’s bargaining power, however, was only
α − ε, then it could be that the FDI would not pay off for the firm, such that it
would not invest and pay the union LS,α−ε.
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Figure 4.3: εmax as a function of the domestic union’s bargaining power α.

The manufacturer and the domestic union face a variant of the prisoner’s
dilemma. If the union could commit not to exert its full bargaining power, but
to forego a substantial share and be a rather weak negotiant, the manufacturer
would abstain from FDI and both the union and the manufacturer could be bet-
ter off. If the manufacturer, however, does not engage in FDI, the union has an
incentive to deviate and exert its full bargaining power. As there is no commit-
ment device for the union, the manufacturer anticipates that the union will use its
entire bargaining power. Therefore, a marginal increase in the domestic union’s
bargaining power α may render FDI profitable, such that both the manufacturer’s
and the domestic union’s payoff have a discrete drop in payoffs compared to the
scenario without FDI. If the domestic union’s bargaining power had been lower
in the beginning, then in certain parameter ranges the manufacturer would have
had abstained from FDI and the domestic union would have realized a higher
wage.

In order to investigate quantitatively how much of its bargaining power the
domestic union would be willing to forego, we give an example for the case t = 1.
The largest parameter ε for which LS,α−ε ≥ LF,α holds we denote εmax. Figure 4.3
shows that the share of bargaining power the domestic union was willing to forego
strictly increases with α. For α = 1/2, the union would be willing to accept a
bargaining power of α − εmax ≈ 0.11 as long as this could prevent the firm from
investing in the foreign country. For α = 1, the union would be even willing to
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accept α − εmax ≈ 0.17 in order to prevent the firm from FDI. Consequently, the
high bargaining power of a domestic union makes domestic workers much worse
off if it induces the firm to FDI. Workers would be willing to forego most of their
power in order to prevent the firm from outsourcing, in which case the union’s
payoff suffers heavily.

4.5 Conclusion

In this paper, we analyze how merger and investment decisions of multi-plant
firms, which receive inputs from plant-specific suppliers, depend on the ability
to shift production across plants. So far, the economic literature has focused on
multi-plant and cross-border mergers where firms’ products were plant-specific.
While we analyzed such a setup in our benchmark model, in the main part we
analyzed a multi-plant firm’s ability to shift the production of all brands across the
plants. The benchmark may reflect a merger’s short-term analysis as relocating
the production of a specific brand may not be feasible in the short run. In the long
run, however, the ability to shift production seems natural. Our analysis shows
that a merger decreases input prices in general. In the benchmark case, a merger
never increases consumer surplus or social welfare. But if the multi-plant firm
can shift its production between the plants, then a merger may increase consumer
surplus and social welfare unless the firm’s products are close substitutes. In this
case, the merger’s monopolization effect outweights the benefits from enforcing
lower input prices.

Our findings are relevant for merger control. If antitrust authorities decide
on international merger proposals, they should take into account if production
shifting is feasible or not as this ability crucially impacts on equilibrium wel-
fare outcomes. The ability to shift production may be a substantial part of the
merger’s efficiency defense: production shifting allows the firms to countervail
unions’ bargaining power and therefore to increase consumer surplus and social
welfare. Without the ability to shift production, however, a merger’s monopoliza-
tion effects are likely to detriment welfare outcomes.

As an extension, we studied a firm’s investment decision for opening a new
plant. A firm has a strong incentive to design a new differentiated product either
at a home or a foreign plant. Due to the improvement in bargaining power,
however, a firm has typically higher incentives to invest abroad than in the home
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country.
In a second extension, we investigate the scenario that domestic and foreign

unions have heterogeneous bargaining power. We find that the domestic union
may be strictly worse of through an increase of its bargaining power as this may
render FDI profitable, such that, due to investment costs, also the manufacturer
is worse off in equilibrium. The firm and the union face a variant of the prisoner’s
dilemma, which could not be overcome as long as the union cannot commit to
relinquishing its strong bargaining position.





Chapter 5

Multiunion Bargaining: Tariff
Plurality and Tariff Competition

Co-authored by Christian Wey

5.1 Introduction

We study multi-union bargaining where a single employer must negotiate with
two unions about working conditions. The groups of workers represented by the
unions can be substitutable or complementary depending on the labor inputs
they provide. In German labor law parlance, the former case is referred to as
“tariff competition” and the latter case as “tariff plurality.”1,2

In Germany, legal practice vis-à-vis craft unionism changed dramatically with

1 Taking a labor law perspective, Rieble (1996) surveys the German system of collective
bargaining and the possibility of multi-union representation at the firm-level.

2 In contrast to Germany (which was dominated by a unified labor movement under the roof
of the Deutscher Gewerkschaftsbund, DGB), countries like France, Belgium, the Nether-
lands, and Italy have a long history of trade union pluralism with trade unions being
divided along ideological and sometimes confessional lines. The most important direct
legal consequence in pluralistic labor markets is the confining of certain rights to “most
representative” unions, so that only the “most representative” union of the workforce in
question is eligible for concluding enterprise-level collective agreements (see Forde (1984),
for an account of the representative criterion in France).

93
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the decision of the Federal Labor Court (Bundesarbeitsgericht) of 23 June 2010
to give up the tariff unity principle of “one firm - one tariff contract.” Since
that time more than one tariff contract can coexist in a single firm if each tar-
iff agreement deals with different types of labor. An example are hospitals in
which case hospital doctors are (mainly) represented by the Marburger Bund (a
craft union), while the remaining workers are represented by the German Trade
Union (Verdi). Such a situation is called “tariff plurality” (“Tarifpluralität”). In
contrast to “tariff competition,” tariff plurality is characterized by unions repre-
senting workers which provide complementary services. Typically one workforce
(as hospital doctors) is represented by a fully specialized craft union.3

In Germany, craft unionism and multi-union bargaining are on the rise in other
industries as well (see Bachmann and Schmidt (2012)). The Deutsche Bahn (the
dominant railway operator) must bargain with the German Train Drivers Union
(Gewerkschaft Deutscher Lokomotivführer ; GDL) and the Railway and Transport
Union (Eisenbahn- und Verkehrsgewerkschaft; EVG). Again, the GDL is a craft
union which is complementary to workers represented by the other union EVG.
The former one takes care of the train drivers’ employment conditions and the
latter one represents the remaining railway workers’ interests.4

Behind this background, we explore the consequences of multi-union bargain-
ing, where a single employer bargains with two unions, each one representing
either substitutable or complementary worker groups. A salient feature of multi-
union bargaining is that each union not only stands in opposition to the em-
ployer but also “competes” with the other union over the joint surplus. Our
main research question is, therefore, how labor bargaining outcomes are affected
by unions’ rent-shifting incentives when unions compete both with the employer
and another union about the joint surplus. Closely related, we ask whether unions
have incentives to merge into a single union which includes all workers.

In our main analysis we suppose that a firm produces a homogenous product
using labor inputs from both unions. The unions represent either perfectly substi-
3 In general, collective bargaining in Germany was dominated by industry unions which

are organized in the German association of unions (Deutscher Gewerkschaftsbund; DGB).
The newly established craft unions are not members of the DGB, so that firms must
determine employment condition with two unions in those instances (the craft union and
the traditional industry union of the DGB).

4 Other examples include airlines (where pilots are represented by Vereinigung Cockpit) and
airports (where air traffic controllers are organized in the Gewerkschaft der Flugsicherung).
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tutable or perfectly complementary workers.5 We suppose an efficient contracting
setting where the union and the employer bargain over both the employment level
and the wage rate. If bargaining is simultaneous when unions are separated, then
we replicate existing results of the literature which show merger incentives in
case of substitutable unions and disintegration incentives in case of complemen-
tary workforces. At the same time, labor contracts are always efficient; i.e., the
employment level maximizes the joint surplus of all workers and the firm. Our
main findings relate to the rent-shifting incentives among unions under sequen-
tial multi-union bargaining, where one union contracts first with the firm and
the other union following.6 When unions are perfectly substitutable, then the
first union concludes a contract which forecloses the second union. In contrast,
when the unions represent perfectly complementary labor groups, then there is
a second-mover advantage, so that the first union’s wage bill is smaller than the
second union’s wage bill.

If the two workforces are substitutable, then both unions prefer to form a
single union and bargain jointly. A union merger increases the union’s bargain-
ing power and each workforce realizes a higher wage bill. If the workforces are
complementary, then the total wage bill is lower under joint bargaining when
compared with independent sequential bargaining. Interestingly, the unions’ in-
terests are not aligned in the case of complements. At least, one of the two unions
is worse off under joint bargaining.7

In an extension we also explore the case of where each union’s labor force
produces a differentiated (either complementary or substitutable) good (“two-
products” case). This setting mirrors the bargaining problem the Deutsche Bahn
is facing. The Deutsche Bahn offers both rail journeys and an intercity bus car-
rier services. While train drivers are represented by the union GDL, all other
employees (including bus drivers) of the Deutsche Bahn are represented by the
rival union EVG. Bus and train journey services can be substitutable and com-

5 In an extension we also consider the where the firm produces two differentiated products
using labor inputs from the respective labor union.

6 Assuming sequential contracting in the realm of organized labor is adequate as tariff con-
tracts are observable and immune against renegotiation for the agreed upon contract du-
ration.

7 These results mirror the lobbying activities of the incumbent monopoly unions in Germany
(organized within the DGB) against craft unionism, where the workers organized in craft
unions have been able to raise their wage bills at the cost of the established unions’ workers.
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plementary. Moreover, this relationship may not be perfect which gives rise to
additional rent-shifting issues under sequential bargaining that we highlight in
the two-products extension.8 If unions are substitutable, then the firm employs
more workers from the first union than from the second union, while in case of
complementary unions the opposite is true. That means that “tariff competition”
leads to overemployment (i.e., the joint surplus maximizing employment level is
smaller).9

In contrast, when the unions are complementary, “tariff plurality” (or, craft
unionism) leads to underemployment (i.e., the joint surplus maximizing employ-
ment level is larger). The first union does not internalize the negative externality
of reducing its employment level on the second union. At the same time, the
second union benefits from a worsened disagreement payoff of the firm which al-
lows it to settle on a larger employment level than the first union. These results
show additional distortions through unions’ rent-shifting incentives which cannot
be obtained in the one-product model. The reason is that in the one-product
model unions are restricted to be either perfectly substitutable or perfectly com-
plementary, while the two-products model also allows for imperfect substitution
patterns.

Qualitatively, we obtain the same results of unions’ merger incentives as in the
one-product model. Unions’ merger incentives under tariff competition eliminate
the overemployment outcome of sequential bargaining. In contrast, in case of tar-
iff plurality (i.e., workers are complementary) unions prefer to stay independent
which implies that the underemployment result persists. Taking a total welfare
perspective by including consumer surplus as well, it follows that the unions’
merger decisions always stay in conflict with social welfare maximization; i.e.,
when unions merge in case of substitutable groups of workers, this reduces total
welfare, while their preference for separate bargaining in case of complementary
workforces leads also to a reduction in total welfare.10

8 Under simultaneous and joint bargaining, the level of employment is always joint surplus
maximizing, but not under sequential bargaining.

9 Our overemployment result for the case of substitutable unions mirrors a similar result
obtained in Stole and Zwiebel (1996) who use the Shapley value to calculate workers’
wages.

10 Note that our model assumes a symmetric setting (except for the sequential timing of
bargaining). If unions were asymmetric (e.g., because of different outside options), then
the merger results may change.
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We contribute to the labor market literature which deals with powerful unions
and the issue of collective bargaining.11 Closely related to our work is Horn
and Wolinsky (1988b) who analyze bargaining between two labor unions and an
employer. The labor unions represent different worker groups which are either
substitutable or complementary. The unions maximize the wage bill of their
workers and the firm maximizes its profit. The efficient employment levels are
exogenously fixed and a union bargains with the firm over the wage rate.12 In
such an efficient bargaining setting, the authors show that unions benefit from
joint bargaining when their labor inputs are substitutable, while unions prefer to
bargain separately when the labor inputs are complementary. The result can be
explained as follows. Note first that the joint surplus is shared equally between the
workers and the firm if there is a single union representing all workers. Because
of symmetric worker groups, each worker group then gets one-forth of the joint
surplus. If, in contrast, unions are independent and bargaining is simultaneous,
then a union’s share of the joint surplus depends on its marginal contribution to
the joint surplus, given that the other bargaining outcome is successful. If the
two worker groups are substitutable, then the marginal contribution of each union
must be less than one-half of the joint surplus (in the extreme case for perfectly
substitutable worker groups the marginal contribution must go to zero). It follows
that unions want to merge when they are substitutable to get together one-half
of the joint surplus. In case of complementary union the opposite holds. Now
a union’s marginal contribution is larger than one-half, so that the sum of both
unions’ wage bills exceeds one-half of the joint surplus.

Our model of sequential union-firm bargaining model is related to Marx and
Shaffer (1999) where two suppliers bargain sequentially with a single retailer over
two-part tariff contracts. Two-part tariffs imply that bargaining is bilaterally
efficient as rents can be shifted between the parties without affecting the joint

11 For an overview of the literature of collective bargaining in labor markets see Cahuc and
Zylberberg (2004, chap. 7) and Boeri and van Ours (2013, chap. 3). Interestingly, both
references do not touch on the issue of multi-union bargaining.

12 The case of bargaining over linear contracts with an elastic labor demand function was
analyzed in Horn and Wolinsky (1988a). While the results concerning unions’ merger
incentives remain valid, double marginalization problems provoke additional inefficiencies.
Jun (1989) presents a fully specified extensive form game to solve the “two-unions one-firm”
bargaining problem. It is shown that asymmetries among unions make separation more
likely.
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surplus. Sequential bargaining leads to “predatory accommodation” such that the
contract between the firm and the first supplier specifies a wholesale price which
is below the supplier’s marginal production costs. This allows the first supplier
to attract some of the rents created by the second supplier. Intuitively, the firm’s
profits from reaching an agreement with the second supplier critically depend
on the firm’s disagreement point. A relatively low wholesale price specified in
the contract with the first supplier improves the disagreement point of the firm
which implies higher profits for the firm. The first supplier is now able extract
some of these higher profits of the firm with the fixed transfer payment. We also
focus on the bargaining externalities between independent suppliers (unions in our
case), but in contrast to Marx and Shaffer (1999), we examine employment-wage
contracts and we consider both substitutable and complementary (labor) inputs.13

Cai (2000) analyzes a model where a buyer bargains sequentially with two
perfectly complementary sellers where the order of reaching an agreements is
endogenously determined.14 He shows the existence of a delay equilibrium which
is driven by the fact that the “last” seller obtains a larger share of the joint
surplus.

5.2 The Model

We consider a firm (employer) which has to bargain with two labor unions X

and Y to produce a single product. Each union represents different types of
labor which can be substitutable or complementary. Let q(x, y) be the production
function which gives the total quantity produced as a function of the workers hired
from union X and from union Y , denoted by x and y, respectively. Depending on
whether the labor inputs of the two unions are substitutable or complementary,
we consider the following two expressions of the firm’s production function (see,

13 The idea of rent-shifting in sequential contracting goes back to Aghion and Bolton (1987)
where the first contract is an exclusive contract which stipulates a costly exit clause.

14 Chongvilaivan, Hur and Riyanto (2013) consider the case of a firm bargaining with a
union and an input supplier over linear input prices, where the union and the supplier are
perfectly complementary. Depending on the firm’s Nash bargaining power, it may prefer
to bargain sequentially or simultaneously, or it may prefer to integrate with the supplier
before bargaining with the union.
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e.g., Varian (2010, p. 334ff)):

q(x, y) =

⎧⎪⎨⎪⎩
x+y

2 , if labor inputs are substitutes,

min{x, y}, if labor inputs are complements.
(5.1)

In the former case, output is determined by the sum of the labor inputs, so
that both labor inputs are perfectly substitutable. The latter case reflects the
perfect complements case, where output is given by the smaller value of both
labor inputs.15 Form (5.1) it follows that for all pairs of inputs (x, y) with x = y,
the same isoquant q = x = y is reached in the substitutes case and in the
complements case.16

The inverse demand function for the final good is assumed to be linear and
given by p(q(x, y)) = 1 − q(x, y).17 The firm is supposed to have monopoly
power in the final product market which creates profits that are at stake in the
union-firm negotiations. We assume efficient bargaining between the firm and a
union, so that an employment contract specifies the wage and the employment
level.18 Hence, the firm bargains with the union X over the wage w and the
employment level x. In the same way, the firm bargains with union Y over the
wage r and the employment level y. If both types of labor are represented by a
single union (“union merger”), then the union bargains over both wages (w and
r) and both employment levels (x and y). If negotiations are successful, then the

15 In both specifications of the production function we supposed a specific relationship be-
tween labor input and the firm’s output. We could have used a more general production
function of the form q = αx + βy (q = min{αx, βy}) with α, β > 0, for the case of sub-
stitutes (complements). Aside from introducing asymmetries between both unions, that
approach would not affect our main results.

16 For instance, if x = y = 1/2, then q = 1/2 holds for the complements and the substitutes
cases. As a consequence, the same inputs will maximize the joint surplus in both cases.

17 All our results remain valid under a general demand function p(q) which is monotonically
decreasing.

18 The efficient bargaining framework mirrors the fact that a tariff contract between a union
and a firm often not only specifies wage rates but also employment levels (for instance,
in the form of job guarantees and commitments to avoid layoffs). However, employment
levels cannot be monitored perfectly through labor tariff contracts, and this is why we also
consider the right-to-manage approach in an extension below. Theoretically, the efficient
bargaining approach allows us to single out the rent-shifting incentives of the unions while
keeping the joint surplus fixed at the efficient level.
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profit of the firm is given by

π(x, w, y, r) = [1 − q(x, y)] q(x, y) − wx − ry,

while union X and union Y realize a wage bill of LX = wx and LY = ry,
respectively.19 In the first stage of the game, union-firm bargaining occurs and in
the second stage the firm makes production decision depending on the bargaining
outcomes. For the case of two separate unions, we consider both simultaneous and
sequential bargaining. While there can be instances where two unions bargain
simultaneously (and independently) with a single employer, the rule in reality
appears to be that tariff contracts are negotiated and concluded sequentially. The
sequential timing is supported by the fact that tariff contracts are observable and
fixed for their life span.

To provide a benchmark, we first solve the bilateral bargaining problem be-
tween the firm and a single union which represents all workers. If all workers
are represented by a single union, then the wages and employment levels of both
worker groups are determined in a single bargaining problem. Suppose that both
unions X and Y merge to form a single union XY . The merged union bargains
with the firm over both wages and employment levels. When the unions X and
Y are substitutable, then the joint labor union represents a homogeneous worker
group. Hence, the merged union and the firm negotiate over a uniform wage w

and the total number of workers x + y. If the unions X and Y are complemen-
tary, then the firm negotiates with the joint union over wages, w and r, and the
number of workers from each type of workers, x and y. As both worker groups
are symmetric and perfectly complementary, the bargaining solution will also be
symmetric; i.e., we can set w = r and x = y. We can further simplify the problem
by using z := x + y for the substitutes and z/2 = x = y for the complements
case, respectively. Given (5.1), the firm produces q(x, z − x) = z/2 in the case of
agreement, and realizes profits of π(z, w) = [1 − q(x, z − x)] q(x, z −x)−wz. The
joint union gets a total wage bill of LXY := wz. In the case of disagreement, both

19 We assume that each union maximizes the wage bill of its members (see Dunlop (1944))
which can be justified by the fact that union membership fees are a fixed percentage share
of the worker’s monthly gross income (the industrial union, IG Metall, for example, charges
1% of gross income). The Stone-Geary union utility function considers relative weights for
the wage and the employment level. The utilitarian approach refers to the utility levels of
the union’s members (for overviews, see Booth (1995) and Cahuc and Zylberberg (2004)).
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the firm and the union get a payoff of zero. The generalized Nash bargaining
problem then becomes

max
z,w≥0

[π(z, w)]α[zw](1−α) (5.2)

=
[(

1 − z

2

)
z

2 − wz
]α

[wz](1−α).

The following employment level and wage solve the joint bargaining problem (5.2)

wjoi = 1
4(1 − α) and zjoi = 1, (5.3)

where the superscript “joi” denotes the joint bargaining case.20 The employment
level under joint bargaining is at the efficient level; i.e, it maximizes the joint
surplus Π = π + zw.21 The firm’s equilibrium profit is πjoi = α/4 and the union’s
equilibrium wage bill is LXY = (1 − α)/4. The shares of the joint surplus are α,
and 1 − α, for the firm and the merged union, respectively.

We next analyze bargaining outcomes when the firm bargains with two in-
dependent labor unions each maximizing its workers’ wage bill. We start with
substitutable labor unions which mirrors the case of tariff competition. Then, we
examine complementary labor unions which stands for the tariff plurality case.
We analyze both simultaneous bargaining and sequential bargaining.

Figure 5.1 illustrates the timing of the model which is basis of our union
merger analysis.

For that purpose we consider an initial stage 0 in which both unions can decide
to merge or not. If unions merge, then the joint union bargains with the firm
over both labor contracts. If unions do not merge, then first union X bargains
with the firm and union Y bargains with the firm thereafter.

20 If the unions are substitutes, then the joint union has homogeneous workers and the firm
negotiates only on the total number of workers, z. Hence, any combination x+y = zjoi = 1
could be the outcome. If, however, the unions are complements, then the firm needs both
kind of workers in a strict one-to-one proportion, and the number of different types of
workers has to be equal with x = y = zjoi/2 = 1/2.

21 Joint surplus maximization requires that the revenue maximizing output level q = 1/2 is
realized, because we set the opportunity cost of labor equal to zero. It is then immediate,
that x+y = 1 must hold in the substitutes case and x = y = 1/2 in the complements case,
respectively.
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Figure 5.1: Timing of the Model

5.2.1 Substitutable Labor Unions: Tariff Competition

We analyze the case in which two labor unions represent substitutable worker
groups. In this case, the firm can transform labor input into output according to
the production function q(x, y) = (x + y)/2.

Simultaneous Bargaining. First, we consider simultaneous bargaining be-
tween the firm and two independent unions. If the firm can reach agreements with
both unions, then its profit is π(x, w, y, r) = [1 − (x + y)/2] (x + y)/2 − wx − ry.
If the firm fails to reach an agreement with union X, or union Y , then its profit
is given by its disagreement points πDX := π(0, 0, y, r) = (1 − y/2)y/2 − ry, or
πDY := π(x, w, 0, 0) = (1 − x/2)x/2 − wx, respectively. The unions do not have
any outside options and realize a profit of zero in case of disagreement. The
generalized Nash bargaining problem between the firm and union X can then be
written as22

max
y,r≥0

[π(x, w, y, r) − πDX ]α[wx](1−α) (5.4)

=
[((

1 − (x + y)
2

)
(x + y)

2 − wx − ry

)
−
((

1 − y

2

)
y

2 − yr
)]α

[wx](1−α),

while the generalized Nash bargaining problem between the firm and union Y

22 Each bargaining pair takes the wage-employment contract of the other bargaining pair as
given when maximizing their Nash product. By that we solve for a Nash equilibrium of
two simultaneous bargaining problems (see Chipty and Snyder (1999), for a formalization).
Inderst and Wey (2003) assume contracts which condition on the fact whether or not the
other bargaining problem is successful. They show that this protocol gives rise to the
Shapley value (see also Stole and Zwiebel (1996)). Our results are easily shown to be
qualitatively robust in this regard.
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can be stated as

max
x,w≥0

[π(x, w, y, r) − πDY ]α[ry](1−α) (5.5)

=
[((

1 − (x + y)
2

)
(x + y)

2 − wx − ry

)
−
((

1 − x

2

)
x

2 − xw
)]α

[ry](1−α).

The parameter α measures the relative bargaining power of the firm, while 1 − α

stands for the union’s relative bargaining power. As the unions are symmetric, in
equilibrium the optimal number of employed workers and the wages are the same
for both unions. The following contracts solve the bargaining problems (5.4) and
(5.5) (the superscript “sim” stands for simultaneous bargaining):

wsim = rsim = 1
8(1 − α) and xsim = ysim = 1

2.

The equilibrium employment levels are independent of the bargaining power of
the firm and they maximize the joint surplus Π := π + wx + yr. The wage levels
decrease when the firm’s bargaining power parameter α increases. The firm’s
equilibrium profit is equal to πsim = (1 + α)/8 and each union’s total wage bill is
Lsim

X = Lsim
Y = (1 − α)/16. It follows that for any value of α > 0, the firm gets a

strictly larger share of the joint surplus (namely, πsim/Π = (1 + α)/2) than both
unions together. Moreover, the firm’s share of the joint surplus increases even
further when α increases. Hence, each union’s total wage bill and its share of the
joint surplus is decreasing in α.

Comparing these results with the joint bargaining solution, we get that the to-
tal wage bill increases with a union merger as long as the firm’s bargaining power
is not perfect; i.e., whenever α < 1 holds. Only if the firm has all the bargaining
power, α = 1, then the firm and the unions are indifferent between simultaneous
and joint bargaining. It is noteworthy that the union structure (either indepen-
dent unions or a single merged union) does not affect the employment level which
is always joint surplus maximizing.

Sequential Bargaining. We now examine sequential bargaining between
the firm and the labor unions. In the first stage, the firm negotiates a contract
with union X over both the employment level, x, and the wage, w. In the second
stage, the bargaining outcome of the first stage becomes public and the firm
bargains with union Y over the employment level, y, and the wage, r.23 If the

23 The ordering is without loss of generality because both unions are symmetric.
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negotiations between the firm and the unions are successful then the firm gets
a payoff of π(x, w, y, r) = [1 − q(x, y)] q(x, y) − wx − ry, and unions X and Y

realize wage bills of LX = wx and LY = ry, respectively.
Suppose the bargaining outcome in the first stage gives rise to a labor contract

(w, x). Then, in the second stage, the firm and the union Y bargain over the
contact (r, y), taking the outcome of the first stage as given. If, in the second
stage, bargaining is successful, then the firm gets the profit π(x, w, y, r), while
union Y gets LY = ry. In case of disagreement, the firm can still produce x units
of goods and makes profits of πDY := π(x, w, 0.0) = (1 − x/2)x/2 − xw. Union
Y gets zero payoff in case of disagreement. Accordingly, the generalized Nash
bargaining problem between the firm and union Y can be written as

max
y,r≥0

[π(x, w, y, r) − πDY ]α[yr](1−α)

=
[((

1 − (x + y)
2

)
(x + y)

2 − xw − yr

)
−
((

1 − x

2

)
x

2 − xw
)]α

[yr](1−α).

The optimal contract (r̂(x), ŷ(x)) depends on the number of workers x employed
from union X and the bargaining power of the firm, α:

r̂(x) = 1
4 (1 − x) (1 − α) and ŷ(x) = 1 − x. (5.6)

In the first stage, the firm and union X take the optimal strategies (5.6) as given
and bargain over the labor contract (w, x). If the negotiation is successful, then
the firm’s expected profit is π(x, w, ŷ(x), r̂(x)), and union X obtains the wage
bill LX = wx. In case of disagreement, the firm’s expected profit is πDX :=
π(0, 0, ŷ(0), r̂(0)) = α/4 and union X gets zero. The generalized Nash bargaining
problem between the firm and union X is, therefore, given by

max
x,w≥0

[π(x, w, ŷ(x), r̂(x)) − πDX ]α[yr](1−α). (5.7)

The optimal contract (w∗, x∗) (asterisks stand for optimal values under sequential
bargaining) which solves the generalized Nash bargaining problem (5.7) is

w∗ = 1
4(1 − α)2 and x∗ = 1. (5.8)

Substituting (5.8) into (5.6), we get the equilibrium contract in which y∗ = 0 for
union Y . If the bargaining is sequential and the unions are perfectly substitutable,
then the firm hires workers only from the first union, while none of the workers
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of union Y is employed. The number of workers hired from union X maximizes
the total joint surplus. The firm’s profit is equal to π∗ = α(2 − α)/4, and union
X’s total wage bill is LX = (1 − α)2/4, while union Y gets a wage bill of zero.
Intuitively, the firm prefers to strike a bargain with the first union X in which
case it can threaten to obtain a deal with the second union Y . If, in contrast,
negotiations are not successful with the first union X, then the firm would have
to split the joint surplus with the second union Y according to the bargaining
power parameter α. As unions do not coordinate their demands, the first union
agrees to a labor contract which ultimately excludes the second union Y .

5.2.2 Complementary Labor Unions: Tariff Plurality

If the two labor unions represent complementary work forces, then the firm pro-
duces one unit of the final good with the use of one unit of labor from each of
the two labor types; according to (5.1), the production function is then given by
q(x, y) = min{x, y}.

Simultaneous Bargaining. We proceed as before. First, we consider simul-
taneous bargaining between the firm and and the two independent unions. If the
firm can reach an agreement with both unions, then its profit is π(x, w, y, r) =
(1−min{x, y})(min{x, y})−wx−ry. Because of perfect complementary, the firm
can not start production unless the negotiations with both unions are successful.
We assume binding contracts between the firm and the unions; i.e., if the firm
can reach an agreement only with union X (union Y ), but not with the other
union, then it has to pay the agreed upon wage bill LX = wx (LY = ry) to union
X (union Y ). This assumption mirrors the possibility of losses in case of negoti-
ation failure which is an increasing policy issue associated with craft unionism.24

A strike induces (temporary) losses for the firm.
If bargaining fails either with union X or union Y , then the firm’s disagree-

ment point is πDY := π(x, w, 0, 0) = −wx or πDX := π(0, 0, y, r) = −ry, respec-
tively. The unions get a payoff of zero if they can not reach an agreement with the
firm. The generalized Nash bargaining problem between the firm and the union

24 The current strikes in the railway sector in Germany are a recent example, where a craft
union (the GDL which represents train drivers) pushes for strikes that result in substantial
losses for the Deutsche Bahn.
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X can be written as

max
x,w≥0

[π(x, w, y, r) − πDX ]α[wx](1−α) (5.9)

= [((1 − min{x, y}) min{x, y} − wx − ry) − (−ry)]α[wx](1−α),

while the generalized Nash bargaining problem between the firm and union Y

can be stated accordingly as

max
y,r≥0

[π(x, w, y, r) − πDY ]α[ry](1−α) (5.10)

= [((1 − min{x, y}) min{x, y} − wx − ry) − (−wx)]α[ry](1−α).

As the unions are symmetric, in equilibrium the optimal number of employed
workers and their wages are the same. The following contracts solve the simul-
taneous bargaining problems (5.9) and (5.10) (the superscript “sim” stands for
simultaneous bargaining)

wsim = rsim = 1
2(1 − α) and xsim = ysim = 1

2.

The equilibrium employment levels do not depend on the bargaining power of
the firm. They always maximize the joint surplus Π = π + wx + yr. The firm’s
equilibrium profit is πsim = (2α − 1) /4, and unions’ wage bills are given by
Lsim

X = Lsim
Y = (1 − α)/4. If the bargaining power of the firm is less than the

bargaining power of the union (i.e., α < 1/2), then the firm will abstain from
initiating the bargaining process, as its expected profits would be negative.25 This
outcome mirrors to some extent recent complaints by the Deutsche Bahn that a
too powerful complementary union (the GDL in this case) is hardly bearable.

If the two unions are perfect complements, then the firm prefers to bargain
with a merged union than to bargain simultaneously with two independent unions.
The opposite is true for the unions. The unions’ joint wage bill is lower if they
pool their negotiations into a single one.

Sequential Bargaining. Under sequential bargaining, the firm first negoti-
ates a contract with union X over both the employment level, x, and the wage,
25 This restriction on α is a result of non-conditional (binding) contracts. If we assume,

that the agreed upon labor contracts are conditional on a successful bargaining outcome
in the other relationship, then the firm will make non-negative profits for any value of α.
We are not aware of such a conditionality clause in practice, so that we decided to use
non-conditional contracts.
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w. In the second stage, the bargaining outcome of the first stage becomes public
and the firm bargains with the union Y over the employment level, y, and the
wage, r. If bargaining between the firm and both unions is successful then its
profit is π(x, w, y, r) = pq − wx − ry and union X (union Y ) realizes the wage
bill LX = wx (LY = ry). We solve the game by backward induction.

Suppose the bargaining outcome in the first stage is (w, x). Then, in the
second stage, the firm and the union Y bargains over the contact (r, y) taking
the outcome of the first stage as given. If the bargaining in the second stage
is successful, then the firm gets the profit π(x, w, y, r), while union Y gets ry.
Because of binding contracts, the firm can not produce any product, but has to
pay the wage bill wx to union X in the case of disagreement. This means the
disagreement point of the firm when it bargains with union Y is negative and
equal to πDY := π(x, w, 0.0) = −xw. The generalized Nash bargaining problem
between the firm and union Y is given by

max
y,r

[π(x, w, y, r) − πDY ]α[yr](1−α)

= [((1 − min{x, y}) min{x, y} − xw − yr) − (−xw)]α[yr](1−α).

The optimal contract (r̂(x), ŷ(x)) depends on the number of workers x and the
bargaining power of the firm, α

r̂(x) =

⎧⎪⎨⎪⎩
(1 − α)(1 − x), if x < 1

2 ,
1
2(1 − α), if x ≥ 1

2 ,
and ŷ(x) =

⎧⎪⎨⎪⎩
x, if x < 1

2 ,
1
2 , if x ≥ 1

2 .
. (5.11)

In the first stage, the firm and the union X take the optimal strategies (5.11) as
given and bargain over the contract (w, x). If the negotiation is successful, then
the firm’s expected profit is π(x, w, ŷ(x), r̂(x)), and union X obtains the wage bill
wx. In the case of disagreement, the firm’s profit is πDX(x, w, ŷ(0), r̂(0)) := 0.
Union X also does not have any outside options and gets a disagreement payoff
of zero. The generalized Nash bargaining problem between the firm and union X

is given by

max
x,w

[π(x, w, ŷ(x), r̂(x)) − πDX ]α[wx](1−α) (5.12)

= [((1 − min{x, ŷ(x)}) min{x, ŷ(x)} − xw − ŷ(x)r̂(x))]α[wx](1−α).

The optimal contract (w∗, x∗) which solves the last generalized Nash bargaining
problem (5.12) is then given by

w∗ = 1
2α(1 − α) and x∗ = 1

2. (5.13)
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Substituting (5.13) into (5.11), we get the subgame perfect equilibrium contract
(r∗ = (1 − α)/2, y∗ = 1/2) for union Y .

If the unions are complementary and the contracts are binding, then the
second union Y gets a higher wage bill than the first union X. The firm’s profit
is π∗ = α2/4, and the union X’s and union Y ’s wage bills are LX = α(1 − α)/4
and LY = (1 − α)/4, respectively. The firm’s share and the unions’ shares of the
joint surplus are α2 and 1 − α2, respectively.

5.2.3 Summary and Discussion of Results

We first summarize our results under sequential bargaining in the next lemma.

Lemma 16. Under sequential multi-union bargaining (union X bargains first
and union Y second) equilibrium employment levels always maximize the joint
surplus. In addition, the following orderings hold:

i) w∗ > r∗ = 0 (w∗ < r∗) if unions are perfect substitutes (if unions are perfect
complements), with equality holding for α = 1.

ii) x∗ > y∗ = 0 (x∗ = y∗) if unions are perfect substitutes (if unions are perfect
complements).

iii) LX = w∗x∗ > r∗y∗ = LY = 0 (LX = w∗x∗ ≤ r∗y∗ = LY ) if unions are
perfect substitutes (if unions are perfect complements), with equality holding in
the complements case for α = 1.

Lemma 16 highlights the extreme externalities among unions under sequential
bargaining. When the worker groups represented by the unions are perfectly sub-
stitutable, then there is a strict first-mover advantage which induces foreclosure
of the second union. When the worker groups are perfectly complementary, then
there is a strict second-mover advantage for all α < 1: the wage bill of the first
union is lower than the wage bill of the second union. In addition, when the bar-
gaining power of the unions increases, then the second mover advantage becomes
even stronger. In fact, for an exogenous union bargaining power (1 − α) → 1,
we get that LX → 0, while LY → 1/4, so that the second union gets the entire
surplus in the limit.

The intuition behind those results critically depends on the bargaining prob-
lem in the second round between union Y and the firm. When both unions are
substitutable, then both parties have a disagreement payoff of zero and split the
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joint surplus according to the Nash bargaining power parameter α. Given this
expected outcome, the first union X can always make an offer in the first round
which makes the firm slightly better off than rejecting the offer. Such an offer is
always feasible for the first union because the joint surplus which can be created
is the same independently whether the firm strikes an exclusive deal with union
X or union Y . Hence, we get a foreclosure outcome in which only the first union
X is active.

In contrast, when unions are complementary, then the firm’s disagreement
payoff in the second round is negative whenever the firm stroke a deal with the
first union X (binding contracts assumptions). It follows that the “contribution”
of the second union Y to the joint surplus when bargaining with the firm is
larger than the “contribution” of the first X union. This is so because the firm’s
disagreement point is zero in the first round (when facing union X) but it is
negative in the second round (when facing union Y ), whenever the firm reached
an agreement in the first round. Or, put another way, the firm can avoid a
negative payoff in the second round which allows the second union to get a larger
share from the joint surplus, giving rise to the second-mover advantage as stated
in Lemma 16.

5.2.4 Union Merger Incentives

We analyze a game in which the unions X and Y can form a single union in an
initial stage 0 (see the Figure 5.1). If the unions do not merge, then they bargain
with the firm sequentially (without loss of generality, union X bargains before
union Y ). We also assume that the bargaining order in the sequential bargaining
subgame is public knowledge. 26 We denote subgame perfect contracts under
sequential bargaining by by (w∗, x∗) and (r∗, y∗). If the unions decide to merge,
then they agree on the shares each union gets from the joint wage bill to ensure
participation. In this case, the optimal contract between the firm and the joint
union is given by (wjoi, zjoi) and the joint wage bill is LXY = wjoizjoi. We solve
the entire game by backward induction.

If the unions are complementary, then the total wage bill is lower under joint

26 Otherwise, the unions are symmetric and each union will get an equal share from the joint
wage bill. The unions will have merger incentives only if their joint wage bill increase
under joint bargaining. Otherwise, they will prefer to bargain separately.
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bargaining when compared with the total wage bill under sequential bargain-
ing. It follows, that there is no room for a Pareto-improvement through a union
merger. Therefore, the unions will bargain separately in equilibrium, and the
optimal contracts will be the same as in the sequential bargaining game.

If the unions are perfect substitutes, then joint bargaining increases the unions’
total wage bill. If the unions form a joint union, then their total wage bill will be
wjoizjoi = wjoi(xjoi +yjoi). As the workers from the two unions are homogeneous,
and the firm negotiates with the joint union the total number of workers, zjoi,
we can make the following assumption. In the initial stage 0, to share the total
wage bill, the unions negotiates the number of workers, xjoi and yjoi, will be hired
from each union, X and Y , respectively. In this case, unions X and Y will get
wage bills which are equal to wjoixjoi and wjoiyjoi, respectively. In the case of
disagreement, the unions will bargain sequentially and get w∗x∗ = (1 − α)2/4
and r∗y∗ = 0, respectively. The symmetric Nash bargaining problem between the
unions can be states as

max
x≥0

[wjoixjoi − w∗x∗][wjoi(zjoi − xjoi)]. (5.14)

The following employment level for union X solves the Nash bargaining problem
(5.14) x = 1 − α/2. Equilibrium wage bills for union X and union Y are LX =
wjoixjoi = (1 − α)(2 − α)/8 and LY = wjoiyjoi = α(1 − α)/8, respectively.

Proposition 10. Unions X and Y have strict incentives to merge if the worker
groups are substitutable while they have strict incentives to stay independent when
workers are complementary, with indifference holding for α = 0 and α = 1. The
following contracts are then implemented in equilibrium:

i) If the unions are substitutable (tariff competition), then wage and employ-
ment levels are given by (wjoi, xjoi, yjoi).

ii) If the unions are complementary (tariff plurality), then wages and employ-
ment levels are given by (w∗, x∗, r∗, y∗).

Proposition 10 shows that unions have strong incentives to merge when they
represent substitutable workers to increase their joint bargaining power. The
aim of this merger was to avoid tariff competition between substitutable labor
unions. A union merge deprives the firm from playing the unions off against
each other which lowers the firm’s share of the joint surplus to the benefit of the
employed workers. In Germany, for instance, when sector boundaries in services
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became more and more blurred because of technological changes, in March 2001
the biggest union merger ever took place to establish the German Trade Union
(Vereinte Dienstleistungsgewerkschaft; in short: Verdi) with almost 3 million
members (see Haucap, Pauly and Wey (2007, p. 125 f.)).

When workers are complementary, then this logic no longer holds. To the
contrary, the sum of unions’ wage bills is larger under sequential bargaining than
under joint bargaining, so that a union merger cannot make both unions better
off. With complementary unions, the second union gets a hold on the entire
surplus, while the firm’s disagreement point is negative when bargaining with the
second union.

From Proposition 10 it also follows that the firm prefers to bargaining with in-
dependent unions when workers are substitutable, while it prefers to bargain with
a single union when worker groups are complementary. Recently, the Deutsche
Bahn struggling with the bargaining power of the (independent) train drivers
union GDL, invited both unions the GDL and EVG to bargaining together.27

Both unions are complementary, so that this invitation to pool the bargaining
problems into a single one can be interpreted as an attempt of the Deutsche Bahn
to reach a better agreement than under a separate bargaining procedure.

5.3 Discussion and Extension

In this section we discuss how our model relates to the right-to-manage setting
(in short: RTM) and how the specification of the disagreement point affects our
results. We also present an extension where each union’s workers produce a dif-
ferent final good which can be substitutable or complementary. Substitutablity
and complementarity is not restricted to be perfect but can be gradual (i.e, the
final goods are differentiated). This allows us to derive additional results con-
cerning the employment levels which are not necessarily joint surplus maximizing
anymore.

27 See “GDL-Lokführer nehmen Einladung zu Gesprächen an,” Handelsblatt, online edition,
November 13th, 2014.
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5.3.1 Right-to-manage Setting

If we assume that bargaining is only about wages, then the firm retains the right
to choose the employment levels.28 This restriction has important consequences
for the union. If labor is perfectly substitutable, then the firm will get the entire
surplus both under simultaneous and sequential bargaining. This follows from
a Bertrand-competition argument. Both unions are perfectly substitutable and
undercut each other as the firm hires workers only from the union with the lower
negotiated wage rate. A consequence is that unions always want to merge which
is in line with our results under efficient bargaining.

If labor is complementary, then the results are different than under efficient
bargaining. If unions bargains jointly with the firm (i.e., there is a union merger),
then the wage is wjoi = (1−α)/4 according to (5.3). The total number of workers
the firm hires from the merged union is xjoi = yjoi = (1 + α)/4. It is obvious that
the optimal employment level is lower than the efficient level (xjoi = yjoi = 1/2)
because of the well-known double marginalization problem, unless the firm has
all the bargaining power (i.e., α = 1).

If the unions merge, then the firm and the merged union realize πjoi =
(1 + α)2/4, and LXY = wjoixjoi = (1 − α2)/8, respectively. The total surplus is
then Πjoi = (3 + 2α − α2)/16, which is increasing in the firm’s bargaining power
because a greater firm bargaining power tends to reduce the double marginaliza-
tion problem.

If labor is complementary and the unions bargain sequentially with the firm
(first union X and second union Y ), then the unions X and Y get wages w∗ =
(1−α)/2 and r∗ = (1−α2)/4, respectively. Even though the bargaining outcome
of the first stage is binding, the firm does not have a negative disagreement point
when bargaining with the second union Y . As the firm has discretion about
the employment level after the first bargaining stage, its disagreement point can
never be negative in the second stage. If negotiations fail in the second stage,
then the firm would decide to hire no workers from the first union and produce
nothing. Because of the complementarity of unions’ labor inputs its disagreement
point is, therefore, equal to zero in the second stage. Hence, contrary to the

28 The labor economics literature distinguishes between the right-to-manage model (bargain-
ing only about wage) and the efficient bargaining model (bargaining about both wage and
employment level). See Oswald and Turnbull (1985) and Booth (1995) for surveys.
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efficient bargaining case, the first union gets a higher wage bill than the second
union, unless the firm has all the bargaining power. If α = 1, then the both
unions get the same wages which are equal to zero. The equilibrium level of
employment is equal to x∗ = y∗ = (1 + α)2/8, which is lower than the efficient
level of employment (xjoi = yjoi = 1/2), unless α = 1. In equilibrium, the
firm’s profit is equal to π∗ = (1 + α)4/64 and the union’s total wage bill is
LXY = w∗x∗ + r∗y∗ = (1 + α)2(1 − a)(a + 3)/32. The total surplus given by
Π∗ = (1 + α)2(7 − 2α − α2)/64 which is increasing in the firm’s bargaining power
α.

Those results give rise to a reassessment of unions’ merger incentives when
they are complementary. If the firm’s bargaining power is relatively large (i.e.,
α >

√
5 − 2 ≈ 0.236), then the unions prefer to bargain separately, as under

efficient bargaining. But if the firm’s bargaining power is relatively low (i.e.,
α <

√
5 − 2 ≈ 0.236), then in contrast to the efficient bargaining case, the

unions prefer to bargain jointly with the firm under RTM. The reason for this
result is the efficiency loss associated with the double marginalization problem
under RTM bargaining. While the unions’ percentage share of the total surplus is
always higher if they bargain separately and sequentially, the inefficiency under
sequential bargaining may become so large that the unions prefer to bargain
jointly. This is the more likely the smaller the firm’s bargaining power α becomes.
If α <

√
5−2, then the total surplus is increased by approximately 38% when the

unions bargain jointly. If α = 0, then this increase is largest and approximately
equal to 71%.

5.3.2 Specification of Disagreement Point

When bargaining is sequential, then an issue is whether the contract concluded
with the first union remains valid if bargaining with the second union is not
successful. We assumed that the first contract is binding which leads for the
case of complementary unions to negative firm profits when there is disagreement
in the second bargaining problem. As a consequence, there is a second mover
advantage such that the first union’s wage bill, LX = α(1 − α)/4, is smaller than
the second union’s wage bill, LY = (1 − α)/4. When we assume instead that the
first contract is not binding in case of break down of bargaining with the second
union, then the wage bills are exactly reversed. That is, there is a first-mover
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advantage as under substitutable labor groups (but with different wage bill levels).
Of course, a non-binding contract allows the firm to abandon that contract if there
is no agreement with the second union and to avoid, therefore, a negative profit
level.

5.3.3 The Two-Products Model

As an extension, we consider a firm (the employer) which has to reach agreements
with two unions X and Y to produce two goods (or services). An example is
the Deutsche Bahn which offers both rail journeys and an intercity bus carrier
services. The first one is based on trains and the second one is based on buses.
Train drivers are represented by the union GDL and all other employees (including
bus drivers) of the Deutsche Bahn are represented by the rival union EVG. Bus
and train journey services can be substitutable and complementary. In contrast
to (5.1), this relationship may not be perfect but imperfect which gives rise to
additional substitution issues that we highlight in the following.

Assume that the production of good 1 requires only labor input from union
X with constant returns to scale, i.e.; q1 = x, where q1 is the output of good
(service) 1. Similarly, the production of good 2 requires only labor input from
union Y with constant returns to labor input, i.e., q2 = y, where q2 is the output
of good (service) 2. The inverse demand for good i is assumed to be linear and
given by pi(qi, qj) = 1− qi −γqj, with i, j = 1, 2 and i �= j, where pi is the price of
good i and the parameter γ describes product differentiation with γ ∈ (γ̄, 1] and
γ̄ := −1/2.29 The sign of the parameter γ determines whether the labor inputs
of the two unions are substitutes (γ > 0) or complements (γ < 0) (products and
labor inputs are independent for γ = 0).

The parameter γ determines also the relationship between the two workforces
represented by unions X and Y , respectively. If the products (or, services) are
substitutable (γ > 0), then the workforces and their respective unions are also
substitutable which mirrors the case of tariff competition. If, to the contrary, the
products (or services) are complementary (γ < 0), then the workforces and their

29 The upper bound γ = 1 follows from noting that the two goods are homogeneous at this
value. The lower bound γ ensures that the firm’s profit function is strictly positive in the
(unique) interior equilibrium. A qualitatively similar restriction on the complementarity
of the unions’ work forces is also invoked in Horn and Wolinsky (1988b).
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unions are complementary which stands for the case of tariff plurality.30

We assume again an efficient bargaining setting and we use the symmetric
Nash bargaining solution to solve for optimal contracts.31 The firm negotiates
with union X (union Y ) over the employment level x (y) and the wage rate w (r).
When negotiations are successful, then the firm produces quantities q1 and q2 and
realizes profits π(x, w, y, r) = ∑2

i=1 pi(qi, qj)qi − xw − yr.32 Unions X and union
Y maximize their wage bills given by LX = xw and LY = yr, respectively. First,
we analyze the simultaneous and joint bargaining problems and second, we ex-
amine sequential bargaining. Third, we analyze unions’ incentives to merge in an
initial stage “0”, with the bargaining game (either joint or sequential bargaining)
following thereafter.
Simultaneous and Joint Bargaining Benchmarks. Solving the Nash bar-
gaining problems under simultaneous bargaining, we get (all calculations can be
found in the Appendix)

wsim = rsim = 1
4(1 + γ) and xsim = ysim = 1

2(1 + γ) , (5.15)

where the superscript “sim” stands for simultaneous bargaining. The equilibrium
employment levels are efficient; i.e., xsim = ysim maximize the joint surplus which
is given by Π := π + wx + ry = ∑2

i=1 pi(qi, qj)qi. Substituting the equilibrium
values we get Πsim = 1/ [2(1 + γ)]. The firm’s equilibrium profit is given by
πsim = (1 + 2γ)/(4(1 + γ)2). To understand how the relationship between both
unions’ workforces (as measured by the parameter γ) affects the surplus sharing,
it is instructive to calculate the share the firm gets from the joint surplus. We
obtain

πsim

Πsim
= 2γ + 1

2(1 + γ)
from which it follows that the firm’s share is monotonically increasing in γ. When
goods are independent, then the firm gets exactly one-half of the joint surplus.

30 We can also express the relationship between both workforces by the change of the marginal
product of labor with respect to the labor input of the other workforce. Formally, we then
get ∂2((1−qi−γqj))

∂x∂y = −γ, for i, j = 1, 2 and i �= j, which is positive (negative) if γ < 0
(γ > 0).

31 It suffices to focus on the symmetric Nash bargaining solution to highlight our main addi-
tional results which are absent in our main analysis.

32 In the following, we will write the firm’s profit directly as a function of the employment
levels as we assumed q1 = x and q2 = y.
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Its share increases beyond one-half, when the unions’ workforces become more
and more substitutable (at γ = 1, the firm obtains 3/4 of the joint surplus).
In contrast, the firm’s share decreases when the two unions become less substi-
tutable (for γ > 0) or more complementary (for γ < 0). In fact, for the case
of complementary goods, as γ → −1/2 the firm’s share goes to zero. Of course,
the opposite relationship holds for the unions’ wage bills which are monotonically
decreasing in γ.

Those relationships are intuitive. When goods become more substitutable
then each union’s bargaining power decreases accordingly. For the case of com-
plementary goods (γ < 0), the unions exert their largest bargaining power. In
the most complementary case (when γ → −1/2) the unions are able to pocket
the entire joint surplus.

An intermediate result is that unions have incentives to form a single bar-
gaining unit when goods are substitutes while they prefer to bargain separately
when their workforces are complementary (see Horn and Wolinsky (1988b)). This
follows directly from observing that the joint surplus is always maximized and
shared equally when both workforces are represented by a single union which bar-
gains with the firm (the analysis is provided in the Appendix). The firm’s share
must then be equal to one-half of the joint surplus. As the firm’s share under
separate bargaining is larger (smaller) than one-half when goods are substitutes
(complements), the unions want to merge (stay separate) when the workers are
substitutable (complementary).

Formally, consider that unions X and Y merge to negotiate with the firm.
Then the optimal employment levels which solve the Nash bargaining problem
between the firm and the merged union are the same as under simultaneous
bargaining and are given by xjoi = yjoi = 1/ [2(1 + γ)]. The union’s wage bill
which solves the Nash bargaining problem (see the Appendix) is given by

wjoixjoi + rjoiyjoi = 1
4(1 + γ) , (5.16)

which implies wjoi = 1/4. Accordingly, the firm’s profit is πjoi = 1/(4(1 + γ)). It
follows that the merged union and the firm share the joint surplus equally for all
possible values of γ; i.e., πjoi/Πjoi = 1/2, where Πjoi := πjoi + wjoixjoi + rjoiyjoi.
The following proposition summarizes these results.

Proposition 11. Assume the two-products model and suppose efficient bargaining
solved by the symmetric Nash bargaining solution. Simultaneous bargaining as
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well as joint bargaining then lead to efficient employment levels. Under joint
bargaining the entire surplus is shared equally between workers and the firm, while
under simultaneous bargaining the firm’s share of overall surplus is monotonically
increasing in γ; i.e., increases when the two workforces become more substitutable
or less complementary. Workers are jointly better off under joint bargaining when
the two workforces are substitutable, while they do better under separate bargaining
when they are complementary.

We now turn to sequential bargaining which reveals how bargaining external-
ities lead to inefficiencies depending on the nature of the two workforces. Those
inefficiencies will have a pronounced effects on the overall employment level under
separate bargaining and on the unions’ incentives to integrate in the first place.
Sequential Bargaining. The firm bargains bilaterally and sequentially with
the two unions; first with union X and second with union Y (the analysis is
relegated to the Appendix). Solving the Nash bargaining problem between the
firm and union Y , we get

r̂(x) = 1 − 2γx

4 and ŷ(x) = 1
2 − γx, (5.17)

so that the optimal solution depends in the employment level x. Proceeding
backward we get the solution of the Nash bargaining problem between the firm
and union X (asterisks indicate equilibrium values)

w∗ = 2 − γ

8 and x∗ = 2 − γ

2(2 − γ2) . (5.18)

Substituting (5.18) into (5.17) we get the optimal labor contract for union Y :

r∗ = 1 − γ

2(2 − γ2) and y∗ = 1 − γ

2 − γ2 . (5.19)

The equilibrium quantities of the goods 1 and 2 are then q∗
1 = x∗ and q∗

2 =
y∗, respectively. The firm’s equilibrium profit then becomes π∗ = (8 − 4γ −
γ2)/ [16(2 − γ2)], while union X’s wage bill is

w∗x∗ = (2 − γ)2

16(2 − γ2) , (5.20)

and union Y ’s wage bill is

r∗y∗ = (1 − γ)2

2(2 − γ2)2 . (5.21)
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The firm’s share of total surplus which follows from π∗/Π∗, with Π∗ := π∗ +
w∗x∗ + r∗y∗ = (2γ3 − γ2 − 8γ + 8)/

[
4 (2 − γ2)2], is monotonically increasing in

γ. It reaches one-half at γ = 0 and 3/4 at γ = 1. However, when products are
complementary and γ → −1/2, then the firm’s share of total surplus is roughly
37% which reveals a sharp difference to the cases of simultaneous bargaining and
joint bargaining. Before we fully compare the different bargaining regimes, the
next lemma summarizes the orderings of wages, employment levels, and wage
bills under sequential bargaining.33

Lemma 17. Consider sequential multi-union bargaining (union X bargains first
and union Y secondly). Then the following orderings hold:

i) w∗ > r∗ (w∗ < r∗) if γ > 0 (γ < 0), with equality holding for γ = 0.
ii) x∗ > y∗ (x∗ < y∗) if γ > 0 (γ < 0), with equality holding for γ = 0.
iii) w∗x∗ > r∗y∗ (w∗x∗ < r∗y∗) if γ > 0 (γ < 0), with equality holding for

γ = 0.

Sequential bargaining creates externalities between the two union-firm bar-
gaining pairs which affect the unions’ wage bills differently. The sign of the
externality of the first contract (x, w) on the second contract (y, r) can be seen
immediately from the optimal bargaining outcome with union Y which depends
on the first contract (see (5.17)). Of course, the externality is negative (positive)
if both workforces are substitutable (complementary). Now note that each bar-
gaining pair maximizes the joint surplus over the firm’s disagreement point. As
bargaining is about both the wage rate and the employment level, this outcome
is always bilaterally efficient if successful; i.e., the net surplus is maximized and
split equally. Note next that the firm’s disagreement point when bargaining with
the first union X is fixed at πDX∗ = 1/8 which follows from the optimal contract
(5.17) which the will firm agree upon with union Y in case of a settlement. To
the contrary, the firm’s (equilibrium) disagreement point when bargaining with
the second union Y is given by πDY ∗ := π(x∗, w∗, 0, 0) = (1 − x∗)x∗ − x∗w∗.
Substituting the equilibrium values (5.18) yields

πDY ∗ = (γ4 + 4γ3 − 18γ2 + 8γ + 8)/
[
16
(
2 − γ2

)2
]

.

Inspection of the difference πDY ∗ − πDX∗ gives that
∂(πDY ∗ − πDX∗)

∂γ
> 0 with sign

[
πDY ∗ − πDX∗] = sign [γ] ,

33 The proof follows directly from inspecting the respective equilibrium values.
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and πDY ∗ − πDX∗ = 0 for γ = 0. Hence, the firm enjoys a better disagreement
point when bargaining with union Y if the unions are substitutable (i.e., πDY ∗ >

πDX∗ for γ > 0). Because of the symmetry of the bargaining problems, it follows
immediately that union Y obtains a smaller wage bill than union X. This wage
bill reduction is caused by a negative externality the first union X exerts on
the second union Y . It also implies a first-mover advantage for unions when
workforces are substitutable.

In the case of complementary unions (“craft unionism”), the opposite is true;
i.e., the firm’s disagreement point is better when bargaining with the first union
X (i.e., πDX∗ > πDY ∗ for γ < 0). The first union X creates a positive externality
on the second union Y , if it reaches an agreement with the firm. This implies
that union X’s wage bill must be smaller than union Y ’s wage bill which mirrors
the second-mover advantage under craft unionism.34

Joint versus Separate Bargaining. We examine the incentives of the unions
X and Y to form a single union before bargaining starts. If unions merge, then the
bargaining outcome is given by (wjoi, xjoi, rjoi, yjoi). If the unions do not merge,
then bargaining is assumed to be sequential with union X bargaining first with
the firm followed by union Y (the solutions given by (5.18) and (5.19)). Before
solving the entire game, it is instructive to perform some comparisons between
the joint bargaining outcome and the sequential bargaining equilibrium.

Sequential bargaining has the following impact on employment levels when
compared with joint bargaining.

Lemma 18. Consider sequential multi-union bargaining (union X first and union
Y second). Comparison of the employment levels of both unions under joint
bargaining and sequential bargaining gives rise to the following orderings:

i) x∗ > xjoi (x∗ < xjoi) if γ > 0 (γ < 0), with equality holding for γ = 0.
ii) y∗ < yjoi for all γ �= 0, with equality holding for γ = 0.
iii) x∗ + y∗ > xjoi + yjoi (x∗ + y∗ < xjoi + yjoi) if γ > 0 (γ < 0), with equality

holding for γ = 0 and γ = 1.

If the workforces are substitutable, then the firm hires more workers from
the first union than the efficient level. The second union Y optimally responds
by reducing its employment level below the efficient level. The overall effect on
34 This result is in line with the finding of Cai (2000) that equilibrium delay is possible when

two sellers are complementary as each one prefers to be the last bargaining partner.
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employment by the firm is positive and overemployment is the outcome (part iii)
of Lemma 18). If both workforces are complementary, then the first union X

reduces its employment level below the efficient level which induces the second
union Y to reduce its employment level also below the efficient level. Part iii) of
Lemma 18 shows that these changes lead to an inefficiently low employment level
when workers are complementary. In fact, both unions reduce their employment
levels below the efficient level so that underemployment occurs unambiguously
under tariff plurality (craft unionism).

We next compare the wage rates under joint bargaining and under sequential
bargaining.

Lemma 19. Consider sequential multi-union bargaining (union X first and union
Y second). Comparison of the wage rates of both unions under joint bargaining
and sequential bargaining gives rise to the following orderings:

i) w∗ < wjoi (w∗ > wjoi) if γ > 0 (γ < 0), with equality holding for γ = 0.
ii) r∗ < wjoi (r∗ > wjoi) if γ > 0 (γ < 0), with equality holding for γ = 0.
iii) ∂(wjoi − w∗)/∂γ > 0 and ∂(wjoi − r∗)/∂γ > 0 for all γ ∈ (γ̄, 1].

Both unions’ wage rates are lower under sequential bargaining than under
joint bargaining when workers are substitutable (γ > 0). The opposite holds,
when workers are complementary (γ < 0). Part iii) of Lemma 19 shows that
the relationships between the wages under sequential bargaining when compared
with the wage under joint bargaining are positively monotone; i.e., the differences
wjoi − w∗ and wjoi − r∗ are strictly increasing over the range of admissible values
of γ.

The following proposition summarizes both unions’ merger decision in the
initial stage “0” and the subgame perfect equilibrium outcomes for all values of
γ.

Proposition 12. Unions X and Y have strict incentives to merge if workers are
substitutable (γ > 0) while they have strict incentives to stay independent when
workers are complementary (γ < 0), with indifference holding for γ = 0. The
following contracts are then implemented in equilibrium:

i) If γ ≥ 0, then wages and employment levels are given by (wjoi, xjoi, rjoi, yjoi).
ii) If γ < 0, then wages and employment levels are given by (w∗, x∗, r∗, y∗).

The proof of Proposition 12 follows directly from comparing the wage bill
under joint bargaining (5.16) with the sum of the wage bills under sequential
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bargaining (5.20) and (5.21). If the goods are substitutes (γ > 0), the total wage
bill is larger under joint bargaining than the sum of both unions’ wage bills under
sequential bargaining. The opposite is true if both workforces are complementary
(γ < 0) in which case unions prefer to bargain independently.

When workforces are substitutable, then there is no conflict of interest between
the unions even if they split the surplus equally under joint bargaining; i.e.,

wjoixjoi + rjoiyjoi

2 − r∗y∗ >
wjoixjoi + rjoiyjoi

2 − w∗x∗ > 0, for γ > 0.

It follows that both unions agree to merge when being substitutable, so that the
efficient outcome is achieved. Bargaining independently would lead to negative
externalities (in particular, overemployment) with an overall lower wage bill.

In contrast, if workers are complementary, then the unions do not find it
jointly attractive to integrate both workforces into a single union even though
joint bargaining would increase the entire surplus available for the workers and
the firm. However, interests are not as cleanly aligned as in the case of substitutes.
To see this, suppose that both workforces share the wage bill equally under joint
bargaining. It is then true that union X would benefit from integration while
union Y would be worse off; i.e.,

wjoixjoi + rjoiyjoi

2 − w∗x∗ > 0 >
wjoixjoi + rjoiyjoi

2 − r∗y∗ for γ < 0.

Union X (which bargains first) prefers one-half of the total wage bill realized
under joint bargaining. In contrast, union Y ’s wage bill is higher under sequential
bargaining when compared with one-half of the overall wage bill under joint
bargaining. Both unions, therefore, must disagree about the question whether
or not to integrate their workers into a single union.35 In total, unions realize
a higher wage bill under sequential bargaining when compared with the wage

35 In fact, the incumbent monopoly unions (organized in the Deutscher Gewerkschaftsbund;
DGB) heavily lobby against craft unionism so as to re-integrate “renegade” workers. In
contrast, of course, craft unions as the Marburger Bund or the Gewerkschaft Deutscher
Lokomotivführer (GDL) have been fighting for recognition in the last years. In our model,
union X (which is disadvantaged as a first-mover) would have an incentive to lobby for
integration while union Y (which benefits from the second-mover advantage) would oppose
such demands. In that sense, newly formed craft unions may benefit from a second-mover
advantage which allows them to obtain a large wage bill at the cost of the wage bill of the
incumbent union’s workers.
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bill realized under joint bargaining. It follows that the possibility of a union
merger does not eliminate the underemployment inefficiency associated with craft
unionism.

Until now we have focused on the joint surplus of the bargaining parties as
our measure of efficiency (i.e., the sum of the firm’s profit and both unions’ wage
bills). If we consider also consumer surplus to take a total welfare perspective,
we obtain the following result.

Corollary 7. Consider the entire game where the unions can first decide to merge
and then either bargain jointly with the firm or independently and sequentially. It
is then always true that the unions’ merger decision is in conflict with total welfare
maximization; i.e., the unions’ decision to merge when workers are substitutable
reduces total welfare which is also true for the unions’ decision to stay separated
when workers are complementary.

The proof of the Corollary 7 follows from observing that total welfare is given
by the sum of consumer surplus and the sum of the firm’s profit plus workers’
wage bills. Of course, this welfare measure is monotonically increasing in the em-
ployment levels of both workforces in the relevant range. As the unions’ decisions
to merge under substitutable workforces and not to merge under complementary
workforces both reduce the employment levels both decisions must also reduce so-
cial welfare. We conclude that Corollary 7, therefore, mirrors the often mentioned
assessment that (powerful) unionism in general (and not only craft unionism) is
a challenge to a society’s well-being (see, e.g., Simon (1944)).

5.4 Conclusion

We have analyzed multi-union bargaining which is an issue in countries with a
fragmented labor movement. In countries like France, Italy, or Belgium, and also
more recently, in Germany trade union pluralism is a fact which has not been
much analyzed in the existing literature on union-firm bargaining. In our main
model we considered a firm producing a single final good using labor inputs from
two different labor unions. We also analyzed in an extension the two-product
setting, where the firm produces two different products using labor inputs from
two different labor unions. In both cases, even if unions can merge freely their
businesses such an outcome is not likely in the presence of craft unionism. When
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unions’ workforces are complementary (tariff plurality), then they can achieve a
higher surplus when bargaining separately.

In our main analysis (with a single final good), we derived extreme exter-
nalities among unions under sequential bargaining. When unions are perfectly
substitutable, then the first union has a strict first-mover advantage and the sec-
ond union is fully foreclosed. Under perfect complementarity, a second-mover
advantage emerges and the first union’s wage bill is smaller then the second
union’s wage bill.

In the two-products case we obtain additional results concerning labor sub-
stitution effects. Sequential bargaining leads to overemployment under substi-
tutable unions which yields additional incentives to form a single union. In con-
trast, under craft unionism the sequential bargaining outcome is characterized
by underemployment. As unions prefer to stay independent when workers are
complementary, the underemployment inefficiency can be expected to persist. In
the one-product case with efficient bargaining, we do not observe any distortions
in employment levels.

The relevance of our model is underlined by the recent bargaining between
the Deutsche Bahn (the dominant railway operator in Germany) and the Ger-
man Train Drivers Union (Gewerkschaft Deutscher Lokomotivführer ; GDL) and
the Railway and Transport Union (Eisenbahn- und Verkehrsgewerkschaft; EVG).
While the latter union (which is part of the DGB) reached an agreement with
the Deutsche Bahn in 2013 over employment security issues, the craft union GDL
delayed negotiations until today to obtain a better contract for the train drivers
by ripping off its second-mover advantage.36

Unions’ merger incentives are exactly opposite to the social welfare maximiz-
ing union structure. If the represented workforces are substitutable, then “tariff
competition” would be socially desirable, but unions’ incentive to monopolize the
labor market prevail. If, to the contrary, the workforces of the unions are comple-
mentary, then “tariff plurality”is socially inferior to joint bargaining, but unions’
rent-shifting incentive back union plurality.

Many labor laws are extremely defensive against a fragmented union structure
at the firm level. In Germany, for instance, tariff competition at the firm-level

36 See the newspaper article “Von Mitte Januar an drohen Zugausfälle - Lokführergewerk-
schaft stellt nach gescheiterten Tarifverhandlungen Streiks in Aussicht” published in the
Frankfurter Allgemeine Zeitung, 3 January 2014, p. 11.
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is directly fought by several instruments as the tariff-unity principle and entry-
deterring strategies which assign the privilege of collective bargaining exclusively
to a single union and (last but not least) extension rules which make the dominant
tariff contract generally binding for all workers of a particular type in a certain in-
dustry. While those measures have been quite successful in the past, they mainly
help to monopolize the labor supply and to protect it against competition.

Interestingly, tariff pluralism (or, craft unionism) is on the rise as labor in-
stitutions are less restrictive in this regard. Recently legal practice in Germany
has been reassuring that tariff pluralism cannot be eliminated by the tariff-unity
principle, so that firms must come to terms with powerful craft unions. A frag-
mented union structure is likely to persist as craft unions have strong incentives
to stay independent. From a social point of view that trend is likely to induce
underemployment which harms social welfare.

5.5 Appendix

In this Appendix we provide the calculations for the right-to-manage extension for
the complementary unions case of our main model. We also provide the missing
analytical steps for the two-products extension.

5.5.1 Right-to-manage Model: Complementary Unions

The firm and the unions X and Y bargain over only wages w and r, respectively.
In the last stage, the firm decides about the employment levels x and y and takes
the wage rates w and r as given. The firm’s optimization problem in this stage
can be stated as

max
x,y≥0

π(x, w, y, r) = (1 − min{x, y}) min{x, y} − wx − ry.

The optimal level of employment in this case is

x̂(w, r) = ŷ(w, r) = (1 − w − r)/2, (5.22)

if the firm reaches agreements with both unions X and Y . If bargaining with at
least one of the unions fails, then the firm does not hire any worker; i.e., x̂ = ŷ = 0
holds.
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First, we consider the joint bargaining benchmark, where the unions form a
joint union which bargains with the firm over a wage rate w = r. In the case of
agreement, the firm’s profit is π(x̂, w, ŷ, w) and the union gets a total wage bill
of LXY = 2wx̂. In case of disagreement, both the firm and the joint union get
payoff of zero. The generalized Nash bargaining problem between the firm and
the joint union can be stated as

max
w≥0

[π(x̂, w, ŷ, w)]α (2wx̂)1−α. (5.23)

The optimal wage rate which solves the bargaining problem (5.23) is wjoi = rjoi =
(1 − α)/4. Substituting these values into (5.22), we get the optimal employment
levels: xjoi = yjoi = (1 + α)/4.

Second, we analyze the sequential bargaining case, where the firm bargains
first with union X and then with union Y . We solve the game by backward
induction. In the second stage, the firm bargains with union Y over the wage r,
by taking the wage rate w as given. In the case of agreement, the firm gets the
profit π(x̂, w, ŷ, r), while the union Y gets LY = rŷ. In the case of disagreement,
both the firm and the union get a payoff of zero. The generalized Nash bargaining
problem between the firm and the union Y can be stated as

max
r≥0

[π(x̂, w, ŷ, r)]α (rŷ)1−α.

Solving this bargaining problem gives r̂(w) = (1−w)(1−a)/2, so that the optimal
wage is a function of the wage w concluded in the first stage with union X. In
the first stage, the firm and union X bargain over wage w. In case of agreement,
the firm gets the payoff π(x̂, w, ŷ, r̂(w)) and the union X gets LX = wx̂. The
disagreement payoffs are equal to zero for both agents. The generalized Nash
bargaining problem between the firm and the union X can be stated as

max
r≥0

[π(x̂, w, ŷ, r̂(w))]α (wx̂)1−α. (5.24)

The optimal wage that solves the bargaining problem (5.24) is w∗ = (1 − α)/2.
The optimal wage rate for union Y is then given by r∗ = (1 − α2)/4, while the
optimal employment level is given by z∗ = (1 + α)2/8.

5.5.2 The Two-products Extension

We first provide the analysis for the simultaneous and joint bargaining bench-
marks.
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Simultaneous Bargaining. Under simultaneous bargaining the firm bargains
with each union separately. If the firm reaches an agreement with both unions,
then its profit is π(x, w, y, r). If the firm fails to reach an agreement with union
X or union Y , then its profit is given by the disagreement points πDX :=
π(0, 0, y, r) = (1 − y)y − ry or πDY := π(x, w, 0, 0) = (1 − x)x − wx, respec-
tively. Hence, the firm has a positive disagreement point when bargaining with
each union, while the unions do not have a similar valuable outside option at
hand. The Nash bargaining problem between the firm and union X can then be
written as

max
x,w

[π(x, w, y, r) − πDX ]wx (5.25)

= [((1 − x − γy)x + (1 − y − γx)y − wx − yr) − ((1 − y)y − ry)]xw,

while the Nash bargaining problem between the firm and union Y can be stated
similarly as

max
r,y

[π(x, w, y, r) − πDY ]yr (5.26)

= [((1 − x − γy)x + (1 − y − γx)y − wx − yr) − ((1 − x)x − wx)]yr.

As the unions are symmetric, in equilibrium the optimal number of employed
workers and their wages are the same for both unions. The contracts (5.15) solve
the simultaneous bargaining problems (5.25) and (5.26).
Joint Bargaining. Consider that unions X and Y join in a single encompass-
ing union to negotiate with the firm. We consider the Nash bargaining problem
between the firm and the encompassing union over wages and employment levels
of worker groups X and Y . In the case of agreement over the contract (w, x, r, y),
the firm’s profit is given by π(x, w, y, r) = ∑2

i=1 piqi − xw − yr, while the en-
compassing union receives wx + ry. In case of disagreement, the firm must shut
down and gets zero profit. The union does not have an outside option, i.e., its
disagreement payoff is zero. The Nash bargaining problem, therefore, can be
written as

max
w,x,r,y

[ 2∑
i=1

piqi − xw − yr

]
[xw + yr]. (5.27)

The optimal levels of employment which solve this problem are the same as under
simultaneous bargaining. Obviously, under efficient bargaining the employment
levels must maximize the parties’ joint surplus. The production quantities are
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then given by qjoi
1 = xjoi and qjoi

2 = yjoi for good 1 and good 2, respectively. The
union’s wage bill which solves the Nash bargaining problem (5.27) is given by
(5.16).
Sequential Bargaining. In the first stage, the firm negotiates a contract with
union X over both the employment level, x, and the wage rate, w. In the second
stage, the bargaining outcome of the first stage becomes public and the firm
negotiates a contract with union Y which specifies employment level, y, and a
wage rate, r. With that, the firm also determines its production quantities q1

and q2 and realizes its profit π(x, w, y, r) = ∑2
i=1 piqi − xw − yr if bargaining

is successful. The unions receive their wage bills at the end of the game. The
total wage bill for union X is wx, and for union Y it is yr. For each bargaining
problem we use the Nash bargaining solution. 37 We solve the game by backward
induction.

Suppose bargaining was successful in the first stage which resulted in a con-
tract (w, x). Then, in the second stage, the firm and union Y take the contract
(w, x) as given when bargaining over the wage r and the employment level y. If
the firm reaches an agreement with union Y over a contract (r, y), then it gets
the profit π(x, w, y, r). In this case, union Y realizes the wage bill ry. In the
case of disagreement, the firm can only produce good 1 and realizes the profit
πDY := π(x, w, 0, 0) = (1 − x)x − xw which defines the firm’s disagreement point
when bargaining with union Y . Again, we assume that union Y ’s disagreement
point is zero. The Nash bargaining problem between the firm and union Y is
then given by

max
y,r

[π(x, w, y, r) − πDY ]yr (5.28)

= [(1 − x − γy)x + (1 − y − γx)y − xw − yr) − ((1 − x)x − xw)]yr.

The optimal contract (r̂(x), ŷ(x)) which depends on the employment level x the
firm agreed upon with union X, follows from the first-order conditions of the Nash
Bargaining problem (5.28). Straight forward calculations yield the solution (5.17).
Unless the unions’ workforces are independent, the optimal contract between the
firm and the union Y depends on the quantity of workers employed from union
X. If labor unions produce substitutable goods, i.e., γ > 0, then both the
37 Our approach to sequential bargaining (in particular, the application of the Nash bargain-

ing solution and the specification of the firm’s disagreement points) builds on Marx and
Shaffer (1999) where supplier-retailer bargaining over two-part tariffs is analyzed.
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employment level and the wage rate decrease in the employment level x. The
opposite is true for complementary unions.

In the first stage, the firm and union X take the optimal strategies (5.17)
as given when they bargain over employment x and the wage w. If the firm
reaches an agreement with union X over the contract (w, x), then its expected
profit is π(x, w, ŷ(x), r̂(x)). In this case, union X obtains the wage bill wx. In
the case of disagreement with union X, the firm can only produce good 2 and
realizes an expected profit of πDX := π(0, 0, ŷ(0), r̂(0)) which gives πDX = 1/8 as
ŷ(0) = 1/2 and r̂(0) = 1/4 follow from (5.17). Hence, πDX = 1/8 is the firm’s
(fixed) disagreement point when bargaining with union X. Union X realizes a
wage bill of zero when bargaining is not successful.

The Nash bargaining problem between the firm and union X can be stated as

max
x,w

[π(x, w, ŷ(x), r̂(x)) − πDX ]xw (5.29)

= [(1 − x − γŷ(x))x + (1 − ŷ(x) − γx)ŷ(x) − wx − r̂(x)ŷ(x)) − 1/8]xw

=
[
−1

2γx + 1
2γ2x2 + x − x2 − xw

]
xw,

where the last equality follows from substituting (5.17) into (5.29). The contract
(w∗, x∗) which solves the Nash bargaining problem (5.29) is given by (5.18). Sub-
stituting (5.18) into (5.17) we obtain the equilibrium contract (r∗, y∗) of union Y

which is given by (5.19).







Chapter 6

Conclusion

In this thesis, I presented four papers on industrial organizations.

Chapter 2 analyzes a directed search model in which firms compete in ad-
vertisements and prices to get a prominent position in consumers’ search order.
If the share of the naive consumers who start their search from the advertised
products is relatively high then both firms advertise their products. Otherwise,
only one firm advertises in the market. Advertisement(s) increases market prices.
Moreover, the prices are even higher when only one firm advertises its product
compared to the case when both firms advertise. Given the firms’ advertisement
strategies, an increasing share of naive consumers raises prices. However, there is
a threshold level such that a small increase in their share changes firms’ advertise-
ment strategies and decreases prices. In the end of the chapter, I also introduce
a third group of consumers who are fully informed about the products offered by
the firms. I show that, in this case, naive consumers can increase, decrease, or
not affect consumer welfare depending on the level of search costs, as well as their
existing shares. This study suggests that consumer welfare can be improved in
online markets by regulating online platforms’ advertising policies. But the same
policy which decreases the share of naive consumers may not always increase
consumer welfare.

In Chapter 3, we re-examine the Nash bargaining problem between an up-
stream and a downstream firm over a linear input price. We provide a simple and
an instructive link between the profit shares and the demand elasticities. Our
formula shows the role of the slope of the bargaining frontier as an additional
determinant of bargaining power, besides the disagreement payoffs and the bar-

131



132 CHAPTER 6. CONCLUSION

gaining power parameter in the Nash product. We show the relationship between
the slope of the bargaining frontier and the derived demand elasticity. In exam-
ples, we have also shown that a more elastic equilibrium demand can be beneficial
for the downstream firm as it changes the slope of the bargaining frontier. Our
results can be used in empirical studies to determine the bargaining power of the
firms based on observables such as absolute profit levels and equilibrium demand
elasticity.

In Chapter 4, first, we analyze merger decision between two firms located
in two different countries and get inputs from their respective country-specific
input suppliers. We distinguish two post-merger scenarios. In the benchmark
case, we consider plant-specific products. We show that, although merger is
beneficial for the merging parties, it reduces consumer welfare and is not socially
desirable. In the second case, we consider a merger which allows the firms to
produce different product variants in different plants they own. In this case,
merger is again profitable for the firms, but it also increases consumer surplus
and social welfare if the goods are not close substitutes and the capacity of the
plants are not too restrictive. In the second part of the chapter, we analyze
firms’ investment incentives for producing a differentiated product. We show
that the firm has stronger incentives to invest in a foreign country compared
to the investment in the home country. This incentive is even higher if the new
multi-plant firm has the production-shifting ability. This study shows that having
the option to shift production creates considerable countervailing power and has
important implications for both merger control and FDI policy.

In Chapter 5, we study sequential bargaining between two unions and a single
firm. First, we consider a single-product firm which gets inputs from the two
upstream unions to produce a single product. We show that, if workforces from
the two labor unions are substitutable, then there is a first-mover advantage. The
union which bargains earlier with the firm gets a positive profit, while the second
union is foreclosed. In the other case, if the workforces are complementary, then
the second union gets higher wage bill compared to the first union. We also study
the merger incentives of the unions under both cases. Unions prefers to bargain
jointly when they represents substitutable workforces. Otherwise, i.e., when their
workforces are complementary, the unions prefer to bargain separately. Second,
we consider a case in which each union’s labor force produces a differentiated
good. Unions’ merger incentives are qualitatively the same as in single-product
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firm case. Additionally, we show that unions’ merger decisions always stay in
conflict with social welfare maximization.
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