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Chapter 1
Introduction

It is evident that wide areas of today’s economy are dominated by a market structure
that is characterized by intermediaries building a link between consumers and input
suppliers. As exemplary illustrated figure 1.1, for their production process interme-
diaries procure input products from one or more suppliers, refine or combine them
and offer the resulting final product or solution as the output to their customers. To
get a broad understanding of the described intermediate goods market, analyzing the
market structure’s impact on the participants’ economic behavior and interactions s

the main objective of this thesis.

Within intermediate good markets, the existence of intermediaries is obligatory for
two main reasons: a highly complex input market and the mutually non-awareness
between customers and input suppliers. The input market’s complexity results from
suppliers usually providing an extensive amount of non-homogenous products which
can be horizontally and/or vertically differentiated. Horizontal product differentiation
refers to the fact that products can have different degrees of substitutability, comple-
mentarity or can be mutually independent. Vertical product differentiation considers
different levels of product quality which can usually be increased by taking investments
that foster a product’s functionality or life period. Besides this the market may be
dynamic, i.e., new input suppliers that offer distinguished products may enter, existing
input suppliers may leave the market. As a result of the high and constantly changing
variety of input goods, customers generally do not have the expertise and time to ex-
plore the market of suppliers directly. Hence, they have to approach an intermediary

to satisfy their needs.
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Clients Intermediaries Input Suppliers
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Figure 1.1: Intermediate goods market - exemplary

As a second reason, the presence of intermediaries is essential due to the fact that
input suppliers are not necessarily aware of who the customers are and what they
require in order to meet their expectations. Thus, a direct contact is unlikely and/or
not promising, making suppliers dependent on a connecting instance which is the in-

termediary.

The challenges coming along with the described market structure are enormous.
They arise due to its two-sided structure and the accompanied interdependencies, its
highly dynamic nature, but also due to the presence of asymmetric information with
respect to input goods’ and final products’ qualities.

When considering the market’s two-sidedness, it can be observed that nearly any
decision taken has an impact on all market participants and their behavior. For in-
stance, when determining the sales price for the final product that is charged to the
customers, the intermediary always needs to have the prices of input goods, his costs
of procurement, in mind. Moreover, the customers’ demand for final products on the
sales side also has a direct impact on the intermediary’s demand for input goods on
the procurement side. Additional complexity arises due to the fact that intermediaries
not just compete for the customers’ demand on the sales side, but simultaneously face
competition for input goods on the procurement side. Besides competition between
intermediaries, competition may also take place between input suppliers influencing

the interaction of all market participants.
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In addition to horizontal differentiation input products can also be vertically dif-
ferentiated, i.e., have different degrees of product quality. This does not only refer to
the input goods but also to the final products. Therefore on the one hand the input
supplier might be better informed about his product’s quality and characteristics than
the intermediary. On the other hand the intermediary might have more information
about the quality and characteristics of the final good than his customer. In order to
assure the functionality of the market, overcoming information asymmetries is a key

issue.

Another challenge may arise due to the highly dynamic nature of the intermediate
goods market. This dynamic refers to the input market as well as to the market where
outputs are traded. For the input market with a permanently changing set of available
inputs, the input selection process always needs to be reconsidered by intermediaries
in a repeated game. A similar problem arises in a repeated trading scenario in which

customers are exposed to a constantly changing market of intermediaries.

The main focus of this thesis is put on investigating the challenges which arise
from the two-sided structure of the market as well as from the presence of asymmetric
information. The described issues that are related to the dynamic nature of the market
are not within scope of the current analysis. Thus, the intermediaries’ input selection
problem within a dynamic environment is left for further research. Moreover the
competition between input suppliers is not covered in this thesis, a further issue that

needs to be approached in future.

Within our analysis, methods of non-cooperative game theory are primarily ap-
plied, i.e., Nash equilibria as well as subgame perfect Nash equilibria are determined

and analyzed and compared, amongst others.

The present work consists of six chapters. After having identified the research
question of this thesis and discussed the key challenges of intermediate good markets
in Chapter 1, the literature on oligopoly theory is discussed in Chapter 2. The sub-
sequent Chapter 3 which is based on Brangewitz and Manegold (2016), Chapter 4
which is based on Manegold (2016) and Chapter 5 which is based on Brangewitz et al.
(2014a) examine different variations of intermediate goods markets with different fo-
cuses. Finally an outlook is given in Chapter 6 summarizing the established results of
this thesis as well identifying fields of further research. In the following, all chapters

and their according focal points will be briefly introduced.
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1.1 Literature on Oligopoly Theory

Chapter 2 discusses the literature on oligopoly theory which is of interest for our
analysis in Chapter 3 and Chapter 4 and can be subdivided in two parts. The first
part focuses on settings in which duopolists compete simultaneously for the demand
of customers and set either prices or quantities. It will be shown that based on the
fundamental contributions of Cournot (1838) and Bertrand (1883) a huge strand of
literature developed over the years. For instance, in their seminal work, Singh and
Vives (1984) establish a setting of a differentiated duopoly and compare the outcomes
of price and quantity competition. Their approach is the basis of further extensions
introducing and analyzing the choice of process or product innovation as for example
considered by Motta (1993) or Symeonidis (2003). Discussing the impact of the pres-
ence of a strategic input supplier is another field that is for instance considered by
Héckner (2003).

The second part of Chapter 2 refers to the modeling of Von Stackelberg (1934). It
considers markets where duopolists do not compete simultaneously, but sequentially
for the demand of customers by choosing production quantities for their product. The
focus of a wide range of publications in this area is put on the analysis of duopolists’
first- and second-mover advantages when competing. A first seminal contribution in
this direction was done by Gal-Or (1985) and further extended. Those extensions go in
the direction of differentiated duopolies, comparisons of simultaneous- and sequential-
move games as well as the introduction of an input supplier amongst others. In contrast
to Gal-Or (1985) in which a player’s role, whether being the first- or second-mover was
exogenously given, another strand of literature discusses a setting in which competitors
may choose their according position. First steps in this area were taken by Hamilton
and Slutsky (1990) and extended in directions of, e.g., asymmetric information between

market participants.

Although literature covers a wide range of topics in terms of oligopoly theory,
what is has not been conducted so far is the analysis of a two-sided horizontally and
vertically differentiated market in which intermediaries simultaneously compete for
the customer’s demand and for input supplies. Especially the impact of a strategic
input supplier which plays a key role in our setting has not been analyzed so far. This
is true for both, intermediaries’ simultaneous (Cournot and Bertrand competition) as
well as sequential competition (Stackelberg competition). Hence, this contribution is

a consequent continuation of the existing literature.
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1.2 Simultaneous Competition of Intermediaries

Chapter 3 is based on Brangewitz and Manegold (2016) and considers a differentiated
intermediate goods market. Emphasis is put on the impact of simultaneous competi-
tion for resources and customers on the market outcome. Moreover, the intermediaries’
incentives to invest in product quality under Cournot and Bertrand competition is in-

vestigated.

The market’s differentiation refers to horizontal and vertical product differentia-
tion. Horizontal product differentiation describes the fact that products may have
different degrees of substitutability or complementarity. Vertical product differenti-
ation is considered by allowing for different product qualities of the intermediaries’
products. Each of the intermediaries has the chance to foster his product’s quality by
investing in product innovation and thus potentially achieves a competitive advantage
towards his competitor. Therefore, intermediaries must not necessarily be symmetric.
Asymmetries may not just be present due to different product qualities, but also by
reasons of different productivities of intermediaries. Productivities are exogenously
given in our model and describe the amount of input goods necessary to produce a

unit of output. Hence, it directly impacts the costs of procurement.

The basic setting discussed in Chapter 3 can be described as follows: two inter-
mediaries procure inputs from a monopolistic input supplier, refine them within a
production process and offer the final product to a representative customer. When
competing for the customer’s demand intermediaries both choose either sales prices or
production quantities simultaneously. Moreover the profit maximizing input supplier
is able to freely select his input price which is charged to both of the intermediaries.
Depending on the price level chosen, the supplier has the chance to exclude one or
both of the intermediaries from the market. Three different scenarios may arise: In a
first scenario, given the chosen input price is sufficiently low both intermediaries are
able to achieve non-negative profits and thus are willing to procure inputs resulting in
a duopoly intermediate market. In a second case, given intermediaries are asymmetric
with respect to their product quality and/or productivity and the input price has a
certain intermediate level, the less competitive intermediary will be driven out of the
market. In this scenario only one of the intermediaries procures inputs on the sales
side and offers products on the procurement side, resulting in a monopoly. Finally, is
the chosen input price sufficiently high, no intermediaries is willing to procure inputs

and the customer will not be served.
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Within our setting, decisions are taken within two main decision stages. Due to
its nature as a long-term strategic decision, the intermediaries’ choice of investing in
product innovation is considered in stage 1, followed by the intermediaries’ competing

for the customer’s demand in stage 2.

In stage 1 intermediaries take decisions about the level of investment which in-
creases their product quality (product innovation). In general, we investigate the
intermediaries’ incentives to invest in product quality increasing innovation. In this
context, we determine equilibrium conditions for product quality on the investment
costs and compare them for Bertrand and Cournot competition. We find that when
considering linear investment costs, in equilibrium product quality investments are
always chosen at a minimum or maximum level of product quality. It turns out that
there exist product qualities and degrees of horizontal product differentiation for com-
plements such that asymmetric investment equilibria fail to exist. Moreover, there also
exist product qualities and degrees of horizontal product differentiation for substitutes
such that existence of asymmetric equilibria can be guaranteed if the investment costs

are chosen accordingly.

In stage 2 intermediaries face simultaneous competition for resources and the de-
mand of a representative customer. In this context we analyze the impact of interme-
diaries” asymmetries on the market outcome. Input suppliers choose their input price
first, followed by either price or quantity competition of the intermediaries. It turns
out that there exist product quality and productivity differences such that for quantity
competition only one intermediary is willing to procure inputs from the input supplier,
while for price competition both intermediaries are willing to purchase inputs. Besides
this, we identify conditions in terms of horizontal and vertical product differentia-
tion as well as productivities for which input prices within quantity competition are
higher, lower or equal than input prices within price competition. Additionally, when
comparing intermediaries’ equilibrium choices of quantities, prices and the resulting
profits we find that there exist asymmetries such that equilibrium prices and profits
(for non-substitute products) under Cournot competition are lower and equilibrium
quantities higher than under Bertrand competition. This result shows that the rela-
tions established in Singh and Vives (1984) must not necessarily be true in a model

with endogenous input market and asymmetric intermediaries.
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1.3 Sequential Competition of Intermediaries

Chapter 4 is based on Manegold (2016) and discusses a similar model as in Chap-
ter 3 but changes the rules of interactions. Two intermediaries procure inputs from
a supplier which are refined and finally offered to a representative customer. In con-
trast to Chapter 3, intermediaries compete for the customer’s demand a la Stackelberg
and choose production quantities sequentially. The type of competition in which sales
prices are chosen is not considered. We again allow intermediaries to be asymmetric
with respect to their productivity and product quality. The degree of productivity is
exogenously given whereas product quality can be increased by taking an according
investment. The input supplier strategically selects his input price and is able to either

exclude one or both of the intermediaries from the market.

Within Chapter 4 we are interested in the impact of the two-sided market structure
on the equilibrium outcome when intermediaries choose production quantities sequen-

tially.

The contribution consists of two stages. In the first stage, we give a first outlook
on the topic of innovation in which the incentives of intermediaries to invest in product
quality is given. In this context we find that for linear costs of innovation intermediaries
always choose a level of investment which results in either a minimum or maximum
product quality. Besides this, we give a further outlook for product innovation which

suggests a similar approach as discussed in Chapter 3.

In the second stage, we discuss the simultaneous competition of intermediaries for
input supplies and the customer’s demand. For a setting in which production quantities
are selected sequentially, we are interested in the impact of simultaneous competition
for resources and customers on the market outcome. Within the analysis of our model
we determine subgame perfect Nash equilibria and compare the equilibrium choices of
an intermediary when being the first-choosing Stackelberg leader with his equilibrium
choices when being the second-choosing Stackelberg follower. Furthermore, we are
interested in the input supplier’s strategic behavior when selecting his input price and

the resulting influence on the market outcome.

From previous contributions it is known that the introduction of a sequential game
has an impact on the equilibrium production quantities which are offered to the rep-
resentative customer. Furthermore, the successive approach influences the optimal

price choice of the input supplier. Interestingly, we find that there exist asymmetries
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between intermediaries with respect to product quality and productivities such that
given the less competitive intermediary is the Stackelberg leader, he will be driven out
of the market whereas a less competitive Stackelberg follower is allowed to stay in the
market, ceteris paribus.

Besides this, a comparison of intermediaries’ equilibrium output quantities shows
that in equilibrium a more competitive Stackelberg leader produces and offers a larger
quantity than a more competitive Stackelberg follower. This relation is also true
for substitute products when comparing the equilibrium production quantities of a
less competitive leader and a less competitive follower. For complements, however,
there may exist asymmetries for which the equilibrium production quantities of a less
competitive follower are higher than the equilibrium production quantities of a less
competitive leader. This outcome shows that the result of Von Stackelberg (1934)
stating that the equilibrium production quantities of a Stackelberg leader are always
at least as high as the equilibrium production quantities of a Stackelberg follower does
not necessarily hold in a differentiated duopoly setting.

When analyzing the input supplier’s equilibrium price choice with equal produc-
tivities, we obtain that if a more competitive intermediary is in the leading position
the input price as well as the input supplier’s profit is higher than if the intermediary

was the more competitive follower.

1.4 Contract Design for Composed Services

The final Chapter 5 is based on Brangewitz et al. (2014a) and as well considers an
intermediate goods market. In contrast to the previous chapters, a slightly different
approach is used and focus is put. The market we have in mind is the market of
IT services, characterized by a tremendous number of single services, in which clients
usually search from a solution-oriented perspective.

As in previous chapters, the discussed model consists of three different types of
market participants: clients, intermediaries and service providers. We focus on the
contract design problem of one intermediary and two strategically interacting service
providers. Essentially, the intermediary procures complementary services from both
of the service providers, which can either be of high or of low quality. Producing high-
quality goods requires higher costs of production than producing low-quality goods.

The intermediary combines the procured services and offers the final product to his
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client. The quality of the service composition is directly impacted by its components
and can also either be high or low. In our setting we assume clients to have a demand
for both quality levels (usually at different prices).

By using a non-cooperative game-theoretic model, we analyze the incentives for
high- and low-quality composed services to be an equilibrium outcome of the market.
In this context we consider a one shot as well as a repeated game. Basically, the
intermediary initially offers a contract to both of his service providers specifying the
demanded product’s quantity and quality. Furthermore transfer payments are defined
which are depending on the quantity delivered and on the intermediary’s quality re-
port with respect to the composed service. In a further step, both providers take a
decision about quantity and quality they would like to produce. The received inputs
are combined by the intermediary and delivered to the clients as a final product. The
intermediary strategically reports the final product’s quality (not necessarily truthful)
and pays the service providers accordingly.

It turns out that equilibria which result in low-quality products can be obtained
in the short run and in the long run, whereas those with high quality can only be
achieved in the long run. In our analysis we explicitly determine the intermediary’s
time preferences within an infinitely repeated game that are required to establish high
quality in the market. Interestingly, it could be seen that even if selling high quality
is profitable for the intermediary, the emergence of high-quality composed services on
the market still crucially depends on the intermediary’s discount factor. Additionally,
we derive optimal contracts for implementing high- or low-quality composed services.
Thus, we could finally show that in intermediate goods markets cooperation which
leads to high quality can be established, although product qualities of input goods are

not perfectly observable.



Chapter 2
Literature on Oligopoly Theory

The following section displays a literature overview that in the first part considers the
classical approach of oligopoly theory in which actions are taken simultaneously while
in the second part scenarios in which actions are taken sequentially are discussed.
This literature overview primarily refers to the Chapters 3 and 4, in which Cournot
and Bertrand competition as well as Stackelberg competition play a major role. We
start with discussing the literature for oligopoly models in which players choose either

quantities or prices simultaneously and introduce a sequential approach thereafter.

2.1 Oligopoly Theory - Simultaneous Competition

Two fundamental contributions in oligopoly theory were done by Cournot (1838) and
Bertrand (1883), in which two firms produce a homogenous good and compete by se-
lecting output quantities in the former and prices in the latter model. Their settings
were continuously extended in different areas in the years after. Analyses of differ-
entiated duopolies under Cournot and Bertrand competition date from the late 70’s.
Referring to Dixit (1979), in their seminal work Singh and Vives (1984) consider a
linear customer demand structure with constant marginal costs allowing for comple-
ments and substitutes and compare the equilibrium outcomes of Bertrand and Cournot
competition. It is shown that in equilibrium Bertrand competition is more efficient
than Cournot competition, as it generates a lower price and a higher output level.
According to Singh and Vives (1984) this result is independent of whether goods are
substitutes or complements and regardless of demand structure’s degree of symmetry.
Thus, Bertrand competition implies a higher consumer and total welfare. Moreover

they show that due to higher profits firms prefer to select quantities (prices), if goods
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are substitutes (complements). Cheng (1985) confirms the results of Singh and Vives
(1984) within a more general environment. He uses a geometric analysis of duopoly in

which no special form of demand structure needs to be assumed.

The classical approach of duopolies with firms producing homogeneous goods was
later on extended by allowing for a number of n product varieties as for example
discussed by Vives (1985), Okuguchi (1987), Hackner (2000) and Amir and Jin (2001).
Within a differentiated oligopoly with substitute goods Vives (1985) shows that if
demand is symmetric and Cournot as well as Bertrand equilibria are unique, Bertrand
delivers smaller prices and profits, but larger quantities than Cournot. If the number
of product varieties grows, Bertrand as well as Cournot equilibria converge to the

efficient outcome in which prices equal marginal costs.

In contrast to Singh and Vives (1984), Okuguchi (1987) resigns the assumptions of
products’ substitutability and demand symmetry. For the more general setting within
differentiated oligopolies they focus on the conditions that are necessary to make a
clear-cut comparison between prices under Bertrand and Cournot competition. It is
shown that if the set of products can be divided into two subsets such that products are
substitutes within each subset and complements across subsets, the unique Bertrand

price vector is lower than any Cournot price vector in equilibrium.

A slightly different model than discussed in the previously mentioned articles is
analyzed by Héckner (2000), who not just considers horizontal (substitutes and com-
plements) but also exogenously given vertical product differentiation (product qual-
ity). He points out that the results of Singh and Vives (1984) are sensitive towards
the duopoly assumption. It is shown that in a setting with more than two firms prices
may be lower under Cournot than under Bertrand competition, namely if goods are
complements and quality differences are large. Moreover if goods are complements,
Bertrand profits are higher than Cournot profits. If goods are substitutes and qual-
ity differences are large, high-quality firms might prefer to select prices rather than

quantities.

The work of Amir and Jin (2001) goes in a similar direction and claims to provide
further insight into the scope of the previous results in the literature. They support
the view of Singh and Vives (1984) that the Bertrand equilibrium is more competitive
than the Cournot equilibrium with lower prices and higher outputs, but also illustrate
its limitations. By providing counter-examples they make clear that a consideration
of strategic complementarity is necessarily required to make a clear-cut comparison of

prices and quantities for both competition types. Two of their examples show that in
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an oligopoly with linear demand and complementarity of quantities (prices), one price
(output) can be lower (higher) in Cournot equilibrium. In a third example in which
the condition of strategic complementarity of either quantities or prices is removed,
they show that one price is lower and one output is higher in Cournot equilibrium.
Hence, is the key assumption of strategic complementarity is dropped, both the output
and the price comparisons are ambiguous.

Tremblay and Tremblay (2011) state, that in the real world there exist markets
in which some firms choose prices whereas other firms choose quantities. As claimed
in Tremblay et al. (2013) such a behavior can be observed in a market for small
cars where Saturn and Scion dealers set prices and Honda and Subaru dealers choose
quantities. For this reason, they consider a setting of differentiated duopoly in which
one firm competes in prices, the other firm in quantities. The analysis of Tremblay
and Tremblay (2011) aims to investigate the impact of the degree of differentiation on
the static Cournot-Bertrand equilibrium. They find that if on the one hand products
are sufficiently differentiated, both firms survive and the equilibrium is stable. If on
the other hand goods are homogenous, only the quantity-choosing firm survives. The
according outcome in this scenario is perfectly competitive, i.e., prices equal marginal
costs. Thus, the presence of a price-selecting firm ensures a competitive outcome in
which only one firm is producing.

The work of Zanchettin (2006) discusses a differentiated duopoly with linear cost
and demand functions. Similar to our approach within Chapter 3, he implements
an exogenously given asymmetric productivity and product quality. He finds that
when having strong asymmetries and/or products are weakly differentiated, the more
productive firm’s profit and industry profits are higher under Bertrand competition.
This outcome is contradictory to the results of Singh and Vives (1984). Moreover
with a declining degree of differentiation the productive firms’ and industry’s profits
shrinks.

Within a similar model, Ledvina and Sircar (2011) have a focus on the number of
active firms, i.e., firms producing a positive quantity in Bertrand Cournot equilibrium.
It is shown that Cournot competition always yields a higher number of active firms
compared to Bertrand competition. Moreover, a high degree of product differentiation
results in more active firms compared to a setting with homogeneous goods. This is

true for both types of competition.
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The fundamental approach of differentiated oligopolies as displayed in the former
paragraph was further extended by endogenous product as well as process innovation.
A vertically differentiated duopoly in which endogenous product innovation leads to
higher product quality is for example analyzed by Motta (1993) and Symeonidis (2003).
Both contributions consider a two-stage game where a decision about product quality
is carried out in stage one. In stage two, firms compete in either prices or quantities
when selling their product. In contrast to Symeonidis (2003) the focus of Motta (1993)
lies in the differentiation between fixed and variable innovation costs. He finds that for
any of the competition types, firms always choose distinct qualities, where in general
Bertrand competition induces more product differentiation than Cournot competition.
In the case of variable costs innovation firms’ profits are higher when competing in
quantities. However, when assuming fixed costs firms’ profits are higher under price
competition, which is contradictory to the results of Singh and Vives (1984) and others.
Finally, it is shown that total welfare is higher within price competition, supporting

the conventional wisdom.

Differently, Symeonidis (2003) considers not just a vertical, but also a horizontal
differentiation, i.e., goods that can either be substitutes to several degrees or mutually
independent in his setting. He uses a quality augmented version of Singh and Vives
(1984) customer utility function and allows for spillovers of product quality invest-
ments across firms. It is shown that under price competition, investments in product
innovation, product prices and firms’ profits are always higher, compared to quantity
competition which is again contrary to the classical results. Additionally, if on the
one hand spillovers are weak or products are sufficiently differentiated, the consumer’s
surplus as well as the total welfare is higher under Bertrand competition. If on the
other hand spillovers are strong and products are not too much differentiated, Cournot

competition delivers a higher outcome of the former mentioned.

In the previous section we have seen that firms may have the possibility to increase
the customer demand by investing into their product’s quality. Besides this, one can
think about a further investment that fosters a firm’s production technology and thus,
its productivity. Such a productivity increasing process innovation has drawn atten-
tion to another branch of literature and is for example analyzed by Bester and Petrakis
(1993) and Qiu (1997). Related to the approaches of Motta (1993) and Symeonidis
(2003), they examine the outcome of Bertrand and Cournot competition in a two-

stage game. In stage one, firms make a process innovation decision, in stage two,
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they compete on the market in either prices or quantities. In contrast to Qiu (1997),
Bester and Petrakis (1993) only allow one firm to make an investment into innovation
within the first stage. They show that on the one hand when goods are imperfect
substitutes the investment of process innovation is inefficiently low in both types of
competition. Furthermore Cournot competition yields a higher degree of innovation
than Bertrand competition. If on the other hand goods are close substitutes, overin-
vestment may occur and Bertrand competition leads to higher innovation. Qiu (1997)
introduces spillover effects of investments across firms. He finds, that in his model
Cournot competition generates higher incentives for process innovation than Bertrand
competition, confirming the results of Bester and Petrakis (1993) for imperfect substi-
tutes. Additionally he shows that Bertrand yields a lower price, larger output and is

more efficient.

In a setting with homogenous goods, Boone (2001) analyzes the relationship be-
tween the intensity of competition and the incentive to invest into process innovation
for firms with different cost levels. One would expect that if competition increases,
firms will improve their position by reducing costs through process innovation. In
contrast to the conventional wisdom it turns out that the relation between competi-
tion intensity and the incentive to innovate must not necessarily be monotone. The
result makes clear that the findings of Qiu (1997) may be overturned when considering
asymmetric firms. Besides this Boone (2001) finds that given competition intensity is
low, the low cost firm invests into innovations whereas if competition is high, the high

cost firm is the innovator.

In a homogenous and symmetric oligopoly, Delbono and Denicolo (1990) compare
equilibrium R&D investments under Bertrand and Cournot competition. They discuss
a dynamic setting, in which for instance the realization of a cost-reducing technological
improvement depends on the investment in R&D. It turns out that even if Bertrand
competition yields higher R&D investments, social welfare net of R&D costs may be
greater under Cournot competition. Delbono and Denicolo (1990) explain that in price
competition too many resources may be invested in R&D, leading to inefficiencies in

the dynamic setting.

There are several contributions in literature that consider both, product and pro-
cess innovation and discuss their relation. First steps were done by Bonanno and Ha-
worth (1998a) who analyze two major issues within a vertically differentiated duopoly,

in which either a high- or a low-quality firm is able to innovate. Their first focus is
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on the relationship between competition type and profitability of process innovation,
which was already covered by Bester and Petrakis (1993) in a horizontally differenti-
ated duopoly. It is shown that independently of the degree of differentiation, process
innovation is more profitable for firms when competing in quantities than when com-
peting in prices. In contrast to Bester and Petrakis (1993), this result also holds for
perfect substitutes. In a further step Bonanno and Haworth (1998a) not just allow
for process, but also for product innovation. In this context they discuss the influence
of competition type on the decision of whether investing in product or process inno-
vation. It turns out that given process/product innovation is profitable and on the
one hand the high-quality firm is the innovator three possible cases may arise. In a
first scenario, in Bertrand as well as Cournot competition the same type of innovation
is selected. In a second and third scenario, if the firm’s choice is dependent on the
competition type, Bertrand competition implies product innovation whereas Cournot
competition leads to process innovation. Is on the other hand the low-quality firm the

innovator the opposite is true.

A similar approach in which not just one, but both firms take decisions between
process and product innovation simultaneously is considered by Filippini and Martini
(2010), Lin and Saggi (2002) and Weiss (2003). Extending the results of Bonanno and
Haworth (1998a), for a differentiated duopoly model with a low- and a high-quality firm
in which decisions about process and product innovation are taken simultaneously, Fil-
ippini and Martini (2010) find that for both Bertrand and Cournot competition three
equilibria may arise. Two symmetric equilibria in which both firms choose the same
kind of innovation and one asymmetric equilibrium in which different innovations are
selected can be obtained. For the asymmetric equilibrium, within Bertrand competi-
tion the high-quality firm selects product whereas the low-quality firm prefers process
innovation. On the other hand Cournot competition yields the opposite effect, namely,
if a firm produces high-quality products it chooses process, if it is a low-quality firms it
prefers product innovation. Hence, the low-quality firm strives towards becoming the
quality leader. A further result states that both firms rather tend to select product
innovation under Cournot competition, showing that the result for a high-quality firm
of Bonanno and Haworth (1998a) does not hold in a setting in which more than one

firm is able to innovate.

The duopoly of Lin and Saggi (2002) do not pre-define a high- or low-quality firm.
Within a three-stage game, in stage one and two the investment decision about product

and process innovation takes place respectively. In the final stage firms compete in
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either prices or quantities, which is exogenously given. Their results show, that the
incentives to invest in process innovation increases in the level of product differentiation
and firms tend to invest more in product innovation, when also having the opportunity
to invest in process innovation. In addition firms competing in quantities prefer process

innovation, which supports the result of Qiu (1997).
Weiss (2003) investigates the relation between the degree of competition and the

decision of a firm to invest into product and process innovation in a stage game. Under
the assumptions that process and product innovations are strategic complements with
diminishing returns of product innovations, she finds that in case of close substitute
goods (fierce competition), firms prefer to invest in product innovation. If goods are
highly differentiated (either vertically or horizontally) and thus competition is less
serious, firms rather choose process innovation. In contrast to most of the works in

this field of research, the type of competition is also a firm’s choice variable.

Similar articles that are relevant in this area are for instance Rosenkranz (2003)
and Battaggion and Tedeschi (2006).

One issue that has been neglected in the above mentioned contributions is the
market power of an input supplier and is, with different focuses, addressed by Hackner
(2003), Lépez and Naylor (2004), Correa-Lépez (2007), Pinopoulos (2011), Mukherjee
et al. (2012) and Manasakis and Vlassis (2014), amongst others. Related to our mod-
eling within Chapter 3 and Chapter 4, but with a different objective, Hackner (2003)
considers a differentiated two-level market structure incorporating intermediaries and
input suppliers and analyzes the impact of vertical mergers with an emphasis on social
welfare. In a first step input suppliers compete in quantities and thus, by considering
the inverse demand function, verify the according prices of their input goods. Given
those input prices intermediary firms face Cournot competition thereafter. If a verti-
cal merger takes place, the merging supplier exits the input market. It is found that
the influence of vertical integration on welfare is depending on relative market shares.
If the number of competitors within the input market is relatively higher than the
number of competitors in the intermediary market and/or intermediaries’ products
are relatively close substitutes a vertical merger does not have a negative effect on

social welfare.

In a downstream differentiated duopoly in which the input price is the result of a
strategic bargaining process between downstream firm and upstream supplier Lopez

and Naylor (2004) compare Cournot and Bertrand equilibria. It is shown that when
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the differentiated duopoly game is played in imperfect substitutes, the standard results
that under Bertrand competition profits are lower than under Cournot competition is
reversible. Extending the approach of Lépez and Naylor (2004), Correa-Lépez (2007)
focuses on a vertically differentiated duopoly, using a simplified version of the linear
model by Dixit (1979) and Singh and Vives (1984). By introducing a more com-
plex industrial structure, Correa-Lépez (2007) assesses the robustness of the results
of Singh and Vives (1984). The fundamental difference between both approaches is
given by the incorporation of the market’s supply side and the resulting endogenous
costs of production. Besides this, in the contribution of Correa-Lépez (2007) the type
of competition is not exogenously given as in Singh and Vives (1984), but can be
chosen by the duopolists. Thus, scenarios may arise in which one duopolist chooses
prices whereas the other duopolist selects output quantities. The main question to
be answered is, whether the introduction of an input market influences the results of
Singh and Vives (1984) with respect to the duopolists’ equilibrium profits in Bertrand
and Cournot competition. Within a three-stage game, in stage one two intermediaries
choose whether to compete in prices or quantities, followed by a stage in which input
prices are bargained either centralized or decentralized with two input suppliers. In
stage three the intermediary firms compete in the market according to the competition
type selected in stage one. The analysis shows that if labor is the input factor and
wages are the result of a decentralized bargaining process, choosing quantity competi-
tion is not necessarily a dominant strategy for firms, when producing substitutes. This
indicates that the result of Singh and Vives (1984), claiming that Cournot competition
always yields higher profits does not hold in a setting with input suppliers. If the wage
bargaining process is however centrally organized, the result of Singh and Vives (1984)
applies. Additionally for the more general case of profit maximizing input suppliers
and exogenously given quality differences in the duopoly, the intermediaries may fa-
vor to compete both in quantities. Besides this, a scenario in which the high-quality
firm chooses to compete in price and the low-quality firm selects output quantities,
may also arise under certain conditions. Whether the first of second scenario arises is
dependent on the product’s degree of substitutability as well as the extent of vertical
product differentiation and distribution of bargaining power when negotiating input
prices. Welfare, nevertheless, is always higher when duopolists choose to compete in

prices.

Differently, a focus on the input supplier’s optimal price choice is put in the con-
tribution of Pinopoulos (2011). Related to our modeling of Chapter 3 and Chapter 4,
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he considers a setting with an upstream market including a monopolistic supplier who
provides an intermediate input good and an imperfectly competitive downstream mar-
ket with retailers producing differentiated products. The article analyzes the supplier’s
optimal price choice depending on the downstream market structure, i.e., whether mar-
ket entry is free or restricted. It is found that given market entry is free, the optimal
input price is depending on the number of downstream firms. Furthermore, given the
number of downstream firms is endogenously given (free entry) the supplier charges a
lower input price compared to the case in which the number of downstream firms is

determined exogenously (no-entry condition).

More recently Alipranti et al. (2014) analyze a vertically related market in which a
monopolistic input supplier trades with two competing duopolists via two-part tariffs,
i.e., a wholesale price and a fixed fee. Duopolists can either compete by setting prices
or quantities which is exogenously given. When comparing the outcome of Bertrand
and Cournot competition, it turns out that the standard results of Singh and Vives
(1984) do not apply for the introduced model. It is shown that Cournot competition
yields lower prices and higher output than Bertrand competition and therefore yields a
more competitive market. They explain that the reversal arises from the fact that the
monopolistic input supplier has stronger incentives to foster the intermediary firms’
aggressiveness when they select quantities rather than prices. This leads to lower input
prices for intermediaries and thus lower sales prices and higher outputs. Moreover
Alipranti et al. (2014) found that Cournot competitions delivers higher intermediaries’

profits as well as consumers’ and total welfare.

Closely related to our modeling in Chapter 3 and Chapter 4, Mukherjee et al. (2012)
analyze an intermediate goods market in which a profit-maximizing input supplier in-
teracts with two unequally productive intermediaries who provide a homogeneous final
good. The price-setting input supplier has the possibility of either discriminating in-
termediaries in prices or choosing a uniform price. In their contribution Mukherjee
et al. (2012) emphasize the importance of the intermediaries’ productivity differences
as well as the input supplier’s pricing strategy when comparing profits under Bertrand
and Cournot competition. On the one hand, it is shown that under Bertrand com-
petition the input supplier’s profit, the aggregated profit of the input supplier and
the intermediaries and the social welfare are always higher than under Cournot com-
petition. It turns out that this outcome is regardless of whether the input supplier
discriminates in prices or not. On the other hand Mukherjee et al. (2012) make clear

that a comparison of the intermediary’s profits across competition types can only be
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done conditional on intermediaries’ productivity differences as well as on the input
supplier’s pricing strategy. Given that intermediaries are asymmetric in terms of pro-
ductivity and the supplier charges uniform prices, their profits may be higher under
price competition. Thus, the result of Singh and Vives (1984) in terms of profits does
not necessarily hold in a vertical structured setting. Moreover it is verified that the
results of Lépez and Naylor (2004) and Correa-Lépez (2007) cannot be confirmed if
the input supplier charges a uniform price and intermediaries differ in productivity.
Differently, Manasakis and Vlassis (2014) discuss an oligopoly in which each of the
two intermediaries is exclusively assigned to a supplier from whom he procures his
inputs that are needed to produce a final product. The way intermediaries compete
in the market (price or quantity competition) is endogenously determined in a first
stage and fixed within a renegotiation-proof contract between intermediary and sup-
plier. Moreover input prices are the result of a negotiation process. In the second
stage two intermediaries compete in the market according to the type of competi-
tion that they committed to in stage one. In this context it is found that if goods
are substitutes (complements) Cournot (Bertrand) competition is credibly sustained
by the intermediary-supplier pairs. This outcome confirms the results of Singh and
Vives (1984). As it holds independently of the extent of product differentiation and
irrespectively of the distribution of bargaining power between the paired intermediary
and supplier it however contradicts for instance Lépez and Naylor (2004) and Correa-

Lépez (2007).

2.2 Oligopoly Theory - Sequential Competition

A new branch of literature originated from Von Stackelberg (1934) who considers a
homogeneous product market in which identical duopolists select production quantities
not simultaneously (as in Cournot (1838)), but one after the other. He finds that in
equilibrium the first-choosing duopolist achieves higher profits than the firm taking
decisions thereafter. The approach was later extended, e.g., towards differentiated
product markets in which quantities and prices were chosen by duopolists. During
the years two main strands of research (with some overlap) that refer to Stackelberg
competition emerged.

The first strand of literature discusses the appearance of first- and second-mover

advantages and has its foundations in contributions of Gal-Or (1985) and Dowrick
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(1986). Within a sequential game in which two identical players with globally concave
profit functions choose quantities or prices, the general results of Gal-Or (1985) show
that if the player’s best reply function is downwards (upwards) sloping the leader’s
profits are higher (lower) than the follower’s profits.

Within a more general model Dowrick (1986) analyzes Nash (follower-follower)
games, Stackelberg leadership and Stackelberg warfare with a focus on the comparison
of Stackelberg leaders’ and followers’ profits. Similar to Gal-Or (1985), his analysis is
based on the properties of reaction functions. The main result yields that if reaction
functions are downward-sloping, duopolists will disagree over the choice of roles and
both will prefer to be in the leading position. When having similar profit functions
and the reaction functions are upward-sloping, duopolists will disagree about positions
and prefer the other player to be the leader. Further contributions going in a similar
direction were done by Schoonbeek (1990), Ono (1978) and Ono (1982).

As the impact of product differentiation plays a major role in their modeling, the
work of Boyer and Moreaux (1987b) has a little different focus than Gal-Or (1985)
and Dowrick (1986). When considering a differentiated duopoly in which competitors
compete in quantities or prices, they address situations in which duopolists’ decisions
are taken simultaneously as well as sequentially and compare the according equilib-
rium outcomes. The results of Boyer and Moreaux (1987b) show, that for any role of
a duopolist (Stackelberg leader, Stackelberg follower, Nash competitor), setting quan-
tities (prices) always implies higher profits if goods are substitutes (complements).
Furthermore they find that customer welfare is always maximal, if duopolists compete
in prices. When considering total surpluses, the simultaneous Bertrand competition
delivers highest outcomes in equilibrium, followed by price Stackelberg, mixed Nash,

quantity Stackelberg and Cournot equilibria for complements and substitutes.

Asymmetric cross-price effects are introduced by Banerjee and Chatterjee (2014)
who consider a horizontally differentiated duopoly in which quantities or prices are
selected sequentially. They find that given goods are complements (substitutes) and
the negative (positive) effect of the follower’s price on the leader’s quantity is larger
(smaller) than the negative (positive) effect of the leader’s price on the follower’s
quantity, the follower achieves higher profits than the leader. This is true as in the
described cases, the follower is able to sell higher quantities for a higher price. As the
negative (positive) effect of the follower’s price as well as his profit vanishes, beyond a
critical level the profit ordering reverses and the leader’s profit exceeds the follower’s

profit.
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In a slightly different direction with homogenous goods goes the work of Boyer and
Moreaux (1987a) in which the impact of production costs on the preferred duopolists’
role is discussed. In contrast to previous contributions, they extend the players’ strat-
egy space to price-quantity pairs and show that there will either be a conflict or an
agreement over the role of leader and follower. If firms have identical or similar costs
of production, both competitors would choose to be the Stackelberg follower, a result
that is totally different to the results of a pure quantity selection. Sufficiently high
cost differences between firms may result in two possible scenarios. Within a first
scenario, the less efficient firm will take the position of the Stackelberg leader and sell
a low quantity for a lower price whereas the more efficient firm serves the residual
demand for a higher price afterwards. In a second possible case the more efficient firm
will adopt the role of the Stackelberg leader and by selecting his prices accordingly,
drives the less efficient firm out of the market. Boyer and Moreaux (1987a) state that
as profits of both firms are higher in the first case, a coordination towards the role
distribution in which the less efficient firm is the leader and the more efficient firm is
the follower can be expected. This result differs from the results of Von Stackelberg

(1934) in which the role of being the leader is always preferred.

Dastidar (2004) observed that a discussion of a homogenous product market with
concave demand and strictly convex costs was neglected in previous literature. For such
a setting, it is shown that when firms choose prices, there is a unique subgame-perfect
Nash equilibrium in which the leader’s price is lower than the follower’s price whereas
payoffs are equal. Hence, there is neither a first- nor a second-mover advantage, a
result that contrasts former findings for price competition. He furthermore makes clear
that games & la Cournot in which firms select output quantities are less competitive
than games in which prices are selected, a result that may be reversed under certain

conditions.

Similar to our approach, Lee et al. (2014) introduce a monopolistic input supplier
trading with two intermediaries through two-part tariffs and address the issue of first-
and second-mover advantages. It is shown that the standard results of Bertrand and
Cournot competition must not necessarily hold when considering markets that are
vertically related. This is due to the fact that a monopolistic input supplier is able to
control first- and second-mover advantages by selecting his input price accordingly. By
removing the first-mover (second-mover) advantage under Cournot (Bertrand) compe-
tition, he can optimize his profits. In contrast to Lee et al. (2014) within our approach

the input supplier charges a unique input price and does not discriminate in prices.
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The second literature strand addresses duopoly models in which the role of a
duopolist, i.e., whether to move first or second, is not exogenously given. First steps in
this field of research were done by Hamilton and Slutsky (1990) and Robson (1990a).
Hamilton and Slutsky (1990) (see also Amir (1995)) make clear that the analysis of
first- and second-mover advantages are of quite interest, but do not answer the ques-
tion of endogenously determining who moves first. If both firms prefer to be in the
leading or following position, neither can achieve this alone. Within their contribution
Hamilton and Slutsky (1990) discuss an extended game in which the issue of moving
simultaneously versus moving sequentially is analyzed. Their setting consists of two
stages. In the first stage a duopolist has to commit to one of two time periods in
which he takes action. In a second stage firms select their production quantity in
the time period they committed to. They find that there exist only two pure strategy
equilibria in undominated strategies, which are the Stackelberg outcomes of the under-
lying duopoly game. Hence, Hamilton and Slutsky (1990) conclude that a Stackelberg

outcome will result in equilibrium.

A similar idea is discussed in Leininger (1993). He questions the modeling of Tul-
lock’s original problem which is for instance displayed in Tullock (2001) and supposes
that rent seekers move simultaneously. The findings of Leininger (1993) show that
when deciding whether to move simultaneously or sequentially, rent seekers agree to

take actions in a specific sequential order.

By making use of the risk-dominance concept of Harsanyi et al. (1988), Van Damme
and Hurkens (1999) go a step further than Hamilton and Slutsky (1990) and solve the
equilibrium selection problem when firms compete in quantities. Their results show
that the assignment of roles (Stackelberg leader or follower) may follow from risk
considerations and clarify that a commitment is less risky for a low-cost firm which is
therefore ending up in the preferred position of the Stackelberg leader. Addressing the
same questions as in Van Damme and Hurkens (1999), price competition is considered
in van Damme and Hurkens (2004). In the scenario of price selection, the role of the
follower is the most preferred of both players. Surprisingly, as waiting is more risky for
the low-cost firm, it will move first and the high-cost firm will end up in the preferred

position as the follower.
A link between the literature that discusses first- and second-mover advantages and

the literature analyzing endogenous timing is established by the article of Amir and

Stepanova (2006). They consider first- and second-mover advantages, but allow for
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a general demand and consider asymmetric linear costs. In a differentiated-product
Bertrand duopoly they target two objectives. At first they generalize the classic results
of literature on first- and second-mover advantages with linear costs. This generaliza-
tion is done by removing the standard assumptions of profits’ concavity in own action
as well as uniqueness of the equilibrium in Bertrand competition. The according anal-
ysis yields that given firms’ costs are sufficiently asymmetric, the low-cost firm has a
first-mover advantage. If firm’s unit costs are similar, the low-cost firm has a second-
mover advantage. Referring to the setting of Hamilton and Slutsky (1990), the second
objective considers the issue of endogenous timing for the duopoly with asymmetric
linear costs and linear prices. Close to the approach of Van Damme and Hurkens
(1999) with similar results, it is shown that by using the equilibrium selection concept
of Harsanyi et al. (1988) the unique equilibrium outcome yields a sequential play with

the low-cost firm being the leader.

Further contributions in this field of research were for instance done by Amir and
Grilo (1999), who give different sets of general conditions on the structures of demand

and cost functions that yield all possible timing outcomes.

One of the first articles analyzing the impact of asymmetric information on first-
and second-mover advantages with endogenous timing was done by Mailath (1993).
He considers a duopoly in which one of the duopolists has superior information about
demand. This duopolist is able to select his production quantities either as a first-
mover or delay his choice such that decisions are taken simultaneously with the other
duopolist. Mailath (1993) shows, that regardless of its private information, the more

informed firm moves first in the unique stable outcome.

Referring to Mailath (1993), the work of Normann (2002) uses the setting of Hamil-
ton and Slutsky (1990) and hence allows for the more informed firm to be in the posi-
tion of the follower. Differently to Mailath (1993), it turns out that there is evidence
for both endogenous Cournot and Stackelberg equilibria. A closely related modeling
was for instance done by Normann (1997). In a slightly different direction goes Albaek
(1990), who considers cost uncertainty of duopolists. In their model, firms are able
to choose whether to be the leader or the follower if either quantities or prices are se-
lected. When taking this decision, firms know the distribution, but not the realization

of their own and their competitor’s costs.

Albaek (1990) finds, that even if firms at some point of time know the realization
of costs, they stick with their selection of role if competing in quantities. Hence, in

this scenario one duopolist prefers the Nash equilibrium of a simultaneous game. This
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however is not true for Bertrand competition. Furthermore, their analysis yields that

total expected welfare in a Stackelberg equilibrium is higher than in a Nash equilibrium.

A setting in which the move of the first decider reveals certain information is for
instance analyzed by Mukhopadhyay et al. (2011). They have a focus on a duopoly
market where two asymmetrically informed firms offer complementary products and
compete within a sequential game. Firms can decide whether to share their private
forecast information about the uncertain market demand. It is shown that if the fol-
lower firm shares information unconditionally, the leader firm profits from information
sharing while the follower as well as the total system is worse off. Beyond this, they
provide a “simple to implement” information sharing scheme from which both firms

and the whole system is better off.

Another approach in which asymmetric information plays a key role is done by
Rasmusen and Yoon (2012). They analyze the impact of asymmetric information
about the profitability of new markets on the existence of a first- or second-mover
advantage. They model a scenario with two firms deciding about which new market
to enter and whether to take the decision in a first or second period. It is found that
given a player has moderate superior information about the new markets’ profitability,
a first-mover advantage may arise if market foreclosing is possible. In this scenario the
less-informed firm has no incentive to imitate the more-informed firm and both end
up in different markets. If however information asymmetries are sufficiently high, a
second-mover advantage may emerge. In this case the less-informed firm will imitate

the more-informed firm and both will compete in the same market.

Other settings in which the first-mover’s action reveals something about the state
of the world is for example discussed by Bolton and Harris (1999), Hirokawa and Sasaki
(2001) and Hoppe (2000).

Besides examining the impact of asymmetric information and uncertainty on the
preferred roles of duopolists, the emergence of extensive literature with a focus on
product innovation could be observed. Lambertini (1996) criticizes that previous con-
tributions on duopoly theory do not take into account that firms are able to soften price
competition by strategically choosing product characteristics. The proposed setting
assumes firms to choose product qualities in a first stage and prices in a second stage.
In both stages actions can be taken simultaneously or sequentially. It turns out that
in case of full market coverage in which all customers are served, the unique subgame
perfect equilibrium yields a simultaneous game in the quality stage and a sequential

game in the price stage. Contrary to, e.g., Gal-Or (1985) both firms prefer to be the
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leader. A partial market however implies an optimal outcome where a simultaneous
game in both stages takes place.

By referring to the modeling of Dutta et al. (1995), the work of Hoppe and
Lehmann-Grube (2001) analyzes dynamic models with product innovation and focuses
on situations in which second-mover advantages arise. They find that firms prefer to
be a market’s pioneer firm with payoff equalization in equilibrium, if costs of R&D are
low. If however costs of R&D are high, being the second-mover delivers higher payoffs
in equilibrium. Furthermore it is shown that the second-mover advantage monoton-
ically increases in the costs of R&D. Note that in contrast to the former mentioned
articles, the model of Hoppe and Lehmann-Grube (2001) restricts attention to the
optimal timing of R&D. Similar discussions can be found in contributions of Aoki and
Prusa (1997), Lehmann-Grube (1997), Reinganum (1985) and Wang (2003) amongst
others.

Besides product innovation, another extension of Von Stackelberg (1934) considers
settings in which more than two firms move sequentially as for instance discussed in
Anderson and Engers (1992), Vives (1988) and Robson (1990b).

Another article that is quite interesting for our work was done by Noh and Moschini
(2006). In a differentiated market, they analyze the potential entry of a new product.
Their model supposes quality-dependent marginal costs of production where sequential
quality choices by an incumbent and an entrant are considered. Decisions that are
taken on entry-quality as well as the strategies for entry-deterrence are related to
the fixed cost that is necessary to enter and to the degree of consumers’ taste of
quality. Noh and Moschini (2006) verify the conditions under which the incumbent
firm deters entry by increasing its quality level. Due to quality-dependent marginal
costs of production there as well exists the possibility of inferior-quality entry. It is
finally made clear, that compared to deterrence, encouraging entry does not necessarily

improve welfare.



Chapter 3

Simultaneous Competition of

Intermediaries

3.1 Introduction

We consider a differentiated intermediate goods market in which two intermediaries
compete for customers on the sales side as well as for inputs on the procurement side.
Hereby, competition is on the sales side, either carried out by strategically choosing
production quantities or by setting sales prices. In our context differentiation on
the one hand refers to horizontal product differentiation, i.e., products offered at the
market can either be substitutes or complements. On the other hand we allow for
quality differences between the intermediaries’ products and therefore products may
also be vertically differentiated. In addition, asymmetries can also arise from efficiency
differences of the intermediaries’ production technologies. A simple example of such
a differentiated intermediate goods market that we have in mind are companies who
produce furniture. They need to procure identical resources such as wood in order
to produce chairs or tables and, therefore, face competition on the input market. In
addition, they sell their products on a competitive output market, on which they
compete for customers. Hereby, the companies may be differentiated horizontally and
either offer substitute products, i.e., both produce tables or both produce chairs, or
complementary products, with one company offering chairs and the other one tables.
Besides horizontal product differentiation, companies have the opportunity to invest in
product quality. Therefore they foster vertical product differentiation which may give
them a competitive advantage on the market for chairs or tables. A second example

is the market for IT services. Consider two consulting companies that on the input
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market compete for graduate students in computer science, where input prices are
represented by the entry-level salaries. Technological differences within the production
process between the consulting companies may arise from different initial on-the-job
trainings which support employees’ working speed and, hence, the output quantity.
Besides initial trainings, consulting companies may have the chance to increase their
employees’ working abilities by investing in further education, resulting in a higher
output quality. The final IT services offered by the consulting companies may on the
one hand be substitutable, if, for example, both firms offer accounting software services.
On the other hand the companies’ products are complementary, if, for instance, one

firm offers accounting and the other one salary administration services.

In the literature, two fundamental contributions in oligopoly theory are made by
Cournot and Bertrand, in which firms produce a homogenous good and select quanti-
ties in the former and prices in the latter model. In the years after, these settings were
extended in various directions. Referring to Dixit (1979), in their seminal work Singh
and Vives (1984) consider a differentiated duopoly allowing for complements and sub-
stitutes and compare the equilibrium outcomes of Bertrand and Cournot competition.
Cheng (1985) generalizes their model such that no special form of demand structure
needs to be assumed. The approach of duopolies was later on extended by allowing
for n product varieties as for example by Vives (1985), Okuguchi (1987), Hackner
(2000) and Amir and Jin (2001). Moreover, not just horizontal (substitutes vs. com-
plements) but also vertical product differentiation (product quality) finds attention
within the literature. A setting covering product differentiation in which product in-
novation leads to higher product quality is for example analyzed by Motta (1993) and
Symeonidis (2003). Both present a vertically differentiated duopoly in which product
quality can endogenously be chosen and compare equilibrium outcomes in quantity
and price competition. By doing so, Motta (1993) differentiates between two versions
of vertical product differentiation, one considering fixed and the other one variable
costs of innovation. Extending the approach of Motta (1993), Symeonidis (2003) stud-
ies not just vertical, but also horizontal differentiation, i.e., goods that can either be
substitutes or mutually independent in his setting. He uses a quality-augmented ver-
sion of Singh and Vives’ (1984) customer utility function and allows for spillovers of
product quality investments across firms. Another branch of literature analyzes the
effects of productivity-increasing process innovation as in Bester and Petrakis (1993),
Qiu (1997) and Pauwels et al. (2014). Beyond this, settings in which both, process or

product innovation, go along with each other are discussed by Bonanno and Haworth
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(1998a), Rosenkranz (2003), Weiss (2003), Zanchettin (2006), Filippini and Martini
(2010), Bacchiega et al. (2011), for instance. Closely related to our setting Zanchettin
(2006) also has exogenously given asymmetric productivities and asymmetric product
qualities. In a slightly other direction goes the analysis of Ledvina and Sircar (2011),
who focus on the number of active firms, i.e., firms producing a positive quantity
in Bertrand and Cournot equilibrium and consider homogeneous and differentiated

products.

One issue that is neglected in the above-mentioned contributions but plays a major
role in our article is the market power of an input supplier and is addressed by Hackner
(2003), Lopez and Naylor (2004), Correa-Lépez (2007), Mukherjee et al. (2012) and
Manasakis and Vlassis (2014), amongst others. Related to our model but with a dif-
ferent objective, Hackner (2003) considers a differentiated market with intermediaries
and input suppliers and analyzes the impact of vertical mergers with an emphasis
on social welfare. Correa-Lépez (2007) focuses on a vertically differentiated duopoly,
using a simplified version of the linear model by Dixit (1979) and Singh and Vives
(1984). The fundamental difference to their approach is the incorporation of the mar-
ket’s supply side and the resulting endogenous costs of production. A vertical market
structure that is similar to the one discussed in our work and incorporates the market’s
supply side is for example considered by Mukherjee et al. (2012). They analyze an
intermediate goods market in which a profit-maximizing input supplier interacts with
two unequally productive intermediaries who provide a homogeneous final good. The
price-setting input supplier has the possibility of either discriminating intermediaries
in prices or choosing a uniform price. In their contribution, Mukherjee et al. (2012)
emphasize the importance of the intermediaries’ technology differences as well as the
input supplier’s pricing strategy when comparing profits under Bertrand and Cournot
competition. They show on the one hand that under Bertrand competition the input
supplier’s profit, the aggregated profit of the input supplier and the intermediaries
and social welfare are always higher than under Cournot competition, regardless of
the pricing strategy. On the other hand a comparison of the intermediary’s profits
across competition types can only be done conditional on technology differences be-
tween the intermediaries as well as the pricing strategy of the input supplier. Given
that intermediaries are asymmetric in terms of productivity and the supplier charges
uniform prices, their profit may be higher under price competition. Thus, the result
of Singh and Vives (1984) in terms of profits does not necessarily hold in a vertically

structured setting. Moreover it is shown that the results of Lépez and Naylor (2004)
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Figure 3.1: Timing of decisions

and Correa-Lépez (2007) cannot be confirmed if the input supplier charges a uniform
price and intermediaries differ in productivity.

While considering vertical and horizontal product differentiation, the focus of our
analysis is put on the impact of simultaneous competition for resources and customers
on the market outcome and the incentives intermediaries have to invest in product
quality under Cournot and Bertrand competition. Our setting is based on two main
decision stages: innovation and competition. The timing of decisions is illustrated in
Fig. 3.1.

In stage 1, the two intermediaries take investment decisions to increase their prod-
uct’s quality (product innovation). For this innovation stage we concentrate on the
analysis of investment equilibria with symmetric intermediaries with respect to the
input productivity. We derive equilibrium conditions for product quality investments
on the investment costs and compare them for price and quantity competition. It
turns out that there exist product qualities such that for complementary products
asymmetric investment equilibria do not exist, while existence can be guaranteed for

close substitutes if the investment costs are chosen accordingly.
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In stage 2, the intermediaries face competition for resources and customers. Within
this stage the input prices are determined first and intermediaries compete by choosing
quantities or prices afterwards. For the competition stage, we analyze the effect of
the intermediaries’ asymmetries on the market outcome. In this context we find that
there exist quality and productivity differences such that for quantity competition only
one intermediary is willing to procure inputs from the input supplier, while for price
competition both intermediaries are willing to purchase inputs. The formal analysis in
the forthcoming sections is backwards. We start with the competition stage for given

product qualities and then investigate the innovation stage.

The analysis proceeds as follows: Section 2 analyzes the competition for resources
and customers between the intermediaries for given differences in product qualities. We
begin with the assumptions on the customer’s demand, followed by the analysis of two
different modes of competition between the intermediaries. As proposed in Hackner
(2003) we explicitly consider an input market with a monopolistic input supplier.
We start with quantity competition, investigate price competition and compare them
afterwards. Section 3 considers the innovation stage with a focus on the intermediaries’
decisions to invest in product quality for symmetric productivities. A final conclusion

is made in section 4, whereas proofs can be found in the appendix.

3.2 Competition between Intermediaries

3.2.1 The customer

In order to allow for substitutable as well as for complementary products of the inter-
mediaries, we assume that a representative customer has a utility function, which is

of the following standard form as for instance in Singh and Vives (1984):

1
Ulqr, ¢2) = arqq + azqe — B (Q% + q% + 2’YQ1Q2) + 1. (3.1)

Hereby, ¢ = (qi1,¢2) denotes the quantities the customer buys from each of the two
intermediaries. The parameter o« = (o, ) indicates the customer’s valuation for
the quality of the according product. For simplicity reasons we will denote a as
product quality in the following. The variable 4 € [—1,1] represents the degree of
horizontal product differentiation and defines whether products of the intermediaries

are substitutable, complementary or independent. If v = —1 the products are perfect
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complements, if v = 1 they are perfect substitutes, while v = 0 describes the case where
products are independent and thus, both intermediaries are monopolists. We assume
the customer to maximize his utility subject to the budget constraint p;q; +page +1 <
m, where m is the customer’s income and [ his consumption of other goods. The
customer’s income is assumed to be sufficiently large such that utility maximization
leads to an inner solution. Taking prices (p;,p2) as given, the customer optimally
chooses to buy and consume those quantities (g1, ¢2) that maximize his utility function

subject to his budget constraint, satisfying
& —¢— V- —p; =0  fori=12. (3.2)

As in Mukherjee et al. (2012), the two intermediaries may differ in their productivity
to transform inputs to a final product, i.e., intermediary ¢ needs A\; > 0 input units
to produce one unit of his final product (i = 1,2). Therefore, asymmetries between
intermediaries may arise from distinct product qualities and from differences in input
productivities. To describe these asymmetries we refer to % as the relative quality

(with respect to the input productivity) for intermediary i = 1, 2.

3.2.2 Cournot competition

Within Cournot competition the two intermediaries compete by strategically choos-
ing the quantities they produce. The price that intermediary ¢ € {1,2} charges his
customer is not just depending on his own output quantity, but also on that of the
other intermediary. From Eq. (3.2) we obtain the customer’s demand function for

intermediary %:

pi(Qla QQ) = Q4 — g; — V43—, (3-3)

where p;(q1,¢2) is the market price which intermediary i charges in order to sell the
quantities (q1,¢2) that are produced. Intermediary i’s profit function is given by the
difference of the market price per unit on the sales side and the marginal input price

on the procurement side, multiplied by the quantity he produces and sells:

7%‘0(%'7 Q3—is C, vy a3—;) = (Piqu, @2) — Nic) i = (6 — @i — Yq3—i — Ni€) ¢, (3.4)

where ); is the input productivity and ¢ the marginal input price charged by the input
supplier. From Eq. (3.4) and the observation that negative profits can be avoided by
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not selling anything, we derive intermediary 7’s best reply function:

Q; — i — /\iC
qi(qs—;) = max{ V43 ,O} . (3.5)

2

By using the best reply functions of both intermediaries we compute intermediary #’s

Nash equilibrium quantity ¢, which is given by

20, —ya3_i—(2Ni—yAs—i)c - : 20 —ya3—i 203-i—7y
= if ¢ < min Gy vt s e wil &

,C — a;—\;C 203 —ya; Oéz
%, 9 lf m < c < (36)
0 otherwise.

The according equilibrium price p¢ is

C . ; : 2ai—yas—i 203_i—ya
g7 + Xic if ¢ < min { S v s wa— } ,

C = ait+Aic 203 i =Y Oll
0 otherw1se.

In order to guarantee the quantity to be non-decreasing in “weighted” qualities given
by 2a; — yas_; and to be non-increasing in the input price ¢ we impose the following

assumption on the parameter choices (ay, A1, g, A2):

Assumption 3.1. We assume min {0‘1 0‘2} > 1 and min {)‘1 ’\2} >

az’ ag 2 X2 A

NS

We restrict our analysis to parameter choices (g, A\, as, A2) that satisfy Assump-
tion 3.1. Note that

2001 — .
2X1 — YA 29 — YA R e a a '
B G € = i i

Taking the intermediaries’ equilibrium quantities and prices as given, we next de-
termine the optimal input price the monopolistic input supplier chooses. The total

market demand on the input market is ¢¥'(c) = A1¢{ + X\2¢S and given by
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( 2()\1a1+)\2a2)—7()\1a2+/\2a1)—2()\%—1—/\%—7)\1)\2)c if ¢ < min 201 —vas 2as—vyo1
(4—+2) 221—9A2 ) 2X2—yA1 [0
A (a1 —Aic) 2aip—yaq ﬂ
=1 e 205
A2 (aa—A2c) fQOcl Yoo < c< (12
2 221 —7A2
0 otherwise.

\

(3.9)

The monopolistic input supplier maximizes his profit ¢¢(c) ¢ where the supplier’s pro-
duction costs are normalized to zero. The next proposition states the impact of the

input supplier’s optimal decision on the market outcome for Cournot competition.

Proposition 3.1. Suppose the intermediaries compete in choosing quantities. If the
two intermediaries are sufficiently asymmetric, it is optimal for the input supplier to
choose an input price such that he sells his inputs to just one intermediary and thus

excludes the other intermediary from the input market.

2
More precisely, if ;2 K\” < o and

g < o7’ <§ 041)\—> (3.10)
1

with

€ = V{4 =77 (A + A3 — yAdide) — (20 - 7/\2)’ (3.11)
(2/\2 — ’}//\1)

then it is optimal for a profit-maximizing input supplier to only serve intermediary 1
and with analogous conditions to serve intermediary 2. For the remaining specifications

of (an, A1, g, Ay) the input supplier optimally serves both intermediaries.

Proposition 3.1 highlights the market power of the input supplier. If quality or
productivity differences between the intermediaries are too large, which is ap < a;7¢
(or ay < ap7y), then the input supplier has an incentive to charge a relatively high
input price such that just one intermediary is willing to purchase inputs from the input
market. As the input price is too high for the other intermediary to realize positive
profits he prefers not to buy and thus, not to produce. This means even if in principal
both intermediaries are willing to purchase positive quantities on the input market,

one intermediary may be excluded from the market at the input supplier’s profit-
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maximizing input price. In contrast, if the intermediaries are sufficiently symmetric,
which is (1/17'10 < ay < 041:\\—3 (or a27'2c <o < 042:\\—;), then at the profit-maximizing

input price both intermediaries purchase resources on the input market.

3.2.3 Bertrand competition

Within this section the two intermediaries compete by strategically choosing the prices
of their products. The according quantities intermediaries are producing depend on
the prices that both charge at the market. Given both intermediaries compete, by
using Eq. (3.2) and assuming v € (—1,1) we obtain the customer’s demand function

Q; —pi +7(P3—i — a3
qi(p1,p2) = {a _< ;2) =) (3.12)

for intermediary i € {1,2}. Thus, intermediary i’s profit function is

Q; — pi + —i — Q3
T2 (pis P3—iy € iy az—i) = (pi — Aic) < b (17_@;) > )) . (3.13)

By using Eq. (3.13) we compute intermediary i’s best reply function. As above, neg-

ative profits can be avoided by not producing anything

i — —i — P3—i) T A
pi(p3—i):max{a 7 (ag 5 Ps—i) + C,o}. (3.14)

Hence, the Nash equilibrium price in Bertrand competition is given by

(2*72)041‘*70137i+(2)\i+’7)\37i)0 . . (2*’72)041‘*’70134 (2*’72)0371*7%
> if ¢ < min ew , AS e—
(4—2) 2=y Xi—7A3-i 7 (2= A3—i—YA; ’
pZB = § aitlic if (2_72)0‘3_"_7&" c< %
2 @2=H)As3—i—vAi — Ai?
0 otherwise,
(3.15)
and the equilibrium quantity is given by
B -2 UV C(9—n2 e
Py —Aic . . (2 Y )sz YO3—i (2 Y )a3—z Yo
(1-?) if ¢ < min 2=)ANi—7A3-i 7 (2= As—i—7 N
B 2
¢ = a—Xic - (2*7 )CYS—'L*'YO%' i (316)
' 2 i (2=72)A3—i—7 A sc< i

0 otherwise.
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For similar reasons as in Cournot competition we impose an analogue assumption on

the parameter choices (v, A1, g, Ag) for Bertrand competition:

Assumption 3.2. We assume min {Z—;, Z—i} > ﬁ and min {f\‘—;, :\\—f} > ﬁ
We restrict our analysis to parameter choices (g, A\, ag, A2) that satisfy Assump-
tion 3.2. Note that Assumption 3.2 is more restrictive on the parameter choices than

Assumption 3.1. Similarly, as for Cournot competition, we have

(2—72)041—7012 o
min { (2 - ’72) aqp — YQg (2 - ’72) Qg — 7Yy } _ ((277225,\177,\2 A > _2 (3 17)
2—2)\—)\,2—2)\—)\ 2=y )Jaz—ya1r L. g o '
( ”Y) 1 — VA2 ( 7) 2 — YA e f/\_lg)\_Q_

The total market demand on the input market is ¢?(c) = A\1¢P + \2¢? and given by

( (2—’72)(>\1041+)\20£2)—’Y(>\10£2+>\2a1)
(4=?)(1—%)
T S A Joue oy <>}

(4=72)(1—9?) 2=7)M=7A2 7 (2=7) A=A\

B
g7 (c) = { Aulea=dic) M o
)\Q(ag—)\gc) . (2 '7 )al —ya2 as
2 if @2 = <%
0 otherwise.

\

(3.18)

The monopolistic input supplier maximizes his profit ¢?(c)c, where the supplier’s
production costs are normalized to zero. We obtain the analogue of Proposition 3.1

also for Bertrand competition.

Proposition 3.2. Suppose the intermediaries compete in choosing prices. If the two
intermediaries are sufficiently asymmetric, it is optimal for the input supplier to choose
an input price such that he sells his inputs to just one intermediary and thus excludes

the other intermediary from the input market.

More precisely, zf% < ;‘Tl and

A
ay < ay 7l (§ a1—2) (3.19)
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with

s _ V2O A=) =) G+ 08) = 200kl = 2(2 = 1)\ = 7ho)
! 2((2=7%) X2 —v\1) 7
(3.20)

then it is optimal for a profit-maximizing input supplier to only serve intermediary 1
and with analogous conditions to serve intermediary 2. For the remaining specifications

of parameters (o, A1, ag, A2) the input supplier optimally sells to both intermediaries.

3.2.4 Comparison of Cournot and Bertrand competition

For the remaining part of this section we assume v € (—1,1) and suppose that there
exists an inner solution for the monopolistic input price as assumed in Proposition 3.1
and 3.2. When at first considering the input market by comparing the results of

Proposition 3.1 and 3.2 we observe the following:

Proposition 3.3 (Input Market). There exist parameters (oq, A\, az, o) such that
in Cournot competition one intermediary is excluded from the input market while, in
Bertrand competition both intermediaries purchase inputs, i.e., we always have 78 <

c B c
7 and Ty < Ty .

Proposition 3.3 makes clear that there exist quality and productivity differences
such that in Cournot competition only one intermediary is willing to procure inputs
from the input supplier while in Bertrand competition still both intermediaries are
willing to purchase inputs. This is illustrated in Fig. 3.2.

Hence, in Proposition 3.3 we establish that there is no situation in which Bertrand
competition leads to an exclusion of one intermediary from the input market while
Cournot competition does not. The reason is that the profits of the input supplier,
given he sells to both intermediaries, are always higher when intermediaries compete
in Bertrand compared to Cournot competition. Therefore, if the asymmetries between
the two intermediaries increase, the input price of a profit-maximizing input supplier
is raised earlier under Cournot competition than under Bertrand competition. This
has the consequence that under Cournot competition the input price is earlier too high
for the intermediary with quality and/or productivity disadvantages. Thus, he is no
longer willing to purchase inputs. The next proposition explicitly compares the input

prices for the three scenarios from Proposition 3.3 and Fig. 3.2.
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The input supplier charges an input price to sell to ...
Bertrand Competition:  Bertrand Competition:  Bertrand Competition:
intermediary 1. intermediary 1 and 2.  intermediary 1 and 2.
Cournot Competition: Cournot Competition:  Cournot Competition:

intermediary 1. intermediary 1. intermediary 1 and 2.
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Figure 3.2: The input market for ay < oqi—f

Proposition 3.4 (Input Prices).

(i)

(i)

(ii)

Consider ay < 0417'13 (or oy < oz27'2B). Input prices are equal under Cournot and

Bertrand competition.

Consider 0417'13 <y < olelC (or Oz27'2B <o < a27'2C). Input prices are always

higher under Cournot than under Bertrand competition.
Consider oy 78 < a < ali—f (or apy < g < CV?:\\_;)'

If input productivities are equivalent (A = A\y), both intermediaries act as mo-
nopolists (v = 0) or both intermediaries produce identical relative qualities (% =

$2), then under Cournot and Bertrand competition the input prices are equal.
2

If the goods are substitutes (v > 0) and the relative quality of the more productive

intermediary is higher, then input prices are higher under Bertrand than under

Cournot competition.

If the goods are complements (v < 0) and the relative quality of the more pro-

ductive intermediary is higher, then input prices are higher under Cournot than

under Betrand competition.

Proposition 3.4 indeed confirms the intuition behind Proposition 3.3. The first

statement for ay < 0417'13 (or ay < 042723) is obvious. As for Bertrand and Cournot
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competition the input supplier sets an input price that excludes one intermediary from
the market and sells just to the other intermediary, there is no longer competition on
the output market between the intermediaries. Thus, there is no difference in input
prices. The second statement for 0417'13 <y < OélTlc (or CYQTQB <o < 0427'20 ) confirms
that the input price under Cournot competition is indeed too high for one intermediary
to purchase positive quantities on the input market, while the input price is always
lower under Bertrand competition. However, for the last constellation of parameters
with 041710 < ay < ali—f (or 0427_20 <o < ag’;—;) the comparison of the input prices
for Cournot and Bertrand competition depends on several parameters. In the proof
of Proposition 3.4 we establish that for 0517'10 < ay < 0‘1% the difference of the
input prices ¢ — ¢ > 0 if and only if v3 (A} — Xo) (A\iaa — Acry) > 0. Thus, the
products’ substitutability as well as the differences in productivity and in relative
qualities crucially impact the relation of the input prices for Cournot compared to

Bertrand competition.

In order to analyze the intermediaries’ incentives to invest in product quality, we
now summarize their profits using Proposition 3.1 and 3.2. The profits for the scenarios
identified in Proposition 3.3 and Fig. 3.2 can easily be derived accordingly. Consider

y < al’;—f. The intermediaries profits are

2
(6%
L for ay < 0417'10,

c(c C C )16
m (ql 142,€, %, OQ) o [2041—’)/042—(2/\1—’Y>\2)CC]2 c N (321)
Ty for anmy < ap < o2,
(277 (2+7) 1 A1
0 for ay < ay 7€
c(cCc C C _ = 1
T2 (ql 1d2,C0, 00, OQ) - [2&2-”/&1—(2/\2—’7>\1)cc]2 Ao (322)

2-)%(2+)?

for 0417'10 <as < aq

)\_17

B
for ap < g7y,

with
CC _ 2 ()\10(1 + )\2@2) - ()\10(2 + )\2041)
A7+ A3 = v\
and
B B ,B B _ l_é
T (pl Pe, €0, Oég) - [(2*72)011*’}’0427((27’72)/\1*7)\2)03}2

(2=7)%(247)°(1-9?2)

for oleIB <y < ozli—f,

(3.23)
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B
0 for as < an7y,

[(2—«/2)012—’7041—((2—’72))\2—7)\1)83}2
(2=7)%(2+7)* (1-92)

B B ,B B _
Ty (pl yPa s C ,(1/17042) -

for oy 78 < iy < Ozl’;—f,

(3.24)
with

B — (2 - 72) (Alal + AQQQ) - (AlO{Q + AQO{l)

C
2[(2 =72 (AT + A3) — 271 )]

The next two Propositions now compare the intermediaries’ equilibrium prices, quan-

tities and profits for Cournot and Bertrand competition.

Proposition 3.5. Consider \; = \y and a1 = ay. Then, p& > p2, ¢¢ < ¢P and,

moreover, 7¢ > w8 for v > 0 and 7 < 78 for v < 0 for both intermediaries i = 1,2.
Proposition 3.6.

(i) There exist (o, e, A1, A2,7y) such that there is an intermediary i € {1,2} with
P <p?.

(ii) There exist (a1, ag, A1, A2,7y) such that there is an intermediary i € {1,2} with
9 > qf.

(iii) There exist (ay, g, A\, Ao, 7y) with v > 0 such that 7¢ < w2 for both intermedi-

aries 1 =1, 2.

For our model with symmetric intermediaries, Proposition 3.5 confirms a promi-
nent result from literature. Singh and Vives (1984) show for a linear demand structure
that in equilibrium Bertrand competition is more efficient than Cournot competition,
as it generates a lower price and a higher output level. They find that this result is
independent of whether goods are substitutes or complements and regardless of the
demand structure’s degree of symmetry. Thus, Bertrand competition implies a higher
consumer and total welfare. Furthermore, Singh and Vives (1984) show that firms
prefer to select quantities (prices), if goods are substitutes (complements). However,
Proposition 3.6 establishes that this must not always be true when the input market is
explicitly modeled and asymmetries between the intermediaries are present. Zanchet-
tin (2006), in a setting with quality and cost asymmetries, finds the same relations in
terms of equilibrium prices and quantities as in Proposition 3.5. Nevertheless, in our

model with an endogenous input market this relationship cannot always be guaranteed.
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3.3 Product Innovation

3.3.1 Investments in product quality

We assume that the intermediaries can simultaneously choose to invest in product
innovation, which increases their products’ quality. The product quality is o; € [o;, @]
with 0 < o, < @;. Without investing intermediary ¢ is assumed to produce the minimal
product quality of «;, whereas investing increases the product quality «; from ¢; to
maximally @; for ¢ = 1,2. The marginal costs of investing are assumed to be identical

for both intermediaries and denoted by & > 0.

)

Proposition 3.7. In Cournot as well as in Bertrand competition, the intermediaries
profits are strictly convex in own qualities and thus, Nash equilibrium strategies of the

investment game with linear costs are in {o,,@;} C |y, @] fori=1,2.

Proposition 3.7 implies that if we are looking for Nash equilibrium investment
levels for linear investment costs, we can restrict our attention to the minimal and
maximal quality levels. Strict convexity of the intermediaries’ profit functions in own
qualities implies that there exists a quality level that minimizes the intermediaries’
profits. Thus, in order to find the optimal level of quality within the interval [, @]
it suffices to compare the profits at the according end points. This also holds if the
minimum itself is not in the interval o, @;]. Therefore, if we assume that the minimal
quality always needs to be provided, the actual decision may be simplified to either

invest or not to invest.

The insights from the previous section, in particular from Proposition 3.3, imply
that the mode of competition actually influences the incentives to invest in product
quality. This means the profits of the intermediaries crucially depend on the degree
of asymmetries and whether they compete in prices or quantities. Thus, besides the
exogeneously given input productivities (Aj, A2) the range of investment possibilities
(v, @1, iy, @) actually impacts the asymmetries between the intermediaries and with
that the investment incentives. Suppose @y < gli—f and consider the example from
Fig. 3.3. The productivities and therewith 77 and 77 as well as the range of invest-
ments are such that for the minimal quality levels intermediary 2 is excluded from the
input market. In case of Bertrand competition, intermediary 2 is able to sufficiently
lower the price on the input market by investing in product quality while this is not

possible for Cournot competition. Whether an investment leads to positive profits for
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intermediary 2 crucially depends on the costs of investing in product quality. More-
over, for the equilibrium analysis we also have to take the investment incentives of

intermediary 1 into account.

jul o | |

L ]
| | | | |

a, P ary a1 ary

Q

5

I

ol ——
ks
TS

Figure 3.3: Example for investments into product quality

Fig. 3.3 indicates that there are various possibilities of how the productivity and
quality parameters may relate to each other and influence the intermediaries’ asym-
metries. As we would like to put our focus on the investment incentives, we for the

next subsection assume that the intermediaries have identical input productivities.

3.3.2 Nash equilibrium investments for symmetric productiv-
ities
We assume that the intermediaries can simultaneously choose to invest in quality-

increasing product innovation. We analyze these investments for symmetric produc-

tivities, i.e., Ay = A9, which simplifies the expressions from the previous section to:

¥ =y2+7y—-1 and 7P=2+7-—92-1

Note that TIB < Tlc < 1. The profits of the intermediaries for as < a are

ol
16

[ (6+7) —2(24+37)]°

C
i o o o B for ae < a7y,
T (p17p27c 70(1,0[2) -

for 041710 <oy <oy,

16(4—12)2
< c
¢ (pC ¢, an 042) N X s «
2 \P1,P2,¢ 01, a2 (6+7)—a1(24+37)]” %
< <
oy for aqmy Qg < Qq,
and
of f <P
ot or (o 1Ty,

B B ,B B _
T (prsp2s e on,an) = (a1 (647—3+2)—az(2+37—2))”

16(4—72)*(1—92)

for olelB < as < ay,
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B
0 for as < oy,

B(,B , B .B _
T (p1 P2, € ’al’a2) Y o263 a1 (2437—2)]°

16(4—2)%(1—+2)

for oy 78 < ap < ay.

We use these profits to analyze the incentives to invest in product quality. Suppose
a, = a, = a, @ = ay = a and define /8 = k (@ — a). Fig. 3.4 shows the investment
game in normalform. Both intermediaries simultaneously decide whether to invest or

not to invest in product quality.

o a
7" (@, a) 7" (o, @)
(67
w5 (a, @) ms'? (a,@) — KO/P
_| w7 @) - s a @ a) - kO
7B (@, o) OB (@, @) — kC/B

Figure 3.4: Normalform investment game

The payoffs shown in Fig. 3.4 are based on the investments chosen by the interme-
diaries. The effect an investment has on the profits and the market outcome depends
on the quality difference between investing and not investing, which is @ — . If this
difference is sufficiently large, an intermediary who does not invest while his competi-
tor is investing may be excluded from the input market. Therefore, the decision to
invest may actually change the situation on the input market. If an intermediary was
excluded from the market while not investing, an investment may induce the input
supplier to lower his input price and therefore to sell to both intermediaries.

We now continue with some general remarks on the Nash equilibrium conditions
of the normalform investment game in Fig. 3.4. Due to symmetry reasons of the two

C/B

intermediaries we may define an upper and a lower bound £¢/? to describe the

Nash equilibrium conditions on the investment costs x¢/Z. This is

KB =798 (@, @) — 7 (. @) = 75/ (@, @) — 75'F (@, a) 3.25
7B = (@) — 77" (a,0) = 75" (a,@) — 75" (a,0) . (3.26)
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The according equilibrium conditions are shown in Fig. 3.5. We explicitly deter-
mine the equilibrium profits and the conditions on the investment costs for Cournot

competition in Appendix 3.5.8 and for Bertrand competition in Appendix 3.5.9.

strateqy profile | investment costs
(o, ) kOB € [RE/B, 00)

@.0), (a,@) | 57 € [0 5"
(@, @) kOB € (—o0, k7]

Figure 3.5: Equilibrium conditions on the investment costs x¢/2

The next proposition states that the existence of asymmetric Nash equilibria cru-
cially depends on the substitutability and complementarity of the intermediaries’ prod-

ucts. It turns out that asymmetric Nash equilibria may fail to exist.
Proposition 3.8 (Asymmetric investment equilibria, Cournot competition).

(i) For a <@ (\/2 v — 1) there are no asymmetric Nash equilibria if v € [—1,0].
More precisely, there are no asymmetric Nash equilibria if v (4 +v) @* —4a* < 0
(which is bounded above by v < 2 (\/5 — 1) ~ 0.83).

(ii) For 6(\/2 +v— 1) < « there are no asymmetric equilibria if v € [—1, —%] A
[—1,-0.67].

Similarly, as in Cournot competition, asymmetric Nash equilibria may also fail to

exist in case of Bertrand competition, as is indicated by the next proposition.
Proposition 3.9 (Asymmetric investment equilibria, Bertrand competition).

(i) For a < @ <\/2 +y—7%— 1) there are no asymmetric Nash equilibria if v €
[—1,0]. More precisely, there are no asymmetric Nash equilibria if &~y (4 — 3y + 7?)—
402 (1 —v) < 0 (which is bounded above for v by 0.61).

(i) Fora <\/2 +y—72— 1) < « there are no asymmetric equilibria if v € [—1, —0.56].

Finally, we compare the upper and lower bounds for the investment costs for the
two types of competition and the different scenarios that may arise depending on the

effect of investments.



CHAPTER 3. SIMULTANEOUS COMPETITION OF INTERMEDIARIES 50

Proposition 3.10.

(i) Consider a < @ («/2 +y =72 - 1). Then, for complements with v € (—1,0]
we have k¢ < kB and &K% < ®C. For substitutes with v € [0,1) we have k¥ < k°

and B¢ < ®E.

3
C

(ii) Consider @ <\/2 +y—72 - 1) <a<a (\/2 +v— 1). Then, for substitutes
with v € [0,1) we have ® < k. The relationship of K% and & depends on the
values of a and &. The same is true for complements for the lower and upper

bounds.

(iti) Consider @ (/24 —1) < a. Then, for complements with v € (—1,0] we
always have kK < kP and if and only if @(3+5y) > a(7+7), then we also
have K8 < £C. For substitutes with v € [0,1) we always have k® < k© and if
and only if & (3 +57) > a (7 +7), then we also have K¢ < &P,

Proposition 3.10 compares the incentives to invest in product quality for Cournot
and Bertrand competition. The lower and upper bounds for the investment costs are
conditions on the Nash equilibria of the investment game. According to the first state-
ment in Proposition 3.10(i), for complementary products the lower bound on the in-
vestment costs in Cournot competition is less or equal to the lower bound for Bertrand
competition, kK < kP for a < @rf. This means that if the intermediaries compete
by choosing quantities, the range of costs for which it is a Nash equilibrium for both
intermediaries to invest, is contained in the according interval for price competition.
Hence, there may exist investment costs for which in price competition both intermedi-
aries invest in product quality, while these strategies are not a Nash equilibrium if the
intermediaries compete in choosing quantities. The upper bound on the investment
costs determine the scenarios in which not investing is a Nash equilibrium. When
considering the upper bound we observe for complementary products that 5% < &¢
for o < @rP. Thus, there are investment costs such that not investing is a Nash equi-
librium for Bertrand competition, while for Cournot competition it is not. This is the
case as the investment costs are still sufficiently low for at least one intermediary to de-
viate and invest. For substitutable products we have according to Proposition 3.10(i)
the reverse relationship between Cournot and Bertrand competition.

Fig. 3.6 exemplarily summarizes the results of Propositions 3.8, 3.9 and 3.10 graph-
ically for complements and substitutes if the quality difference between investing and

not investing is sufficiently large. For complements we observe in Fig. 3.6(a) that in
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Complements Substitutes
Cournot competition Cournot competition
(9, ®Y) = (11.1111,6.1389) (£, ®Y) = (0.2500, 0.3506)
| (@@) | (a0) (a,q)
| (2, q) l I
I
®rC kC KC 7C
| | 1 | - | 1 | | -
T I T I v T I T I w
=B KB KB B
| (a,0) @.a)
| — (@.a) (a,3) (a,0)
(@ a) | | |
|
Bertrand competition Bertrand competition
(5P, %P) = (12.0000, 6.1300) (sP,%P) = (0.2315,0.3536)
(a) v = —% and (@, a) = (10,1) (b) v = % and (@,q) = (%, 1)

Figure 3.6: Examples for Nash equilibria of the investment game for A\; = A,

case of Bertrand competition we have a larger range of investment costs for which
the two symmetric Nash equilibria of the investment game coexist. For substitutes in
Fig. 3.6(b) the interval of investment costs for which asymmetric Nash equilibria exist
is larger for price than for quantity competition. Note that the intervals in Fig. 3.6
are schematic and not drawn to scale. However, the numerical values for the upper
and lower bounds on the investment costs of the examples in Fig. 3.6(a) and 3.6(b)
are explicitly mentioned in the according figures. These examples illustrate that if
investing in product quality has an sufficient impact on the asymmetries between the
intermediaries, we observe a range of cost parameters in which both symmetric in-
vestment Nash equilibria coexist when products are complements. For substitutable
products, however, asymmetric Nash equilibria also exist. This observation confirms
the intuition that for complementary products the investment decisions of the inter-
mediaries are coordinated, while for substitutable products there are also equilibria
with asymmetric investment strategies. These effects are in a sense stronger for price
competition compared to quantity competition.

We finish the analysis of the investment game with a last remark on the special

case of independent products, where v = 0 and a < @ (\/§ — 1). Here, the situation
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is similar to the one described in Fig. 3.6(a), but with identical intervals in which
the symmetric equilibria exist within Cournot and Bertrand competition. For v = 0
and & (\/§ — 1) < a the intervals resemble the one in Fig. 3.6(b), also with identical
intervals for Cournot and Bertrand competition. The according mathematics can be

found after Proof of Proposition 3.10 in Appendix 3.5.10.

3.4 Conclusion

We analyzed the influence of asymmetries between intermediaries on an intermediate
goods market with horizontal and vertical product differentiation. The interaction
between the intermediaries was divided into two different decision stages: innovation
and competition. The according analysis proceeded backwards.

For the competition stage, we established that introducing a strategically acting
input supplier may lead to exclusion of one intermediary from the input market if the
asymmetries are sufficiently large (Propositions 3.1 and 3.2). There exists a range of
asymmetries where in Cournot competition the input prices are too high for one inter-
mediary, while in Bertrand competition both intermediaries demand positive quantities
on the input market (Propositions 3.3 and 3.4). Compared to Zanchettin (2006), we
excluded by Assumption 3.1 and Assumption 3.2 the range of parameters for which
asymmetries drive the inefficient firm immediately out of the market (Zanchettin, 2006,
Eq. 8). However, due to the explicit inclusion of the input market, we make no initial
assumption on the relation between qualities and input prices as done in Zanchettin
(2006). Nevertheless, in our model with a strategically acting input supplier and thus,
an endogenously determined input price, this exclusion from the input market even
survives for a more restrictive range of asymmetries. Our bound on the asymmetries is
established for substitutable as well as for complementary products with v € (—1,1).
Related to our approach, the model in Mukherjee et al. (2012) is also focused on the
presence of an input market. However, in order to point out the effect of efficiency
differences and also analyzing the impact of uniform prices compared to price dis-
crimination, the quality of the intermediaries’ products is assumed to be identical.
This distinguishes from our goal to examine the impact of a strategically acting input
supplier on the intermediaries’ decisions to purchase resources on the input market
for their products and their incentives for product innovation. The analysis of price
discrimination is indeed one direction to further extend our model. An additional

objective for future research is the investigation of competition on the input market.
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In Appendix 3.6 we already indicate the similarities and differences compared to the
monopolistic input market. However, the comprehensive analysis of the relation be-
tween the number of suppliers and the optimal decisions on the input market is left
for future research. Additionally we also compared the intermediaries’ equilibrium
prices, quantities and profits for Cournot and Bertrand competition (Propositions 3.5
and 3.6). We observed that the relations established in Singh and Vives (1984) cannot
always be guaranteed in our model with an endogenous input market and asymmetric
intermediaries.

For the innovation stage, we analyzed the intermediaries’ incentives to improve the
quality of their products. Using the intermediaries’ equilibrium profits from the com-
petition stage and taking the assumption of linear investment costs into account, we
first established that the intermediaries” Nash equilibrium investments into product
quality are always at the minimum or maximum product quality (Proposition 3.7).
Afterwards, we investigated the Nash equilibrium investments for the case of sym-
metric productivities in more detail and compared them for Cournot and Bertrand
competition (Propositions 3.8, 3.9 and 3.10). Taking the results from the competi-
tion stage into consideration, the focus of our analysis for the innovation stage was
on the equilibrium conditions for the investments. We compared those conditions for
the different scenarios derived for the input market as well as for the substitutability
between the intermediaries’ products. In contrast to the model in Symeonidis (2003),
who modifies the approach of Motta (1993) by additionally allowing for technological
spillovers, we investigated the direct impact of investments on product quality. In our
model, the function that links quality to innovation expenditures is simply the iden-
tity whereas in Symeonidis (2003) this is assumed to be a fourth root function. This
allows Symeonidis (2003) to analyze interior symmetric investment equilibria while
our equilibrium investments are always at the minimum or maximum product quality,
which is a consequence of the direct influence of investments on product quality. Be-
sides the above-mentioned investigation of a price discriminating input supplier, the
examination of more complex investment effects, in particular related to technologi-
cal spillovers for quality investments, is also considered to be an objective for further

research, which is beyond the scope of our current analysis.
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3.5 Appendix A: Proofs

3.5.1 Proof of Proposition 3.1

Proof of Proposition 3.1. The proof proceeds in two steps. In a first step we deter-

mine the prices the input supplier charges. In doing so we distinguish different cases

depending on the number of intermediaries demanding positive quantities. Afterwards

the according profits are compared in step two.

Step 1 (Input Prices and Profits)

Case 1: The input price is chosen such that both intermediaries produce strictly

positive quantities. Therefore, the following must hold:

. 200 — yap 20 — Yoy
< ) 3.27
¢ min { 2)\1 — ’}/)\2 2)\2 — ’)/)\1 ( )
Maximizing the profit of the input supplier ¢%(c) ¢ yields an input price
2 (A A — (A A
e (Ao + Asavg) — v (Mg + 2a1). (3.28)

Note that for this input price both intermediaries indeed purchase positive quan-

tities. Suppose 5t > ’\1 , then 291=092 -, 202-7a1  [jgipg min{ﬁ ﬁ} > 1 and

M A2 Ao 22’ A1 2
min {al 0‘2} > 1 we have

a2’ o

O<(4_72) %_ﬁ <:>2052—")/Oé1<2)\2—’}/)\1
(6%) )\2 2@1 — YO 2)\1 — ’}/)\2

and thus,
2 A+ A3 — Ak

2 (2/\2 - 7>\1)
1 (2/\1 - 7/\2)

A
= /\1 (2)\1 — ’7)\2) + )\1 (2)\1 — 7/\2> )\
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Case

)\2 (20[2 — ’7061)

> /\1 (2)\1 — "Y)\Q) + )\1 (2)\1 — 7/\2) h (2a o )
1 1 2

By using
A2+ A2 =] > 2[A2 A2 — 0] for Ay, Ag > 0

this implies that

A2 (200 — yarq)
)\1 (20&1 — ’70&2) ’

4 [)\f + A2 — 7)\1/\2} > A1 (201 — Y A2) + A (201 — v \)

Rearranging yields

2@1 — Y 2 ()\10(1 + )\20(2) - ()\10(2 + )\20(1)

C

showing that the input price ¢ is indeed sufficiently small to sell to both inter-

mediaries. The profit of the input supplier is

[2 ()\1(11 + )\Qag) - ()\16!2 + )\2a1)]2

cr . C\ C _
e 8(4—72) [M + A3 — 7AiAg]

(3.29)

2: The input price is chosen such that intermediary 1 produces a strictly positive

quantity while intermediary 2 produces zero. Thus, we require

200 — Yoy aq

——<c< — 3.30

200 — YA T Ay’ ( )
which implies &1 > i—; Maximizing the profit of the input supplier ¢ (c) ¢ and

taking a sufficiently high input price into account yields an input price

206 — Yy (0%
C 2 1 1
=max§ ————, —— . 331
¢ & {2)\2— y)\]_’2>\]_} ( )

Note that by definition this input price is indeed too high for intermediary 2 to
purchase positive quantities. The analogous argument holds if intermediary 2

produces a strictly positive quantity while intermediary 1 produces zero. The
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profit of the input supplier is

2

oy lf 20—y < aq
croN.C_ )8 Do—vhi = 217
qr (¢7) ¢ = (3.32)
A (200 —vyar) (a1 da—a2 A1) if 2ap—yag >
(2X2—yA1)? 2X2—7A1 = 2\

Case 3: The input price is too high for at least one intermediary to purchase strictly

positive quantities.

Step 2 (Comparing Profits)

An input price as suggested in Case 3 cannot be optimal. In this scenario the input
price is too high for the intermediaries to demand goods and the input supplier’s profit
is zero. In contrast, Case 1 as well as Case 2 yield positive profits. Therefore, we an-
alyze the input supplier’s profits for Cases 1 and 2. We compare the two monopoly
profits for selling to intermediary 1 with the duopoly profits for selling to both in-
termediaries. Thus, suppose as < ali—f. The remaining part when only selling to

intermediary 2 follows analogously.

Step 2.1: We compare the two monopoly profits for selling to intermediary 1 and

obtain by observing
(Oq (2)\2 + ’)/)\1) - 4/\10&2)2 Z 0 (333)

that

CK% > )\1 (2@2 — ’}/Oél) (al)\Q — 042)\1) ‘

8 = (2 — 7\)?

(3.34)

Step 2.2: We compare the duopoly profit with the monopoly profit for selling to in-
termediary 1. If the duopoly profit is greater than or equal to both monopoly
profits, then the input supplier decides to sell to both intermediaries. Therefore,
we obtain that if

ay > ont{ (3.35)

with

_ V4 =792) (A2 + 22— A1) — (20 — 7A9)
T = ( DR > , (3.36)
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then

Oé_% < [2 (/\1OZ1 + /\2a2)2— Y (2/\1a2 + /\2041)]2 (3.37)
8 8(4—7%) [\ + A3 = 7A1Aq

holds. Thus, whenever condition (3.35) holds, we know that a profit-maximizing
input supplier prefers to sell in any case to both intermediaries. Thus, we know
that for

2
alTlc <ay < 041/\—
1

the input supplier prefers to set a price for which both intermediaries procure

inputs. Note that the following is always true:

(3.38)

T .
1 =
A

Step 2.1 and Step 2.2 show that for gi;jﬁi < g5 the the claim of Proposition 3.1

20 —ya ag

: : : 2X2+v A1
e < oy 1S equivalent to choosing as < ay ( ™~ )

]

holds. Note that requiring

3.5.2 Proof of Proposition 3.2

Proof of Proposition 3.2. The proof proceeds in two steps. In a first step we deter-
mine the prices the input supplier charges. In doing so we distinguish different cases
depending on the number of intermediaries demanding positive quantities. Afterwards

the according profits are compared in step two.

Step 1 (Input Prices and Profits)

Case 1: The input price is chosen such that both intermediaries produce strictly

positive quantities. Therefore the following must hold:

(2= a1 —qay (2_72)042—7041}
c < min ) . 3.39
{(2—72))\1 — A2 (2= A — M ( )

Maximizing the profit of the input supplier yields

B _ (2 = 72) (Arar + Aaae) — 7 (Aras + Aoay)
2[(2 = 72) (AT + A3) — 271\

c (3.40)
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Note that for this input price both intermediaries indeed purchase positive quan-

2 2
oy ar AL (2—7 )041_7042 (2—7 )az—”/al . . A A
tities. Suppose or > 4r, then Gy v el O s e VOl Using min 4 5+, 52 ¢ >

=15 and min ¢ &, 225 > T we have
2—y a2’ aq 2—y

A 2-7)as—rar _ 2=9) X -7\
9_ 22 (& _ A
0<(2=7) (a2 A2 ©(2—72)041—7042<(2—72))\1—7)\2

and thus,

(2= 72) (22 +22) — 29\

“ (20 =) A (27 =) SC TR
? 2 A2 ((2—=9%) ag — vy
N ((2_7 )A1_7A2)+)\1 ((2_7 ))‘1_'7)‘2) /\1225—32;@1—10@;

which implies when using
2 ((2 — ’}/2) ()\% + )\%) — 27)\1)\2) > (2 — ’}/2) ()\% + )\%) — 2’}/)\1)\2 for )\1, Ay >0
that

2((2-7%) (%4 ) — 29A0%)

>0 ((2=77) A= 72e) £ A ((2=77) M=) A2 ((2=77) as —yau)

M((2=72) g —yag)

Rearranging yields

(2 - 72)041 — Y2 (2 - 72)(/\1041 + /\2042) - 7()\1% + )\2(11)
(2= — X 2[(2 = 91)(AF + A3) — 27 A1)

B

showing that the input price ¢” is indeed sufficiently small to sell to both inter-

mediaries. The profit of the input supplier is

— A2 _ 2
P (P) P = (2 —7%) (Mraq + Asan) — 7 (A1ag + Agary))]

D IR DN CRED [ /s s M
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Case 2: The input price is chosen such that intermediary 1 produces a strictly positive

quantity while intermediary 2 produces zero. Thus, we require

(2 =92 az — vy < ay

c< —, 3.42
(2=7) A=A T A1 (3.42)
which implies £t > §—2 Given a sufficiently high input price, maximizing the
profit of the input supplier yields
B 2=7")ay—va1 o }
c” = max ,—— ¢ . 3.43
{(2—72))\2—’7)\1 2\ (343)

Note that by definition this input price is indeed too high for intermediary 2 to
purchase positive quantities. The analogous argument holds if intermediary 2
produces a strictly positive quantity while intermediary 1 produces zero. The

profit of the input supplier is

of if (2=rP)erren oy

B, B\ .B_ )8 e = 2
U (C )C o >\1(2*72)[(2*72)02*7041](041>\27a2>\1) % (2772)04277111 S o <3’44)

2[(2—72)Ae—7M1 ) L emn—n = o

Case 3: The input price is too high for at least one intermediary to purchase strictly

positive quantities.

Step 2 (Comparing Profits)

As in Cournot competition, it suffices to compare the profits of the input supplier for
Cases 1 and 2. We compare the two monopoly profits for selling to intermediary 1
with the duopoly profits for selling to both intermediaries. Thus, suppose ay < ali—f.

The remaining part when selling to intermediary 2 follows analogously.

Step 2.1: We compare the two monopoly profits for selling to intermediary 1. We

obtain by observing
[a1 ((2=7%) A +7M1) —4(2—9%) aah]* >0 (3.45)

that

of L M=) (277 es —yau] (arde = arhy) (3.46)
8 2[(2=7%) A2 —y\]
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Step 2.2: We compare the duopoly profit with the monopoly profit for selling to in-
termediary 1. If the duopoly profit is greater than or equal to both monopoly
profits, then the input supplier decides to sell to both intermediaries. Therefore,

we obtain that if
ar > a7y (3.47)
with

B <\/2 (1-91) (=727 (AT +A3) — 29 ] —2(2 ) A1 — %2))

e 22 =) da =)
(3.48)
then
af [(2 = 72) (Mar + doas) — v (Mras + Aoy )]
8 < 4(1=72) (4 =) [(2 = 72) (A2 + A2) — 297\ o] (3.49)

holds. Thus, whenever condition (3.47) is true, we know that a profit-maximizing
input supplier prefers to sell only to intermediary 1. Thus, we know that for

A
P < ag < al)\—Z

1

the input supplier prefers to set a price to sell to both intermediaries. Note that

the following is always true:

A
<2 (3.50)
A
—7?)as—ya
Step 2.1 and Step 2.2 show that for ((2_123/\22_3/\11 < g5 the the claim of Propo-
—7?)as—ya
sition 3.1 holds. Note that requiring ((2_123&2_3/\11 < 20‘711 is equivalent to choosing

ay < o (M) o

2(2—2) M1

3.5.3 Proof of Proposition 3.3

Proof of Proposition 3.3. The proof proceeds in two steps. First we compare the prof-
its of the input supplier in the case of intermediaries competing in quantities with the

setting in which intermediaries compete in prices.
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Step 1 (Duopoly Profit of the Input Supplier)

Suppose the input supplier sells inputs to both intermediaries, which is

A
max {alTIB, olelc} <y < al)\—Z. (3.51)
1

We show that

qIB(cB) B> qIC(CC) “. (3.52)

The nominator of

g7 (cP) P — g () ©
[(2 = ~2) (Mg + doa) — v (Ajas + Aoey)]?
A=) (A=) [2 =22 (A +A3) = 29
2 (A1 + Aaas) — v (Mg + >\2041)]2
8(4 =) [\ + A3 — A
2[(2 —2) (M + Aaan) — v (Mag + Aear)]? A2+ A3 — vA1
S 8(1 =) (4 =) [(2 =) (AT +A3) = 27MAa] AT+ A3 — 7 A h]
(1= [2(Man + Asaa) — 7 (Araa + Aoar)]” [(2 = 72) (A2 + A2) — 290 0]
8(1 =72 (4 =212 =97 (AT +A3) = 29 M) [AT + A3 — A A9

can be rewritten as

2[(2=7%) Moa + X)) — 7 (Mag + )\gal)f [AT+ A3 — v A
— (1=7%) [2(Maa + doaa) — 7 (Mas + Xoy)]? [(2=7%) (AT + A3) — 290 As]

=V’ A1 (2A1 = YA) [(2 = %) At = Ae] [[M — A (o — ) +2(1 =) g (A + A2)]
+ 722 (202 — Y1) [(2 — 72) Ay — 7)\1] [[)\2 — Y\ (g — a2)2 +2(1 =) ajas (M + )\2)] )

Assumption 3.1 and 3.2, which is
. A Ao Y . Al A i
=, =t>- and ==
m1n{)\2,)\1} 5 an m1n{)\2,)\1} s
implies for A\; > Ay that

0 S 2)\2 —’)/>\1 S 2)\1 —’7)\2,
0<(2-7") A=A < (2-7%) M — .
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Thus, we obtain

YA (201 — 7X2) [(2 — 72) A — ’)/AQ} [[)\1 — A2 (g — a2)2 +2(1 —7)ajas (M + /\2)]

+ 72 A2 (222 — Y1) [(2 - 72> Ay — 7/\1] [[)\2 — M| (a1 — 042)2 +2(1 =) ajag (A + )\2)}
> 7% (200 — A1) [(2—7°) A2 — 7]

[( = 22)? +2(1 =) Aide) (an — ) + 2 (1 — ) aran (M + Ao)]
> 0.

The analogous argument holds for A; < \;. Note that we have for ¢¥(c)c” with

Assumption 3.1

0 [4F ()] 2 (Mg + M) — v (A1ag + Aaag)] 20 — YA ]

—9 > 0, 3.53
0a 34— ) [T +3) — 7Ak] >0, (359)
and with Assumption 3.2 for ¢?(c?)c?
O[ar()e?] _ 12 =7%) (aon + sa) =5 (Maoa + Xean)] (2= 9%) A = yM]
Oarz 4(1=72) (4 =) [(2 =% (AT +A3) = 29\ \)] T
(3.54)

Step 2 (Comparing ¢ and )
Note that 7 and 77 was deduced within the proof of Proposition 3.1 and Proposi-
tion 3.2 by comparing the profit to sell to both intermediaries with the profit to sell
only to intermediary 1. This is stated in Ineq. (3.37) and (3.46). When considering
the difference between those profits and using step 1, we therefore have

aj [(2 = 72) (Mon + Aaag) = 7 (Maz + Aean)]”

8 4(1-)(E - )[2 77 (F +A3) — 29\

o2 [2(Moq 4+ Aoaz) — v (Mg + Asan)]?

BT BA_ N TA) AN (3.55)

With the observation that the input supplier’s profit when selling to both intermedi-
aries is non-decreasing in am, Ineq. (3.53) and (3.54) and thus, the right- and left-hand
side of Ineq. (3.55) are non-increasing in ap. This implies that the zero of the left-hand

side is less or equal than the zero of the right-hand side. Therefore,

B <7¢ (3.56)
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and thus, max {041713, alTlc} = a7 and min {041713, alTlc} =78

Similarly, we have a7 < ap7l. O

3.5.4 Proof of Proposition 3.4

Proof of Proposition 3.4.

Case 1: as < ontP (or ay < aptf)
In Bertrand as well as in Cournot competition intermediary 2 is excluded from
the input market. As the input demand of the intermediary is identical for both
types of competition, the input price is identical also.

Case 2: a8 < as < oy (or aptf < ay < ayp7y)
In Bertrand competition both intermediaries purchase inputs, while in Cournot

competition only intermediary 1 procures on the input market. We have

CC — CB = ﬂ _ ( ) <)‘1051 + )\2052) <)\1052 + )\20{1)

2h 2[(2 =77) (AT + X)) = 27
A A Ao — )\
- hle ey -
20 [2—92) (A +A3) — 29N

Therefore, c© —c? > 0 as ay < 0417'1 <o )\2 and per assumption min {/A\l7 ii} >

v
2—72 .

Case 3: ar7{ < ap < n3® (or ap7s <y < apdt)
Both intermediaries purchase inputs on the input market in Bertrand as well as

in Cournot competition. We have

CC —CB

2 ()\10[1 + )\20(2) - ()\10./2 —+ )\20./1) (2 — ")/2) ()\1041 + )\2052) - ()\1042 + )\2041)

4[(AT+A3) = 7AuA] 2[(2 =7%) (AT +A3) — 291
’)/3 ()\1 — >\2) ()\1 + )\2) ()\1@2 — )\20[1)
A(AT+ A3 = 7AA2) (2 = 7%) (AT + A5) = 29M )

(3.58)

Therefore, c© — c? > 0 if and only if v3 (\; — A2) (A1az — Agay) > 0.
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3.5.5 Proof of Proposition 3.5
Proof of Proposition 3.5. For \; = Ay and a; = as we have

c B BF7a (3—27)aq Yoy

pi — P = - = , 3.59
20+7) 20— 20— (359
2

C B o Qo s
€ —gf = - _— , 3.60
204y 20y 2y 0

2 1) a? 302
O gpo o (Q=ma _ v (361

TN AR+ 4=+ 24— (14

Thus, p§ > p? and ¢ < ¢P. Moreover, 7¢ > 78 for v > 0 and 7¢ < 72 for v < 0 for
i=1,2. 0

3.5.6 Proof of Proposition 3.6

Proof of Proposition 3.6. For this proof consider a;7¢ < ap < 122 (or et < oy <

N S
Oégi—;) and )\1 = )\2.

(i) We have

2
C B __ 7 (3%‘ - aS—i)
. —_ . = . 2

Thus, for
1
(a17 Qg, )\17 )\277) = (47 17 17 ]-7 _§>

it can easily be verified that Assumptions 3.1 and 3.2 as well as om‘lc <oy <oy i—f

hold and we have

(i1) We have

5_ B+ ai— (1+3y)azi]
e Y (e v wur (3.63)
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Thus, it can easily be verified for

3 1
AL, A =(-=,1,1,1,=
(051,042, 1 277) (27 ) 72)

that Assumptions 3.1 and 3.2 as well as 041710 <y < ali—f hold and we have

(7ii) We have

ﬂ-zc (plc7p§7 CC7 aq, 052) - ﬂ-zB (plBap2B7 CB7 Qaq, 062)
_PBaes -9~ -a O] g
8(4—72)"(1—72) . '

Thus, for

3 3
AL, A =(-=,1,1,1,-
(0417042, 1 27’7) (27 y Ly 74)

it can easily be verified that Assumptions 3.1 and 3.2 as well as 0417'10 <ap < ali—f

hold and we have

C c  Cc C B B ,B B

! (pl 7p2 ’C ’ 27 ) 12100 3388 ! (pl 7p2 70 ’ 27 ) ’
C c  Cc C B B ,B B
2 (pl 7p2 7C ’ 2’ > 12100 3388 2 (pl 7p2 7c ’ 27 )

3.5.7 Proof of Proposition 3.7

Proof of Proposition 3.7. We consider the different cases from the previous proposi-
tions separately and show that the intermediaries’ profit functions are convex in own

qualities.

Case 1: ag < ant8 (or oy < apr?)
We obtain
2
aj

ﬂf (a1, a9) = 7rlB (a1, a9) = 6"
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Thus, for all a; € [a;, @] we have

0?78 (g, an) _ 0’1 (o, a2) _ 2 =0
da? da? 16~

Case 2: a8 < s < an7C (or autf < ay < au7y)
We already computed the profit for Cournot competition in Case 1, the result

for Bertrand competition is shown in Case 3.

Case 3: a8 < g < ozl’\—f (or ap7l < ay < Oégi—;)
First observe that for Cournot as well as for Bertrand competition the profit of
intermediary ¢ is quadratic in «; for ¢+ = 1,2. Consider intermediary i. In the
case of Cournot competition we obtain the following second derivative of the

profit function using Assumption 3.1

8277'? (CYZ‘, ag_i)

da?
. o8 [(plc (vi, a3_;) — Aic® (Oéi,Oésfz‘)) qu (061'70634)]
da?
—9 (apic (0417043—1) _ )\OCC (Oéi,a3—i)> aqic (Oéi,Oés—i)
o ‘ Oa; Oa;
—9 (an'C (Oéi,Oé3i)>2
Oay

2
—9 2 _ (2)\2 — ’}//\3_2‘>2
(4=72)  (A—72)4 (N + A, —Nide)
_ ((4 —7°) )‘g—i +4 (/\12 + Ag—i - 7)\z‘>\3—i))2 -0
8(4—72)° (A2 + M, — 7Aids)”

for all o; € [, @] for i = 1,2. Similarly, we obtain for Bertrand competition

with 7 € (—1,1) using Assumption 3.2

0?8 (v, as_y)
da?
- 0? [(PZB (Oq, 043—i) - )\iCB (Olz‘, OZ3—z‘)) QZB (Oéu 043—1')}
B da?
—9 (81)? (v, a3—;) _ )\OCB (Oéi,Oé:s—i)) dqf (i, a3-)
oy ! oo Ouy;
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((2 =) 2[(2=7%) (A +A30) — 29 ] — (2 =77 A — '7)‘3—1‘)2)2
(4 =727 (1=42)2[(2 = 72) (A2 +A2.,) — 29 A xs]”
(A=72) (1= )Mo+ 2= (2 =92 (X2 +2) = 290ha))’

= - >0
2(4—72)(1=9%) (2= 72) (A2 +23.;) — 29Aidsy)

for all a; € [oy, @] for i = 1,2. Hence, for Cournot as well as for Bertrand com-
petition any zero of the first-order condition is a minimum which is independent
of the other intermediary’s investment choice. Thus, the candidates for optimal

investment choices are at the corner points of the according interval.

0
3.5.8 Proof of Proposition 3.8
For Cournot competition, the payoffs of the non-cooperative game are
C ( ) C a2
i (o, ) =75 (o, ) = ——, 3.65
fla0) =1 (@a) = 15— (3.65)
=2
& fora<a(v2+v—-1),
16(112)? fora( 2—1—7—1) < a,
0 fora<a(v2+v—-1),
7T§ (aa g) = [a(6+7)_a(2+3,y)]2 : ( ,y ) (367)
A for @ (\/2 + v — 1) <a,
0 fora<a(v/2+v—-1),
ST for @ (\/2 +v— 1) <a,
i fora<a(v/2+v-1),
(@) =4 S ey B ( ) (3.69)
Ry fra(VZEy-1) <q
c ) = 7 a?
(o, a) =7y (@, ) = ————, 3.70
O @ = 5o (3.70)

where the upper and lower bound for the investment costs are given by

52

fora<a(v/2+v-1),

KO = { 1) (3.71)

(6+v)[5—91]6[21(:5)72)+g(6+7)] for @ (2 + 7 — <a

IN

—

2

—~
—_
N~—

Y
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[@(24+7)—2a][@(2+7)+20] =
70 = 16(2+7)° fora <@(v2H7-1), (3.72)
(6+y)[a—a[a(6+v)+a(2-57)] /5T~ '
. 16(4—7;)2 . ( 247 — 1) < a.
Proof of Proposition 3.8.
(i) Consider o <@ (v2+ 7 —1). If a®y (4 +7) — 4a® <0, then
40 > [@ (24 7) — 2] [@ (2 + ) + 20,
and hence, k¢ > &Y. The zeros of @y (4 + v) — 4a? are
2y/a(@+a)—2a 2y/a(@+a)+2a
Y € ol ’y &
:{2( 1+ 2 - ),—2( 1+%+1>}.
a a
(it) Consider @ (v2+7 — 1) < a. If vy < —2, then
a2=5y)+a(6+7) >a6+7)+a2-5v),
and hence, k¢ > &C.
O
3.5.9 Proof of Proposition 3.9
The payoffs of the non-cooperative game for Bertrand competition are
2
1_
f (a,0) = 78 (a,0) = —= ( ; ) 7 (3.73)
42-7) (1 +9)
5o ?—; forgﬁ&(«?—i—w 7—1) -
(@) = [@(6+1-3v2)~a(2+37—2)]° _ 5 (3.74)
6221 fora(\/Z—l—’y—fy —1) <a,
0 forgﬁ&(d?—i—”y ’Y—l)
™ (@) = [2(6+7-372)—@(2+37—?)]” (3.75)
62 (%) fora<\/2+7 72 —1) <a,
0 forg§5<\/2+7 ’7—1)
(@, @) = [a(64+7—372)—a(2+3v—?)]” (3.76)
a(6+y—37 Y=Y foa(/—2—|—77—1>ﬁg

16(4—2)*(1—+?)
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?—; forgﬁ&( 2—1—7—72—1),
Ty (o, @) = @ ) o2 (3.77)
a(6+y—372)—a(2+37—?)| _
622 (1-72) fora (y/24+7—7%— 1) <a,
o (@,d) = 7§ (@a) = —— ) (379

12=7"(1+9)

Moreover the upper and lower bounds for the investment costs are given by

a(1—

B _ 4(2*“5)2(1&7) rasa ( 2 Ty =07 1) 3.79
&= (6+v—392)[a—a][a@(2-57—2) +a(6+v—37 _ 1) < (3.79)

16(1—2)%(1-72) O‘( Lt > =@

a@2(2—)2 (147)—4a?(1— _

—B ( 1’)/6)(2(—'7)’)/2)(1-0-;)( & ra S o < 2+ v ,7 - ) 3.80
k= (6+7—37%)[@—a][a(6+7-3+2)+a(2-5v—?) 1 (3.80)

16(4—~2)2(1—~2) ( 247 —7*— ) Q.

Proof of Proposition 3.9.

(i) Consider a < 6<\/2+7 o i 1). If &%y (4 — 3y +~2)—4a? (1 — ) < 0, then

42 (1—7)>a@2-7)21+9) —4a*(1—7),

and hence, k” > ®P. Note that @y (4 — 3y + +?) — 4a? (1 — «) is increasing in

7 for v € [0, 1], which can be seen as follows

—2 _ 2y _A4n2 (1
0 (a*y (4 37-1—8’77) 4o” (1 7)>252(4—6’y+3’y2)+422

=@ (3(1—9)*+1) +4a® > 0,
and decreasing in the multiplier &, if we write a = & with € € (0, 1], which is

9@y (4 —3y+1+%) —4%a% (1 — 7))

= —8a* (1 — 1).
7 8¢a“(1—v) <0 forvyel0,1)

These two observations imply that the zero in v of @y (4 — 3y +v?)—4a? (1 — )
is shifted in the direction of the origin if the difference between @ and « is
increased. Thus, we need to look at @ = « to find an upper bound ~ for which

asymmetric Nash equilibria do not exist. This means we need to find the zeros
of

4 — 8y + 3y — 45
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The only real zero is at

Wl

I CENG R Y R CNE e et ) K B

V3 (2V2V19 - 3V3)*

(i1) Considera<\/2+7—'y?—1> <a Ify< —@ ~ —0.56, then
a2-5v—-7)+a(6+7-3y")>a(6+7—-37") +a(2-5y—1%),

and hence, k? > 5.

3.5.10 Proof of Proposition 3.10

Proof of Proposition 3.10. We have

K¢ — kP
_ e <= ( —3 >
2(4—72)2(1+w[) ; fora<a(y2+y—-7"-1),
8y3 (L—y)a?+|a(6+v—372)—a(2+37—7?) _ _
16(4—2)*(1—72) for @ (\/ 24y—7"— 1) <a<a(v2+y-1),

Sla—alla —« a
e e (V77 1) <o

7P =~ (./ 2
20422 (1) [ ; frgsa ( 2+7-7 1)’
_ )&  &P—y)al+|a6+y—3v%)—a(2+37—7) —_ _
=15 - 7L fora<\/2+’y—72—1> <a<a(v2+7-1),

Sla—al[a —« a
for® (V77 - 1) <

B we immediately derive the statements

From these expressions for kK¢ — k? and &“ — %
of Proposition 3.10.

]
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For the special case of v = 0 the lower and upper bounds of investment are given
by

o2 — _
OB ={ 1 fora<a(v2-1), (3.81)
- 3la—a][3a+a —
Sa—al[Sata] ?}SL o fora (\/5— 1) < a,
[a—a][orta] = _
3la—a]la+3a —
% fora(ﬂ—l)gg.
Hence, the expressions from the proof of Proposition 3.10 simplify to
—lomalbazal for g <@ (V2 -1
[a%‘:’l@ for & (\/§ — 1) < a.

3.6 Appendix B: Competing Input Suppliers

So far the input market was assumed to be monopolistic. In this section we relax this
assumption and analyze an input market with m > 1 competing input suppliers. The
total input demands of the intermediaries were determined in Eq. (3.9) for Cournot
competition and in Eq. (3.18) for Bertrand competition. Let () denote the total input

demand, then in both cases the total input demand is of the form
Q(c) =1 —dYc with ¢, > 0. (3.84)

This implies that the inverse demand function for the input market is

_¥-Q

(@) =

(3.85)

We suppose that the input suppliers deliver a homogenous product and compete by
choosing quantities.! The total quantity provided on the input market is the sum of

individual quantities of all input suppliers. This is

m

Q=> Q. (3.86)

r=1

I'Note that price competition for homogeneous goods implies pricing at marginal costs and thus,
with the assumption that marginal costs are zero, the input price is zero. We therefore analyze
quantity competition between the intermediaries.
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Assuming zero marginal costs, each input supplier ¢ chooses his production quantity

)y to maximize

(—w — %L Q’“) Q. (3.87)

The first-order condition of input supplier ¢ is

@Z} - Z:ﬁg Qr - QQE .
3 =

0. (3.88)

As the input suppliers are symmetric, we look for the symmetric Nash equilibrium
with QQ, = @, for 1 < r,¢ < m. Thus, the first-order condition becomes

L (m; D@ _ (3.89)
and therefore,
oy Y =mQ Y
Q=g and c(Q)="—5— =5y
with a profit of
_ v
Q=

Hence, we just have to insert the according expressions for ¢ and ¢ from Eq. (3.9)
and (3.18) to obtain the input prices for an input market with m input suppliers. The

input prices for selling to both intermediaries are

c_ 2 ()\1@1 + )\2@2) - ()\1@2 + )\Qal)
B (2 — ’)/2) ()\1051 + )\2@2) - ()\1@2 + )\2@1)

T T )@ ) 18— 2] (3.9

(3.90)

Cc

and if Z—; > :\\—;, for selling to intermediary 1 the input prices are

20[ — Y (0]
= Imax 3.92
¢ a {2)\2_7)\1’(m+1))\1}’ ( )

2 — %) ay — Yy o
P = max { ( ) . 3.93
2=92) X =\ (m+1)\ (3.93)
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These input prices indicate that introducing competition on the input market requires
additional comparisons of the input suppliers’ profits beyond those considered in the
proof of Proposition 3.1 (step 2.1) and 3.2 (step 2.1). The reason is that the importance
of the corner solution can no longer be denied when selling to just one intermediary,
given the number of input suppliers grows.

Mathematically, if we assume that the profit of the corner solution is always less
than or equal to the profit of the interior solution for selling to just one intermediary,
then comparing these profits and rearranging, we have for Cournot competition the

condition

m > 2)\1 (2062 — ’}/Oél) (Oél)\Q — ag)\l)

, 3.94
(m+1)* a2 (2X — YAy (3.94)
and for Bertrand competition
M (2=~ ((2—-~2 — Ao — i\
m > 1(2—7 )((2 V) o2 — you) (a21 2 — O 1). (3.95)
(m+1) ai ((2—=7%) A2 —7A1)
However, as lim,, # = 0, this is not always possible. This implies that there

exists an m such that in a symmetric situation the input suppliers have to charge the
price for the corner solution in order to sell to just one intermediary. Thus, including
competition on the input market may influence the decisions on the input market and
hence, impact our results. Therefore, a comprehensive analysis of the relation between
the number of suppliers and the optimal decisions on the input market is left for future

research.

3.7 Appendix C: Computations

Computation of Equation 3.6

By using the best reply functions of both intermediaries we compute intermediary ¢’s

Nash equilibrium quantity ¢, which is given by

205 —ya3—i—(2Ai—YAz_i)c - : 20 —yo3_; 203_§—0y
if ¢ < min
(4—72) < 22— A3—i 7 2A3—i—Ai [0
C

e a;—\;c cp 2a3_i—yQ; a;
q; S if v <c< et

0 otherwise.
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20 —yo3—i  203_i—Y% }

The equilibrium quantity ¢ for a sufficiently low input price with ¢ < min{ DEvE s wa—

is determined as follows:

az_i—yq€ —X3_sc

q; = 5
o 20— (agi — gl — As_ic) — 2\ie
< g = 1
¢ C 20 —yas_; + Y30 — 2\ic
< q; — 1 1
s ¢ 1- 7_2 _ 20 — yaz_i + Y A3_ic — 2)ic
1 4 4
o C 4 - 72 _ 20, — Yoz_; + ’Y)\g_iC — 2)\¢
i 4 1
o qC _ 200; — Yag_; + YA3_ic — 2)\¢
(A 4 . 72
o = 20t — yoz_i — (2 — Y A3) c
' (4—72)

Computations of Equation 3.7

The according equilibrium price p¢ is

C ] : : 20, —yag—; 203 —YQ;
q; +Aic if ¢ <min { 2Xi—YA3—i 7 2X3-i—7 A } ’

C — ) aithic sp 20—y o7}
Pi 2 if 2A3—i—7Ai se< i
0 otherwise.

The equilibrium price for a sufficiently low input price is determined as follows:

pe =pi(af,q¥)
20; — yas_; — (2N — YA3—) ¢ 203 — you — (23— — Y\i) ¢

- 2—72+7) ! 2—72+7)
o 20 — yas_i — (2N — YA3i) ¢+ 2y — Y2y — (29As — Y2 N) ¢
- 2=7)2+7)
_ 2= 72 ai +yas-i = ((2=7) N +yNs) ¢
' 2-m2+7)
_ (=) i —(2—7)ai —qyosi + (2= ) N +7As-i) ¢
2-72+7)

_ 204 — a3 — (P =2) N —7X3-) ¢
2-=702+7)
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L 205 — o — (20 —yAs) e — (P —4) Nie
2-72+7)
205 —yazi — (2N —yAsg) e+ (4 - 3 hic
2=-72+7)
20; — yaz_; — (2N — YA3_) ¢
- + )\iC
2-72+7)

Computations of Assumption 3.1

Consider the equilibrium quantity ¢¢ with ¢ < min{ 3?::1?\‘;::, Zii:::x:} For the
Cournot equilibrium quantity ¢¢ to be non-decreasing in “weighted” qualities we de-

mand

20; — yag_; >0

20, > yog_;
Q; < Y

a3 2 '

For ¢¢ to be non-increasing in the input price ¢ we need

20 — ’)/)\3_1' >0

2N > YAz

Ai g
> -

A3—i

Computations of Equation 3.9

Taking the intermediaries’ equilibrium quantities as given, the total market demand

on the input market is ¢%(c) = M\iq¥ + A\2¢¥ and given by

(2(M1a1+dea2)—y(Aras+doar)—2(A3+A3—y 12 )e . . _ _
(A3 ) 1fc<mm{2a1 oy 2az “’al}

(4—~2) 221 =727 2h2—vA1
A —A
1(c1—A1c) if 22—y <c<@
ORI B £ 0% &
A2 (g —Azc) if 20 —yag <c< as
2 221 —7A2

\ 0 otherwise.



CHAPTER 3. SIMULTANEOUS COMPETITION OF INTERMEDIARIES 76

The total market demand for a sufficiently small input price ¢ < min{ éiiji‘j, giiizi‘i}

is determined as follows:

A <2a1 — yag — (201 — YA2) c> Iy (2(12 — vy — (200 — Y1) c)

(4-19%) (4—-19%)
A1 (201 — yag — (22X — Y Ag) €) + Ao (2a — yau — (20 — yA1) ©)
(4—17%)
2 (/\10(1 + /\20(2) - ()\10(2 + )\20(1) -2 ()\% + )\% — ’}/)\1)\2) C
(4—7%) ’

Computations of Proof of Proposition 3.1

Proof of Proposition 3.1. The proof proceeds in two steps. In a first step we deter-
mine the prices the input supplier charges. In doing so we distinguish different cases
depending on the number of intermediaries demanding positive quantities. Afterwards

the according profits are compared in step two.

Step 1 (Input Prices and Profits)

Case 1: The input price is chosen such that both intermediaries produce strictly

positive quantities. Therefore, the following must hold:

) {2041 — Yo 20 — 7041}
¢ < min .

201 — YA T2Xg — YAL

Maximizing the profit of the input supplier ¢¢(c) ¢ yields an input price

c 2 ()\10&1 + )\20&2) - ()\10&2 + )\2041)
c = .
4[AT+ A3 — yAiAg

This can be seen as follows:

2()\1a1+)\2a2)—'y(/\1a2+)\2al)—2()\%—i-)\%—'y)q)\g)cc

0

(4—72) !
oc =0
2 (Mo + Ap0z) =7 (Maaa + Aaar) — 4+ M — 7)1
(4-1%)
2 ()\10(1 + )\20&2) -7 (>\1052 + )\2051) . 4 ()‘% + )‘% — 7/\1/\2) c®
(4 —~2?) a (4—=7)

2(Mag + Aaaa) — v (Mg + Aaoy) _C
4 (AT + A3 —vA12)
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and

82 2()\1a1+)\2a2)—’y()\locz-l—)\zoq)—2()\%4—)\%—"/)\1)\2)Cc
(4=7?) - —4 ()\% + )\% — ’7)\1/\2) <0
Oc? N (4-7?) -

Note that for this input price both intermediaries indeed purchase positive quan-

tities. Suppose ¢t > ’\1 , then 21092 -, 202901 {jgipg mln{’\1 ’\2} > 1 and

221 —7 e Do—A1 PEEIDY 2
min {al, 0‘2} > 1 we have
as) «

aq /\1 20(2 — YO 2/\2 —’}//\1
4—-PH === & <
0< ( 7 ) <042 /\2) 200 — yag 20 — YN

which can be seen as follows:

200 — oy < 200 — 7N\

2@1 — Qo 2)\1 — ’}/)\2

= (20&2 — ’70(1) (2/\1 — 7)\2) < (2)\2 — ’)/)\1) (20[1 — ’70(2)
<~ 40(2)\1 — 270[2)\2 — 2’}/0[1/\1 + ’}/2@1)\2 < 4061)\2 — 270[2)\2 — 2’}/0[1/\1 + ’}/2062)\1
<~ 40(2)\1 + ’72041>\2 < 4041/\2 + ’}/2042)\1
& 0« (4 — ’)/2) (Oél)\z — Oég)\l)
(05} )\1
0<(4—9)(— -5+
& 0<( 7)(042 )\2>,
and thus,
2 [AT + A3 — 7AAs]
Az (2A2 — A1)
=M (2A1 — YA A1 (2A1 — YA
1( 1 72>+ 1( 1 72))\1(2)\1_7>\2)
)\2 (2(1’2 — ’}/Oél)
A1 (2A — A A (2A — A
> A1 (201 = YA2) + A1 (A — 2))\1(2&1_7%)
By using

AN 4+ A3 = vAide] > 2 AT+ A3 — x| for A, A2 >0

this implies that

2 (2042 - 7041)
1 (2041 - 7042).

A
4 P‘% + A5 - 7)\1/\2} > A1 (201 — Y A2) + A (2A1 — Y \e) 3
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Rearranging yields

20(1 — Y 2 ()\1@1 + )\2&2) - ()\1@2 + )\2041)
2)\1 — 7)\2 4 [/\% + )\% — 7)\1)\2]

C

showing that the input price ¢ is indeed sufficiently small to sell to both inter-

mediaries. Alternatively, this can be seen as follows:

We have
o 204 —yay
20 — A
o 2 (A1aq + M) — 7 (Aag + Asarq) _ 2001 — Ya
4[N+ X3 — YA\ 2X1 — Yo
o A1 (201 — ya) + A2 (2an — ya) _ A1 (20 — ya)
4[N+ 22—y A\ A1 (201 — )9)

)\2 (20&2 — ’)/Oél)
)\1 (2051 — 7062)

S A (20 — Y2 + A (20 — YA2) <A+ A3 — AN

20—y 2X2—7\1

s yan v L suffices to show

and, therefore, using

/\2 (2/\2 — ’7/\1)
/\1 (2/\1 — 7/\2)

= )\1 (2)\1 — ’7)\2) + )\2 (2)\2 — ’7)\1) <4 [)\% + )\% — 7)\1)\2}
& 2[M A M) <4 AT N — AN,

)\1 (2)\1 — "}/)\2) + )\1 (2)\1 — "}/)\2)

< AN+ A3 — A

which is always true for A, Ao > 0. The profit of the input supplier is

oo o [2(Mar + daan) — v (Mag + Xoay)]?
G 2) [)\2 2 :
8(4—7%) [AT+ A3 — A\

Case 2: The input price is chosen such that intermediary 1 produces a strictly positive
quantity while intermediary 2 produces zero. Thus, we require
209 —
TN
200 — YN A1
which implies &1 > i—; Maximizing the profit of the input supplier ¢¢(c) ¢ and

taking a sufficiently high input price into account yields an input price

CC = max —2CY2 — T &
2)\2 — 7)\1 ’ 2)\1 .
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This can be seen as follows:

Ai(a;—Nic)
oMt 0
dc B
)\iOéi — 2)\120 !
o ZETEATL
2
=4 )\iCYi = 2)\226
&
= C.
2N

Note that by definition this input price is indeed too high for intermediary 2 to
purchase positive quantities. The analogous argument holds if intermediary 2
produces a strictly positive quantity while intermediary 1 produces zero. The

profit of the input supplier is

Oé_f if 20—y ay

coy.C_ )8 2—yA = 217
gy (c7) ¢ =

A (2a2—ya1) (a1 do—as 1) if 20—y s, o

(2X2—yA1)? 2X2—yA1 = 2M17

Suppose —3?2:13‘11 > 20‘711, then ¢¢ = 3?2:1‘3\‘11,
)\1 ] — )\160
) = M)
B /\1(041 -\ 3?2:3?;)
2
_ )\1 ( 041(2)\2—72/\;2):,?;(12042—7011) )
2
. )\1(0&1(2)\2 — ’)/)\1) — )\1(20&2 — 7@1))
2(2)\2 — 7)\1) ’

and

€ (c%)cC _ Ai(0n(2he = yA1) — A (200 — 7)) (20 — yas)
2(2)\2 — ’7)\1)2
M ((2aq0n — vad) (209 — YA1) — (2A1an — YA1a1) (200 — yay))
2(2\y — YA1)?
A (Ao — 29X 1aqan — 29 X003 + Y2 Aaf — 4N 0l
2(2(2X\y — yA1))?
29 1 + 27\ agan — YA ad)
2(20g — YA1)?
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A (2X0a109 — YA — 2X\103 + YA 1a1an)
(222 —yA1)?
Ao (20 — yan) — Aag(2az — yay))
a (2A2 — yA1)?
~A((2ag — o) (Aean — M)
- (2A2 — 7A1)? '

e 200—ya1 . a1
Note that if e = then

2000 — Yo (€3]

2)\2 —’Y>\1 n 2_/\1

S 2N (20[2 — ")/Oél) = o (2)\2 — 7)\1)
S 4o — 2’}/061)\1 =201\ — ’}/Oll)\l
S doag — 2’70&1)\1 — 2001 M\ + ’)/Oél)\l =0
& 2 (042)\1 — Oél)\g) + A (2@2 — ’}/061) =0
<~ )\1 (20[2 — ’70(1) =2 (Oél)\g — (12/\1)

and thus,
() = A (200 — yon ) (Aaon — Mas))

(2)\2 - 7)\1)2
o (Aear — Maw)
oy (2A2 —7A1)
g 2(Aar — Aag)
T2 220 —N)
o A (20 — o)
T2 2(2>\2 - 7>\1)
a1 A g

222\
o
-3

Case 3: The input price is too high for at least one intermediary to purchase strictly

positive quantities.
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Summing up, given the input demand the monopolistic input supplier charges a

price of
( _ . : .
2nantAsan) yiazthoon) {1 golling to both intermediaries,
42423721 N
) for selling only to intermediary 1
ar—yo1 o
c® = { max { 22 —AL 2)\1} and 2027791 - @1 holds
Do—h > A ’

2a1—yas g
\ max { 2A1—7A2 7 29

} for selling only to intermediary 2

2001 —yao a
and m < )\—z hOldS,
and obtains a profit of

(20001 +A2a2)—y(A1az+A2a1)]?
8(4—72) A2+ —7A1 x|

for selling to both intermediaries

for selling only to intermediary 1

22—y o 1 - Qa1
and e S oy <N holds,

®|R,

M (209 —yan ) (e Ao —aeohn) for selling only to intermediary 1

c(.Cy . .C
gr\c)c = 2X2—A1)? a1 2oy o a1
7(c7) (2x2—7A1) and g3+ < e < holds,

for selling only to intermediary 2

2 —yQ@2 o~ a3 - o2
and e = o < holds,

Q
oolmm

Mo (2001 —yees) (cra s —cry a) for selling only to intermediary 2

221 —YA2)? o 20172 s
(2A1—7X2) and 7= < e < holds.

Step 2 (Comparing Profits)

An input price as suggested in Case 3 cannot be optimal. In this scenario the input
price is too high for the intermediaries to demand goods and the input supplier’s profit
is zero. In contrast, Case 1 as well as Case 2 yield positive profits. Therefore, we an-
alyze the input supplier’s profits for Cases 1 and 2. We compare the two monopoly
profits for selling to intermediary 1 with the duopoly profits for selling to both in-
termediaries. Thus, suppose ay < alf\‘—f. The remaining part when only selling to
intermediary 2 follows analogously.

Step 2.1: We compare the two monopoly profits for selling to intermediary 1 and

obtain by observing

(a1 (2A2 +9\1) — 4/\1Oé2)2 >0
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that

CE% > )\1 (2&2 — val) (a1>\2 — 052)\1) .

Bl (22 — A1)

This can be seen as follows:

ay A1 (2042 - 'Yal) (CY1>\2 - 042/\1)

8 (2)\2 — ’7/\1)2

% (2)\2 - ’Y)\1)2 Z 8/\1 (20./2 - val) (CY1>\2 — 042/\ )

% (4)\% — 4’7)\1)\2 + ’}/2)\%) Z 8)\1 (20&2@1)\2 — 20&2>\1 ’Y(Jq)\g + ’7(1/1052)\ )

T (AN — 4y A + 9727 > 16aac Aads — 16030T — 87yaf At da + 8y s}
Q2 (4N3 — 4y A Ay + 8y A1 \g +72A2) > 16A \aanan — 160203 + 8yA\ 2
af
2
1
2
1
o2
Qq

Q

(67

(67

(402 + 4y M g + 72A2) — 160 a4+ 16X202 — 8y 2aqas > 0
(2)\2 + ’7)\1) — ].60[20[1)\2)\1 -+ 160&2/\2 — 8’)/0410[2)\2 2 0

274 1
(2Xs + 7A1)? — 16X 001 h0 — 87 20q 00 + 16X202 > 0

1 1-2
(2A + YA1)% = 8Ajaway (2Xs + YA1) 4 16X2a2 > 0

1%2

(O[l (2)\2 + ’Y)\l) — 4/\10&2)2 > 0.

(0%

(0%

(I

Step 2.2: We compare the duopoly profit with the monopoly profit for selling to in-
termediary 1. If the duopoly profit is greater than or equal to both monopoly
profits, then the input supplier decides to sell to both intermediaries. Therefore,

we obtain that if

Qg > 0417'10
with
C _ V(4 =792 (AT + 23 = 7Aidg) — (M — )
' (2X2 — 7A1) ’
then
04_% < 2 (AMag + Aaas) — v (Arag + )\2041)]2
8 7 84— M+ A3 — A
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holds.

This can be seen as follows:

(2(a1 A1 + aoXg) — y(a1 Ao + aghp))? S a_%
8(4—17%) (A + A3 —yAihe) 8
(2(a A1 + a2Xa) — y(agde + aohy))? 2
(4=7%) (AT + A3 = yAs) -

(2(ar A1 + aoda) — Y(aaAs + aaA1))? > af((4 = 7°) (AT + A5 — 7 A1 he))

(Oél<2)\1 — ’}/)\2) + @2(2)\2 7)\ )) ozl (4 Y ) ()\% + /\3 — ’7/\1)\2)

051(2)\1 — ’)/)\2) + &2(2)\2 — ’)/)\1) Z aq \/(4 — ’)/2) ()\% + )\g — ’}/)\1)\2)

Q> a (¢(4 — ) (A2 A2 — A hg) — (2\ — 7A2)> |

(2)\2 — ")/)\1)

Thus, whenever condition (3.35) holds, we know that a profit-maximizing input

supplier prefers to sell in any case to both intermediaries. Thus, we know that

for

A
atd < ap < O”A_Q
1

the input supplier prefers to set a price for which both intermediaries procure

inputs.

Note that the following is always true:
A2
T —.
1 = )\1

This can be seen as follows:

O

V=P 8 = k) = A= 9d) e

(2A2 —vA1) A
/\1 \/(4 — ’)/2) ()\% + )\% — ’)/)\1)\2) — )\1 (2)\1 — ’7)\2) S )\2 (2/\2 — ’7/\1)

Ay (4 —72) (A A3 — 7200

) 2) < A2 (2A0 — VA1) + M1 (20 — A0
AT (4=77) (AT + 23— 70) < (A2 (200 — A1) + A1 (201 — 7\2))?
AT (4=77) (AT + 23 = 7A1h) < (203 — YAida + 20 — 'y)\l)\g)
A2 (4 =72 A2+ 22— 7 A ) <4 (A2 + 22— yAh)°

0<4 (W24 22— Ah) = A2 (4= 72) (2422 — 7Ah)

0< (A4 A3 —yAid2) (4A] + 4203 — 4y dh — A (4 —1%))

(
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S 0< (AT + 23— v Aihe) (403 — 49 + ATy
S 0< (M HA =M 20 — A1)

Step 2.1 and Step 2.2 show that for 3?2:3;“11 < 55 the the claim of Proposition 3.1 holds.

Note that requiring 292=2% < 2L ig equivalent to choosing ap < oy ( 2225321 ) O
Da—h1 = 2 o

Computations of Equation 3.12

Given both intermediaries compete, by using Eq. (3.2) and assuming v € (—1,1) we

obtain the customer’s demand function

@i = pi+y(p3i—az )
qi(plapQ) - (1 _ 72)

for intermediary ¢ € {1,2}. This can be seen as follows: we have ¢; = a; — yg3_; — p;

and q3_; = ag_; — vq; — p3—;. Therefore,

q; = o; — 7 (0434 — 4 — P37i) — Di
G = i — Yas_i + V¢ + YPs—i — pi
q; — 72(12‘ =Q; —YQ3_; +YD3—;i — Di

¢ (1 =7°) = ai —yas_i +Vps—i — Di
o — YQ3—i + YP3—i — Pi
(1=172)

r ¢

q; =

Computations of Equation 3.14

By using Eq. (3.13) we compute intermediary i’s best reply function. As above, neg-

ative profits can be avoided by not producing anything

i~ —i — D3—i i
P (p) :max{a v (ag : P3—i) + C,O}.
This can be seen as follows:

aﬂ-iB (Di, P3—i, €, vy, Qr3_;)
Ip;

!
=0

1
1—~2
& — Y3 +P3—i — 2pi + Aic =0

(v = yaz—i +yp3—i — 2pi + Aic) 20
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& 2pi = — a3+ Yp3—i + Aic
Q; — Yz + Yp3—i + A
2
a; — 7y (as—j — p3—i) + Aic
2

< Di=

< Di=

Computations of Equation 3.15 and Equation 3.16
The Nash equilibrium price in Bertrand competition is given by

(2792 ai—ras—i+(2Ai+yAs i)

if ¢ < min (2—72)0@'—’70134 (2—72)04371'—7042‘
(4=2) 2=y Xi—vAs—i 7 (2=7*)Az—i—7Ai [
B 2 ) .
D = § aithic if (2_7 )aS_l_ﬂ/a’ <c< %
2 @=H)As—i—vAi — Ay
0 otherwise,

which can be seen as follows:

s T YTy <a3_i_wai?p"3+)\3_ic> + Aic
b = 5
p_ 1 1 B
< P =5 |Gyt gy (a—i =y + P + Ag—ic) + Aie
1
& 2 =0 —yaz_ + 57 (a3—z’ — yoy +vpf + )\3—i0) + Aic
1 1
& 2pf — 5721%3 = — Y03 + 57 (3 — v + Az_ic) + Aic
1 1
s P (2 - 572> = i =0 + 57 (a3 =70 + Agic) + Aie
50—y + 2 (as_; — yay 4 As_ic) + Aic
~ p’L = 1.2
B0 — Y3+ sy — 2720 + 3y A+ Aie
~ p’L = 2 1.2
— 1y
o (1 - %72) - %7043—z‘ + %7/\3—1'6 + Aic
= p’L = 2 T 5
@ (2 —7%) — yoas_i + YAs_ic + 2\
-7
5 (2= —yas_; + (2N + yAs_i)c

B __ (2 — ’}/2) a; — 7y (Oég_i — )\3_1'C> + 2)\10
& pl = ppa :
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The equilibrium quantity is denoted by

pP—Nic if ¢ < mi (2—72)Oéi—’Ya3—i (2—'72)%—2'—’70@'
(1-2) e < min 2= Ni— 3= 7 2—2)Az—i— N\
B . X
q; = o —AicC if (2—72>a3,1—'yo¢1 <c< %
2 (2= A3—i=vhi — A

0 otherwise.

This can be seen as follows: using

pB o a; (2 - ’)/2) - (Ojg_i — )\3_1‘6) -+ 2/\,6

4 —~2
pB o Q3—i (2 — 72) -7 (ai - /\zC) + 2/\3_iC
3—1 4 _ 72
we have
ai(2772)f'y(a3fz‘f)\37ic)+2)\ic a3*i(2*’72)*’7(ai*>\10)+2)\3,¢c
QG — 1—~2 — 7\ G3—; — p—
B _
q; = . 72
@i(2-7%) ~y(@3-i—As-i0) +2Aic—a5-i(2-77 ) 7 (@i~ Aie) ~2yAsic
Ozi—<( 7)73 3 4:/723( v)“/ A3 +7a3i>
,Ozi(2772)4»')/(043,1‘7)\371‘0)72)\7;04»70[371.(2,72)772(0%7}\ic)+2’y)\37ic
_& 4—92 — VO3
— — 72

(4 — 72) ; —a; (2 — 72) + 7 (g — Ag—ic) — 2Nic+ vz (2 — 72)
(1=7%)(4—=7?)
—2 (i — Nie) + 293¢ — v (4 — ) az_;
(1=7*)(4=7?)
(2 —792) (a; — Nic) + v (az_; — A3_i¢) +yaz_; (2 —7?)
(1=7*)(4—=7)
293¢ — 7y (4 — 72) Q3_;
(1=7%) (4 =19
(2= 72) (i — Nie) + 7 (as—; — Az—ic) — 27y03_; + 2yA3_4c
(1= (4=77)
_(@2- 7?) (@i = Aie) =7 (@3-i = A3-ic)
(4=7%)(1—=7?)
2=7)ai—ya3i = (2= N —7ds)c
(4= (1 -7
(2— 72) o —yas—;  ((2— 72) Ai —YA3_;) €

+

(A=) (1-9?) (4= (1—19?)
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87

n 2N +A-0) e (2N +Asm) ¢
4=7)1=7) (“A-=7)1-7?)
(2 =) i —yaz_; + (2N +YA34) ¢

a2 (1-)

(=N =) e (2N Fdsi) e

(4=7%)(1—=7?)

:(2 — ) a; — yaz_; + (2N +YA3_i) ¢ B

(4=7%)(1—=7?)

(4 — %) N\
(4=7%) (1 -7

_ pf A
(1-9%) (1-9?
_PlB—)\iC
(1—-9%)"

Computations of Equation 3.18

The total market demand on the input market is ¢Z(c) = A\1g” + X\2¢¥ and given by

( (2—72)()\10414-)\2012)—’)/()\10!24-)\2&1)
(4—2)(1—2)
e e et (e e
A=) (1—7) RS e e [

B 2
qr (¢) = q Ala=o) if (2-9%)az e <e< @
2 2 o = PV
Ao (aa—Aac) if ((27;/23042171&12 - - 2
2 W7o S¢S Ny

otherwise.

0

\

2001 —yao 2a27'ya1}
221 —YA2 7 2A2—vyA1

The total market demand for a sufficiently small input price ¢ < min{

is determined as follows:
(2= a1 —yas — (2= M — X)) ¢
M( A=) (=) )
2= as—ya1 — ((2=7*) A —yM1) ¢
*M( A=) (=) )
o (2 = 92) (Mag + Aaan) — 7 (Aras + Aoay)
(4—=7%)(1—19?
12 =) A+ AS) — 29\ e
(4—=9%) (1 -9 ’
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Computations of Proof of Proposition 3.2

Proof of Proposition 3.2. The proof proceeds in two steps. In a first step we deter-
mine the prices the input supplier charges. In doing so we distinguish different cases
depending on the number of intermediaries demanding positive quantities. Afterwards

the according profits are compared in step two.

Step 1 (Input Prices and Profits)

Case 1: The input price is chosen such that both intermediaries produce strictly

positive quantities. Therefore the following must hold:

. {(2_’72)041—7062 (2_72)042—7041}
¢ < min , .
(2= A =7 (2=92) X2 — 7\

Maximizing the profit of the input supplier yields

B _ (2 B 72) ()\lal + )\2042) - ()\10{2 + )\2041)
327 0%+ )~ 2740

C

This can be seen as follows:

(2—’)’2)()\1(11+)\2a2)—’y(>\1a2+)\2a1)— [(2—’)’2) ()\%—f—)\%)—?}/)\l)\g]c

J A5 ‘1, .
oc -
(2 - ’72) ()\1041 + )\2012) -7 ()\1042 + )\2041)
= 2 2
(4—=9%) (1 =92
20@- )R+ ) - ddle
(4= 1 =9
(2 =% (Mar + Aaag) — v (Arag + Aacry)
< 2 2
(4—=9%) (1 -2
_2[(2=9") (AT +A3) — 27Mi o] e
(4= (1 =72
N (2 —9?) (Mag + Asas) — 7 (Arag + Aaay) _

2[(2 = 7%) (AT + A9) — 291 ]

and

(2-9%) Qrar+doaz) —y(Maz+dear)—[(2-92) (AT +A3) —20 A1 de]e
@12 ¢
oc?
_2[2 =) R A) — 29NN
(4= (1—-19% -

82
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Note that for this input price both intermediaries indeed purchase positive quan-

ar )\1 (2—72>a1—'ya2 (2_72)042_70‘1 3 3 A1 Az
tities. Suppose ¢+ > 51, then BN e (B e - Using min ¢ 57, 5% 0 >

} > 515 we have
-

a1 a2

—— and mm{ ,
o’ aq

2—y

0< (2- )’ (041 )\1> o =)y (2=77) e — M

ay A (2= a1 —yas (2= M — A

which can be seen as follows:

9 _ 2

(2=7") A2 — 7\ ( V7)) g — vy

(FRE) DY Vgl CIEE) Py

& ((2 — 7 )y 7042) (( — 1) A2 7)\1)

> ((2 = 7)) —va1) ((2 =)A= 7he)
& (200 — Y —ya2) (200 — YA — Y1)

> (20 — Yo — yar) (2A1 — A1 — YAe)
S 4o — 2’)/2)\2@1 — 27\ g — 272)\2a1 + 74)\20z1

+ VP Aaq — 29Aaas + Y3 Ao + Vi A
>4Mas — 297 A e — 27 Aean — 27 A an + Y A

+ Aoty — 29101 + V3 hoq + Vi ae

S 4o — 4’)/2)\2061 + ’74/\2041 + 4’)/2>\1042 — 4oy — ’}/4/\10[2 >0
& Aoy (4 — 4% + 74) — A1g (4 — 4% — 74) >0
<~ (4 — 4’72 + ’}/4> ()\2@1 — )\1(1/2) >0
<~ (2 — '}/2)2 ()\2041 — )\10&2) >0
A

e 2= (2-2)>0

=) (2= >

and thus,

S (A ) A (2 ) ) ST )
2 2 Ao — ) g — vy
> A\ ((2—7 ))\1—’7)\2)4—)\1 ((2_7 )/\1_7/\2) )\122—12;&1—za2§7
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which implies when using
2 ((2 — ’}/2) (/\% + )\g) — 27)\1/\2) > (2 — ’72) ()\% + )\%) — 27)\1/\2 for )\1, Ay >0
that

2((2—72) (A2 +22) — 29A0)

> )\ ((2 — 72) A — 7)\2) + A\ ((2 - 72) AL — 'y)\g)

Rearranging yields

(2 —7%)on — yar - (2 — 73 (Mar + Aaaz) — y(Aaz + Aar)
(2 =921 — 7A 2[(2 =y (AT 4 A3) — 271\

showing that the input price c¢? is indeed sufficiently small to sell to both inter-

mediaries. Alternatively, this can be seen as follows: we have

B < (2= o1 —yay
(2=7) M =7
(2 - 72) (AMrar + Aaan) — v (Mg + Aeay) (2 — 72) ) — Yoo

=

2[(2 =72 (AT + A3) — 29 i Ay (2 =72 A — A
2M1aq + 2X000 — VA a1 — VAo — YA a0 — YAear (2 —92) g — yag
2[(2 = 72) (AT + A3) — 271 (2 =72 A=A
- M((2=7) o1 —ya2) + 0 ((2=7) a2 —yan) M ((2=77) g — ya)
2[(2—=9%) (AT + A3) — 29\ AM((2=72) A —7A)

A2 ((2—=77) ag — yau)
M ((2=7%) a1 — yag)

S\ ((2 — 72) Al — "}/)\2) + M ((2 — 72) Al — 7>\2)

<2 [(2 — ’72) ()\% + )\%) — 27)\1)\2]

it suffices to show

2 2 _
and therefore, using 52 3)0‘2 vor _ (2297 de—h

2)ar—yaz (2=72)A1—7A2

A((2=7) M= 27) + M ((2—7%) A — ) ;1 Eg - 12; i? - 13’3

<2[(2=97) (A2 + A2) — 29A0]
& A ((2=79) M = 2y) + A2 ((2—97) A2 —v\)

<2 [(2 — ')/2) ()\f + )\g) — 27)\1/\2}
& (2= (N +HA) — 2900 <2[(2-9%) (M +A3) — 29000
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which is always true for \;, Ay > 0. The profit of the input supplier is

[(2 - 72) (Aoa + Aaaa) — v (Mg + /\2041)]2
4(1 =92 (4= [(2=72) AT+ A3) — 29\ \g]

qr (cP) e =

Case 2: The input price is chosen such that intermediary 1 produces a strictly positive
quantity while intermediary 2 produces zero. Thus, we require
(2—19%) as =y ay

<c< —,
(2—"}/2) )\2—’}/)\1 - )\1

which implies Z—; > :\\—; Given a sufficiently high input price, maximizing the

profit of the input supplier yields

CB:maX{<2_72)042—7041 ﬂ}
(2—’)/2) )\2 —’)/)\172)\1

This can be seen as follows:

Ai(a;—Nje
o[
-t 410

dc
)\iai — 2)\120 !
o S 2NT g
2
=4 )\Z'CYZ' = 2)\220
o &
=C.
2\

Note that by definition this input price is indeed too high for intermediary 2 to
purchase positive quantities. The analogous argument holds if intermediary 2
produces a strictly positive quantity while intermediary 1 produces zero. The

profit of the input supplier is

o if ( Y )042_'}/041 o
B(CB) B = 8 (2=72)Az—vA1 — 2\
qr )\1(2772)[(2772>a277a1](al)\gfagz\l) . (2772)0427’7041
. if > Q
2[(2—72) A2 —yA1] (2=7H)A2—yA1 = 2\
(2—W2)a2—70‘1 oy B _ (2—Has—ya
Suppose G55, = oy then ¢ = Gz =%
B
a; — AC
B ( B 1 1
qr (c ) = \—

2
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—~2 as—vyaq
2
a1 (2= X2 — A1) — (2 — %) Mg + YAy
2(2 =9 A2 —v\)
ooy (2= 7%) —yhar — Moo (2 — %) +yhag
2((2=7%) A2 —7A1)
(2 =7%) (Maay — May)
' 2 (2 =9 A2 — M)

=)\

-\

and

B( B\ B _ (2 - ’72) ()‘2041 - )‘1042) (2 - 72) Qo — YO
q’ (®) % =N\ . -
2(2=7) X —7\) 2-72) =M
(2 —7%) (Aaar — Maa) (2 =) aa — (2 — 7°) (Aos — M) Yo

— A\ .
2(2 =9 A2 —v\1)

_ (2 =% [(Maan — Mag) (2 = 9%) ag = (Aaan — M) Y]

2((2=1%) A2 —7\)’
Y (2 —72) 2Aaaias — 20102 — Y2 Aoy g + Y2A103 — Y A0 + YA i)
2(2=9%) A2 — 7)\1)2

Y (2 — %) [a1da (20 — YPag — yay) — ag); (2an — Yiag — yay )]
(2=7%) A2 — 7)\1)2

— (2 =7 [(As01 = Mas) (20 — 7*as — 7a)]

2(2=7%) A2 = y\)°

o () _
Note that if m = 2&711, then

(2-~%)as 1oy _ oy
(2=7) X =7\ 2\

20 ((2=7%) a2 —var) = a1 ((2—7°) X2 — 7\)

2 (2 - 72) QA1 — 2ya A\ = (2 - ’72) a1y —yarA

2 (2 - 72) o1 — 2701\ — (2 - 72) a1Ag + yar Ay =0
(2 - '72) (aoA1 —agXe) + N ((2 — 72) Qg — ’)/041) =0
A\ ((2 — 72) oy — 7041) = (2 — 72) (Ao — aig)q)

t ¢ T

and thus,

A (2 =72 [(2=7%) as — yau] (an Xy — az)y)

A (2~ ) A~ 0
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a1 (2=7%) (a1de — aghi)
201 2[(2—97) X2 — ]
o (2=97) (e — ag))
2 2[2=) A=A
_ A [(2—9°) ap — yau]
C 2 2[(2-9) A — 7]
ap A\ o

2 22\

2
il

g

Case 3: The input price is too high for at least one intermediary to purchase strictly

positive quantities.

Summing up, given the input demand the monopolistic input supplier charges a price

of

((2-72) (\1e1+A202)—y(A1az+Azan)

Ao (Fa2) 2] for selling to both intermediaries,

B _ ) max {m &} for Seélglilzg) 2;1_1 zofo intermediary 1
o R and ey < % holds,

} for selling only to intermediary 2

(2-72)ar—va2 4,
<532 holds,

2—72)A1—Xz2 ’ 2Ag A At
(2=72)A1—7A2

()01
\max{ ( and
and obtains a profit of

( [(2—’)/2)()\101+>\2042)—7(>\1Q2+>\2a1)]2
4(1-92)(4—72) [(2*’72)()\§+/\§>*2’W\1/\2]

for selling to both intermediaries,

for selling only to intermediary 1

(2=7%)az—yen 4
e < & holds,

5 M (2-72)[(2-)az—en ] (@1 o —azh) for selling only to intermediary 1

By .B _ 2—92)az—vya
qr (c”)c 3 2[(2—92) A2 —vA1]? and g3 < % < 5+ holds,

for selling only to intermediary 2

(2772)0‘1770‘2 az a2
d oo < o < & holds,

|8,

and

o8

an

N (2-72)[(2-72) a1 —raz] (a2 )1 —a1ha) for selling only to intermediary 2

2
2(2—~2) N1 —~ Ao ]2 az (277 )a1f’ya2 o2
[(2=7*)A1—7A2] and 5% < PR v vl holds.
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Step 2 (Comparing Profits)

As in Cournot competition, it suffices to compare the profits of the input supplier for

Cases 1 and 2. We compare the two monopoly profits for selling to intermediary 1

with the duopoly profits for selling to both intermediaries. Thus, suppose ay < ali—f.

The remaining part when selling to intermediary 2 follows analogously.

Step 2.1: We compare the two monopoly profits for selling to intermediary 1. We

obtain by observing

that

[Ozl ((2 — 72) Ao +7)\1) —4 (2 — 72) CYQ)\1]2 >0

A (2=77)[(2=7%) ag — you] (g Ag — 042)\1)‘
2[(2—=7%) A2 — 7)\1]2

This can be seen as follows:

A (2 =722 =7%) ag — yau] (a Ay — )
8 2[(2—72) A2 — v\
20‘% [(2 - ’72) Ay — ’Y>\1]2 > 8\ (2 - 72) [(2 - 72) Qg — ’7041} (a1A2 — az)p)

203 [(2=7%)" 28 =2 (2= 9%) MavA + 72X

> 8\ (2-17%) [(2—17%) a2 — yau] (a1h — aoy)
203 (279" = 2(2 - 4% Morhi + 124
> 8M\1 (2—7) [(2 = 77) azaida — (2 =) a3\ — vaiAs + Yoo ]
203 [(2=7%)" 28 =2 (2= 9%) MavA + 72X
>8(2—7%)" s hds — 8 (2= 72)  a2A2 — 87 (2 — 72) a2\
+87 (2 —7%) aqaz]
203 [(2=7%)" A +47 (2= 9%) Me + 92
> 8 (2 —7%)% apardida — 8 (2 — 72) 7 a2A2 + 87 (2 — 12) anan\?
02 [(2 = 72) As + 0]
>4 (2 =72 s dds — 4(2 = 2)" 02N + 4y (2 — 72) aran)?
a2 [(2 =) do + M)
—4(2= ) s Mds 4 (2= 727 a2N2 — 4y (2= 42) ananA? > 0
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& ol [(2 vy )/\2 —1—7)\1}2
+4(2 _72)2()%)\% —4(2=7%) araAi ((2=7%) As+9A1) >0
= [%((2—72) )\2+7)\1)—4(2—72)a2)\1}220_

Step 2.2: We compare the duopoly profit with the monopoly profit for selling to in-
termediary 1. If the duopoly profit is greater than or equal to both monopoly
profits, then the input supplier decides to sell to both intermediaries. Therefore,
we obtain that if

Qg > olelB

with

B _ V2(1 =) (4 =) (2 =72 (M +23) = 2900 —2(2 =) M — 7N
! 2((2=7%) A —7M) ’
then
_% < [(2=72) (Mar + doas) — 7 (Mg + )\2041)]2
8 T 4A(1=92) (4 —)[2 =72 (A +A3) = 27\

holds. This can be seen as follows:

(2 =) (an + doan) =7 uas + o))" _ o}
41 =) (A=) [2 =) (AT +A3) = 2vAuh] — 8
2[(2 -~ %) (Ara1 + Aoag) — v (Mg + )\2041)]2 S 42
(1 =72 (4 =) [(2=7%) (AT + A3) = 29Ai A —
& 2[(2-77) (Mar + Aeas) — v (Mo + )\2041)}2

> 0 (1-77) (47 [(27%) (44 23) — 29000]
2

& 2m (27" M =) +aa ((2-77) de —\)]°

> af (1=97) (4=77) [(2=77) (M +A2) = 29)]
s V2 [ozl ((2 — 72) A — 7)\2) + ((2 — 72) Ay — 7)\1)]

> a1/ (1= 72) (4 = 72) [(2 = 72) (A + A3) — 2yAuha]
& V2 ((2—7%) X —\)

> a1/ (1= 72) (4 —72) [2 = 72) (X3 + A3) — 2yAuha]
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— Oél\/_ (( ) ’YAZ)
& aVE((2-7%) - \)

> a1 (y/(1-92) (4= ) [2 - 72
—V2(2-") M —m))

) (AT +A3) —

2’}/)\1)\2]

) AT+ A3) — 29\

(x/(l -7 @ -2 -1

& wm>o V2((2 =92 X —v\)
N —V2(2 =)\ - 7A2))
va((2- % —)
V2(1=7%) (4 =77 [2 = 4*) AT+ A5) = 29 )
& a22a1< 2((2—72)>\2—7>\1)
—2((2 = 7%) A1 — 7A2)
+ 2((2=9) A2 — A1) )

Thus, whenever condition (3.47) is true, we know that a profit-maximizing input

supplier prefers to sell only to intermediary 1. Thus, we know that for

A
P < ap < 041>\—2

1

the input supplier prefers to set a price to sell to both intermediaries. Note that

the following is always true:

A
rlBg)\—2.
1

This can be seen as follows:

V21 =92 (A=) [2 =92 A+ X)) = 290 de] —2(2 =) M —1de) _ X
2(2— 75 A2 — 7A) =N
o VI E=D[E= ) T+ M) =20kl - V22 =) M =) _ de
V2((2 =92 X —7\) ~ M
& - >< >[< — ) (4 M) — 27A0h] — MV (2 77) A~ 7ha)
& W( —72) (4= 12) [(2 = 1) (A +23) — 29700
<2evV2((2-79) da = vA) + MV2((2-97) M — )
& AI=-7)(-7) [( =7%) (AT +A3) = 2920
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<2 ((2=7%) A2 —7M) + A (2= 72 M —he))”
7?) (4=77) [(2=77) (AT +2A3) = 290 A]
<2[(2=7%) (A2 +22) — 29000
& 0<[(2-71) (A +A3) — 29A0] [2[(2— 7)) (A +A2) — 290
“ AN (1=7) (4-77)]
& 0<[(2-9%) (AT +22) =29\ [2(2—19%) A3 —dyhih,
+[2(2-9%) = (1=77) (4= ]
< [(2=72) (W24 A2) — 290 0] [2/(2 = 72) A2 — dydi g + 72 (3 — ) AZ]
<[(2=77) (A2 4+22) =29\ 0] 2(2-92)° A2 =4 (2 = 7%) YAk
+77(2-77) 3-77) A
S 0<[2-7) (M +23) =290 [2(2—97)
N ((2-92) (3— %) — 2) 42X
& 0<[(2-7%) (B +A2) =29 [2[(2— %) A2 — v\

+ (1 = 72) (4 — 72) 72/\%}.

—_

e A=

2

)\2 4 (2 — ) ’}/)\1)\2

Step 2.1 and Step 2.2 show that for ((2_122;:2_73:? < 20‘711 the the claim of Propo-
2 ag—yo
sition 3.1 holds. Note that requiring ((ZBTQ—J/\E < 2"‘711 is equivalent to choosing
2—v2) A2+
@ < (%) =

Computations of Proof of Proposition 3.3

Proof of Proposition 3.3. The proof proceeds in two steps. First we compare the prof-
its of the input supplier in the case of intermediaries competing in quantities with the

setting in which intermediaries compete in prices.

Step 1 (Duopoly Profit of the Input Supplier)

Suppose the input supplier sells inputs to both intermediaries, which is

Ao
max {OélTlB,OquC} <ay < al)\_'
1

We show that
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The nominator of

qr (¢?)c” = qf (¢9) ¢
(2 = %) (Mg + Aeca) — v (M + >\2061>]2
41 =72 (A=) [2 =) (A +23) — 271N
2 (AMag + M) — 7 (Mg + Apay)]?
8(4 =72 M+ A3 — v
2[(2 = +%) (Mg + dAaaa) — v (Maz + >\2041)]2 (AT + A3 — YA
8(1—=9%) (4 =212 =72 (M +A3) = 29 2] [A] + A3 — v A1 ]
(1=~ [2 (A1ar 4+ Aoas) — v (Arag + a2 [(2 — 72) (A2 + A3) — 290\ A
8(1 =92 (4=72)12=9%) (AT +A3) = 29 M) [AT + A3 — v A\

can be rewritten as

2 [(2 — 72) (Mg + Aean) — v (Mg + /\goq)]2 [)\f + A2 — 7)\1/\2]

— (1=7") 2 (nas + Xaaz) — 7 (az + X0an)]* [(2 = 7°) (AT +A3) — 29A0 A
= A (2A1 — YAg) [(2 — 72) A — 7/\2} [[)\1 — A2 (g — a2)2

+2(1 =) ajan (A1 + )\2)}

+ 922 (229 — A1) [(2 — ’yz) Ay — ”y)\l} [[)\2 — v\ (g — a2)2

+2(1=7y) araa (A1 + A2) |

This can be seen as follows: comparing Cournot and Bertrand profits yields

[2 ()\10./1 + )\2012) - ()\1012 + )\Qal)]Z

8(2=7)(2+7) AT + A3 — v\

[(2 = 72) (Mo + doas) — v (Aras + Aoy )]
4(1 =92 (4= [(2=72) (AT 4 2A3) — 27\
[2 ()\1011 + )\2012) - ()\1062 + )\2041)]2

2[A2 4+ 22 — YA\
[(2 = 72) (\roa + Aaas) — 7 (Aras + o))
(L= [(2—=72) (AT +A3) — 29 A1)
4 (1 — ’}/2) [2 ()\10&1 + )\2042) - ()\10&2 + )\20&1)]2 [(2 — ")/2) ()\% + )\g) — 2’7)\1)\2}
<2[(2—7%) (Moa + Aaz) =y (Mag + )\2061)]2 (AT + A3 = 7]
& (1=9%) Jon (20 —A2) + a2 (22 — M) M [(2 = 9%) M — 9]
+ X2 [(2=7%) A — YA] ]

IA

=




99 CHAPTER 3. SIMULTANEOUS COMPETITION OF INTERMEDIARIES

< [on [(2=7) M= 92] +ao [(2-77) de = A
A1 (2A1 — 7 A2) + A2 (200 — YA)]
=) [ =2") A = vda] + A2 [(2-97) Ao — v ]]
[a% 2\ — 'y)\2)2 + 2010 (201 — YA2) (202 — YAL) + a3 (2Ag — fy/\l)z]
< A (201 = YA2) + A2 (A2 — A1)
[0F [(2=7%) M = 72]” 200 [(2 = 7) At = 9]
[(2—7%) Ao —vAi] + a2 [(2—72) Ao — vM]]
1 (20 — Y Aa) + A2 (200 — YA1)]
[0 [(2=7%) A= o] + 20105 [(2 = %) M = 7] [(2 = 97) da = Ad]
+a3 [(2-7%) A=A
— (=7 I [2=7) M= o] + 22 [(297) Ao = vAd]]
[a% 2\ — fy)\2)2 + 2010 (201 — YA2) (2Ag — A1) + a5 (20 — ’y)\l)Q] )

s (1

< 0<[A

We look first at the coefficient of a? and obtain

A1 (201 = 7A2) + Aa (20 — YA [(2 = 7%) A — ]
— (1= (2 =) A =] + 22 [(2=9%) A2 — ]| (20 —he)?
=M (20 =) [(2= ) M = Ae]® = (1 =) M [(2=72) M —7he] (20 — 7h0)?
A0 (20 — A1) [(2 =9 A =) = (1= A [(2=77) s — vA] (M — 4Ay)?
=M (20 = 7%) [(2-9°) M m] [ =) = 72e] = (1=77) 20 = 7A0)]
+ 2 (202 — A1) [(2—=7%) AL — 7] H( V) A = vhe] = (1=77) (202 — v\
=M1 (A1 — 7A) [( ) ’}/)\2] — Y] + 7% A2 (202 — Y1)
[(2=7%) A1 = YA2] A2 — ]

For the coefficient of a2 we have analogously

"}/2)\1 (2)\1 — ’)’)\2) [(2 — "}/2) )\1 — ’}/)\2] [)\1 — ’}/)\2]
+ ’72)\2 (2)\2 — ’Y)\l) [(2 — ’}/2) )\1 — ’}/)\2] [)\2 — ’)/)\1] s

and for the coefficient of 2a o this is

[/\1 (2)\1 — ’Y/\Q) + )\2 (2/\2 — ’7/\1)] [(2 — ’)/2) )\1 — ’}/)\2] [(2 — ’)/2) )\2 — ’}/)\1]
— (1 — 72) [)\1 [(2 — 72) A — 7)\2] + Ay [(2 — 72) Ay — 7/\1“ (2A1 — YA2) (2A2 — Y\1)
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=X (20 —A2) [(2=7%) M — X2 [(2=77) A2 — A
— (1 - 72) A\ [(2 - 72) A — 7/\2} (2A1 — YA2) (2A2 — v A)
+ A2 (222 = A1) [(2 = 7%) A= he] [(2=77) A2 — 7]
— (1 - 72) Ao [(2 - 72) Ay — fy)\l} (2X1 —YA2) (2X0 — Y A1)
= A (201 —7A2) [(2 - ’72) AL — 7)\2] [[(2 - ’72) Ay — ’Y)\l] - (1 - 72) (2Ag — ’Y)\l)]
+ Ao (20 — Y1) [(2 — 72) Aoy — fyAl} [[(2 — 72) A — ’y/\2] — (1 — 72) (2M\ — VAQ)}
= A1 (201 — 7 A2) [(2 — 72) A — 7)\2} A2 — Y\]
+ 722 (202 — A1) [(2 — 72) Ay — 7/\1] (A1 — Y]

Hence,

% [72/\1 (2M1 — yA2) [(2 — 72) A — 7/\2} A1 — YA9]
+ 72)\2 (2)\2 - 7)\1) [(2 - 72) AL — 7/\2} [)\2 - 7)\1]}
+ 201009 [72)\1 (2X1 — yA2) [(2 — 72) A — 'y)\g] [A2 — Y]
+ 922 (202 — Y1) [(2 — 72) Ay — ’y)\l} A1 — ’y)\g]]
+ o3 [0 (2M —A2) [(2 =) A — ] [A — A
+ 9722 (202 — A1) [(2 = 77) A — v Aa] A2 — Y] ]
= VA (201 — YAg) [(2 — 72) A — 7)\2] [a% A1 — YA9]
+ 200 (Mo — YA+ ad A — 7)\2]}
+ 772 (20 — A1) [(2 = 7%) Ao — A
[a% Ao — YA + 2000 [AL — Y A] + a2 [Ny — 'y)\l]]
= VA (M1 — YA9) [(2 — 72) A — ’}/)\2] [[)\1 — 2] (g — 042)2 + 2a1a [Ag — Y]
+ 2a10s [A1 — Y] |
+ 9722 (202 — A1) [(2 = 77) A2 — YA
(Ao — M) (an — a2)? 4 20000 (A — YAo] + 20005 [Ny — A1)
=Y’ (2A1 — YA2) [(2 = 7%) AL — Aq]
(A1 = e (a1 — @2)” +2 (1 =) caaz (A1 + Ao
+ 79X (200 — YA) [(2 = 7) A2 — Y]
(M2 = A1) (1 — a2)® + 2 (1 — ) aras (M + A2)]
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Assumption 3.1 and 3.2, which is

A A v A A gl
mm{)\27)\1}>2 and mm{)\Q,)\1 >2_72,

implies for A\; > Ay that

0 S 2)\2 —’}/)\1 S 2)\1 —"}/)\2,
0< (2= A=A < (2-7°) A = 7o

Thus, we obtain

VA (20— 7A2) [(2 =92 M — Aa] [[M = vAa) (an — a9)® + 2 (1 — ) anag (A + Ao)]
+ 72)\2 (2)\2 - 7)\1) [(2 - 72) Ay — 7/\1] [[)\2 - 7)\1] (al - 042)2
+2(1 =) arag (A + )\2)]

> 92 (209 — A1) [(2 — 72) Ay — 7)\1}

[ A = 7] (@1 — a2)? +2(1 — ) Maraz (A + Ao)

+ Ao Ao — YA (g — 042)2 +2(1 =) Aaaraz (A + )\2)]

=7 (2X2 — A1) [(2=77) X2 — YA ]
(= 22)? +2(1 =) Aide) (a1 — o) +2 (1 — ) aran (M + Ao)]

> 0.

The analogous argument holds for A; < X;. Note that we have for ¢¥(c%)c” with

Assumption 3.1

0 [QIC(CC)CC] _ 2[2 (Mar + Aaaa) — 7 (Mg + Aeaq)] [2X0 — YA ] >0
Doy 8(4 =72 [(AT +A3) —vAi1g] -

and with Assumption 3.2 for ¢?(c?)c?

0 a7 (c")c”] _ 2[(2 — %) (Man + M) — 7 (Mra + X)) [(2 = 77) Ay — YA >0
Doz 4(1 =72 (4 =) [2 =93 (A +A3) — 27\ )] -
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Step 2 (Comparing ¥ and )
Note that 7 and 7¢ was deduced within the proof of Proposition 3.1 and Proposi-
tion 3.2 by comparing the profit to sell to both intermediaries with the profit to sell
only to intermediary 1. This is stated in Ineq. (3.37) and (3.46). When considering
the difference between those profits and using step 1, we therefore have

aj [(2 = 7%) (e + doan) — 7 (Mas + doay))?

8 A1) (-2 -7 N+ A — 29 M

a?  [2(Miag + deas) — v (Mg + )\2(11)]2

< =
-8 8(4 =) [(AT + A3) — v

With the observation that the input supplier’s profit when selling to both intermedi-
aries is non-decreasing in am, Ineq. (3.53) and (3.54) and thus, the right- and left-hand
side of Ineq. (3.55) are non-increasing in ay. This implies that the zero of the left-hand

side is less or equal than the zero of the right-hand side. Therefore,

B C
T <7

B c\l C ; B c\l B
and thus, max{ozﬁl , QU Ty } = o7y and min {0417'1 , QU] } =Ty .

Similarly, we have a7 < ap7s. [

Computations of Proof of Proposition 3.4

Proof of Proposition 3./.

Case 1: ag < oant8 (or ag < apr?)
In Bertrand as well as in Cournot competition intermediary 2 is excluded from
the input market. As the input demand of the intermediary is identical for both

types of competition, the input price is identical also.

Case 2: a8 < as < ant? (or aptf < ay < ay7y)
In Bertrand competition both intermediaries purchase inputs, while in Cournot
competition only intermediary 1 procures on the input market. We have
CC _ CB _ ﬂ _ ( ) )\1@1 + )\2@2) ()\1@2 + )\2041)

(
2 2[(2 = 12) (2 + A2) — 291 \)
[(2-

~ (Aean — M) 7%) Aa — YA
2\ [(2—~2) (M + /\2) — 290 ]
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This can be seen as follows:

CC B (6%} (2 — ’72) ()\1@1 + )\2@2) - ()\1@2 + )\gal)

2\ 2[(2=9%) (M + A3) — 291\
o [(2 - ’72) ()‘% + )\g) —27M ) — Ay [ (2 - ’72) (Arar + Aoaz)
20 [(2 =% (A +A3) — 2710
n — (Araa + /\201)}
20 [(2 = 9%) (AT +A3) — 2910
_ M2 =) M = yde] + A2 [(2 = 9%) A — yAd]]
201 [(2 = 72) (A2 + A3) — 2901 \9]

Aan[2 =) M =y ha] + 2 [(2 = 9%) A — YA]]

201 [(2 = 42) (A2 + \3) — 27)\1)\2]
_ e [(2-9%) Aa — ’Y>\ | = Mg [(2=7%) A — yA]

2)\1 [(2=7%) (AT +A3) — 27)\ o]
_ ()\2041 /\1a2) [(2 - ) — A
Therefore, ¢ —c? > 0 as ay < 04171 < al and per assumption min {;\—;, i—j} >
.
2—2"

Case 3: ay178 < g < alg\\—f (or a7l < ay < a2§—;)
Both intermediaries purchase inputs on the input market in Bertrand as well as
in Cournot competition. We have
& —cP
2 (Arag + Asan) — 7 (Arag + Aeay)
4[(AT + A7) — vA1A]
(297 (aa + Aean) =7 (Mg + A
2[(2 = 2) (A + A3) = 291
o 3 (A1 — A2) (A1 4+ A2) (M1 — Aeary)
AT A = A) (298 (A +A3) = 29A0he)

This can be seen as follows:

© — P
2 ()\10!1 + )\20[2) - ()\10!2 + )\2051)
4[(A +A3) = vAis]
B (2 — 72) (Ara1 + Aoan) — v (A1ag + Aeay)
2[(2 = 92) (AT +A3) — 27 1\]
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(412 =) (AT + A3) — 29 M1 0] — (2= 72) 4[(A] + A3) — YA da]) (At + doa)

A[(AF 4+ A3) = 7AiA2] 2[(2 = 92) (AT + A3) — 270,
(4 [T +23) =7 Aida] = 2[(2 = 9%) (AT +A3) — 290 00]) v (Aas + Aoanr)
L%+ 23) — Al 212 — 72) (N A8) — 23]

(=87 A1 A2 +4 (2 — ) YA A2) (Araq + Aaaz)

AT D) = AN 2[(2 = 22) (AT A3) — 270
(3 + 43— 22— 72) (% + 23))7 (s + doen)

T3 TR0 — A 2@ — ) (V + 23) — 27A)
B (=43 A1 0s) (Arag + Aaa)
=TT ) — 202 — ) 08 + X3 — 2]

293 (N2 4+ A2) (Mg + Aoay)
A[(AF 4+ A3) = 7] 2[(2 = 92) (AT + A3) — 270,
(=) (Man + doao) + 297 (A + A3) (Mas + Aoa)
4[(AT+A3) — 7AiA2] 2[(2 = 92) (AT + A3) — 290 s

B PV (=4XI N0y — AM M i + 203 + 202 N0 + 20\ 3an + 2X3ay)
a 4[(AT 4+ A3) — 7AiA2] 2[(2 = 92) (AT + A3) — 290,
B PV(=2X2 X001 — 2X\1 A3 + 2X\3an + 203a)
AT A3) = AN 2[(2 = 72) (AT A3) — 29 M00
_ 293 (= A2 hpa; — M A2 + Mag + Aay)
AT D) =N 2[(2 = 92) (A 4 A3) — 29000

293 (A2 (Ao + Aaay) — A2 (Miag + Aaay))
AL AD) = A 2[(2 = 97) (AT A3) — 29Au]
_ 273 (A1 — A2) (M1 4+ A2) (Araz + Aaay)
AT ) — A 2[(2 = 92) (A + ) — 2900

293 (A2 — A\2) (M + Aaa)
AT D) = AN 2[(2 = 22) (AT A3) — 2700
_ Y3 (A2 = A2) (Mg + daay)
4[] +A3) — v Aida] [(2 = 22) (AT + A3) — 29 i ko]

+

Therefore, ¢© — ¢B > 0 if and only if v3 (A} — A2) (A1az — Agay) > 0.

Computations of Equation 3.21 and of Equation 3.23

The intermediaries profits are
of
7Tc<c Cccaa): 16 )
1 \P1,P2, , b1, (2 [2a1_7a2_(2)\1_7)\2)cc]

(2-7)*(2+9)°

c
for as < an7y7,

for om'lo <y < Oé1§—f,
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cro o o 0 for ap < 7Y,
D) (plavaC ,(1/1,042): c1?
[2a2—'ya1—(2)\2—fy)\1)c ]

2-7)*(2+7)°

for oy 78 < ap < ali—f,

with
CC _ 2 ()\10&1 + )\20&2) - ()\1042 + )\20&1)
41N+ A3 — YA\
and
2
=1 for ap < a1
B(. B .B B )16 S oty
[ (pl P2, €5 A, 042) o [ 2—72)041—7042—((2—'72)/\1—’y>\2)c5]2 ‘ B < < Ao
=P 1) ob T = a2 = @y
5/ B B B 0 for ap < a7,
m (1P o, ) = [(292)a2na1—((292) Ao )] f B <y < aq2
@7+ (1) oh T =z = My
with

B _ (2 —7%) (Mg + Xoas) — 7 (Aas + Aavy)
2[(2 =72) (AT + A3) = 271\

C

This can be seen as follows:

Cournot Competition: ag < olelo

c
c(.c . .C C _ c
T (p17p2ac 7041,042) =|—F— A )

Il
N
|2
N—

(Y]

=1 and 75 (e, 05) =0.
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Cournot Competition: a17¢ < ap < ali—f
7_(_10 (pzc7p3 1’ O[“Oé?’ )
= (" = \c) af
= (gf + Nic® = Nic®) ¢f
= (¢°)"

20, — 'yag i — (2A — Y A3-) CC)2

— 2 +7)
2
2&74 « 1 2)\ - A i
:[ 10— | a-i) ) fori=1,2.
(2= @2+
Bertrand Competition: oy < ay7{
7TlB (p1B>pQBachalaa2) - % — )\160) lTl

a1\ 2
_ (=
2
()
S\ 4
2
o}
= 1—1 and 7 (g, 0) =0
Bertrand Competition: o178 < g < Oqi—f
B(.B . B B
Uv; (pz yP3—_i, C 70517043*1)

((2 — ) i — 7(242:‘ :2()2)\1' +As-) )\iCB)
2 — ) oy — vz — (2= 2) A — YAsi) B
2( )i = (2 =) A —yA3-9) >

(
(4= (1 =7
(2 =) a; — yaz_i + (2N +yA3i) B — (4 —~?) )\icB>
=)
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(@—73%—7%4—(@—75&—7M4ﬁ£>
(4= (1 =7

(4=
((2 — ) i —yas— — (2= 7*) A — YAs-0) CB>
_[e-2)

(4—=9*)(1=7?

a; —yas_; — (2= 7°) X —As0) 03}2

5 5 5 fori=1,2.
2-77"2+7)"(1-7)
Computations of Proof of Proposition 3.5
Proof of Proposition 3.5. For Ay = Ay and a; = as we have
pc_p52(3+7)ai_(3_27)04z‘: Va;
224y 22— 2(4-19%)
qc . qB _ Q; _ Q _ Yy
T 2(24y) 2@2-7(@1+9) 2(4=2) (L+7)’
o s__ o  (d=-7a _ Vo

CT AR+ 42-9) 1+ 24— (1+7)

Thus, p¢ > p? and ¢¢ < ¢P. Moreover, 7% > w2 for v > 0 and 7¢ < 7 for v < 0 for
i=1,2. 0

CC _ 2 ()\ZOQ + )\zOéZ) - (/\ZOéz + /\,az)
AN+ A7 =727
2N (2 —)
AN (2

Q;

T2,

£ = 200 — Yo — (20 — y\;)
Z (4-7?%)
Cai(2=7) = (2= Ac”
(4—=72)
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L Q)
o %)\1

(2+7)
QOéi — Oy
2(247)

%

2(2+7)

pic = qic—l-)\icc
Q; Q;
BEICERIR
@ +ai(2+7)
o 2(2+47)
@ (3+7)
C2(2+7)

(Bt o
”S‘(2<2+v> Ami)wm
:(ai(3+v)—ai(2+v)) a;
2(2+7) 2(2+7)

2
Q;

4(247)°

B — (2 - 72) (A + Ni) — v (N + Nioy)
2[(2 = 2) (A7 + A7) — 29N}

20202 (2 —12) — 29N

(2

_ 204 ((2-9%) =)

4¥K2—%)—ﬂ

2\

s i(2=7—=9)+(2+9) Nc

Z (4—177)

a2-7=7)+2+75

(4—77)

a;(4—27y =2y +2+7)
2(4—197)

a; (6 =7 —29%)

2(4-77)
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2=y A=y 1+)
o 0(3=2y—-247)
22-7) Q-7 1+7)
_ Oéi(l_V)
2=y Q=) 1+7)
22-v)(1+)

= (v’ M)

Q; ( Q;
)2@—7M1+w

(
ghf 27 %) B 7

a; (3 — ?w—ad2—ﬂ> @
) 2(2-

2(2- 7) (1 +7)
:ai(l_ ) Q;
22—7) 22-7)(1+9)
af (1—7)

42— (+7)

c B BF7va  (3—27)aq
el =0 ) T 22—

_ B+ 2-7va-B-27)2+7)

C(6=37+27y - -6 -3+ + 297 oy
- 2(4—7?)

. 72 Q
2(4-9?)
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q-C _ qB _ % B Q;

T 22+ y) 22—-) (1 +9)
@ (2—=7)(1+7) - (2+7)
2(4 =) (1+7)
ai(2+2y—7—7"-2-79)
24=)(1+7)

_ %‘72
2(4—7%)(1+7)

20 _ 1B — o _ (1-17)
L A2+t 42— +)
2= (1+7)—af(1-7)2+7)
42+ 2= (1+7)
@ (A—4y+7)(1+7) —(1—7) @+4y+2)
42497 2-7)"(1+9)
A —dy+P 4P+ A Ay - Ay 497+

12492 2= (1+7)

Oé

B 204?73
42+ 2= 1+7)

_ oy’
22+ @2 -7 (1 +7)

Computations of Proof of Proposition 3.6

Proof of Proposition 3.6. For this proof consider 0417'10 <y < ali—f (or a272c <o <
042)\ ) and )\1 —)\2

(i) We have

This can be seen as follows: We have

A
205 —yas_; — (20 — yAs2) 4+ (4 — %) \ic©
- (4-12)
(2= V) i — yag—i + (2\i +9A3-) P
(4—1?)

G (o = i) + (@ = cB) (2N + 75— )
(4—72)
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and
v =i
2C¥i — YQ3_; — (2)\1 — ’}/)\372') CC + (4 — ’)/2> )\iCC
(4—7%)
(2= ai — a3+ 2N +9A3) P
(4—=72)
V2o — VAN — (2M — Y As_i) € 4+ 4\ — yAg_icP — 2\cP
(4 =77
7 (= X)) 207 + A i — yAgiic? — 2)cP
(4—77)
B 72 (ozi - )\icC) + 2\ (CC — CB) + Y3 (CC - cB)
(4—7?)
. ’72 (O,/i — )\iCC) + (CC — CB) (2)\1 + 7)\3_2‘)
(4—177) '
For A\; = Ay we have ¢© = ¢f and ¢ = %;” and, thus,
v =i
v? (az -\ aizsj’_z>
- (4-9?)
. 72 (40[1 — Q; — Oég_i)
4(4-7%)
_ o (B — az—y)
4(4—77)
Thus, for

1
(011,062, >‘17 >‘277) = <47 17 17 ]-a _§>

it can easily be verified that Assumptions 3.1 and 3.2 as well as OélTlc <y <oy i—j

hold and we have



CHAPTER 3. SIMULTANEOUS COMPETITION OF INTERMEDIARIES

112

This can be seen as follows: Intermediary 2’s equilibrium prices are

89
c
= — ~ 1.4833
b2 60

3

B
=—-=15
Y2 9

and the according conditions are

1 3
o /2_5_1:\/;—1z0.2247,

A
Condition ay < ali—f: ozl)\—z —ay=4—-1=3>0,
1

3 3
Condition 0417'10 <y g — 7-10041 =1- (4 5~ 4) =5— 4\/; ~ (0.1010 > 0,

1 1 1
Assumption 3.1: min{a—2, 04_1} — % =" <_Z_l) =5= 0.5 >0,
7
2

1
. ) . o1 Qo y 1 —3 1
Assumption 3.2: mm{a—2, 04_1} o = <?> == (

(i1) We have

Y[ +7)ai — (1+3y) az 4]
4(4=9%) (1 -2 '

This can be seen as follows: We have

¢ —qf =~

@ —qf

2C¥i — Yl3_; — (2)\1 — 7)\371') CC (2 - ’YQ) (Oéi — )\Z'CB) - (04371' — )\3,,L'CB)

(4—19%) (4—=9%) (1 -9

72 [ai - )\z‘CC -7 (CY3—z' - )\3—i00)] + (CC - CB) (2)‘i - 72)\1‘ - 7/\3—1')

(4=7*)(1=7?
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a —qf

. 200 — Yoz — (2)\1' - 7)\34) “ (2 - ’72) (Oéi - )\z‘CB) =7 (Oés—i - >\3—iCB)

(4—19%) (4= (1-9%
- 7?) (200 = yaz—i) = (1 =) (2N = Ag-) €
4= (1=
(2 =72) (o5 — i) — 7 (az—i — Ag—ic®)
(4= (1=
—72a; + Yas_; — (1 —92) (2N — Y As=i) € 4 (2 — 42) Aic® — yAg_icP
(4= (1 =77
—2a; + YPag_; — (1= %) (2X; — YA320) € + (2N — 2N — yA3) P
(4—=7%) (1 =77
—v2a; + Vg — (2N — YAs-) &+ 92 (2N — YAs-) ©
(4= (1—=7%)
2\ — VX — 7 A34) P
=) (1)
 ai+Pag = 2N = PPA =) O+ (A= yAg) ©
(4= (1-9%)
(2N — Y2\ — Y As—) P
(4=7)(1—-7?)
’72 [Oéi — )\Z'CC -7 (043_2' — )\3_1‘00)] + (CC — CB) (2)\Z — ’72)\1 — ’7/\3_7;>
(4—=7*)(1=7%

+

+

For \; = Ay we have ¢¥ = ¢ and ¥ = %1‘“2 and, thus,
qC’ . qB o _72 [ai - )\iCC - (ag_i — )\3_icc)]
b (4= (1-9%

7 [Bai — i — v (Baz—i — ai)]
44— (1 =9

Y IB+7) i — (1+3y) ]
4(4=7")(1-7%) '

Thus, it can easily be verified for

3 1
AL, A =(=,1,1,1, =
(a17a27 1 27’7) (27 P 72)

that Assumptions 3.1 and 3.2 as well as 041710 <y < al’;—f hold and we have
7
@5 ==>—=q
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This can be seen as follows: Intermediary 2’s equilibrium quantities are

1
C——% .
0§ = o5 ~ 00833

7

B

= — =~ 0.0778
ds 20

and the according conditions are

\/2+——1—\/j—1~05811

Cond1t10na2<a1§2: al)\_l_a2 2— 25—05>0
Condltlonom'1 < ay: 042—7'10041:1—<; g—g):g—g g
~ 0.1283 > 0,
Assumption 3.1: min{z; Z?} — % = g — 411 = % ~ 0.4167 > 0,
mln{i;ij} %:1—3:2—075»0
Assumption 3.2: mm{Z—:,Z—?}—Q_VWZ:g—%:;—%—%
0.3810 > 0
mm{i—;,;—j}—zj%:1—§=g~0.7142>0
(#ii) We have
7 (pf, 0§, € a1, 00) — 7P (pf,p8. P an, o)

v [doyaz_; (1 —7) — (ozi —as_)’ (3+ 57)]
8(4—72)"(1—12) '

This can be seen as follows: We show
c(.C C C B(.B B B
9 (p17p27c 70417a2)_7T2 (p17p256 70417042)

Y [donan (1 —7) — (o — as)? (3 + 57)]
8(4 =12 (1-12) '
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Consider

[02(64+7) =12+ 39" [ea(6+7—39%) —a1(2+3y — 7))
16 (4 — 4?)° 16 (4 —42)* (1 —1?)
[ag (6 + 7)2 — 20105 (6 +7) (24 37) + af (2 + 37)2}
16 (4 — 72)*

[ag (6+7—37%)" — 20102 (6+7—37%) 2+ 37 —92) +a? 2+ 3y — 72)2] 2
16 (4 —72)° (1 —?)
a3 [=29% (34 57)] — 20105 [=29° (54 379)] + f [=29° (3 + 57)]
16 (4 —12)* (1 —1?)
503 (34 57) —2aqan (54 37) +af (3+57)
8(4—72)%(1—1?)
o [(1 — 2)* (34 57) — 20102 (54 37) + 2002 (3 + 57)]
8(4—72)7(1—+?2)
s [(a1 — a2)” (34 57) + 20102 (2 + 29)]
8(4—72)7(1-7?)
5 [(041 — a2)2 (34 57y) —daqas (1 — 7)}
8(4 =72 (1—12)
5 [4041042 (1—=7v)— (g — a2)2 (3+ 57)]
8(4—72)7(1—+2)

The second equality follows from

(1=~ (6+7)°—(6+7— 372)2

= (1= 6+7)° = [(6+7)° =6y (6+7)+97]
== (6+7)*+ 69 (6+7) — 9

== [(64+7)°=6(6+7)+9]

= —7*[36 4+ 127 + 7* — 36 — 67 + 977

=29 (3+57),

(1=7%)(2+37)" = (2+3y - 72)2

= (1-7) 243" = [2+31)"—22+31)7V +7]
== (2437 +22 43797 "

== [2+37)" —2(2+37) +77]
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—? [4+ 127+ 99% — 4 — 67 + 7]

(1= (647 2+37)— (6+7—37%) (2+ 37y -+
=(1=7%)(6+7)(2+37) = [(6+7)(2+37) =7 (6+7) =37 (2+37) + 37"]
= (6+7)2+37) +7°(6+7) + 377 (2+3y) - 3
=—[64+7)(2437)—(6+7) —3(2+3y)+ 3]
—*[12+ 18y +2y+ 37> — 6 — 7y — 6 — 9y + 377%]
- (5+37).

Thus, for

3 3
(aly&% )\17)\277) = (57 17 17 17 Z)

it can easily be verified that Assumptions 3.1 and 3.2 as well as holC <y < O‘I%

hold and we have

2209 625 3
1 — < — B B , B B Y 1
) > 12100 3388 7T1 (pl 7p2 ,C Oy 27 )

_ 9 9 B B B B 3
’1)_12100<3388 (pl’p” )

This can be seen as follows: The intermediaries’ equilibrium profits are

<p10,p§, C’g’l) - 22-451272- 12 122210090 ~ 0.1826,
(p?,pf, & %1) T2 ?4 TER 3632858 ~ 0156,
Ty (p?,pgf,cc, ;1) = o 53: o= 12‘?00 ~ 0.0007,
™ (pf,prf,cB,;l) = 22_? 3 = 33988 ~ 0.0027.

and the according conditions are

3 V11
= 2+1—1—T—1~06583
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A 3 1
Conditionozggal%: 051—2—(){2:——]_:—:0.5>0,
1 A 2 2
3v11 3 5 3
Condition o7 < aw: QQ—TFQ1:1—<§T—§>:§—Z 11
~ 0.0125 > 0,
2 3 7
Assumption 3.1:  min {Z—;, Z—j} — % =373 ~ 0.2917 > 0,
. Al Ao Y 3
— —7—==1—=-==-=0625>0
mln{A2’A1} 2 S ’
3
. _ o O vy 2 7 2 12 10
ASSUHlpthHB.Q. mln{&—Q,a—l}—Q_f)ﬁ—g—?—g—?g—@
~ (0.1450 > 0,
. A1 A2 Y 12 11
—, = — =1——=—=04783 > 0.
mln{ 2 1} 2—72 23 23

O

Computations of Proof of Proposition 3.7
Proof of Proposition 3.7. We consider the different cases from the previous proposi-
tions separately and show that the intermediaries’ profit functions are convex in own
qualities.
Case 1: ag < ant8 (or oy < apr?)
We obtain
af

7T10 (al,ag) = 7T1B (Oél,OéQ) = 16

Thus, for all a; € [ay, @] we have

0’1 (ay, ap) _ O (o, 03) 2

da? da? 16 0.

Case 2: a8 < s < ag7C (or autf < ay < au7y)
We already computed the profit for Cournot competition in Case 1, the result

for Bertrand competition is shown in Case 3.

Case 8: a1 < ag < 041/\—? (or oty <o < 042:\\—;)

First observe that for Cournot as well as for Bertrand competition the profit of
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intermediary ¢ is quadratic in a; for ¢ = 1,2. Consider intermediary . In the
case of Cournot competition we obtain the following second derivative of the

profit function using Assumption 3.1

0’1 (v, az_y)

da?
. 0” [(plo (OmOés—i) - /\z'CC (Oéi,Oég—z‘)) CI@-C (Oéz',Oé:;—z')]
da?
—9 (31%0 (i, a3—) . )\'300 (aiaa3—i)) aqio (i, a3-4)
Jay; ‘ o Oa;

9 8(]10(062';04371) ?
(9041'

=2 ( 2 _ (2Xi — 7/\3—2')2 )2
(4—172) (4—9%)4 ()‘12 + )\g—i - 7)\1)\34)

_ ((4 — V)N, +4 ()‘12 + A - 7)‘1‘)‘3—1’))2

Bl 8 (4 —~2)° (N2 + 23, - '7)\1‘)\3—1')2 ~

for all o; € [o, @;] for i = 1,2. Similarly, we obtain for Bertrand competition

with v € (—1,1) using Assumption 3.2

827'('1-3 (Oéi,ag_i)
da?

P (0P (s, ) — e (o, 03-4)) ¢F (v, 033)]

B da?

—9 8pf (Oéz‘, 043—1‘) _ )\'303 (Oéi, 04371') 36]13 (Oéi, 06371')

N (90(1' ! Gai 80@

_y (2 —9%) + (2N + Y As-) % 9cP (ay, az_4)
(4 - ’72) 80@

(2—%)—@&_7&%ﬁ2%%&2
(4-=72)(1—72)
(2=72) = (2= \i — YAs—0) M)

—9 da;
(4—=7?)

(2= 7%) = (2 =77 N — YAg_) 2guesd)
(4—=9%)(1—7?)
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(279~ (@ )x - Eet)
(4—=7%)*(1—7?) 2
2 (27 = (@72 o) i)
(4727 (1 -2
(2792242 (2 +X) — 2Ahs] — (2 7)) & — 1))
4—72)%(1-92)2 [(2—72) (M +23,) — 27/\19\3—1}2
(4= Q =) N+ (2-9) (2-72) (N +2,) — 29A0s))”

= - >0
2(4 =722 (1=92) (2= 72) (A2 +23.;) — 29Aidsy)

for all a; € [oy, @] for i = 1,2. Hence, for Cournot as well as for Bertrand com-
petition any zero of the first-order condition is a minimum which is independent
of the other intermediary’s investment choice. Thus, the candidates for optimal

investment choices are at the corner points of the according interval.

Computations of Proof of Proposition 3.8

For Cournot competition, the payoffs of the non-cooperative game are

2

o

7T10 (Q,Q) ZWQC (Q,Q) = ma

a2 —
ch(ﬁoz)— T forggoz( 2—|—7—1),

P=1 Y [@(64y)—a(24-37)) —

syt fora(veEa-1) <a
€ N 0 forgga(\ﬂ—i—y—l),
T (@, a) =

a(6+v)—a(2437)]? _
[ J;gz4_7(2;§ W for & (\/m — 1) < a,

o, 0 forgga(\/2+7—1),

™ (@,@) = a(6+7)—a(2+37)) —
[ Jgg24_7(2;§ D for @ (\/2 +79— 1) <a,
a? =
e — )i forggoz( 2+7—1),
™y (@, @) =

[@(6+7)—a(24+37)]°

16(12)? fora(\/2+7—1) <a,

62

42+

7TIC (@, @) = 7T2C (@, @) =
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The profits are derived as follows:

[a(6+7) —a+37)]" _ [a(4—29))
16 (4 — 4?)? 16 (4 — 4?)*
_ 40?2 —79)°
16 (4 —42)°
B 4(2_+ 7)?

The equilibrium conditions on the investment costs k¢ are shown in Table 3.1. These

a<a(y2+y-1)

strategy profile

[ [@(2+~)—2a][@(2+7)+20]

(o a) 16(2+1)° ’ OO)
_ — a?  [6(2+y)—2a][@(2+7)+20]
(@), (@) | |ipar 16(247)° l
— [ a2
(c,a) 0 ]
strateqy profile | @ (\/2 + v = 1) <a<ua

[ (6++)[a—a][a(6+7) +a(2-57)]

(o, @)

)

16(4—~2)2
a = [ (6+7) [a—a][@(2—57)+a(6 6-+)[a—a[@(6+4)+a(2—5
(@, a), (e, @) | |2 7116[( 4(_72)73+,< )] (@) ,1}6[( 4(_:;));4 w)q
= @ [ (6+7)[G—a][@(2—57)+a(6
(@, @) 0, 6l ’1}& sz)pu +7)]w

Table 3.1: Equilibrium conditions on the investment costs k¢

conditions are derived as follows: Consider the strategy profile (a, ). For this to be
a Nash equilibrium we require for a < @ (\/2 + v - 1)

o O‘__HC
4(2+7)° ~ 16
= ,Lfc>a2 QQ
T 16 4(2+49)°
o uC 0‘2(2"'7)2—422
16 (2 +7)°
N ,{c>[5(2+7)—2g][5(2+7)+2g]

16 (2 + )
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andfor&(«?—i—’y—l) <a<a

of  _[a6+y)—a@+3)) o
424797~ 16 (4 — 2)?
o o5 @6+y)—al2+3)] o
16 (4 —~2)? 4(2+7)
o 05 A6+ —a@+39)P 40?21
- 16 (4 — 4?)° 16 (4 — 4?)°
o 05 647 —a+3))) — 40’ (2—9)’
a 16 (4 — 72)
o K€ [@6+7)—a2+3y) 202 —y)][al+7v) —a(2+37) +2a (2 )]
- 16 (4 — 72)?
o O [@6+7)—a6+9)][a+9)+a2-59)]
- 16 (4 — ~2)?
o O 6+ [@—a][a6+7)+a(2-5)]
B 16 (4 — 72)*

Consider the strategy profile (@, @). For this to be a Nash equilibrium we require for

a<a(vZTy-1)

@ 5 — k¢ >0
4(2+7)
= a 3 /‘ic
4(2+7)
and fora(\/2+7— 1) <a<a
a? o la6+7) —a(2+3y)
4(247)? 16 (4 — ~2)?
o @ a6+ a3’ | .
4(247)° 16 (4 —42)? -
o @27 b+ -aREn) .
16 (4 — 12) 16 (4 — 72)*
o 21— [a6+7) -2+ o
16 (4 — 42)? -
o A 2—9) a6+ 222— a2+ 3y))” e
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2a(2-7) —a6+7y) +a+3y)][2a2 -9 +a6+7) —a+3y)] ¢

16 (4 — 7?)° N
[@6+7) —al6+y)][@2—-57) +al6+7)] § ¢
16 (4 — ~2)? .
6+y)[@-af[@a2-5y)+al6+7)] , ¢
16 (4 — 4?)° a

For symmetry reasons these are also the bounds for asymmetric Nash equilibria. where

the upper and lower bound for the investment costs are given by

a? .
KC = ] 42+’ forQSOé( 2+~ —1),
- (6+)[a—a][@(2-57)+a(6+7)] _
Y 16(4_72;2 ] fora( 2—|—7_1) < a,
[@(2+7) —2a][@(2+7)+2q] B
70 = 16(2+7)? fora <@ (v2+7v-1),
6 a—a[a(6 a(2—5 o
o 712(4(—3));7( W fora(v2Hy-1) <a.

Computations of Proof of Proposition 3.10

Proof of Proposition 3.10. We have

KY — kP
et <7 < — )
2(4—W2)2(1+7[) ' fora <a(y2+v—-7"—1),
87* (1—y)a?+|a(6+y—3+2)—a(2+37—7?) _ -
16(—2)7(1—?) for @ (V 2+ - 1) <a<a(V2+y-1),
Sla—af[a(7+y)—a(3+57)] _
. 8(4772)211772) ! for @ ( 24y — 1) < a,
and
¢ —gP

ST fof@§5<\/2+7—72—1),

— ¢ a? 873 (1—7)a 2+[04(6+’Y 3v2)—a(2+3y— )]2 .

“ Y% 16(4—+2)%(1—12) fora(v2+7—72_1>gg
*la—o][@(3+57) —a(7+)] _

—1 8(4—72)2(’1—72) 4 fOI“ v ( 2 + ’y — 1) S .

From these expressions for K¢ — k® and & —%” we immediately derive the statements

of Proposition 3.10.
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(i) Consider a < @ <\/2 +v—7%- 1). We have for

£ — kP

o a1y
42+79)° 42-9°1+7)
a2+ -a2*(1-y) 2+’
4(4—~2)*(1+7)
B 2673
44— (1+7)
73@2
2(4—7%)%(1+7)

[@(2+7) —2a][@2+7)+2] a*2-7)’(1+7) —4*(1—9)
16 (2 +7) 16 (2 =) (14 7)
[@(2+7) — 2] [@(2+7) +2a] (2—)* (1 +7)
16(2+7)°(2—7)* (1 +7)
[@2-7)1+7) —42(1-7)] (2+7)
16 (2+7)* (2—7)* (1 +7)
[@(2+7)°—42% (2-7)" (1 +7)
16(2+7)*(2—7)*(1+7)
[@2-7)"1+7) -4a2(1-7)] 2+7)
16(2+7)°(2—7)* (1 +7)
[—40% (2= 7)*(1+7) — 2+7)*(1— )]
16 (2+7)*(2—7)*(1+7)
[~ (4 4y +92) (1+7) — (4547 492 (1— 7))
16(24+7)*(2—7)°(1+7)
_8g2,y3
16 (2+7)*(2—7)*(1+7)
7322
2(4—92)*(1+7)
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(1) Considera( 244—792— 1) <a<a@(y2+7-1). Note that

s 422 2+9)(1 -9’ —[a6+7-3*) —a2+3y 7))

16 (4 —12)* (1 —12) 7

5 [A6+9-39") —a2+3y — ) — 40’ (2+9)° (1 - 9)°
16 (4 —12)% (1 —1?) '

We have for

HC—K}B
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16 (4 =12 (1 =?) ’
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40’ (2+79)° (1-9)"—42-7)"(1 -1
16 (4 —72)* (1 = 72)
_ (=1 —) @ - [@(6+7 =377 —a+3y =) -8 (1 — )@
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4= 1-a 81—+ [ab6+v-32) —al+3y )

T 64— 122 (1—2) 16 (4 — %)% (1 —+2)
L2 8P (1)@’ @647 - 39) ~a@2 + 37— )
16 16 (4 —2)* (1 = ?) '

(iti) Consider @ (v2+ 7 — 1) < a. We have for
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Chapter 4

Sequential Competition of

Intermediaries

4.1 Introduction

Referring to the model used within Chapter 3, we consider a differentiated two-sided
market in which two intermediaries face competition for the demand of a representa-
tive customer on the sales side and for the supply of input goods on the procurement
side. We analyze the impact of the market structure on the equilibrium outcome when
intermediaries choose production quantities sequentially. In this context we are par-
ticularly interested in the equilibrium decisions taken by intermediaries when choosing

first and when choosing second.

4.1.1 Basic setup

Basically, intermediaries procure homogenous products from a monopolistic input sup-
plier, refine them and offer the resulting final product to a representative customer.
On the sales side, by choosing production quantities intermediaries compete for the
customer’s demand. Hereby decisions are taken sequentially. Consequently there is an
intermediary, the Stackelberg leader, who takes a strategic decisions first, followed by
an intermediary, Stackelberg follower, choosing product quantities afterwards. In our
context an intermediaries’ role, whether being in the leading or following position will

be exogenously given.
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Intermediaries must not necessarily be symmetric. Asymmetries between interme-
diaries may be present as a result of product differentiation as well as due to distinct

production technologies that may be used.

When considering differentiation we distinguish between horizontal and vertical
product differentiation. Horizontal product differentiation describes the fact that fi-
nal products can either be substitutes, complements or mutually independent. For
instance, within the white good industry two manufacturers may procure a homoge-
nous input, e.g. steal, from a monopolistic supplier. This input can be used to either
produce washing machines or laundry dryers. In the case that both manufacturers
decide to produce washing machines, provided goods are substitutes. Thus, competi-
tion between manufacturers is rather fierce. Given one firm produces washing machines
whereas the other firm produces laundry dryers, products are (imperfect) complements
and competition is less intense. In contrast to the given example, horizontal product

differentiation will exogenously given in our setting.

Besides horizontal differentiation, products can be vertically differentiated, i.e.,
may have different levels of product quality. Within our model intermediaries are
able to take an investment decision and thus foster their product’s quality. This
quality enhancement increases market demand and may lead to asymmetries, given

one intermediary invests while the other does not.

As mentioned, asymmetries may not just arise due to product differentiation, but
also by reasons of distinct productivities. An intermediary’s productivity describes
the number of input goods needed in order to produce a unit of output. Hence, the
productivity directly determines the intermediaries’ costs of procurement. Intermedi-

aries’ productivities are exogenously given in our setting.

The timing of decisions is displayed in Fig. 4.1. Our model distinguished between
two stages, the innovation stage and the competition stage. In the innovation stage in-
termediaries decide about their investment in product innovation, which increases their
product quality and has a positive effect on the customer’s demand for their product.
The choice of product innovation can be seen as a long-term decision and is therefore
taken first. In the competition stage the monopolistic input supplier strategically de-
cides about the price he is demanding for his input goods. Given the input price, inter-
mediaries compete by choosing their production quantities sequentially. Intermediary
1 as the Stackelberg leader chooses his output quantity first, whereas intermediary 3 —1

as the Stackelberg follower chooses his quantity thereafter, for ¢« = 1,2. According to
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mnovation stage competition stage
Intermediaries Intermediary i Intermediary 3 — i
Product Innovation| ! | Quantity Decision Quantity Decision
itime
Input Supplier Customer
Input Price Demand

Figure 4.1: Timing of Decisions when intermediaries move sequentially

the equilibrium quantity choices, input units are procured from the supplier. Finally,
intermediaries refine the inputs and offer their products to a representative customer
on the sales side. In order to determine subgame perfect Nash equilibria our analysis

proceeds via backwards induction.

Close to the approach of Chapter 3, in a first step we analyze the impact of a
two-sided market structure on the equilibrium outcome when intermediaries choose
production quantities sequentially. We find that if asymmetries between intermediaries
are sufficiently high, the input supplier has an incentive to exclude the less competitive
intermediary from the market. This result is independent of an intermediary’s role,
i.e., whether he is in the leading or following position.

For equal productivities, our main result refers to the input supplier’s incentives to
exclude an intermediary from the market. It can be shown that there exist conditions
such that an intermediary being the Stackelberg leader will be excluded, but will be
accepted in the market when taking the role of the Stackelberg follower, ceteris paribus.

When comparing the equilibrium outcomes of the Stackelberg leader and the Stack-
elberg follower it turns out that given an intermediary is more competitive, his equi-

librium output quantity is higher when being the leader than when being the follower.
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This outcome is independent of the degree of horizontal product differentiation and
still holds for a less competitive intermediary, given goods are substitutes. If the inter-
mediary is less competitive and goods are complements, there may exist asymmetries
such that an intermediary being in the position of the Stackelberg follower offers higher
output quantities in equilibrium than when being in the position of the Stackelberg
leader.

Considering the input supplier’s equilibrium prices and profits within a duopoly
market, we observe that for a more competitive intermediary being the Stackelberg
leader input prices are higher compared to the situation in which he is the Stackelberg
follower. In addition, the supplier’s duopoly profit is higher if the more competitive
intermediary is choosing quantities first than if he is choosing second.

Besides analyzing the stage of competition, in a second step, we will give an outlook
in which intermediaries’ incentives to invest in product quality is discussed. A first
result shows that given costs of investment are linear, intermediaries always either

choose a maximum or minimum level of investment.

4.1.2 Literature

The foundations of today’s classical oligopoly theory were established within two sem-
inal works, the contribution of Cournot (1838) discussing a model in which duopolists
compete by setting quantities and of Bertrand (1883) considering competition in which
prices are selected.

Over the years, the standard simultaneous-move models were further extended in
different directions. First steps in the area of differentiated duopolies were taken by the
fundamental work of Singh and Vives (1984), who focus on simultaneous-move games
and discuss the impact of horizontal product differentiation on the outcome of Bertrand
and Cournot competition. By allowing for more general demand functions, Cheng
(1985) generalizes the approach of Singh and Vives (1984), whereas Vives (1985),
Okuguchi (1987), Héckner (2000) and Amir and Jin (2001) allow for n product varieties
with different focuses of analysis.

Another branch of literature considers vertical product differentiation including
works of Motta (1993) and Symeonidis (2003). Productivity-increasing process inno-
vation finds attention in the articles of for example Bester and Petrakis (1993), Qiu
(1997) and Pauwels et al. (2014). Quite similar to our modeling, Zanchettin (2006)
discusses a model of horizontal and vertical product differentiation with exogenously

given asymmetric product qualities and asymmetric duopolists’ productivities. In
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contrast to our work, he restricts attention to substitute goods with exogenous input
prices. Further contributions with both types of differentiation, going in distinctive
directions are of Bonanno and Haworth (1998b), Weiss (2003), Filippini and Martini
(2010) and Bacchiega et al. (2011) amongst others.

The aforementioned articles did indeed consider differentiated duopolies, but ne-
glect the market power of an input supplier which is considered in Hackner (2003),
Correa-Lépez (2007), Mukherjee et al. (2012) and Manasakis and Vlassis (2014), for
instance. Closest to our modeling is the work of Mukherjee et al. (2012) in which two
unequally productive intermediaries procure their inputs from a monopolistic input
supplier and offer a homogenous final good at the market. Differently to us, the input
supplier is able to discriminate in prices, having the main objective to compare the

market participants’ profits for Bertrand and Cournot competition.

The works described above share the feature of duopolists selecting either prices
or quantities simultaneously. Criticizing the simultaneous-move approach of Cournot
(1838), the work of Von Stackelberg (1934) introduces a homogenous goods market in
which firms take decisions about production quantities sequentially. In his model focus
is put on the market’s outcome in a subgame perfect Nash equilibrium. It turns out
that first-moving firm must make at least as much profits as in a simultaneous move
Cournot equilibrium. For identical firms, concave demand and convex costs, it could
be shown that there exists a first-mover advantage, i.e., the leader’s profit is higher

than the follower’s profit in equilibrium.

The crucial work of Von Stackelberg (1934) was afterwards extended by models
allowing firms to set prices instead of quantities. In her seminal contribution, Gal-Or
(1985) found that the classical result of Von Stackelberg (1934) showing the existence
of a first-mover advantage does not hold if prices and not quantities are chosen by

duopolists.

Beyond this, further extensions were conducted by Boyer and Moreaux (1987b) or
Banerjee and Chatterjee (2014), who analyze the impact of horizontal product differ-
entiation on the equilibrium outcome when decisions on prices or quantities are taken
sequentially. Lee et al. (2014) introduce an input supplier and investigate for first-
and second-mover advantages. They show that the standard results established by
for Bertrand and Cournot competition must not necessarily hold when considering
vertically related markets. This outcome can be explained by the monopolistic in-

put supplier controlling first- and second-mover advantages by selecting input prices
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accordingly. He optimizes his profit by removing the first-mover (second-mover) ad-
vantage under Cournot (Bertrand) competition. Differently than Lee et al. (2014)
within our approach the input supplier charges a unique input price and is thus not
able to discriminate in prices.

Another stream of literature goes in a slightly different direction, namely, settings
in which the role of a firm, whether to be in the leading or following position is
endogenous. First steps in this area were taken by Hamilton and Slutsky (1990) and
continuously extended over the years of for instance Van Damme and Hurkens (1999)
and van Damme and Hurkens (2004). Further contributions consider asymmetries and
uncertainty with Motta (1993) and Albaek (1990) as well as product innovation which
is treated by for instance Lambertini (1996) and Hoppe and Lehmann-Grube (2001).

Although differently than the aforementioned works, but similarly to our ideas,
Noh and Moschini (2006) discuss a differentiated market for which the potential entry
of a new product is analyzed. They consider a game including an incumbent and a
potential entry firm and investigate the players’ strategic investment choice in product
quality. This kind of modeling goes in the direction of the discussion we have in the
last section of this paper.

For a more detailed literature overview see Chapter 2. To the best of our knowl-
edge, settings of intermediate goods markets in which choices of intermediaries are

taken sequentially were not considered in literature yet.

The remainder of this chapter is organized as follows: In section 4.2 we discuss
the competition stage of our model. In this context we introduce the customer’s util-
ity function and determine his according demand for products of both intermediaries.
Furthermore, the intermediaries’ equilibrium production quantities as well as the in-
put supplier’s optimal choice of input price are determined and discussed. The section
closes with a comparison of the equilibria evolving for the Stackelberg leader and fol-
lower. Section 4.3 considers the innovation stage and gives an outlook for investigating
the intermediaries’ optimal investment decisions in product innovation when produc-
tivities are symmetric. We finally conclude in section 4.4 and identify directions for

future research.
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4.2 Competition between Intermediaries

In the following section we introduce the players of our model, i.e., the customer, the
intermediaries and the input supplier, and analyze the decisions they take. As we
proceed backwards, we start with the customer and the analysis of his utility function,
followed by an investigation of the competition between intermediaries as well as the

input supplier’s optimal price decision.

4.2.1 The customer

The representative customer is able to purchase quantities of two different products
q = (q1,q2) which are supplied by intermediary 1 and intermediary 2 respectively.
The product of intermediary ¢ has a quality of a; > 0 for « = 1,2. Products are
assumed to be horizontally differentiated, i.e., different degrees of substitutability,
complementarity or mutually independence are possible. The degree of horizontal
product differentiation is formalized by the parameter v € [—1, 1], where for substitutes
v € (0,1], for complements v € [—1,0) and for independent products v = 0 holds.
If v = 1, goods are perfect substitutes and competition is rather intense, whereas if
v = —1 goods are perfect complements and competition is less fierce. The customer’s

utility function is similar to the one used by Singh and Vives (1984) and given by

1
Ul ) = aay + 0242 — 5 (4 + & +2vq1g2) + 1. (4.1)

The customer is able to obtain utility from consuming a quantity ¢, offered by interme-
diary 1 and a quantity ¢o offered by intermediary 2. Utility increases in the according
product qualities &« = (aq, ap). Hence, the customer prefers to consume high-quality
products over consuming products with low quality. Within Eq. (4.1) it can easily be
seen that if on the one hand goods are complements and therefore v < 0, the customer
profits from consuming quantities of both products, ¢; and ¢s, resulting in an addi-
tional utility. If on the other hand goods are substitutes and thus v > 0, consuming
quantities of both goods decreases utility. The factor I represents the quantity of an
outside good which the customer is able to consume besides the quantities of ¢; and
g2. The utility function U is linear and separable in the consumption of good I and

prevents income effects on the duopolistic sector.
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In the following, we will focus on the competition between intermediaries within
the intermediate goods market and determine their according subgame perfect Nash
equilibrium strategies. To do so, the customer’s demand for quantities ¢ = (g1, ¢2) need
to be determined. Taken the prices p = (p1,p2) of intermediary 1’s and intermediary
2’s product as given, the customer chooses to purchase the quantity ¢; that maximize
his utility function, respecting his budget constraint of m > p;q; + p3_iqs_; + I, with
m being the overall budget. In order to ensure an inner solution we assume m to be
sufficiently large. The utility maximizing quantity decision for product ¢ with i = 1, 2,

subject to the budget constraint satisfies

a; — ¢ — pi — Yq3—; = 0. (4-2)

From Eq. (4.2) we obtain the inverse demand function for the product of intermediary

1, which is
Pi (Gis q3—i) = 0 — ¢; — yqs—; fori=1,2. (4.3)

Given intermediary ¢ chooses to produce quantity ¢; and intermediary 3 — ¢ chooses
to produce quantity gs_;, the resulting market price for product 7 is given by p; as
displayed in Eq. (4.3). It can be seen that intermediary 7 is able to demand a higher
price p; for a product of high quality than for product of low quality. In addition, if
goods are complements and thus v < 0, p; is increasing in g3_;. The opposite is true,
if goods are substitutes (7 > 0). Finally, if goods are independent (v = 0), there is no

relation between p; and ¢s_;.

Intermediary 4’s profit function ; is given by

T (Qia q3—i, C, Oy, a3—i) = (pi (Qi; Q3—i) - /\z‘C) qi = (&z‘ — i — V43— — )\z‘C) q;- (4'4)

On the sales side, intermediary ¢ achieves returns of p;q; whereas on the procurement
side, he suffers total input costs of A\;g;c. As in Mukherjee et al. (2012) intermediaries
can have different degrees of productivity described by the factor A\; > 0. \; represents
the number of inputs that are needed to produce one unit of output. If \; increases,
intermediary ¢’s productivity decreases as more input units are needed to produce the
same quantity of outputs. Hence, the costs of procurement increase in A;. Within our
model we assume ); to be exogenously given for ¢ = 1,2. Besides this, ¢ represents

the input price which is charged by the input supplier.
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4.2.2 The intermediaries

In contrast to Chapter 3 we do not consider a game in which decisions are taken
simultaneously. In our approach intermediaries choose their production quantities one
after the other. The Stackelberg leader is the first player to choose quantities whereas
the Stackelberg follower decides thereafter. For the upcoming section, without loss of
generality we assume intermediary 1 to be the Stackelberg leader and intermediary 2
to be the Stackelberg follower.

In the following we will first specify the equilibrium quantities produced by the
Stackelberg leader and the Stackelberg follower. Afterwards we will derive the stated
results for the different market scenarios of duopoly and monopoly market. The equi-

librium quantities of the Stackelberg leader are given by

(2a1 —ya2)—(2A1—y)X2)c

. . — —~2 00—
if ¢ < mln{2a1 Yoo  4das—y a2 2'ya1}

2(2—+2) 2X1—YA2 7 4o —vZ Ao —29)\1
SL _ ai—Aic o das—7yas—2vas a1 4
Al 2 if Do oy = C< 3 (4.5)
0 otherwise,

whereas equilibrium quantities of the Stackelberg follower are given by

(4042—72042—27041)—(4>\2—v2/\2—2v>\1)c if ¢ < min {2041—7&2 dag—y2an—2yay }

1(2-92) 2A1—7A2 7 4ho—y2 A2 271

SF ) as—Xac i 2oa—yas Q2 4.6

qs = if 23— e Ssc<R (4.6)
0 otherwise.

Eq. (4.5) and (4.6) show, that equilibrium quantities of the Stackelberg leader and
the Stackelberg follower depend on the supplier’s input price selection ¢. Within the

201 —ya2  4as—vy as—2vaq
2X1—7A2 7 4d2—72 Ao —29);

a duopoly market in which both intermediaries procure inputs and offer products on

first case, for a sufficiently low input price ¢ < min{ }, we obtain
the market. For the second case, ¢ is too high for one of the intermediaries, but still
low enough for the other intermediary to achieve non-negative profits, a monopoly

situation occurs in equilibrium.

We now derive the above stated equilibrium outcomes and start our analysis by
considering the case of a duopoly market in which intermediary 1 (Stackelberg leader)
as well as intermediary 2 (Stackelberg follower) procure input goods from the input

supplier and sell products to the customer (¢; > 0 and ¢, > 0). For such a market
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situation, the input price ¢ must be sufficiently low for both intermediaries to achieve
non-negative profits. Given the requirements of a duopoly market are satisfied, we
derive the above displayed equilibrium quantities ¢¢~ and ¢5* via backwards induction.

Thus, we start with the second-moving intermediary 2.

From intermediary 2’s profit function m, as well as the fact that negative profits

can be avoided by not producing, we obtain the following best reply function

g2 (q1) = max {ag _ ’Y%l _ AQC, O} ) (4.7)

The best reply function of intermediary 2 specifies the quantity choice that maximizes
his profit for a given quantity of intermediary 1. Anticipating ¢ (¢1), intermediary 1
chooses the profit maximizing equilibrium quantity. For the first case of g3 (¢1) > 0 we
obtain

sp_ (200 —7as) — (2A —yA) c

@ = (2= 1) : (4.8)

With ¢7'F and intermediary 2’s best reply function g, (g1) we are now able to determine

intermediary 2’s equilibrium quantity, which is given by

sp_ (day — Y2 — 2yar) — (4ha — 72X — 29\ ¢
& 4(2—72) '

(4.9)

When considering the second case of Eq. (4.7) with g3 (¢1) = 0, intermediary 2 chooses
not to produce a positive quantity and we obtain a monopoly scenario with interme-

diary 1 as the monopolist.

In a next step we derive conditions on the input price ¢ such that both intermedi-
aries have an incentive to demand inputs on the procurement side and offer positive
quantities on the sales side. For the Stackelberg leader, in order to assure ¢;* > 0 we
20 —yag

need ¢ < T

das—7 s =2y : : : :
Frea s v e Thus, if the input price satisfies

for intermediary 2 to assure ¢5¥ > 0 the input price must satisfy
c <

(4.10)

. {2041 —yay 4ag — 72042 - 27041}
¢ < min ,

201 — YA ’ 4Ny — ’YQ>\2 — 29\

both intermediaries procure inputs and offer positive quantities on the market. If ¢
exceeds the minimum of the above values, there will either be a monopoly market or

no production. It can easily be seen, that the “critical” input price of intermediary 1
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increases in its own product quality a; and decreases in the productivity A;. Hence,
for a given input price ¢ an intermediary producing a low-quality product and/or
being unproductive may leave the market whereas an intermediary producing a high-
quality product and/or being productive stays. The influence of intermediary 2’s
quality as and Ay on the critical input price of intermediary 1 is dependening on
whether products are complements or substitutes. If goods are complements, the
critical input price of intermediary 1 is increasing in as and decreasing in Ay. In this
case intermediary 1 profits from a high product quality or productivity of intermediary
2. If goods are substitutes, the critical input price of intermediary 1 is decreasing in
s and increasing in Ag. In this scenario, a high product quality as well as a high
productivity of intermediary 2 has a negative effect on intermediary 1’s critical input
price. Similar effects as above can be observed when considering intermediary 2’s

critical input price.

When comparing critical input prices of the Stackelberg leader and the Stackelberg
follower, we get Eq. (4.11). Intermediary ¢ is the potential monopolist if and only if

he is more competitive than intermediary 3 — ¢ and vice versa. More precisely,

das_;—y2asz_;—2yay . ; az_;
2 3—i VT3 4N (o723 Q3—i
205 —yas_; dasi —YPasi — 29| ) Do oo M SE >
min : 5 =
2N = YA Dhsi — YA — 29N 2aiyas—i iff @ < 98-i
20—V A3—i i A3—i
(4.11)

holds. For the case that f\‘—: > C;;:Z is satisfied, intermediary ¢ has a competitive ad-
vantage towards intermediary 3 — ¢. This is due to the fact that on the one hand
for a high product quality «; intermediary ¢ faces a higher costumer demand for his
product. On the other hand, when being rather productive with low \; his costs of
procurement low. Eq. (4.11) shows that given intermediary 1 is more competitive than
intermediary 2, with a rising input price ¢ intermediary 2 is the first one to drop out
of the market. Therefore, if ¢ is sufficiently high, intermediary 2 will leave the market

and intermediary 1 will be a monopolist. The same holds vice versa.

After having considered the duopoly market we now analyze the case of a monopoly
market, in which either intermediary 1 or intermediary 2 can be the monopolist. In
order to determine intermediary i’s equilibrium quantity within a monopoly, suppose
‘;— > ii—: for ¢ = 1,2. Intermediary ¢ is more competitive than intermediary 3 — ¢ and

thus the potential monopolist. With ¢3_; = 0 and maximizing intermediary ¢’s profit
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function with respect to ¢; yields the monopolist’s equilibrium quantity of

i — A
SLISF _ % (4.12)

As stated above, a monopoly market only arises if the input price ¢ is small enough for
intermediary 7 to achieve non-negative profits, but high enough to exclude intermediary

3 — ¢ from the market.

4o —v2an—2yaq
Axo—7y2 A2 —2v\1

intermediary 2 is excluded from the market. By using Eq. (4.12), we obtain that given

Suppose f\‘—i > ;y_; and the input price satisfying ¢ > . In this setting
¢;F = 0, if and only if ¢ < %, intermediary 1 has an incentive to produce a positive
amount with ¢f© > 0. Hence, an input price satisfying

4oy — Yo — 2y aq

< — 4.13
Do — A =290 = A (4.13)

results in a monopoly situation with intermediary 1 as the monopolist.
For the opposite case with $& < $2 the Stackelberg follower is more competitive
1 2

and thus the potential monopolist. An input price such that

2000 — g a7
_— < = 4.14
2M0 — A T ¢ A2 ( )

guarantees a monopoly with intermediary 2 as the monopolist. As ¢ > % holds,
the input price is too high for intermediary 1 to have a positive demand for inputs.
Given ¢ = 0 and using Eq. (4.12) we obtain that for ¢ < §2 intermediary 2 always

has an incentive to offer products on the market resulting in a monopoly.

In the final case, no production occurs if the input price ¢ is too high for inter-
mediaries to achieve non-negative profits. In this scenario neither intermediary 1 nor

intermediary 2 produces and therefore ¢;* = ¢5¥ = 0 holds.

In the following we impose some technical assumptions on the product qualities
a; and productivities \; for i = 1,2. We demand the equilibrium quantities ¢¥ and
¢5F to increase in “weighted” qualities and decrease in the input price c¢. Note that
the assumptions on ¢7X and ¢57 to increase in “weighted” qualities excludes a range
of quality-asymmetries that immediately forces one of the intermediary out of the

market.
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Assumption 4.1. Given intermediary 1 is the Stackelberg leader and intermediary 2

the Stackelberg follower, we assume Z—;, i—; € [%, %] for v > 0.

Given equilibrium quantities ¢¥~ and ¢5" as well as the customer’s inverse demand
function are as displayed in Eq. (4.3), we are now able to determine the equilibrium

prices of intermediary 1, given by

2—2 SL : : 200 —yap 4das—y2as—2yoq
( 2 > QI + )\10 lf ¢ < 1min 221 —yA2? 4)\2—’72)\2—2’)’>\1

sL _ SL( SL _SF\ _ ai e e don—ylaa—2va; a1
Y4 by (ql » 4o ) -9 it o —72ha—27M1 S c< by
0 otherwise,
(4.15)
and of intermediary 2, given by
SF . . 2001 —yaz 4042—72042—27041
" + Xoc  if ¢ < min { I he? Dhe—yha 290
SF(,SL (SFY _ ) aptrse ¢ 20170y as 4.16
Py (64 ) 5 lfm§0<g (4.16)
0 otherwise.

The total equilibrium demand for input products which will be needed within the
next section is depending on the intermediaries’ equilibrium production quantities ¢y~
and ¢5 as well as their according input productivities ); for i = 1,2. For a duopoly
and a monopoly with either intermediary 1 or intermediary 2 producing the total

demand is given by

q; (c) = Magl" + Xags©

( (2)\1(2a1—'ya2)+)\2(4a2—72a2—27a1))
4(2—?)
_ (2>\1 (2A1—7A2)+A2 (4/\2—72)\2—27)\1))0 if ¢ < Hlll’l{ 2a1 —yag 4a2—72a2—2’ya1}
4(2—2) 221 —A2 ' dAa—2Aa—27h;
— )\l(al_)\lc) : 4a2—a2y2—2a1'y ay 4 17
\ 2 i ey S €<% (4.17)
A2 (aa—Aac) i 201 —a2y az
= if ey = €< 5
0 otherwise.

\
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4.2.3 The input supplier

In the following we determine the supplier’s equilibrium input price decision and derive
his according profits. Within our analysis, we distinguish between the cases in which
the supplier serves a duopoly, a monopoly or no production occurs. In general, the
monopolistic input supplier selects the input price that maximizes his profit 7 (¢) =

q7 (¢)c, where his production costs are normalized to zero.

First, consider a duopoly market. When using the input supplier’s profit function
77 (¢) as well as the total equilibrium input demand of Eq. (4.17) for a duopoly, we

get the following profit maximizing input price:

o 201 (201 — ya) + g (dag — Y2 — 2vay)
2 (2)\1 (2)\1 - 7)\2) -+ )\2 (4)\2 — ’}/2)\2 — 2’}/)\1)) ’

(4.18)

The input price ¢* is a unique maximizer as 7;(c) is quadratic in ¢ (see Eq. (4.17))
and Assumption 4.1 ensures concavity. Note that ¢* is the optimal input price for a

: : * : 201 —yas 4as—~v as—2ya1 \ : :
duopoly market if and only if ¢* < min{ DIV W vy v } is satisfied.

In the following we derive conditions such that ¢* suffices the above inequality. The
analysis is done for the scenarios in which intermediary 1 and in which intermediary

2 is more competitive.

First suppose intermediary 1 to be more competitive than intermediary 2 with

f\‘—i > ‘j\‘—j According to Eq. (4.11), in such a setting we obtain a duopoly market if

x _ doaog—ylas—2yay
¢ < 4Xo—72 A3 —27\1

market if and only if intermediary 2’s product quality as is sufficiently high compared

is satisfied. The input price ¢* is indeed the maximizer of a duopoly

to the weighted product quality oy of intermediary 1. More precisely, we need

(4)\2 — 72)\2 — 2’)//\1) (4)\2 — ’72)\2 + 2’}/)\1) + 4)\1 (4 — ’}/2) (2/\1 — ’7/\2)

Qg > O . (419)

Thus, is Ineq. (4.19) satisfied we get an interior solution with the optimal input

S = ¢*. Given ay is too small and Ineq. (4.19) is not satisfied we face a corner

dan—y?ap—2yay
Aho—y2Aa—27)1

tees that both intermediaries produce in equilibrium. It is indeed the maximizer, as

price ¢
solution with the optimal input price of ¢° = . This input price guaran-
the supplier’s profit function 77 (¢) is concave in ¢ and monotonically increasing in the

interval [0, ¢*] with f&z:ﬁ% € [0,c¢*]. Hence, the input supplier’s optimal input
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price is given by

4oy — V2o — 2va
S . * 2 — Vg Yo
= ) 4.20
c m1n{c,4)\2_72)\2_27)\1} ( )

Now, suppose the opposite case in which intermediary 2 is more competitive than

intermediary 1 with §* < §2. According to Eq. (4.11), for ¢* being the maximizing

input price within a duopoly ¢* < 204=392

2A1—7A2
the product quality oy of intermediary 1 is sufficiently large compared to the weighted

must be satisfied. This is true if and only if

product quality of intermediary 2. More precisely, we need

(2)\1 — ’}/)\2) (4)\2 — ’}/2/\2 + 2’7)\1) + 27)\2 (4/\2 — ’}/2/\2 — 2’}/)\1)

>
a a2 2 ((2)\1 — ’)/)\2) (2/\1 + ’)/)\2) + 2/\2 (4/\2 - ’)/2)\2 — 2’)//\1))

(4.21)

Analogous to the case above, is Ineq. (4.21) satisfied we obtain an interior solution

with ¢® = ¢*. Is Ineq. (4.21) not satisfied we get a corner solution with ¢® = ;ﬁf—”‘f
1—YA2
guaranteeing that both intermediaries produce in equilibrium. The input price of
= H is indeed the maximizer, as 7;(c) is monotonically increasing in the
interval [0, ¢*] with ﬁ € [0,¢*]. Thus, in a duopoly intermediate goods market
the input supplier optimally chooses an input price of
S . * 20£1 — Y
¢ =minq ", ——>. (4.22)
201 — A

Summarized, within a duopoly market the input supplier’s optimal input prices are

( 2\ (201 —ya2)+A2 (4042 —v2as—2vaq )
2(2)\1 (2)\1 7’}/)\2)4»/\2 (4)\2 7’}/2 Ao 72’}'/\1))

4o —v2a2—2v0q if ¢* > 4o —v2an—2y0q
AXo—y2 A2 —27\1 Axo—2 A2 —2v\1

. * . 2001 —yag 4042772042727041
if ¢* < min { A —he? Do —rThe 27

S
cm = oy Q2
and VD
2001 —ya lf C* > 2001 —yag
21 =72 221 =72

ar - az
and < S
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Given the above optimal input prices, the supplier’s profits when serving a duopoly

are given by

!
A (201 —'yozz)cs

4(2—?)

- . 201 —yay das—y an—2yay
if ¢* < min { 2A A2 ' P22 Aa—27h

with ¢ = ¢*

2)\1((341)\2—042)\1)(3‘9 if ¢ > dop—y2aa—2vaq

. (CS) _ ) (A= x—2vA) 4h2—y2 X2 =27\ , (4.23)
ap [o T p— S _ dag—vy az—2vaq
and $+ > §2 with ¢ = 32=52 =5
Ao (@i —agda)c® e % 200 —yae
21 —7)2) if ¢* > 221 — Az
ar Qs s S _ 201—yo
\ and <5 with ¢ o

After having analyzed the supplier’s optimal input price choices for a duopoly
market, we now consider a monopolistic intermediate goods market. In a first case we
assume the more competitive intermediary 1 to be the monopolist, in a second case

we consider intermediary 2 to be the more competitive monopolist.

Assume intermediary 1 to be more competitive than intermediary 2 with §* >
‘i—;. The input supplier’s profit maximizing input price with intermediary 1 as the

monopolist is given by

aq

*

c (4.24)

For ¢* to create a monopoly market it must on the one hand be sufficiently low for
intermediary 1 to achieve non-negative profits. This is true for ¢* < . On the other
hand, ¢* must be high enough to exclude intermediary 2 from the market. This is
satisfied if ¢* > % is satisfied. The input price ¢* of Eq. (4.24) satisfies
the above inequalities if and only if the product quality «s is sufficiently small. More

precisely

4hg — V2 Ao + 29\
2\ (4 =77)

0o < (1

(4.25)

must hold. Hence, is Ineq. (4.25) satisfied we obtain an interior solution with ¢® = c*.

4oz —v2a2—2y0q
AXo—y2Aa—29A1 °

The corner solution indeed maximizes the input supplier’s profit, as 77 (¢) is concave

Is o too large, we get a corner solution with the input price of ¢ =

in ¢. Hence, the optimal input price for a monopoly with intermediary 1 being the
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monopolist is given by

S e ] Q1 Az =7t — 2y
2)\1, 4)\2 — ")/2)\2 — 2")/)\1 ‘

The resulting input supplier’s equilibrium profits for the cases interior and corner

solutions are given by

(
¥ it R << g
and G300 <
_ A2
m () = i et cecn (420)
. — 20—
\ with o8 = {5

Now suppose intermediary 2 to be more competitive than intermediary 1 with

‘j\“—i < i‘—; Intermediary 2 will be the potential monopolist in this scenario. We have
shown above, that a monopoly market arises, if the input supplier selects an input
201 —ya

price such that Sh v

function for intermediary 2 as the monopolist is given by

<c< ‘;—; The input price that maximizes the supplier’s profit

Qg
= 4.2
“ T o (427)

The input price ¢* of Eq. (4.27) satisfies ﬁ < ¢ < §2 if and only if the product

quality o is sufficiently small. More precisely we need

2/\1 + ’Y)\Q

4.28
e (4.28)

o < Qo

Thus, is Ineq. (4.28) satisfied we obtain an interior solution with the input price of
¢ = c¢*. Is oy too large, we get a corner solution with the input price of ﬁ Note
that ¢® indeed maximizes the input supplier’s profit, as the input supplier’s monopoly
profit function is concave in ¢. The input supplier’s optimal input price for a monopoly

in which intermediary 2 produces is therefore given by

g Qg 2000 — Yo
= —, —— 5. 4.29
¢ {2)\272)\1—’7)\2} ( )
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The resulting input supplier’s equilibrium profits for the cases of interior and corner

solutions are given by

o8

ie 201 —yag Qs
if v <c< b

2001 —yag o
and 2A1—7A2 22

S fy )\2(&2)\17&1)\2) . S : 20&17’}’&2 g
() v ¢ TN Se<3 (4.30)

201 —yan KebN
and 2A1—7A2 > 22

: S 200 —yae
with ¢° = £82722
\ 2A1—7A2

Besides duopoly and monopoly, the final case of no production occurs, if the input
price is too high for both of the intermediaries to produce. In this case ¢¥ = ¢5¥ = 0
holds and therefore the total input demand is ¢; = 0 with the input supplier’s profit
77 (¢) = 0.

In the above section we have seen that by choosing the input price accordingly,
the supplier is able to influence the type of market, i.e., duopoly, monopoly or no
production. While focusing on interior solutions within monopoly and duopoly, the
next Proposition discusses the supplier’s incentives to exclude one of the intermediaries

from the market.

Proposition 4.1. Suppose an interior solution within monopoly and duopoly market.
If intermediaries are sufficiently asymmetric in favor of the more competitive Stackel-
berg leader, it is optimal for the input supplier to choose an input price ¢ such that he
sells his inputs only to the Stackelberg leader excluding the Stackelberg follower from

the market.
More precisely, if
Qo < OélTigL (431)

with

SL _ V2(2=7%) (201 (20 —7A2) + Ao (42 — 712X — 29M1)) — 2 (201 — 7o)
! X =7 h — 27\ ’

then it is optimal for the input supplier to only serve intermediary 1. The same holds if

intermediary 1 is the Stackelberg follower and intermediary 2 is the Stackelberg leader.
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Note that 7% can be rewritten as

. \/2(2—72) (22 (2 —9) + (4= —2)) -2 (2 - )
L
st _

SL—
4—72—27:\\—;

and is therefore homogeneous of degree zero in A\; and As.

Within Proposition 4.1 we analyze the scenarios for which the input supplier’s
profit when serving a monopoly is higher than when serving a duopoly, given inter-
mediary 1 is more competitive than intermediary 2. It could be seen that if there

are high asymmetries of product qualities with as < a;77F the input supplier se-

lects the input price ¢® = o=, excluding intermediary 2 from the market and hence
1

resulting in a monopoly with only intermediary 1 producing. For the opposite case
with ap > a1 77F, the input supplier favors to serve a duopoly with the input price of

s 2)\1(2a1—'ya2)+)\2(4a2—72a2—27a1)
2221 (221 =y A2)F A2 (42 —v2 A2 —29)1))

The next Proposition considers the case in which the Stackelberg follower is more
competitive than the Stackelberg leader with ‘j\“—i < f\‘—; It states the impact of the input
supplier’s optimal input price decision on the type of market for interior monopoly and
duopoly solutions. Differently to Proposition 4.1, Proposition 4.2 analyzes the input

supplier’s incentive to exclude the less competitive Stackelberg leader from the market.

Proposition 4.2. Suppose an interior solution within monopoly and duopoly market
where intermediary 2 is the more competitive Stackelberg follower. If intermediaries
are sufficiently asymmetric in favor of the more competitive Stackelberg follower, it is
optimal for the input supplier to choose an input price ¢ such that he sells his inputs

only to intermediary 2 excluding intermediary 1 from the market.
More precisely, if
ap < gy’ (4.32)

with

si_ V2(2=77) (20 (20 = 7A0) + Ao (4As = 72As = 29A1)) — (4he — 7PAe = 290)
2 2 (2)\1 — ’7)\2) ’

then it is optimal for the input supplier to only serve intermediary 2. The same holds
iof intermediary 1 is the more competitive Stackelberg follower and intermediary 2 is
the Stackelberg leader.
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The multiplier 7% is homogeneous of degree zero in A\; and Ay and can be rewritten

as

NPl k(- k) - (1% - 2)

7—2 —
2(2-932)

Within Proposition 4.2 we analyze the scenarios for which the input supplier’s

profit when serving a monopoly is higher than when serving a duopoly, given interme-

diary 2 is more competitive than intermediary 1. If product qualities are sufficiently

asymmetric with a; < au75’F the input supplier selects the input price ¢ = 20‘722,

which excludes intermediary 1 from the market and therefore results in a monopoly

with only intermediary 2 producing. Supposing the opposite case with a; > apmt,

the input supplier prefers to serve a duopoly and selects the duopoly input price of
s 2)\1(2a17'ya2)+)\2(4a2772a2727a1)
- 2(2)\1(2)\1—7)\2)—{-)\2 (4)\2—’}/2)\2—2’)/)\1)) :

Notice that by choosing his input price ¢, the input supplier is not able to impact

C

whether intermediary 1 or intermediary 2 is producing in a monopoly. This is solely
determined by the intermediaries’ competitiveness, which can be increased by investing

in product innovation.

4.2.4 Comparison between Stackelberg leader and Stackel-

berg follower

In this section we compare the equilibrium quantities of a Stackelberg leader and a
Stackelberg follower. Moreover, we analyze the input supplier’s incentives for driving
a Stackelberg follower and a Stackelberg leader out of the market.

In the previous sections we considered intermediary 1 to be the Stackelberg leader
and intermediary 2 to be the Stackelberg follower. For the upcoming analysis the equi-
librium outcome for the reversed role distribution, i.e., intermediary 1 as the Stack-
elberg follower and intermediary 2 as the Stackelberg leader, is required. We have a
focus on intermediary 1 and compare his equilibrium quantity ¢ when being in the
leading and ¢7'F when being in the following position. A similar comparison will be
done between 791 and 77F.

For the above analysis, supposing intermediary 1 to be the follower, we derive his
equilibrium quantities g7 for a duopoly and monopoly market which are analogous

to the quantities ¢5 displayed in Eq. (4.5). Furthermore, we determine the multiplier
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72F which is closely related to 757 of Proposition 4.2. Note that a similar analysis
can be carried out when considering intermediary 2.

As the customer’s utility function is symmetric in the product quantities of inter-
mediary 1 and intermediary 2, intermediary 1’s equilibrium quantity when being the
Stackelberg follower is similar to the quantity in which intermediary 2 is the follower,

as displayed in Eq. (4.6). Thus, it is given by

(4@1—72041—27@2)—(4)\1—72>\1—2'y>\2)c

. . _ 20—
if ¢ < m1n{2a2 yor  dar—yfan 27042}

2(4—2+2) 222 —yA1 7 4A1 =721 —27)2
SF _ ) a1=Mie if 20—y a1 4.33
¢ > if o <e< (4.33)
0 otherwise.

Analogous to the previous section, we need to impose technical assumptions for in-
termediary 1’s equilibrium quantities ¢?F" and for intermediary 2’s equilibrium quanti-
ties g5~ to increase in “weighted” qualities and decrease in the input price c. Therefore

we obtain Assumption 4.2.

Assumption 4.2. Given intermediary 1 is the Stackelberg follower and intermediary

2 the Stackelberg leader, we assume g—;, f\‘—; € [43772, %} for v > 0.

When comparing intermediary 1’s equilibrium quantities as a Stackelberg leader

with his equilibrium quantities as a Stackelberg follower, we get Proposition 4.3.
Proposition 4.3.

(i) Suppose intermediary i to be more competitive than intermediary 3 — i for i =
{1,2}. Within a duopoly, intermediary i’s equilibrium quantities are always

higher as a Stackelberg leader than as a Stackelberg follower: ¢°* > ¢°F.

(ii) Suppose intermediary 3 — i to be more competitive than intermediary i for i =
{1,2}. Within a duopoly, if goods are substitutes, intermediary i’s equilibrium
quantities are always higher as a Stackelberg leader than as a Stackelberg follower:
@t > "

(iii) Suppose intermediary 3 — i to be more competitive than intermediary i for i =
{1,2}. Within a duopoly, if goods are complements, there may exist asymme-
tries such that intermediary i’s equilibrium quantities are higher as a Stackelberg

follower than as a Stackelberg leader with ¢?* < g%
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Part (i) of Proposition 4.3 shows that in a duopoly intermediary i’s equilibrium
quantities when being the more competitive Stackelberg leader are higher than his
equilibrium quantities when being the more competitive Stackelberg follower. The
outcome holds for substitutes, complements as well as for mutually independent prod-
ucts and confirms the classic results for homogenous products of Von Stackelberg
(1934). Part (i¢) and (4i7) of Proposition 4.3 consider the opposite case in which for
both positions intermediary 7 is less competitive. Thus, intermediary 3 — ¢ will be the
potential monopolist. For (7i), given goods are substitutes with v > 0 the same result
as in () holds. Thus, within a duopoly the equilibrium quantities of intermediary i
as the less competitive Stackelberg leader are higher than his equilibrium quantities
as the less competitive Stackelberg follower. According to (iii), if goods are comple-
ments, this must not necessarily be true. For a duopoly, if asymmetries are chosen
accordingly, the equilibrium quantity of the Stackelberg follower is higher than the
equilibrium quantity of the Stackelberg leader. An explanation for this outcome might
be that when having complements, competition between intermediaries is rather low.
Hence, the first-mover advantage of the Stackelberg leader which is indeed present for

substitutes vanishes.

Within the next section we compare the input supplier’s incentives to exclude a
less competitive Stackelberg follower with his incentives to exclude a less competitive
Stackelberg leader from the market. For the upcoming analysis, we assume intermedi-
ary 1 to be more competitive than intermediary 2 with % > f\“—j Therefore, if the input
supplier has an incentive to exclude an intermediary, it will always be intermediary 2

leaving the market.

Analogous to Ineq. (4.28), the condition ensuring an interior monopoly solution is

given by

200 + 7\

4.34
o (4.34)

o < (1

whereas related to Ineq. (4.21) the condition yielding an interior duopoly solution is
denoted by

(2)\2 — ’}/)\1) (4)\1 — ’)/2>\1 + 2’}/)\2) + 2’)/)\1 (4)\1 — ’)/2/\1 — 2’)/)\2)
2 ((2Aa — Y1) (2A2 + A1) + 21 (AN — 921 — 29)9))

ag > o (4.35)

Related to Proposition 4.2, supposing an interior solution within monopoly and duopoly
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market, the input supplier prefers to only serve intermediary 1, the Stackelberg fol-
lower, if his product quality «; is sufficiently high compared to intermediary 2’s product

quality as. More precisely, if
ay < ay7t (4.36)

with

_SF _ V2(2=9%) (20 (222 — 7A1) + M (4h — 920 — 29X0)) — (40 — 921 — 290
! 2 (2)\2 — ’7)\1)

(4.37)

holds, the input supplier has an incentive to exclude intermediary 2, the Stackelberg
leader, from the market.

S

In the following analysis we compare 7% and 7 for a given range of asymmetries

and degree of horizontal product differentiation. We get the following Proposition 4.4.

Proposition 4.4.

(i) Given intermediaries have the same productivity with Ay = Ay and products are
mutually independent with v = 0, the input supplier’s incentive to exclude an
intermediary from the market is the same for the Stackelberg leader and for the

Stackelberg follower. More precisely:

SL _ _SF
=T

holds.

(ii) Given intermediaries have the same productivity with Ay = Ay the input supplier’s
incentive to exclude the less competitive Stackelberg leader from the market is
higher than his incentive to exclude the less competitive Stackelberg follower.

More precisely:
SL SF
<1

holds.

Proposition 4.4 makes clear, that for given characteristics of (7, aq, g, A1, Ag) the

input supplier rather prefers to exclude a less competitive Stackelberg leader over
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For intermediary 1 as ..., the input supplier charges an input price to sell to ...
Stackelberg leader: Stackelberg leader: Stackelberg leader:
intermediary 1. intermediary 1 and 2.  intermediary 1 and 2.
Stackelberg follower: Stackelberg follower: Stackelberg follower:
intermediary 1. ‘ intermediary 1. ‘ intermediary 2 and 2. ‘
Qg
large asymmetries intermediate small asymmetries
asymmetries
OélTlsL alrfF (05} %

Figure 4.2: The input market for ay < ozli—f

excluding a less competitive Stackelberg follower from the market. The described
scenario is illustrated in Fig. 4.2. When considering the area of large asymmetries
in which intermediary 2’s product quality ay is smaller than a; 77 and smaller than
a1 7°F, he will be excluded from the market, no matter if he is the Stackelberg leader
or follower. For the most interesting case of intermediate asymmetries with ay70F <

Qo < OélTlsF

, intermediary 2 will produce in equilibrium as a Stackelberg follower,
but will be driven out of the market as a Stackelberg leader. For the case of small
asymmetries, the input supplier selects his input price ¢ sufficiently small such that
both intermediaries produce in equilibrium, independently of whether intermediary 2
is the Stackelberg leader or follower.

The input supplier’s behavior when facing intermediate asymmetries may be ex-
plained by his equilibrium profits that he is able to achieve with intermediary 1 in
the leading and in the following position. A comparison of input prices and resulting
profits for intermediary 1 as a Stackelberg leader and as a Stackelberg follower results

in Proposition 4.5.

Proposition 4.5. Suppose intermediary 1 is more competitive than intermediary 2,
with equal productivities \; = Ay as well as the conditions for interior solutions being
satisfied.

(i) The input supplier’s equilibrium duopoly input price ¢ = c* is higher when

intermediary 1 is the Stackelberg leader than the duopoly equilibrium input price

when intermediary 1 us the Stackelberg follower.
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(ii) The input supplier’s equilibrium duopoly profit is higher when intermediary 1 is
the Stackelberg leader than his duopoly profit when intermediary 1 is the Stack-

elberg follower.

As the input supplier’s equilibrium duopoly profit is higher if intermediary 1 is
in the leading and intermediary 2 in the following position he is willing to accept
higher asymmetries between product qualities and select an input price ¢ such that
intermediary 2 may stay in the market.

Something similar as described for the supplier’s profits can be observed for the
interior solution equilibrium input price. The input price ¢* is higher, if the more
competitive intermediary 1 is the Stackelberg leader compared to the case in which he

is the more competitive Stackelberg follower.

Within the upcoming section, we will give a first analysis of the intermediaries’
incentives to invest in product quality. To do so, we need to verify the intermediaries’
profits.

Suppose intermediary 1 to be the more competitive Stackelberg leader. With the
equilibrium quantities ¢¥* and ¢5¥, the input supplier’s optimal interior solution-input

S

price ¢ as well as the results of Proposition 4.1 and Proposition 4.2, intermediaries’

equilibrium profits are given by

2
((2&1 —ya2)—(2X1 f’y)\z)cs)
8(2—7?)
a? SL

T for ap < ay",

for alTISL < g < 041:\\—?,

WfL (QIa g2, CS? aq, Oég) = (438)

( (4a2 —2va1—v2a1 ) — (4)\2 —29A1 =72 X2 ) CS)2

for OélTlsL < g < ali—f,

mr (Q1,Q27057041,042) = 16(2—7%)"
0 for ay < OélTlsL,
(4.39)
with
S 2M\1 (201 — ya) + Ao (day — Y2 — 2yay)
2 (2)\1 (2)\1 - ")/)\2) + )\2 (4)\2 — ")/2)\2 — 2’}/)\1)) ’
Note, that the condition holSL < g < 041:\\—? implies a duopoly market whereas g <

a1 7L results in a monopoly market in which intermediary 1 is the monopolist.
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For the opposite case, suppose intermediary 1 to be the more competitive Stackel-
berg follower. With ¢ and ¢5*, the input supplier’s optimal interior solution-input

S

price ¢” as well as the results of Propositions 4.1 and Proposition 4.2, intermediaries’

equilibrium profits are denoted by

( (40{1 —2vap 772(12)7 (4)\1 —2vX2—72)\1 ) 05)2

for om‘lsF <y < Ozlj\\—f,

xSF (ql’ G2, ¢, 0y, ag) =9, 16(2—~2)2
o for ay < olelSF,
(4.40)
(Caz—gan-e-)es)” o gp Ao
or « < g < a2
15" (41, ¢2,¢%, o, ) = 52=77) SRS (g1
0 for ap < a7t
with
S 2Xg (20 — ya) + A1 (day — Y2aq — 2yan)
2 (2)\2 (2)\2 - ")/)\1) + )\1 (4)\1 — ")/2)\1 — 2’}/)\2))
Similar to the previous case, a;7F < ap < oq:\\—f results in a duopoly market and

ay < apPF implies a monopoly market in which intermediary 1 is the monopolist.

4.3 Product Innovation

4.3.1 Basic setup

Within this section we assume intermediaries being able to simultaneously choose a
level of investment to foster product quality. The product quality is given by «; €
la;, @], with 0 < o, < @; for @ = 1,2. If intermediary ¢ decides not to invest, his
product quality is assumed to be q;, whereas a full investment results in @,. We
assume the costs of investment k > 0 to be identical for both intermediaries.

An investment in product quality may have two positive effects for the interme-
diary investing. First, it increases the own product’s demand on the sales side and
depending on the costs of investment may result in higher profits. Second, there is also
a strategic component when deciding about investing in product innovation. Suppose
one intermediary is excluded from the market. An investment may reduce asymmetries

between the own and the other intermediary’s product quality. If the resulting asym-
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metries are sufficiently small, the input supplier has an incentive to reduce the input
price and allow for a duopoly in the market. In another scenario in which a duopoly
is present, an intermediary may strategically increase his product quality such that
asymmetries arise. If those asymmetries are sufficiently large, the supplier increases
his input price and thus excludes the less competitive intermediary from the market.
Although suffering a higher input price, the fact of being the monopolist may result

in higher profits for the more competitive intermediary.

When analyzing the intermediaries’ profit functions 72- (qi, Q3—i, 2, OZg_i) and
5k, (qi, q3_i, ¢, ag,i) with respect to product quality «; we obtain the following

Lemma 4.1 as well as Proposition 4.6.

Lemma 4.1. The Stackelberg leader’s profit w9 (qi,qg,i,cs,ai,ag,i) and the Stack-
elberg follower’s profit w3~ (qi,q;g_,-,cs,ai,ag_i) (for i = 1,2) are piecewise strictly

conver in its own qualities.

Due to the result of Lemma 4.1 we obtain the Proposition 4.6 which is similar to
the result established in Chapter 3.

Proposition 4.6. Nash equilibrium strategies of the investment game with linear costs

are in {a;,@;} C oy, @] fori=1,2.

Proposition 4.6 shows that when determining Nash equilibrium investment lev-
els with linear costs of investment, attention can be restricted to the minimum and
maximum quality levels a; and @;. Due to piecewise strict convexity of the intermedi-
aries’ profit function in own qualities, there exists a profit-minimizing product quality.
Therefore the product quality level that delivers an intermediary’s maximal profit will
be obtained at one of the end points of the interval [, @;]. This is true for the case
in which the profit minimizing product quality is within as well as outside the inter-
val [, @;]. Thus, given a certain minimum quality level of o, must be provided for
instance due to legal requirements we are able to simplify the intermediaries’ decision

of either investing or not investing.
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4.3.2 Outlook

In the previous sections we have seen that given intermediary 1 is more competitive
than intermediary 2, it is indeed crucial whether intermediary 1 is the Stackelberg
leader or Stackelberg follower. Proposition 4.4 yielded that there exist product qual-
ities @ = (ay, ) for which the input supplier drives a Stackelberg leader out of the
market, but prefers to accept a Stackelberg follower, ceteris paribus. Moreover, Propo-
sition 4.5 has established that for equal productivities the input supplier’s duopoly

profit is higher if the more competitive intermediary is in the leading position.

jul | | |
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Figure 4.3: Example for investments in product quality

Consider the example displayed in Figure 4.3 in which intermediary 1 is always more
competitive than intermediary 2. This is true even if intermediary 2 has invested with

a5 and intermediary 1 has not invested with ;. Therefore, @y < gli—f or equivalently
@y

A1
than intermediary 1. This setting implies that when having a monopoly, intermediary

> % is satisfied and intermediary 2 never has the chance to be more competitive

1 will be the monopolist.

Suppose intermediary 2 does not invest and therefore offers a product quality of as.
As displayed in Figure 4.3 intermediary 2’s product quality with o, < ;7L < o707
is too small such that in equilibrium the input supplier selects an input price which
drives him out of the market. Note that intermediary 2 will be excluded in both cases,
i.e., when being the leader and when being the follower. Now assume intermediary 2
decides to invest in product quality which results in a@,. Figure 4.3 shows that given
intermediary 1 is the Stackelberg leader, the input supplier has no incentive to drive
intermediary 2 out of the market which results in a duopoly. This is true as @y > a7 ¢
holds. Even if intermediary 1 also invests in product quality with @7, the asymmetries
between @; and @y are sufficiently low such that the input supplier prefers to serve a
duopoly. However, is intermediary 1 in the position of the follower and intermediary 2

in the position of the leader, we observe @y < ;70" Hence, the input supplier selects

an input price ¢ such that intermediary 2 has no incentive to produce in equilibrium
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and we have a monopoly market. This result is independent on whether intermediary
1 decides to invest or not to invest.

For the given example, when determining the Nash equilibrium investment deci-
sion, the cost of investment k also needs to be considered. We have seen that when
being the Stackelberg follower, the investment of intermediary 2 and the according
reduction of asymmetries in product quality led to an input price reduction of the
supplier. However, whether an investment has a positive or negative effect on inter-
mediary 2’s profit is always dependent on the costs of investment. In case that the
costs of investment are too high such that an investment results in a loss, investing

will never be a Nash equilibrium strategy.

A simplified example which describes the strategic component of investing in prod-
uct quality can be given as follows: Within a monopoly market there is only one highly
competitive firm procuring his inputs from a monopolistic input supplier and offering
his products to his customers. Besides this, there exists a firm, let’s say an innovator
thinking about entering the market. Without an investment in product quality the
firm is not able to overcome market entry barriers. If and only if the potential entrant
firm is able to decrease asymmetries between product qualities of the incumbent firm
and itself, it will be able to enter the market and, under certain circumstances, make
positive profits. By investing itself, the incumbent firm tries to prevent the other firm
to enter the market defending its positions as a monopolist. Are the costs of invest-
ment higher for the incumbent than for the entrant firm, it can be expected that in

long-term, a duopoly or even a monopoly with the entering innovator will arise.

4.4 Conclusion

We studied a differentiated duopoly in which two intermediaries compete for the cus-
tomer’s demand on the sales side and for input goods on the procurement side. In a first
stage of competition we determined the equilibrium outcome of intermediaries when
choosing production quantities sequentially. We were interested in decisions taken by
the first moving Stackelberg leader and by the second moving Stackelberg follower,
whereas positions of intermediaries were exogenously given. Besides this we focused
on optimal input prices selected by a strategic input supplier. In a second stage that
had a focus on innovation we gave a first investigation on the intermediaries’ incentives
to invest in product quality. Hereby, our analysis was primarily discussed by means of

a simplifying example.
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Similar to Chapter 3, we have seen that the presence of a strategic input supplier
may lead to an exclusion of one or both intermediaries resulting in a monopoly inter-
mediate goods market or no production. It turned out that given intermediaries are
sufficiently asymmetric, the input supplier has an incentive to exclude the less compet-
itive player from the market. Furthermore, we derived that there exists asymmetries
between intermediaries such that the input supplier is willing to exclude a less com-
petitive Stackelberg leader whereas within the same environment a less competitive

Stackelberg follower is accepted in the market (Proposition 4.4).

When comparing the equilibrium output quantities of intermediaries, we estab-
lished that given the Stackelberg leader is more competitive than the Stackelberg
follower, he always delivers higher production quantities. However, if the Stackelberg
follower is more competitive than his opponent, the above is only true for substitutes.
If goods are complements, there may arise scenarios in which the more competitive
Stackelberg follower delivers higher output quantities (Proposition 4.3) than his com-
petitor.

When considering the input supplier’s equilibrium price choices, it turned out that
if the Stackelberg leader is the more competitive intermediary, the input supplier
selects higher equilibrium prices and achieves higher profits than in the opposite case

(Proposition 4.5).

When analyzing intermediaries’ incentives to invest in product innovation, we found
that given costs of investment are linear, attention can be restricted to the investments
resulting in a minimum and maximum level of product quality (Proposition 4.6). By
giving an example we have seen that an intermediary’s investment in innovation does
not just foster the customer’s demand, but also has a strategic component as asym-
metries may be established or increased. Furthermore, we verified the impact of the

role of an intermediary on the incentives to invest in product quality.

Beyond the above analysis, future research should be focusing on the investigation
of intermediaries’ incentives to invest in product innovation. For such an analysis, we
have a simultaneous two-player non-cooperative investment game in mind as it was
already discussed in Chapter 3. Moreover, within our current work we made a rather
restrictive assumption allowing the input supplier only to charge a uniform price for
both intermediaries. In order to further corroborate the input supplier’s market power
and strategic behavior when selecting prices, a further approach needs to allow for

price discrimination in which the robustness of recent results is checked.
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Besides this, literature has shown that beyond Von Stackelberg (1934) who con-
siders a sequential game in which quantities are selected by duopolists, it can also
be thought of a setting in which players set prices as in Gal-Or (1985), for instance.
Going in this direction and determining equilibrium outcomes for price competition,
a comparison between the according results can be undertaken.

In our current work, positions of players were exogenously given. A consequent
next step goes in the direction of an intermediate goods market in which the role of
a player, i.e., whether to move first or second, is endogenously chosen, as for instance
in Hamilton and Slutsky (1990). Due to the fact that the approach of Chapter 3 is
quite similar to our setting, it is obvious that a further consideration will compare the
outcomes of the game in which decisions are take simultaneously with the results when

decisions are taken sequentially.
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4.5 Appendix A: Proofs

4.5.1 Proof of Proposition 4.1

Proof of Proposition 4.1. Suppose intermediary 1 is more competitive than interme-

diary 2 with $+ > £2. When determining 2L, we are aiming for conditions on asym-
1 2

metries between « and ay such that the input supplier’s profit when serving interme-

diary 1 (monopoly) is at least as high as his profit when serving both intermediaries

(duopoly). Therefore we obtain

(2M1 (201 — yaz) + A (4ag — Y20 — 2vay))” - a_%
16 (2 - ’72) (2/\1 (2/\1 - ’7/\2) + /\2 (4/\2 - ’}/2)\2 - 2’7)\1)) - 8
o < o \/2 (2 — ’}/2) (2)\1 (2)\1 — ”)/)\2) + )\2 (4)\2 — ’}/2>\2 — 2’7)\1)) -2 (2)\1 — ’}/)\2)
2= 4)\2 — ’}/2)\2 — 2’}/)\1

-

= Q9 S a1Tq.
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4.5.2 Proof of Proposition 4.2

Proof of Proposition 4.2. Suppose intermediary 2 is more competitive than interme-

diary 1 with & < $2. When determining 75*" we are aiming for conditions on asymme-
1 2

tries between «y and as such that the input supplier’s monopoly profit when serving

intermediary 2 (monopoly) is at least as high as his profit when serving both interme-

diaries (duopoly). Therefore we obtain

(2M1 (201 — yao) + A (4o — Y2 — 2vay))” - a3
16 (2 —42) (21 (2A1 — Y A2) + Ag (AXha — 42 Xe — 29))) — 8
V2(2=72) (221 (2A1 — 7A2) + A2 (4h2 — 120 — 29\))
2(2\ —yA2)
_ (4)\2 - 72)\2 - 27)\1)>
2(2M1 — vA2)

< Oé1§042<

= S Q9Ty.

4.5.3 Proof of Proposition 4.3

Proof of Proposition 4.3. From Eq. (4.5) we know that intermediary i’s equilibrium
quantity as a Stackelberg leader within a duopoly is given by

L _ (20, — y3—4) — (2>‘i - 7)\3—1') C
22— 7)

@

if

20 —yaz; 4dazi —Ylaz — 2y,
c<min{ Qi s Zaoi T M W}. (4.42)

20 — YA ANs — Y2 — 29,

From Eq. (4.33) we know that intermediary ¢’s equilibrium quantity as a Stackelberg

follower is given by

sp (dog — 7oy — 2yas_;) — (4N — VA — 27X3-) ¢

. 4(2—1?)
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if

203 — Yoy 4oy — v a; — 2yas
c<min{ s D Bt 7% } (4.43)

2X3-; — YA AN — V2N — 29,

The equilibrium quantity of intermediary 7 as a Stackelberg leader ¢°* is larger than
his equilibrium quantity as a Stackelberg follower ¢7%" if and only if $+ > c¢. This can

be seen as follows:

(20; — yaz—;) — (2X — YAs—i) €

4 — 2v2
> (40éz — ’}/2061' — 2’}/0[3_1') — (4)\2 — ’)/2)\1 — 2’7)\3_1) C
2(4-29%)
e S
- C
Ai

First, suppose that intermediary ¢ is more competitive than intermediary 3 — ¢ and

therefore i— >

a3
Az—i’

the Stackelberg follower, intermediary ¢’s critical input price is larger than the critical

Thus, independently of whether he is the Stackelberg leader or

input price of intermediary 3 — ¢ and he will always be the potential monopolist.

Therefore, if intermediary ¢ is in the leading position, we have

20; — yoz—; _ das; — Yoz — 2y
22X — Yo Adsi — P Asmi — 29N

whereas if intermediary ¢ takes the role of the follower we get

203 — Y - 4oy — 7oy — 2y
203 — YN AN — 2N — 29

The conditions on the input price ¢ that ensure a duopoly market are therefore given
by

dog_i —yPaz—; — 2yay
ANz — Y A3 — 29\

c <

for the first and

20i3_; — Yoy

2X3_ — Y\
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for the second case. It can easily be seen that the following always holds:

SV

dog_; — 72043—i — 2y < Q

4Xz_i — Y A3 — 27 Ai

as well as

=

Q
i
Y o7
YA )\_z

Therefore the conditions which ensure a duopoly market also imply the condition for

¢7F > ¢7F. The input price c satisfies

doz_; — ’720434 — 2vqy o7}

c <

<
dNs_; — 72)\34 — 29\ i

for the case in which intermediary ¢ is in the leading and

203 —
2X5-; —

c <

T o

YA = i

for the case intermediary 7 is in the following position. Hence, if the conditions for a

duopoly market with a sufficiently small ¢ are satisfied, ¢°~ > ¢ holds.

Now suppose intermediary 3 — ¢ to be more competitive than intermediary ¢ and

a3—i

therefore v % Independently of whether he is the leader or the follower, interme-

diary ¢’s critical input price is smaller than the critical input price of intermediary 3—z1.

Thus intermediary 3 — 7 is the potential monopolist in both cases. Supposing interme-

diary ¢ is the Stackelberg leader, we have

20 — yaz_

das_; — 720634 — 27qy

2N — A3

given he is the Stackelberg follower we get

23 —yo; Aoy

4N3_; — 72)\371‘ — 29\ ’

— 7’ — 2ya3

2X3-i — YA

4N — V2N — 293 .

The conditions that ensure a sufficiently low input price ¢ for a duopoly therefore
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demand

20; — yaz

< -
¢ 2N — YAz

for the first and

4o — Py — 2yaz—;

<
‘ AN — VPN — 293

for the second case. It can be seen that for the given scenario, if goods are substitutes

with v > 0 the following inequalities are true:

Q3 Q;
)\3—1' )‘z
2 i —1 i
o (e Y3 Oé_
2/\1 - 7)\371 )\'L
and
a3 o7
)\3—1' >\z

4oy — Yoy — 2y o
AN = 2N =290 N

Therefore, given the conditions that guarantee a duopoly market are satisfied, ¢7 >
¢?F also holds. This is true as
20 =03 oy

< —7 < —
EEN) V) W ¥

and

4oy — 2oy — 2y, i
¢ SUTT X T AW
AN — 2N — 29032 N

are satisfied. However, when considering complements with v < 0, the duopoly condi-

tion is not necessarily sufficient for ¢ < *. It is obvious that

a3 Q;
> _
As—i A
20 —yaz—; o

& T > —
2N — YAz N
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and
a3 %
)\3—i >\z
4oy — Y2y — 2y o
PN 7 e YO3—; > _z'

4N — V2N — 293 Ai
holds. Given intermediary 7 is the Stackelberg leader with an input price satisfying

Q; 20 — yaz—
Ai ‘ 2N — YAz

as well as intermediary ¢ as the Stackelberg follower with an input price satisfying

doi — 7P — 203

a
<ec< :
¢ 4Ni — V2N — 293

i

the equilibrium quantity of the follower will be higher than the equilibrium quantity
of the leader with ¢7 > ¢*. Thus, there exist input prices for which the equilibrium
quantities of a more competitive Stackelberg leader must not necessarily be higher

than the equilibrium quantities of a more competitive Stackelberg follower. O

4.5.4 Proof of Proposition 4.4 (i)

Proof of Proposition 4.4. Suppose intermediaries’ productivities are identical with

A1 = Ag. When comparing TlsL and 7'15F we obtain

\/2 (2 — ’72) (2/\1 (2)\1 — ’7)\1) + /\1 (4)\1 — ’72)\1 — 2’)//\1)) -2 (2/\1 — ’}//\1)
4N — 2 — 29\
_ \/2 (2 — 72) (2)\1 (2)\1 - "}/)\1) + )\1 (4)\1 — "}/2)\1 — 27)\1)) — (4)\1 — ’)/2>\1 — 2’}/)\1)

22\ — A1)
~0
o V220227 +0E-7=27))-2(2-1)
(4= —27)
V22PN +E - -29) - (41— 2)
2(2—7)
:()’

which is true for mutually independent goods (y = 0). Thus, 7% = 7 holds. ]
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4.5.5 Proof of Proposition 4.4 (ii)

Proof of Proposition 4.4. Suppose intermediary 1 is more competitive than interme-
diary 2 with % > i‘—;, where both intermediaries have the same productivity with
A1 = Ag. When comparing 717 with intermediary 1 as the leader and 7°F with inter-

mediary 1 as the follower, we get

TfL—TfF <0

\/2 (2 — ’}/2) (2)\1 (2)\1 — "}/)\1) -+ /\1 (4)\1 — "}/2)\1 — 27)\1)) -2 (2)\1 — 7)\1)

- AN —2A = 27\
V2(2=72) (201 (A1 — YA1) + A1 (AA1 — 21 — 29A1)) — (4A1 — 21 — 29\)

a 22X\ — A1)

<0
o V20722 +(E-7=29))-2(2—1)

4 —~2—2y
V22 CR-NHE-P =) - (= -2)
2(2—-7) -

& PV22-P)B-4—1) <Y (8—7—4)
& V22-7)8-47-7?) < (87— 4y)
& 0<4(1-9)+9%

which is always true. Hence, given intermediary 1 is more competitive than interme-

diary 2 and productivities are equal
5L < 75F

always holds. O

4.5.6 Proof of Proposition 4.5

Proof of Proposition 4.5. Within Proposition 4.5 we suppose that intermediaries have
identical productivities with Ay = Ay and intermediary 1 being more competitive than
intermediary 2. Additionally, we assume the conditions for interior solution input

prices to be satisfied.

Given intermediary 1 is the Stackelberg leader and intermediary 2 the Stackelberg
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follower, we demand condition (4.19)

(4)\2 — ’72)\2 — 2’}/)\1) (4)\2 — ’72)\2 + 2’7)\1) + 4)\1 (4 — ’)/2) (2)\1 — ’}//\2)

Qg >

which for a duopoly yields the interior solution equilibrium input price

S 2X\1 (201 — yag) + A (dag — Y2 — 2yay)
2 (2)\1 (2)\1 - ’7)\2) + )\2 (4)\2 — 72)\2 — 2’)/)\1))

and the input supplier’s equilibrium profit of

S

A (200 — ya) €
Tr (CS)Z 4(2—’)/2)
_ (2X1 (201 — ya) + Mg (dag — Y2y — 27@1))2
16 (2 — ’)/2) (2)\1 (2)\1 — ’7)\2) + )\2 (4/\2 — ’}/2)\2 — 2’7)\1))

If intermediary 1 is the Stackelberg follower and intermediary 2 the Stackelberg leader

an interior solution will, analogous to condition (4.21), be obtained if

(4/\1 — 72)\1 — 27)\2) (4/\1 — ’)/2)\1 + 2’)/)\2) + 4/\2 (4 — "}/2) (2)\2 — 7)\1)

a1 > Q9

holds. This results in the duopoly equilibrium input price of

CS = 2)\2 (2@2 - ’YOél) + )\1 (40&1 — ’)/2041 — 27042)
2 (2 (202 — A1) + A1 (AM — 721 — 290,))

and the input supplier’s equilibrium profit within a duopoly of

Ao (203 — yay) ¥
g 2 2 1
m () = 2(4-27%)
_ (2X2 (200 — yay) + Ay (dag — 72 — 27@2))2
16 (2 — "}/2) (2)\2 (2)\2 — 7)\1) + )\1 (4)\1 — ’)/2)\1 — 2’)/)\2))

Part (i) of Proposition 4.5 yields that for a duopoly the input supplier’s equilibrium
input price is higher if the more competitive intermediary 1 is the Stackelberg
leader. When comparing the above displayed input prices with identical produc-

tivities for both intermediaries with \; = Ag, this can be seen by

201 (201 — yaw) + Ap (dag — Y2an — 2vay)
2 (2)\1 (2)\1 - ’)/)\1) + )\2 (4)\1 — ’}/2)\1 — 2"}/)\1))
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2X\1 (200 — yay) + A1 (4o — Y2ag — 2va)
2 (2)\1 (2)\1 — ’}/>\1) + )\1 (4)\1 — ’72/\1 — 2’7)\1))

< 01 > Qo9,

which is true for & > &2
T e

Part (ii) of Proposition 4.5 claims that the input supplier’s duopoly equilibrium prof-
its are higher when the more competitive intermediary 1 is the Stackelberg leader
compared to the scenario in which he is the Stackelberg follower. This can be

seen in the following. With A\ = Ay we get

(21 (201 — ya) + )\1 (4ay — 7?ay — 27041>>
( 2) (2)\1 (2)\1 ) + )\1 (4)\1 2)\1 — 2")/)\1))
(
)

(2X\g (20 — yaq) + /\1 4oy — o — 270@))2
]_6 (2 - ) (2)\2 (2/\2 ”}//\1 + )\1 (4/\1 2/\1 — 2’7)\2))

= Q1 > o,

which is true for f\‘—i > %

4.5.7 Proof of Lemma 4.1

Proof of Lemma 4.1. When analyzing the characteristics of the intermediaries’ profit
functions, we will discuss the areas of large, intermediate and small asymmetries as

displayed in figure 4.2.

). L L
Case 1 (large asymmetries): az_; < a;7°L (or o < az_;75L).
We obtain

SL(

N

i, 03 4) = WfF (i, 3;) =

Hence, for all a; € [o, @;] we get

6271'2‘.5'[/ (ozi, 043_2‘) . 827TZSF (Ozi, Oég_i) - 1 -0
da? B da? S8

7 (2

Case 2 (intermediate asymmetries): o771 < a3y < o0 (or as L < a; <

Q3— 17?:%;)
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The profit of the more competitive monopolistic Stackelberg follower was already
considered in the previous case, the profit of the Stackelberg leader as a duopolist
will be determined in Case 3.

A3—i
As

(or az_m3E <y < g Ai ).

Case 3 (small asymmetries): o, 77" < az_; < v

For the Stackelberg leader we obtain

(927T;~SL (Oéi, @3,i)

da?
_32 [(p;sL (az‘, CY3—¢) - )\z‘CS (Oéz', 043—0) QQSL (Olz‘, 043—0}
B da?
(9 2 dq; (v, a3 ;) ?
=2 (G

2
1 9 _ (2N — ’7)\3—1)2 -0
4 (2 — ")/2> (2)\2 (2>\Z — ’}/)\371') + )\371' (4)\371' — ")/2)\371‘ — 2"}/)\1)) ’

for all o; € [%,Oé_i} fori =1,2.

For the Stackelberg follower within a duopoly we have

0?2t (ay, a3_y)
da?
0” [(PZqF (Oéi, 0é3—i) - )\iCS (Oli, 043—0) %SF (Oéz', 043—2‘)}
B Do

(361{% (aia 04371') ) ?
2
804,-

2
. 1 (4 _ 2) _ (4/\1 — ’)/2/\2 — 2’)//\3_1‘)2

> 0,

for all o; € [%,a_i} fori=1,2.

4.5.8 Proof of Proposition 4.6

Proof of Proposition 4.6. It follows directly from Lemma 4.1. n
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4.6 Appendix B: Computations

Computations of Equation 4.2 and of Equation 4.3

The demand function of the customer displayed in Eq. (4.2) can be determined by
taking the first derivative of the customer’s utility function U with respect to ¢; for
1 =1,2. We obtain

max U(q;, g3—i) s.t. m > pigi +ps—iqz—; +1 for i=1,2,

ai
which yields

oU
dq;

< D=0 — G — Yq3—-

!
=a; — ¢ —Vq3—i —pi =0

Computations of Equations 4.5 and Equation 4.6

In order to determine the equilibrium quantities ¢;* and ¢5¥ for a duopoly with a suf-

20p—ya1 4o —y2on—2yay
2)\2—’}/)\1 ) 4)\1—’}/2)\1—2’7)\2

the intermediaries’ profit functions and establish the best reply function of intermedi-

ficiently small input price with ¢ < min{ }, we need to maximize

ary 2. A profit maximization of intermediary ¢ results in

om; (%', q3—i, C, O, 043—1‘)
dq;
Qi — Yq3—i — AiC
5 .

=q; — 2¢; — Yq3—i — Aic =0

< ¢i=

As negative profits can be avoided by not producing, intermediary 2’s best reply func-

tion is given by

Qg —Yq1 — >\2C,O} .

¢2 (q1) = max { 5

When considering the case in which intermediary 2 produces a positive quantity and

a2 —yq1—A2c
2

therefore > 0, intermediary 1’s profit function when considering intermedi-

ary 2’s best reply is given as:

Ut (qlaq27 C, alaa2) = (pl - )\10) q1
= (041 —q1 — V492 — >\10) Q1
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_( (042—’7611—)\2C> A\ )
=\ —q —7 5 —A1C ) q1

1

=oq — ¢ — 3 (vooq — Y24 — vAeqic) — Migic.

A maximization of m; with respect to ¢; yields intermediary 1’s equilibrium quantity

choice

om (Q1>Q2,Caa17042) _

oq
s, 1 2 sr, 1 :
o —2q77 — 57042 7T+ 57)‘20 —Aie=0
1 1
20 —7 0" = ar = 5y0e+ 5yAe = hie
1 1
& ¢ (2-7) = o= 100 + g7hee— Aie
Q00 — A2C — 2
& 20" = “ 70422+ 7220 -
-7
2 (a1 = Aic) =7 (az — A
& 2t = (o 1(;) 72(00 .
-7
2 (a1 = Aic) = v (ag — Aac)
SL
@ =
ay 4 — 272
P - 2000 — 70442 —22>\21€ + Y Asc
—
200 —yog) — (2A —yAg)c
& ¢f = ( - 2 ) ’
2(2 —1?2)

With ¢7F and intermediary 2’s best reply function R? (¢1) = ¢2 (¢1) we are now able

to determine intermediary 2’s equilibrium quantity, which is denoted by

2(a1—A1¢)—y(a2—A2c¢)
CY2—7< 4—92~2 >_A20
i - = - R ()
sp_ 02 (4—29%) — 2y (a1 — Mic) +9% (an — Aoc) — Ao (4 — 297%)
< B = 8 _ 472
sp Aoy — 2720 — 29 (g — Aie) + 9% (a2 — Agc) — 4doc + 292 Ngc
< &= 8 — 44?2
s Aoy — Aac) — 292 (g — Xoc) — 2y (o — Mie) + 92 (a2 — Aoc)
< q2 - 8 _ 472

sp Alag = Aac) — 72 (g — Aac) — 2y (g — Aq©)
<~ qa; = 8 — 4/}/2
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4 (g — Aac) — v (v (aa — Aac) + 2 (a; — A\10))

SF
VRN =
9o 8 —1y?
o oSF— (day — Y2 — 2yay) — (4ha — 72X — 290 ¢
» 12— ) '

When considering the case of the best reply function with %ﬁ)‘?c > 0, intermediary
2 chooses not to produce a positive quantity and we obtain a monopoly scenario with

intermediary 1 as the monopolist.

Suppose the case of monopoly in which in the input price satisfies % <
c < % for a more competitive Stackelberg leader with (f\“—i > f\‘—z) Fur such an input
price ¢, intermediary 2 as the Stackelberg follower will not produce in equilibrium and

therefore g5 = 0. By using the best reply function of intermediary 1

_ ) — g2 — A\ic
2

we obtain with ¢5¥ = 0 intermediary 1’s equilibrium quantity within a monopoly

o — /\10

Assuming intermediary 2 to be more competitive than intermediary 1 and the input

201 —yag
221 —YA2

with ¢;% = 0 we get

< ¢ < £2, by using the best reply function of intermediary 2

price satisfies e

SL Qg — )\20

43 = 9
Computations of Equation 4.11

Suppose intermediary 1 is more competitive than intermediary 2 and therefore % > %
It can easily be seen that the critical input price of the less competitive intermediary
2 is smaller than the critical input price of the more competitive intermediary 2.

Remember that the critical input price of intermediary 1 as the Stackelberg leader is

iiiizf\‘;, the critical input price of intermediary 2 as the Stackelberg follower

4o —v2an—2vay
Aho—y2 A2 —29A1 °

given by
is denoted by
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We get
S agA] < g
S A\ — Ay <0
S (agh —ag ) (4 (2 — 72)) <0
& 4o (2 — 72) — 4o Ay (2 — 72) <0
& BagA] — 8 e + 472a1)\2 — 472a2)\1 <0
& Baghy — dyaghg — 272042)\1 + 73a2)\2 —dyaq A\ + 272041)\2

<81 Ay — dyaghg — 272041)\2 + 73042)\2 — dya A + 272042)\1
S (4o — Yoo — 2y0q) (2A1 — 7A2) < (A2 — 7P — 29A1) (204 — )

dog —7Pog — 2yaq 204 — Yoy
Ahg = Ay — 29A1 20 — YAy

Computations of Equation 4.10

We now derive conditions on the input price ¢ such that both intermediaries have
incentives to demand inputs on the procurement side and offer positive quantities on
the sales side. For the Stackelberg leader, with ¢/* > 0 and rearranging towards ¢ we

get

sr (2a1 —yag) — (2A —yAg) c
gl 4 — 2v2

< (200 —yag) — (2A1 —YA2) e >0

& = (20 —YA) > — (201 — yar)
2000 — g

= < — .
¢ 201 — A2

and for intermediary 2 with ¢5¥ > 0 we obtain

o (dag — 2va; — Y ag) — (4ha — 29 — 2 \a) ¢
8 — 42

& (40@ — 2y — 72042) — (4)\2 — 29\ — 72)\2) c>0
& — (4)\2 — 29\ — 72)\2) c> —4day — 2yay — Yo

< 4oy — 72062 — 2y
4y — 72 A — 29\ .

& cC
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Thus, if the input price satisfies

. {2041 — oy 4ag — 72042 - 27041}
¢ < min ,

2)\1 — ’}/)\2’ 4)\2 — ’}/2)\2 — 2’7)\1

both intermediaries procure inputs and offer positive quantities at the market.

Computations of Assumption 4.1

Assumption (4.1) demands that given intermediary 1 is the Stackelberg leader and
intermediary 2 the Stackelberg follower, we assume o, i—; > 7 for all 7, a, i—; > %
4—

A 2
for v <0 and 1,5t < == for v > 0.

Assumption (4.1) is derived in the following. First, suppose v < 0. For ¢ to

increase in “weighted” qualities we need

2000 — yag >0

& 200 > Yo

oy

(6] 2 ’
for g5 to increase in “weighted” qualities we demand
4oy — 72042 — 2vaq >0

& — 2701 > —an (4—72)
ﬂ>4_Fy2.

Qo 2y

Furthermore, in order to assure that ¢; is decreasing in ¢ we have

2)\1—’7)\2>0
S 20 >N
A Y
& — > =
Ao 27

for g5 decreasing in ¢ we need

4o — ’}/2)\2 — 2’}/)\1 >0
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S A(d—9") =29\ >0
<~ —2’}/)\1 > — )\ (4—’}/2)
A > 4_72.

<:> R
A2 2y

Note that the above inequalities are always satisfied. For v < 0 we know that 3 < 0
and % < 0. As ay, as, A1, Ay > 0 holds, Z—;, :\\—; > ( is always true.
Now suppose 7 > 0. The assumptions for ¢ to increase in “weighted” qualities

and decrease in ¢ are given as above with

ar 7
> —_
(0] 2

and

A
1>’Y

A T2
In order to assure that ¢5 increases in “weighted” qualities we demand

4ayg — 72042 —2va; >0
& —2y01 > —ae (4 — 72)
=4 2"}/@1 < Qo (4 — ’}/2)
2

o 4 —
o U277

Y

Qo 2y

and to decrease in ¢ we impose

4D — ’}/2)\2 — 2’}/)\1 >0
-~ — 2’}/)\1 > — )\ (4 — ’}/2)
- 2’7)\1 < Ay (4 — ’72)

A 4 —~2

ANty

)\2 2’)/
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Computations of Equation 4.15 and Equation 4.16

The intermediaries’ equilibrium prices within a duopoly are determined by using inter-
mediary 1’s and intermediary 2’s inverse demand function as well as the equilibrium

quantities ¢{ and ¢5*'. Intermediary 1’s equilibrium price is denoted by

pit = — ¢t =g
B ((2041 —yag) — (2A01 — yA2) c)
= —

4 — 2~2
(day — Y2 — 2yay) — (4ha — 72X — 29\ ¢

- ( 2(4—29%) )

a1 (8 —492) —2(20q — yaa) +2(2M\1 —YA2) ¢
- 2(4—27%)

N — (day — 2vay — YPag) + 7 (4Aa — 2901 — Y2 X)) ¢

2(4—297)

8a; — 4v2an — day + 2van + 4 — 2y \ac — dyas

- 2(4—27%)
2771 + Yo + dydac — 277X — Y hac

i 2(4-27%)

4oy — 2720 — 2y + 4Aic + 29 dac + Yian — 292X — 3 Aac
- 24— 292)

4(ay + Aic) — 292 (aq + Aie) — 27 (ag — Agc) + 72 (g — Aac)
- 2(4—27%)
_ 22— (@1 +Mc) =7 (2—7%) (a2 — Aoe)

4(2-7?)
:2 (a1 + Aic) — v (g — Aac)
4
_ (200 — yao) + (2A1 +vA2) ¢
1 .

It can easily be seen that

2 _ 2
it = (5T )t e

2
_2- Y2 (201 — yan) — (2A1 — YAe) € e
5 23 2)
_ (200 — yag) —4(2)\1 —YA\g) ¢ e

(200 — yan) — (2A1 —yAa) e 4Ac
4 + 4
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~ (20q —yag) = (2A1 — yAg) e+ 4N
4
(201 —yag) + (A +7A9) C
4

holds. Intermediary 2’s equilibrium price is given by:

ps" =0 — g5" —yg"
Y ((4(12 —Yag — 2yay) — (4 — 2 Ao — 29)1) c)
=y —

4(2-7?)
B <(2a1 —yag) — (2A1 — Y\2) c)
! 22—
oy - ((4a2 — Y2y — 2vay) — (4hg — Y2y — 29) c)
127
oy ((2041 — yag) — (2A01 — YA2) c)
2(4—29%)
2000 (4 — 279%) — (day — Y2 — 2ya1) + (4ha — ¥ Ay — 290 ) ¢
N 42— 7?)
N =27 (200 — yaz) + 27 (2A — yA2) €
2(4-27%)
S8y — 4720y — davy + Y2 + 2y + 4doc — Y e — 29\ ¢ — dyoy
- 4(2—7%)
272y + 4y — 292 Xqc
4(2—-7?)
s — Y2ag + 4dgc — 372 Nac — 290 + 29\ ¢
a 4(2—7?)
(dag — Y2 — 2ya) + (4ha — 372 Xg + 29 ) ©
- 12— 7?)
(dag — y2ag — 27aq) + ((4he — Y2 Ao — 29A1) + 27 (201 —y\9)) ©

4(2-1?)

It can be seen that

Pyl =5+ e
(4o — Y2 — 27aq) — (4ha — Y2 Xe — 29)1) ¢

- 4 (2 — 72) + )\20
_ (day — 2ag — 2yay) — (Aha — VAo — 29A) e+ 4X (2 — %) ¢
4(2—172)

(dag — Y2 — 2yay) — (4ha — 72 A — 2901 — 8Xa + 4792 N\s) ¢
a 4277
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(dag — Y2y — 2yay) + (—4ha + Y2 Xg + 2901 + 8y — 492 )y) ¢

4(2-7%)
_ (4o — Y2 — 27a) + ((4ha — Y2 Ag — 29A1) + 27 (M1 —Y\e)) ¢
42—+
is satisfied.
The equilibrium price of intermediary 1 within a monopoly with % > f\“—; and

4ovo—~2 a9 —2 . . . . .
S < o < 9L g determined by using the customer’s inverse demand function
Ao —y2 A2 =27\ A1

for intermediary 1’s product as well as the according monopolist equilibrium produc-

tion quantity ¢;~. Therefore we get

- A

20(1 — o1 + )\10
2
a1 + Ac
2 )

. . . ap as 201 —yan
and for intermediary 2 with > 52 and e

monopolist equilibrium quantity ¢35

Q9 — AaC
ngZQZ_( 2 _ 2>

20&2 — Qg + )\QC
2
Qs + Aoc
5 .

< ¢ < 52 and using the according

Computations of Equation 4.17

The total equilibrium demand for input products is dependent on the intermediaries’
equilibrium production quantities ¢¥* and ¢5¥ as displayed in Eq. (4.5) and Eq. (4.6)
as well as their according productivities \; for ¢ = 1,2. The total quantity demanded
at the input market in the duopoly scenario with a sufficiently low input price c is

given as

a7 =Mt + dags”

s (201 — yag) — (2N —yAg) €
= ( (4—292) )
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ey <(4a2 —Y2ay — 2yay) — (4D — ¥ Ao — 29)1) c>
2(4-29%)
201 (200 — yag) — 2X; (201 — yA2) ¢+ Ao (4ag — Y2y — 2vay)
4(2-7?)
=X (A3 — Xy — 29\ ) ¢
4(2—-7%)

(2A1 (201 — ya) + Ag (day — Y2y — 2ya)) — (2/\1 (2A1 — Y X9)
4(2-7?)

+2 (4X0 — ¥ X0 — 29A1) )

4(2-7?) '

The input demand within a monopoly in which only intermediary 1 or intermediary 2

is producing, is straightforward.

Computations of Equation 4.18

When using the input supplier’s profit function 7; (¢) as well as the total equilibrium
input demand of Eq. (4.17) for a duopoly, we get the following profit maximizing input

price:

onr(c)
oc
Ao (('72)\2 + 29 — 4Xg) ¢ + 4oy — Yoy — 2va)
4~2 — 8

!
=0

o 201 (201 — ya) + g (dag — Y2an — 2vay)
2 (2)\1 (2)\1 - ’}/)\2) -+ )\2 (4)\2 — "}/2)\2 — 2’}/)\1)) '

which can be seen as follows:

(2A\1 (201 — yan) + Ag (day — Y2 g — 2va)) ¢

4(2-7?)
(2)\1 (2)\1 — ’}/)\2) + /\2 (4)\2 — ’}/2)\2 - 2’7/\1)) 02
4(2—7%)
ony ((h, gz, C, Oy, Oég) il 0
dc

(21 (201 — yan) + Ao (day — YPan — 27ay))

4(2—7?)

77 (c) =
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2 (2M1 (A1 — 7A2) + A2 (4h2 = 9%Ag — 29\1)) ¢

- 4(2-9%) -
2 (271 (2A1 — Y A2) + A2 (g — 2Ny — 29\))
2(4—277)
:(2/\1 (201 — yan) + Ao (dag — Y2 — 2vaq))
2(4-27%)

&2 (2)\1 (2)\1 — ’}/)\2) -+ )\2 (4)\2 — ’}/2/\2 — 2’7)\1)) c*
=2X1 (201 — yaz) + Ao (4a2 —72ay — 27041)

o oo 201 (201 — ya) + Ao (dag — Y2 — 2vay)
2 (2/\1 (2)\1 — ’Y)\Q) + )\2 (4)\2 — "}/2)\2 — 27)\1)) ’

The input price ¢* is a unique maximizer as, due to Assumption 4.1, 7y (¢) is concave
in ¢ with

0% [a7(c)e] — 2(201 (2M1 = A2) + A2 (4h2 — 2 — 29M1))

oz 2 (4 — 292)

<0.

Computations of Equation 4.19

First, suppose intermediary 1 to be more competitive with % > i—; where

200 —yas 4o — Yras — 2ya;
2)\1 — ’Y/\Q 4)\2 — ’}/2>\2 — 2’}/)\1

4o —v2an—2vay

holds. When charging an input price of ¢* a duopoly arises if ¢* < P v v v is

satisfied. Therefore, we need

2X\1 (201 — yao) + Ao (4o — Y2 — 2van) _ 4oy — o — 2van
2 (201 (2A1 =Y A2) + A2 (4Xhg — 92 A — 291)) 4y — 2 h — 29\
201 (201 — YA2) + g (4Ay — 72 A — 29);) 4oy — yPag — 2y
2(2A1 (2A1 —YA2) + Ag (4hg — Y2 — 29A1)) 4o — 2 — 29
& (2a1 (2M\1 —yA2) + ag (4)\2 — Ay — 27)\1)) (4>\2 — X — 27)\1)
< (40@ — Yoy — 27041) (4/\1 (2X1 — yAg) + 2X9 (4>\2 — X — 27)\1))
S 201 (201 — 7A9) (4 — ¥Phg — 29A1) + @ (4hs — 72N — 294,)
< (4(12 — Yoy — 27041) (4/\1 (2A1 — YA2) + 2\ (4/\2 — 2Ny — 27)\1))
& 2a1( (21 — Y A2) (4)\2 — 72Xy — 27)\1)
+ 9 (401 (201 — YA2) + 200 (4ha — ¥ X2 — 29A1)) )
<o ((4=77) (40 (2M — 7A2) + 2X5 (X2 — ¥ Xhe — 29)))
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- (4/\2 - 72/\2 - 27)\1)2)
2((4A2 — ¥ A2 — 29A1) (201 + YA2) +49A1 (201 — 7\9))
(4)\2 — ’)/2>\2 — 2’)/)\1) (4)\2 — ’)/2>\2 + 2’}/)\1) + 4)\1 (4 — ’}/2) (2)\1 — ’7)\2) '

< Q9 > Qq

Computation of Equation 4.21

Suppose intermediary 2 is more competitive with % < f\“—j where

2000 — Yoo Ao — Y2 — 2y0
2)\1 — ’)/)\2 4)\2 — ’}/2)\2 — 2’}/)\1

20 —yap

A1 must

holds. For ¢* being the maximizing input price within a duopoly ¢* <
be satisfied. Hence, we need
2X\1 (201 — yao) + Mg (4ag — Y2an — 2van) _ 200, — Yoy
2 (2)\1 (2)\1 — ’7)\2) + )\2 (4)\2 — ’}/2)\2 — 2’7)\1)) 2)\1 — ’7)\2

20{1 (2)\1 — 7)\2) + Qi (4)\2 — "}/2)\2 — 2’7)\1) 20(1 — Y
4)\1 (2)\1 — 7)\2) -+ 2)\2 (4)\2 — ’)/2>\2 — 2’)/)\1) 2)\1 — ")/)\2

S (200 (201 — YA2) + a2 (X — A — 29A1)) (241 — YAo)
< (4)\1 (2A1 — Y A2) + 2 (4)\2 — 72X — 27)\1)) (2000 — yag)

& 201 (20 = 7A2) — 4N (20 — 7A2) — 200 (4Xe — 72ha — 2901))
< —aa( (4h2 — 7P A2 — 29A1) (A1 — YAe)
+ (40 (20 = 7A2) + 200 (42 — 7* A — 29M1)) )

S 2an (40 (20 — YA) + 220 (4 — Y2 A2 — 291) — (2A1 — h0)?) >
az( (402 — 7 X2 — 29M1) (M —\2)
+ (4/\1 (21 — Y Ag) + 2X2 (4)\2 — Ay — 27)\1)) )

(2)\1 — ")/)\2) (4)\2 — ’}/2)\2 + 2")/)\1) + 2’}/)\2 (4)\2 — ’}/2)\2 — 27)\1)
2((201 —YA2) (2A1 +9A2) + 200 (4D — 2o — 29)1))

~ Q1 > Qo

Computations of Equation 4.23

Given the duopoly interior solution with ¢® = ¢* the input supplier’s profit is denoted
by:

() = ¢ (¢5)
(21 (201 — ya) + Ao (dag — YPan — 27a))
4(2—72)
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Lz (2A1 (201 — Y A2) + Ao (4hg — Y2y — 291)) S

4(2-7%)
:2)\1 (201 — yan) + Ay (4ag — v2ag — 2va)
4(2-77)
N —A1 (21 — yas) — Ap (4az — yPap — 2yan) e
4(2-7?)

A (201 — yag) ¢

T 24— 292)

For the corner solution in which intermediary 1 is the potential monopolist with
aq Qo
E— > —
A1 Ao

and

S day — yPon — 2y
4)\2 — ’72)\2 — 2’7)\1

*

the input supplier’s profit is given by:

Ty (cs) = q}9 (cS) &

_a1 (4)\1 — 2")/)\2) + Qi (4)\2 — ’}/2)\2 — 2")/)\1)

4(2—=7%)
LT (4XN2 + 402 — 4y )\ — 202) &0 S
4(2-7?)
:Oél (4)\1 — 2’)/)\2) + Qo (4)\2 — "}/2)\2 — 2"}/)\1)
4(2-7%)

O b P | Rl iy ves ol
4(2—17?)
(4)\2 — ’72)\2 — 2’)//\1) (a1 (4)\1 — 2’}//\2) + (0] (4)\2 — ’)/2)\2 — 2’)//\1))
4(2—=172) (4h2 —7%A2 — 27\1)
— (AXN2 4+ 4X2 — 4y X hg — 2A2) (dan — Y2an — 2van) S
4 (2 — ’72) (4/\2 — ’}/2)\2 — 2’7)\1)
:16a1/\1>\2 + 872042)\% — 160&2)\% — 8’)/2061)\1)\2 ) CS
(8 —4792) (4X2 — 2Ao — 279Ay)

20102 (8 — 49°) —2a0A] (8 — 49°) S
<8 — 4’)/2> (4)\2 — ’}/2)\2 — 2"}/)\1)
2)\1 (Oél)\g — 062)\1) ) CS
(4hy =72 — 29\1)
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For the corner solution in which intermediary 2 is the potential monopolist with

&3] %)

PR
and

. 201 — Qg

>
201 — YA
the input supplier’s profit is given by:

mr () = q¢f () &°

(2A1 (201 — yan) + Ao (dag — YPag — 27a))

4(2-9?)
i — (2)\1 (2)\1 — ’7)\2) + /\2 (4)\2 - 72)\2 - 2’7/\1)) CS ] CS
4(2-7%)
:(2)\1 (201 — yag) + Ao (dag — Y2an — 27a))
4(2-77)
n — (2)\1 (2)\1 — '}/)\2) + )\2 (4)\2 — ’}/2)\2 — 2’7)\1)) ﬁ . CS
4(2 -7

(2A1 — YA2) (21 (201 — yag) + g (dag — y2an — 27ay)) S
2(4—292) (2A1 — yA\2)
(200 = ya9) (2M1 (201 = yA9) + Ao (4X2 — YA — 29A1)) S
2(4—2792) (2\ —v\2)
:8042)\1)\2 — Ay M Ay — 8an A2 + 472 M\ S
2(4—2v%) (2A1 — Y A2)
200005 (4—297) — 20005 (4 —29%)
- 2(4—272) (20 — 7o) -
oA A — 041)\3 S

- (2)\1 — ’}/)\2)
:)\2 (042)\1 - CY1>\2) &S
(2)\1 — ’Y)\Q)

Computations of Equation 4.24

For a monopoly in which the more competitive intermediary 1 produces, the input

supplier’s profit maximizing input price is given by

9 |:>\1(a12—>\1)c]
oc

!

=0
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O-/l)\l — 2/\%0* |

5 =0
& 041)\1:2/\%0*
«_
<~ C —2—>\1.

Computations of Equation 4.25

For ¢* to create a monopoly market in which intermediary 1 is more competitive, we
a1 4daz—ytar—2yag
need ¢* = - > FE e v v Thus,
Qo 4oy — o — 2y,
2)\1 4)\2 — "}/2)\2 — 2")/)\1

S oo (4)\2 — 72)\2 — 27/\1) > 2\ (40@ — 720@ - 27041)
S g (4 — 72) — 2y A1 F dyag A > 2000 (4 — 72)
S oA (4 — 72) + 271 A1 > 200\ (4 — 72)
& o (4)\2 — X+ 27)\1) < Qo (2)\1 (4 — 72))

2
< Q1 > Qy Ao (i/\i(;;) 12)’7)\1
o a<a 4hg — V2 Ao + 29

201 (4 —?)

must hold.

Computation of Equation 4.26

Suppose a monopoly with intermediary 1 producing and the optimal input price of

¢® = max {%, 2"‘711} The input supplier’s equilibrium profits with the input
price of
s_ 0
20\

is denoted by:

T (Ch, g2, C, 01, 042) = q}9<cs)cs

Oél)\l — )\%CS CS
2

2 «
041)\1 — )\1 . ﬁ o1

2 2\
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B 20002 — a1 N2 g
== . o
_ i

3V

af
=3

The input supplier’s equilibrium profit for the corner monopoly solution with interme-

diary 1 as the monopolist and the input price

S 4oy — V2o — 2y,
4)\2 — ’)/2)\2 — 2’}/)\1

is denoted by:

Ty (CS) = q}g(cs)cs
_ ah — Af - S

2

_ )2 . doo—lan—2yay
A — Ay Ao —72 XA —27\ S

2
_ Oél)\l (4)\2 — ’}/2)\2 — 2"}//\1) — )\% (4062 — ’}/2042 — 2’)/041) ) CS
2 (4)\2 — ’)/2)\2 — 2’}/)\1)
_ 4041)\1)\2 — ’}/20[1/\1/\2 — 2’70&1)\% — 4062)\% + ’)/2(12/\% + 2’70&1)\% ) CS
2 (4)\2 — ’}/2/\2 — 2’7)\1)
_ 4011)\1)\2 — ’}/2041>\1)\2 — 4052)\% + '}/2042)\% ) CS
2 (4)\2 — ’72>\2 — 27)\1)

oMb () A (d )

2 (4)\2 — ’)/2/\2 — 2’)’)\1)
_ A(ade— ) (4—97) g

2 (4)\2 — ’72)\2 — 2’7/\1)
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Computation of Equation 4.27

The input price that maximizes the supplier’s profit function, given intermediary 2 is

the monopolist, is given by

o],
Jc , =0
Aoy —2 2)\5¢ _0
S g = 2/\30*
£ 2
~ C = 2—)\2

Computation of Equation 4.28
For ¢* to be the optimal input price for a monopoly in which intermediary 2 produces,
we need

6% N 201 — ya
2)\2 2)\1 — 7)\2

& Qo (2/\1 — 7/\2) > 2\ (20[1 — ’70(2)
-~ 2(1/2)\1 — ’70(2)\2 > 4041)\2 — 2’)/062)\2
= 20./2)\1 + ’7012)\2 > 4011)\2
2/\1 + ’Y)\Q
= < _.
M= RT

Computations of Equation 4.26

Suppose a monopoly with intermediary 2 producing and the optimal input price of ¢* =

max { 20 —7ap ﬂ} The input supplier’s equilibrium profit for the interior monopoly

221 -2’ 2Xg
solution with intermediary 2 as the monopolist and the input price

S a2

022—)\2

is denoted by:

71 (%) = ()¢S
)\2 (012 — )\QCS) S
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)\2 (CYQ — /\2 . %) Qo

2 2
g — O‘QT/\Q Q9
=—5 2_>\2
. a2y Qg
=~ 2_)\2
_ %
=3

The input supplier’s equilibrium profit for the corner monopoly solution with interme-

diary 2 as the monopolist and the input price

S 200 — Yo
201 — YA

is given by:

T (CS) =q¢7 (%)’
)\2 (062 — )\QCS) IS

Yo (00 Ao i) R
2
Ao (20001 — Yag Ay — 2011 A9 + Y \g) S
22X\ —vA2)
A2 (042)\1 - 041)\2) S
201 — A2 ©

Computations of Proof of Proposition 4.1

Proof of Proposition 4.1. When determining the multiplier 7% for ST > 5% we inves-
tigate for conditions on as for which the input supplier’s monopoly profit is at least

as high as his duopoly profit. Therefore we get

(2M1 (201 — yaz) + A (4o — Y20 — 2vay))” - of

16 (2 — 72) (2)\1 (2/\1 — ’7)\2) + )\2 (4)\2 — ")/2)\2 — 2"}/)\1)) - 8
(2A1 (201 — yag) + Ao (dag — y2ag — 27&1))2 9
<o

2 (2 — ’}/2) (2)\1 (2)\1 — ’7)\2) + )\2 (4)\2 — ’72)\2 — 2’7/\1)) -
& (2)\1 (2000 — yag) + Ao (4a2 — 72y — 27041))2
S 20&% (2 — ’}/2) (2)\1 (2)\1 - ’}/)\2) + )\2 (4)\2 — ’}/2)\2 — 2’}/)\1))
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& 20 (201 —yag) + Ay (4042 — Yoy — 27&1)

< a1v/2(2 —72) (20 (2M1 — YA2) + Mg (4hg — 12 A — 29\)))
& dagh — 2709\ + dasds — Yias ko — 2700\

< a1v/2(2=72) (A1 (2M1 — YA2) + A2 (4ho — 72X — 29Ay))
S 201 (2A — YA2) + o (4 — YA — 29))

< a1v/2(2—92) (21 (2A1 — YA2) + g (4 — 72X — 29)))

V2(2 = 792) (201 20 — 7)) + Ao (4 — 72 — 2901)) — 2(201 — 7 Ay)
ag < o
4Ny — 2y = 29\

= < om

with

5L _ \/2 (2—9%) (2A1 (2A1 — yA2) + X2 (4h2 — 72 ha — 29A1)) — 2 (2A1 — 7 X2)
! 4)\2 - ’}/2)\2 — 2'}/)\1

Computations of Proof of Proposition 4.2

Proof of Proposition 4.2. When determining the multiplier 75" for % < f\‘—; we inves-
tigate for conditions for which the input supplier’s monopoly profit is at least as high

as his duopoly profit. Therefore we get

(2A1 (201 — yan) + A (day — Y2y — 27041))2
16 (2 —42) (2M1 (2A1 — YA2) + Ag (4ha — 429 — 27)y))
(2M\1 (201 — yas) + As (das — Y2 — 2va))? o2
2(2 —72) (2A1 (2A1 — YA2) + Xa (4dg — 72X — 29\,)) — 2

& (2)\1 (200 — yan) + Ao (40@ — Yoy — 27041))2

< 2a3 (2 — 72) (2)\1 (2A1 — Y A2) + Ao (4/\2 — 2N\ — 27)\1))
S 20 (209 — yas) + Ao (4042 — Yoy — 27@1)

< a/2(2 —72) (2A1 (201 — 7A2) + A2 (4hg — 2 — 29A1))
& 20 (20 —YA2) + e (4)\2 — 72X — 27)\1)

< av/2(2 —792) (201 (2A1 — YA2) + Ao (4Xg — 72X — 29))))

V2(2=9%) (20 (20 = 7A2) + A2 (4he — 712N — 29))
2 (2)\1 — ’}/)\2)

< a1§a2<
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(e =N - 2%1))
2 (2)\1 — ’7)\2)

= o <

with
SSF _ \/2 (2 —792) (2A1 (2A1 — Y A2) + A2 (4ha — 72 e — 29)\))
2 2 (2)\1 — ’7)\2)
. (472 — Y? Ao — 29)1)
2 (2)\1 — ’}/)\2)

Computations of Assumption 4.2

Given intermediary 1 is the Stackelberg follower and intermediary 2 the Stackelberg

a A 2y a A 2 a A 2
leader, we assume 71, > - for all , &+, 3 < > for v > 0 and 31,5t > = for

v < 0.
For ¢7F to increase in “weighted” qualities we get:

4oy —y2oq — 2yas > 0
oy (4 — 72) > 2va
2
o Z
[6%) 4 — ,.)/2

and for ¢7F to decrease in the input price ¢ we need:

4)\1 — ")/2)\1 — 2")/)\2 >0
A1 (4 — ")/2) > 29
A 2
I
)\2 4 — ’)/2

For intermediary 2’s equilibrium quantity g5~ to increase in “weighted” qualities we

need

200 —ya; > 0

2009 > Yo

(05} 2

)
e%) Y
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if v >0 and

2009 — ya; >0

2ai9 > yau
(051 2
ars

if v < 0. Furthermore, for g5* to decrease in the input price ¢ we demand

2/\2 — ’}//\1 >0
2/\2 > ’7)\1
A 2

X7
for v > 0 and

29 —")/)\1 >0

2)\2 > ’}/)\1
A1 - 2
Ay Y

for v < 0.

Computations of Proof of Proposition 4.3

Proof of Proposition 4.3. From Eq. (4.5) we know that intermediary i’s equilibrium
quantity as a Stackelberg leader within a duopoly is given by

SL _ (2061‘ - ’7371') - (2)\1' - 7)\34) c
! 4 — 22

if

< mi 20; — yaz_; Ao — YPas_; — 2y
¢ < min
20N — YA Ao — Y2 — 29
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and from equation (4.33) we know that intermediary i’s equilibrium quantity as a

Stackelberg follower is given by

s (Ao — 70 — 2ya) — (4N — 2N — 297X34) ¢
L 2(4—272)

if

. {2043—i — oy Aoy — Yoy — 27043—i}
¢ < min .

203 — YN AN — 2N — 29

The equilibrium quantity of intermediary i as a leader ¢~ is larger than his equilibrium

quantity as a follower ¢7% if and only if i—z > ¢, which can be seen as follows:

(206 — yas—;) — (2N — Y As—i) ¢

4 — 2~2
N (4Oéi - ’YQOéz‘ - 2’706372') - (4)\i - ’72)\1 - 27)\3—1) c
2(4—27%)
o 2 (2041 — ’)/043_2‘) -2 (2)\1 - ’)//\3_2‘) C
2(4-29?)
- (4o — Y2 — 2ya3_;) — (4N — V2N — 29A34) ¢
2(4—277)

& 220 —yas—i) — 22N — A3 ¢
> (4042- — 720@ - 2fya3,l-) — (4)\i - nyAi - 27)\372‘) c
& 220 —yaz_;) — (40@ — Yoy — 27043_,»)
— 22N —YA3i) e+ (4/\i — 2N - 27/\3_1-) c>0
Yoy — e >0
’)/204,~ > 2\
o; > AC
Q;

— > C
Ai

S R

First, suppose that intermediary ¢ is more competitive than intermediary 3 — ¢ and

ig:z Thus, independently of whether he is the Stackelberg leader or

the Stackelberg follower, intermediary ¢’s critical input price is larger than the critical

therefore f\‘— >

input price of intermediary 3 — ¢. If intermediary ¢ is in the leading position, we have

20 — yaz_ doz_; — 720z3_i — 2vay
2)\1 - 'Y/\g_i 4A3—i — ’)/2)\3_7; — Q’YAZ ’
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if he takes the role of the follower we get

203 — Yy - doy; — vPay — 2yas_;
203 — YN AN — 2N — 29

Thus, intermediary ¢ is the potential monopolist when being the Stackelberg leader
and follower. The conditions that ensure a sufficiently low input price ¢ for a duopoly

therefore demand

< daz_; — 72043—1‘ — 2yqy
4Xz_i — VA3 — 297

c

and

2035 — Y

< -0
¢ 2X3 — Y\

It can easily be seen that the following always holds:

a3 Q;

JVRDY

S oz i < a3
& azihi (4-77) < aidas (497
& daz_i\ — 720434)\1‘ — 2yau N < doydz—; — 72041)\371‘ ALY
o dog_; — 726Y3—z‘ — 2y Q
AX3_i — Y A3 — 27 Ai
as well as
Qz—i QG
As—i A

=4 Oég_i)\i < Oéi)\g_i

& 2033\ — YN < 204A3- — Y
2a g — . .
23— T4 Y
20—\ N
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Therefore the conditions which ensure a duopoly market also imply the condition for

SL SF.
Q" > q;

< dog_; — 72043—2‘ — 2y Q
dX3_i — Y A3 — 29 Ai

c

and

2003_; — YO Qa
o< ST %

203 — YN N

Now suppose intermediary 3 — ¢ to be more competitive than intermediary ¢ and

therefore i;’:? > $t. Independently of whether he is the Stackelberg leader or the
Stackelberg follower, intermediary ¢’s critical input price is smaller than the critical

input price of intermediary 3 — ¢. If intermediary ¢ is in the leading position, we have

20 — yaz— daz_; — 72@3—2' — 2yq;
2M = Aai Adai = s — 29N

if intermediary ¢ takes the role of the follower we get

203_; — Y - 4oy — vy — 2yas_,
203 — YA AN — N = 29

Therefore, in both scenarios intermediary 3 — ¢ is the potential monopolist. The

conditions that ensure a sufficiently low input price ¢ for a duopoly therefore demand

20 — yaz_

< -

¢ 2N — A3
for the first case and

4oy — Yoy — 2y
4N — V2N — 293

c <

for the second case. It can be seen that for the given scenario with v > 0 the following

inequalities are true:

a3 67

>
As—i A
& 3N > A3

= ")/04371')\1‘ > ’}/Oéi)\;g,i
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& —yos_iN < =Yg

& 204N — yaz A < 2040 — YAz
20 —yaz—; o

&> < —
2N — YA N

and

a3 Q;

JVIEESY

Q3N > A3

— 2va3_ A < =273
4o\ — ’YzOéi)\i — 2va3_i A\ < 4oy — ’YQOZi)\i — 270 A3

T ¢ ¢

4oy — Yoy — 2yas—; oy

AN =N — 2932 N

Therefore, given the conditions that guarantee a duopoly market are satisfied, ¢7 >
¢>F also holds:

20 —yaz—; @y
<07 < —
¢ 2N — YAz i

and

doy — 2oy — 203y

< < .
TN VA =29 A

With v < 0, however, the duopoly condition is not necessarily sufficiently for
c < §t. It is obvious that

a3 Q;

As—i A
S Q3N > a3

& yaz i\ < YAz
Qovs — » .

%) Y3 = %
2M — Y3 N
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and

a3 Q;

JVREEDY

Q3N > QA3

Yoz < YAz

— 2v03_i\; > =205 A3

t T T2

4oy — Yoy — 2y S
AN = 2N =290 N

Given intermediary ¢ is the Stackelberg leader with an input price satisfying

Q; 20 —yaz
Ai ¢ 20 — A3

as well as intermediary ¢ as the Stackelberg follower with an input price satisfying

a; 40[2' —~? i = 2 —
L<e< S
Ai AN — V2N — 29 A3

the equilibrium quantity of the Stackelberg leader will be higher than the equilibrium
of the Stackelberg follower. m

Computations of Proof of Proposition 4.4

Part (i) of Proposition 4.4 shows that when assuming A; = A9, we obtain

\/2 (2 — ’}/2) (2)\1 (2)\1 — ’7)\1) + )\1 (4)\1 — ’}/2)\1 — 2’7)\1)) -2 (2)\1 — ’7)\1)
AN — 2N = 29
_ \/2 (2 — ’)/2) (2)\1 (2/\1 — ’Y)\l) + )\1 (4)\1 — 72/\1 — 2’}/)\1))

22X — A1)
B (AN — A — 29A;) 0
2(2M1 —7\1)
o V22-)CMR-)FME-7—29)) =20 (2-1)
M4 =7%=27)
V22PN NE - = 2) M (-2
20 (2-7)

My22-72)202-7)+(@-72-27) -2\ (2-7)
>\1(4_V2—27)
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CAV2R-PIRR-)HE - =29) - M (d - = 2)

20 (2-17) =0
o V22-7)R2R2-N+[E-7-29))-2(2-1)
(4—9%—27)
V22 NHE-P =) - (-2
2(2-7) '

With products being mutually independent and therefore v = 0 we get

\/2_0—4_\/2_0—4_0
4 4 -

which is true.

Part (ii) of Proposition 4.4 compares the input supplier’s incentives to exclude either
a Stackelberg leader or a Stackelberg follower. Suppose intermediary 1 is more
competitive than intermediary 2 with f\‘—i > f\“—;, where both intermediaries have
the same productivity with \; = X\y. When comparing 7% with intermediary 1
as the Stackelberg leader and 7 with intermediary 1 as the Stackelberg follower

we obtain

\/2 (2 — ")/2) (2)\1 (2)\1 — ’)/)\1) + )\1 (4)\1 — ’}/2)\1 — 2’}/)\1)) -2 (2)\1 — ’}/)\1)
4)\1 — "}/2)\1 — 2’}/)\1
_ \/2 (2 — ’72) (2)\1 (2)\1 — ’y)\l) + )\1 (4)\1 — ’72)\1 — 2’)/)\1))

2(2)\1—7/\1)
— (41 — YA = 29\)
o V22N +ME-7-27) -2 (2-7)
A1 (4 =92 —27)
V22 PHR-DFNME - -2)) - M- =)
2X1 (2 =)
MV22-7)22-N+E -7 -27) -2M(2-7)
A (4= =29)
V222U -2 M@= =)
2M1 (2 —7)
o V22-7)R22-N+[E-7-29))-2(2-1)
(4—72—27)

V2222 @ -2) - (41— 2y)
2(2—-7)

<0
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2(2-9) /2T P EE AP 2) -~ 42—
24-7-27)(2-9)

4= =292 - Q22 -+ @ -1 =)
24— =29)(2-7)

I e e 228

24— -2v)(2-")

& 22-MV22-P)22-N+E-2—-2y)-4(2-1)

(A= =27) V22— (22— + (4 -2 —27))

+ (4= =29 <0

V22— 22-N+(E-72-29)(2@Q-1) - (d-7—-2))

—4(2—7)2+(4—72—27)2<0

VP22 =) (8—dy—2) —4(2 -7+ (4—12—=29)° <0

PV22 -7 B -4y -2 =7 (8- —47) <0

VYV22-7)B—47—72) <y (8- —4y)

V2(2—9?) 8—47—7)<(8—72—47)

2(2-72) (8—4y—7?) < (8—7% —49)°

2(2—9%) <8—7"—4y

4 -2 <8—~%—4dy

<0

(3

0 <4+ —4y
O<4(1_’7)+727

(A

which is always satisfied.

Computations of Proof of Proposition 4.5

Part (i) of Proposition 4.5 claims that the input supplier’s equilibrium duopoly input
price is higher if intermediary 1 is the Stackelberg leader compared to the scenario
in which he takes the role of the follower. With identical productivities for both

intermediaries with A\; = A9, we can be seen by

201 (201 — yaw) + Ap (dag — Y2an — 2vay)
2 (201 (2A1 — A1) + A2 (AN — 2 A — 29\))
2X\1 (200 — yay) + A1 (4o — Y2ag — 2van)
2 (201 (2A1 — A1) + A1 (AN — 2 — 290))
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& 2) (2010 —yas) + N (4042 — Yoy — 270[1)
>2A1 (20 — ya) + A (4041 — 2oy — 27042)
& 2209 — yao) + (4(12 — 7y — 2’)/041)
>2 (209 — yay ) + (4&1 — 72y — 27042)
& Aoy — 2ya0 — 4og + 72041 + 2y
dag — 2vay — dag + ’}/2052 + 2y
= 720z1 > 720@

< o1 > (o,

which is true for & > £2.
M7 e

Part (ii) of Proposition 4.5 yields that for a duopoly the input supplier’s equilibrium
duopoly input price is higher if intermediary 1 is the Stackelberg leader. When
comparing the input prices with identical productivities for both intermediaries

(A1 = Ag), this can be seen by

(2A1 (201 — ya) + A (day — Y2 — 27041))2
16 (2 —42) (2A1 (221 — YA1) + A1 (Ah) — 20 — 29A))
- (2X2 (200 — yay) + Ay (dag — 72y — 27042))2
16 (2 —92) (2A1 (2A1 — YA1) + A1 (AX) — 2N — 29A))

& (2>\1 (200 — yao) + A\ (4@2 — Yoy — 27041))2
> (2/\1 (200 — yau ) + A1 (4&1 — Yoy — 27042))2

S 20 (20 — yae) + N (4(12 — Yoy — 27041)
>2M\1 (200 — yaq) + N\ (4&1 — 72y — 27042)
& dag A — 2y + dag )\ — 72042)\1 — 2vaq )\

>dao Ny — 2vaq A\ + dag A — 72041)\1 — 2va )\
& = ’y2a2)\1 > —72041)\1

= 01 > Qo,

which is true for & > 92,
M Ao
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Computations of Equation 4.38

WiqL (01, G2, ¢, 1, @) = (Pi% A1 ) b

2 2

(557 a2
2—72

(57) @

2 — 2\ [ (200 — yas) — (20 — yAa) ¢\
) (=)

(201 = 703) = 2\ —yAs) )

8(2—1?%)

SL
= S (q17q27ca a17a2) =

Computations of Equation 4.39

F
3 (CIhQQaC;Oél,OQ =

(40@ Y2 — 2yay) — (4hg — 2 Ay — 29)) 0)2
16227

= S (Q1,Q2,C ap, ) =

Computations of Proof of Lemma 4.1

Proof of Lemma 4.1.

A3_i SF Ai
Case 3 (small asymmetries): a; 771 < az_; < ;3= X (or as_; 73" < a; < g /\3_1-)'

For the Stackelberg leader we obtain

2 _SL
o°m; (¢, @3—i, € v, i3—;)

da?
0? [(pr (Oéz', CY3—¢) - )\z'CS (Oéz', 043-1')) QQGL (042', Oé3-zﬂ
- da?
—9 (0]9;-% (v, a3—) _ )\OCS (cvi, @3—¢)> 0g;" (v, )
oo ‘ oo oo )

As we know that

opPE (i, a3—) _ (2 - ')/2> 9q; (ai, 3—;)

305 (Oéi 04371')
i ’
80@ 2 +

80@ aozi
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we get

827&5]“ (%’7 q3—i, C, O, Oé3—z')
da?
2 =7\ 0gi (i, 3) dc® (v, 3-4)
-9 T AT ot
( ( 2 ) 80(1‘ + )\Z (9041-
oc® (ai, 043—i)> aqiSL (sz‘, 03—2‘)
80@ 804,‘

o (Bigmly

—\

1 dc® (o, ;) ’
S ) U PSS W 2
4(2—7%( B T >
9 2
1 - (2N —A3-4) <0
_4 (2 — ’72) (2)\1 (2)\1 — ’}/)\371') + )\371' (4)\371 — ")/2)\371' — 2’}/)\1))

for all o; € [, ] for i =1,2.

For the Stackelberg follower within a duopoly we have

2_SF
aﬂ'i (QiaquiycaaiaOCSfi)

da?
_82 [(Z%SF (az‘, CY3—¢) - )\z‘CS (Oéi, a3—i)) QZ-SF (Oéz‘; 043—1‘)}
N da?
—9 pP" (v, az—) _ )\.@Cs (i, 3-4) 07" (ai, v3)
N 80@ ' 80@ 80@ '

As we know that
8P?F (aiva?ﬁi) _ aq;-gF (%‘704371‘) I )\OCS
80@ 80@ 18041-

we obtain

827TZSF (i, q3—i> ¢, O, ai3—;)
da?

o anSF (i, 3—;)

N ( oy . Ju; A oy
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anSF (%’; 043—i)

a&i
—9 aqiSF (i, as—;) ?
('Mi
1 ) ) c¥ (v, as_y) ?
- - _ — (4N — . PR P Sl At 4
8(2 _ 72>2 ((4 Y ) ( )\1 Y )\1 27)‘3 z) 8061'

2
. 1 (4 _ 2) _ (4)\1 — ’}/2)\Z — 27)\371‘)2
C8(2—42) T T @5 (@ — M) + A (B — 9PA — 29A)

>0

for all a; € [%,a_i} forv=1,2.



Chapter 5

Contract Design for Composed

Services

5.1 Introduction

On the worldwide market for I'T services with a huge number of single services clients
often search from a solution-oriented point of view. Moreover, the evolution of the
“cloud” as an infrastructure with flexible and on demand access to applications has
the effect that “[...] the computing world is rapidly transforming towards developing
software for millions to consume as a service, rather than to run on their individual
computers.” (Buyya et al., 2009, p. 599). Our article analyzes the interaction between
providers of such single services and an intermediary. The intermediary combines
these services and sells them as a composed service on the market. We contribute to
a broader research agenda called “On-The-Fly (OTF) Computing” which investigates
the economic and technical challenges for dynamic automated service composition
in a cloud computing environment. The main goal of OTF computing is to configure
and provide individual IT services in a flexible way to overcome inefficiencies related to
traditional software solutions. On such a market an intermediary is indispensable, since
clients usually do not have the necessary knowledge and expertise to find the desired
services themselves and, moreover, to combine them flexibly. The intermediary’s task
is to create a link between clients and service providers producing single services.
He proposes composed services as solutions that combine different single services to
a new product. The vision of OTF computing is briefly presented in Happe et al.
(2013). As Sundareswaran et al. (2012) points out “Aggregating service providers
is very challenging in the Cloud due to complex relationship among Cloud service

providers that are built via subcontracting.”
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More specifically, in this article we focus on the contract design problem of one
intermediary and two service providers who strategically interact on the market. We
use a non-cooperative game-theoretic approach for our analysis. The service providers
deliver complementary services which they can choose to produce in either high or low
quality. For services in a cloud computing environment this quality decision may be
an important factor. It crucially influences the performance of the service composition
and results in additional costs or effort for the service providers. Examples are the
bandwidth provided, resources made available for the execution of a service as well
as the priority given to the inquiry of the intermediary. Besides choosing the quality,
the service providers may deliver their single services in various quantities, such as
number of licenses to use the provided service, number of instances, utilization time
available for execution, or the amount of storage space. The intermediary receives
the single services and combines them to a composed service. The quality of the
composed service depends on the inputs’ qualities and can also be either high or low.
The intermediary strategically reports the quality of the composed service to his input
suppliers and pays them accordingly. We assume that he is only able to observe the
quality of the composed service, but is not aware of the two single services’ qualities.
A typical feature of a composed service is that its quality properties are dependent on
those of the single services and their interaction when the composed service is executed.
Quality properties of the single services can only be tested to a limited extent prior
to composition. For example, in a cloud computing environment it may technically
be difficult or too costly to individually test the quality of a software service or of
a hardware service that is used for execution. On the demand side we suppose that
clients have a demand for both composed services of high and low quality (usually at

different prices).

Besides considering a one-shot game we analyze a repeated interaction between
the intermediary and his suppliers. Here, the intermediary initially offers contracts to
the sellers in which he specifies the payment he is willing to make, depending on the
reported quality of the composed service. While in the short run producing low-quality
composed services is always a Nash equilibrium (Proposition 5.1) and producing high-
quality composed services is never a Nash equilibrium (Proposition 5.2), the long run
situation is more promising. We identify conditions on the time preferences (discount
factors) under which high quality is a subgame-perfect equilibrium on the market in
the long run. The main finding is that even if selling high quality is profitable for

the intermediary, the emergence of high-quality composed services on the market still
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crucially depends on the intermediary’s discount factor (Proposition 5.3). We identify
optimal payments of the intermediary to implement high- or low-quality composed

services (Propositions 5.4 and 5.5).

5.2 Related Literature

Our model is related to the literature on principal-agent relationships as well as on
reputation and repeated interaction. We use this section to describe similarities and
differences in comparison to our approach.

The price model in the procurement situation that we study is related to the
modeling of contracts in principal-agent relationships. For example, if the agent’s
contribution to the firm’s value is not directly observable, Baker et al. (1994) addresses
how to design compensation contracts consisting of a base salary and a bonus payment
in a repeated setting. A similar procurement problem with respect to price and quality
considerations is also discussed by Asker and Cantillon (2010). They derive the optimal
procurement mechanism and compare it with alternatives such as scoring auctions
and (sequential) bargaining. The procurement situation in Laussel and Long (2011)
is related to the one we assume here, but the focus of the analysis is different. Having
several intermediate-input suppliers they study the incentives of vertical integration
in a dynamic model. In comparison to the approaches just mentioned, even if the
relationship between the intermediary and its service providers resembles a principal-
agent model, we additionally incorporate the influence of the clients’ demand on the
intermediary’s profit function. Therefore, the profit is influenced simultaneously by
two aspects: on the one hand the effort or quality choice of the service provider and
on the other hand the resulting client’s demand in dependence on the quality of the
composed service. Moreover, by considering composed services we are interested in
the right coordination of the service providers’ quality choices.

In a setting with repeated interaction, experiences that were made with a certain
product in the past have an influence on its future evaluations as well as future sales
opportunities. Dellarocas (2005) refers to this as “reputation”. Similarly, already

Shapiro (1983) argues:

“When product attributes are difficult to observe prior to purchase, con-
sumers may plausibly use the quality of products produced by the firm in
the past as an indicator of present or future quality. In such cases a firm’s

decision to produce high quality items is a dynamic one: the benefits of
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doing so accrue in the future via the effect of building up a reputation. In
this sense, reputation formation is a type of signaling activity: the quality
of items produced in previous periods serves as a signal of the quality of

those produced during the current period.”

We follow this definition of reputation for our analysis. Similar to our approach, Dana
and Fong (2011) analyzes the influence of the market structure on the incentives to
produce high quality in a repeated game setting. While they focus on the comparison
of different market structures, our analysis highlights the interaction and contract
design of an intermediary and its suppliers. In addition, we relax the assumption
that customers have a unit-demand. Tang and Cheng (2005) consider a market in
which an intermediary offers a composed service. In their setting, a user has to decide
to buy two complementary web services either from a web service intermediary or
directly from its providers. Optimal location and price choices of the web service
intermediary are analyzed in a spatial model, more precisely in a linear and circular city
model. Contrary to their approach we focus on the optimal contract design between
the intermediary and its service providers.

Reputation systems for online markets are explicitly addressed by Dellarocas (2005).
He studies the mechanism design problem of a reputation system where buyers and
sellers directly interact with each other. A monopolistic seller exerts an effort that
influences the quality of the product. After having experienced the quality of the good
the buyer reports his satisfaction of the product. These reports are summarized in the
reputation profile of the seller. A repeated game setting is used to analyze efficiency
and seller payoffs by varying the number of observations in the reputation profile
and by extending his model to multi-values including incomplete reports and multiple
competing sellers. Our analysis, however, does not include a reputation system. We
assume that the seller is always able to sell his products at the market by adapting
prices to demand. From an architectural perspective, including reputation informa-
tion in the OTF computing process has been discussed in Brangewitz et al. (2014b).
Intermediaries selling composed services are also analyzed in the literature on Cloud
Services Brokerage as for example in Sundareswaran et al. (2012), Giovanoli et al.
(2014), Jula et al. (2014). We complement previous works by considering contract
design issues from an economic perspective.

The analysis proceeds as follows: First, we present the model. Then we analyze the
different decisions considering the trade of services and the contract design. Finally,

we conclude and comment on further extensions.
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5.3 The Model

In our setting we consider three types of market participants: clients, intermediaries,
and service providers. Our focus is on modeling the strategic interaction of one in-
termediary and two service providers. The intermediary chooses a long run contract
that he offers to the service providers. Then the service providers strategically choose
the quality and quantity of the service they would like to provide. The intermedi-
ary afterwards reports (not necessarily truthful) the quality of the composed service
he produced from the service providers’ inputs. The clients are assumed to be non-

strategic.

5.3.1 Long run contracts

Before services are actually traded the intermediary makes a decision on the quality
he is willing to deliver to the market and the long run contracts he offers to the
service providers. He privately observes his clients” demands for the composed service
which is demanded in low (L) and high quality (H). Furthermore, he is aware of
the service providers’ cost functions for producing (single) services in high or low
quality. Therefore, he is able to determine his expected profit possibilities for the
“two” markets. He compares them and afterwards chooses the quality he prefers to

deliver to his clients.

Based on this strategic quality choice, the intermediary designs contracts specifying
the way the service providers are paid. These contracts are of the following form: for
delivering a service a service provider receives a base payment independently of the
quality of his service. This payment is equivalent to the payment for a low-quality
service. Furthermore, the intermediary promises him an additional payment, if the
observed quality of the composed service, which is dependent on the quality of both
inputs, is high. For the interaction with his client the intermediary takes the client’s
demand functions as given and determines the sales prices as well as the sales quantities
that maximize his profits. Then, using the contract design and the optimal sales
quantities, he explicitly determines the transfer payments and offers them in the form
of contracts to the service providers. More precisely, the transfer payments towards a
service provider depend on the observable quantity of the single service he delivered

and the quality of the composed service reported by the intermediary.
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5.3.2 Market interaction

In the next step, the services are traded on the market. We start to describe the
procurement side. For simplicity, we suppose that the intermediary needs one unit of
each service to produce one unit of composed service. In every period, each service
provider decides on which of the demanded quantities, the optimal sales quantity for
either high or low quality, he delivers and if the service is of quality L or H. Service
provider i’s cost function is denoted by C%;, : R, — R, for quality ' € {H, L} and
i € {1,2}. We assume convex cost functions and higher cost to deliver high quality
services, C'% (-) > C% (-). Convexity means that marginal costs are non-decreasing,
i.e., providing an additional instance (or unit) is at least as expensive as the previous
one. The quality of the composed service depends on the quality choices of the service

providers and is defined as follows!

0°: {L,HY? — {L,H} with 0°(6",0%) = H i (6,69 = (8, H) (5.1)

L otherwise.

The intermediary is able to directly observe the delivered quantities. The suppliers’
quality choices are not directly observable and can only be uniquely determined in
certain cases by considering the quality of the composed service. The intermediary
decides whether to report this quality truthfully or not. The reported quality is defined
by 6°: {L,H} — {L, H} such that §° — 6°(6°). According to the report he rewards
the service providers with a transfer payment of T, Tt : R, — R, for i € {1,2}
specified in the long run contract.? We assume convex transfer payments that are
differentiable at 0 and suppose T} (-) > T% () > C% (). This reflects the idea, that
in any case the intermediary pays T} (-) and if he reports high quality the service
providers receive T4 (-) — T% (-) additionally as a bonus. The actions of the service
providers, i.e., choosing the quantity and quality of the delivered services, as well as
of the intermediary whether to report truthfully or not are assumed to be chosen
simultaneously.

On the demand side the intermediary is facing a client who has a certain demand for
both composed services of quality H and of quality L. The client’s demand functions

(for low and high quality) assign to any positive price P the demanded quantities

!The superscript 0 indicates that the quality of the composed service is observed by the interme-
diary, denoted in the following as player 0.
2Note that the subscript relates to the reported quality 6° (90) e {H,L}.
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and are given by Dgo : Ry — R, with P + Dyo(P) for quality §° € {L, H} of the
composed service. Thus, when charging a price of P for the composed service, the
intermediary faces a demand of his client of Dgo(P) units of the composed service with
quality 6°. For our subsequent analysis we make some technical assumptions related
to the client’s demand functions. Suppose Dgo(P) is twice continuously differentiable,
non-increasing, strictly decreasing whenever Dgo(P) > 0 and satisfies Dy, (P)Dgo(P) —
2 (D(’QO(P))2 < 0. The inverse demand function assigning a price to a given demand is
denoted by Py (D).> Suppose for a given price P we always have Dy (P) > Dr(P).

Moreover, demand and transfer payments are assumed to satisfy Py (0) > T},(0).

Our focus for the succeeding analysis is on the information asymmetries between
the intermediary and the service providers. We assume complete information on the
demand side, the intermediary delivers the demanded quality of the final product
truthfully to his clients.

The remainder of this section is used to explain the assumptions we made by means
of an example illustrated in Fig. 5.1. Suppose a client has an own program routine
and wants to analyze a huge data set by running simulations. As the computations are
complex and resource-intense, the client is not able to execute his program within his
own infrastructure. Therefore, he decides to make use of cloud services. He approaches
an OTF intermediary who is offering a composed service that is able to process the
client’s demand. The OTF intermediary flexibly combines a service for storage with
a service for computing that he purchases from other service providers. For a given
price per instance, the quantity demanded by the client is the number of instances he
is willing to book for the execution of his simulations. Clearly, a higher price triggers
a lower demanded quantity. Quality properties of the single services are the access
time for the storage and the time needed by the computing service. The quality of
the composed service is the overall time per instance to run the client’s simulations.
If the composed service is of high quality, e.g. the total process time is short, the
client has a high willingness to pay. Accordingly, in case of a low-quality composed
service he accepts a longer processing time while having a lower willingness to pay. A
comprehensive analytical example for specific demand and cost functions to illustrate

our results of the next sections can be found in Appendix 5.7.

3The third assumption on the demand function is related to its curvature and can be equivalently
expressed in terms of elasticities as Dy, (P)P/ Dy, (P) > 2Dyo(P)P/Dgo(P). This assumption ensures
that DPyo(D) is strictly concave and is derived from DPj, (D) +2Pj, (D) < 0, using the derivative of
the inverse demand function. The three assumptions on the demand function are also made in Dana
(2001), for example.
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Clients Intermediary Service Providers

Computing
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Storage
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Figure 5.1: Composed services consisting of hardware and software services

5.4 Trading Services

5.4.1 Optimal sales prices and quantities

Given the contract T = (T} (-),Tj())i=12 the intermediary determines the optimal
quantity Dg,* he is willing to sell to his client for a fixed quality 6° of the com-
posed service. This is the client’s demanded quantity that maximizes the inter-
mediary’s profit. With this optimal demand the optimal sales price denoted by
Pg;* = PQO(DGO) can be computed. Hereby, the intermediary assumes that both
service providers deliver him services of the same quality ' = 6% and therefore the
resulting quality of the composed service is §° = §' = #2. Formally, the intermediary
Diy = argmax peg, DPpo(D) — Z?:l 4o (D). Note that due to our assumptions a
maximizer D} exists and is unique. The function D P (D) is strictly concave and the
transfer payments Tj;(-) are convex. Therefore, the objective function is strictly con-
cave. Moreover, we have Py (0) > T,(0) ensuring positive profits.Using the contract
design and the optimal sales quantities the intermediary offers the following contracts
to the service providers (T} (DI*), T} (DY), T (DT*), T} (DE))._, . The service

i=1,2
providers decide whether to choose a quantity DT* or D%* as well as the quality, either

L or H, they deliver to the intermediary.

5.4.2 'Trading once

We use a non-cooperative game in strategic form with three players, which we first con-
sider as a one-shot game and in the next subsection as a repeated game. We denote the

intermediary as player 0 and the two service providers as players 1 and 2. The strat-
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egy sets are {(L,DI*), (L, DY) (H,DT*), (H,D¥)} for the service providers and
{truthful, not truthful} for the intermediary. The intermediary’s strategy “truthful”
indicates that he reports the composed service’s quality honestly and “not truthful”
means that he always pretends to have seen low quality. He chooses the strategy to
be truthful if °(L) = L and 6°(H) = H. If he reports 6°(L) = L and 6°(H) = L, we
say that he is not truthful. From now on we refer to the composed service’s quality 6°
and reported quality 6° for short. For a delivered quantity D' € {DT* DI*} of service
provider i € {1,2} we define Dy, := mineq; 23 D'. Given a strategy profile the pay-
off of service provider i € {1,2} is his profit IT7 (éo, (6, DY), (67, D2)> =T}, (D") -
Ci, (D"). With the quantities the intermediary receives from the service providers he is
able to produce maximally D,.;, units of the composed service. Therefore, the interme-
diary needs to reconsider his revenue maximization problem. He chooses the sales price
of the composed service such that his profits are maximized given the capacity con-
straint Doy, that is P = Py (DQTO**) with DJi* = argmaxpr <p, .. Pyo (Dg)) D}, —
>2 | T}, (D') yielding a profit of 1" ( 6, (9*, D) , (67, D?)) — PLeDL -2 Ti (DY)
with PGTO** = Ppo (Dg;**).‘l

The most well-known solution concept for non-cooperative games is the Nash equi-
librium Nash (1951). A Nash equilibrium is a collection of strategy choices of the OTF
provider and the service providers such that no one has an incentive to unilaterally
change his strategy given the others’ strategies. For the OTF market this means that
in an equilibrium the OTF provider cannot increase his profit from changing his re-
port for given quality choices of the service providers and each service provider cannot
increase his profit from unilaterally changing the produced quality or quantity. We

observe the following equilibrium result, when services are traded just once.

Proposition 5.1. Given the other service provider delivers low-quality services, then

producing the correct quantity of low quality services is a Nash equilibrium strategy
if and only if T} (DT*) — C} (DE*) > T} (DY) — Ci (DE) fori=1,2.

Proof of Proposition 5.1. First, note that the intermediary is indifferent in being truth-
ful or not. The condition in Proposition 5.1 is immediately derived from comparing

the profits of the service providers in case of a deviation from (L, Df*) n

Proposition 5.1 demonstrates that there exists the possibility to choose the prop-

erties of the transfer payments and cost functions in such a way that producing low-

“Note that if #° = ' = 62 and the service providers deliver D", then D};* = D} and Pj;** =
PT*,
90
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quality composed services is a Nash equilibrium of the static game. If we choose
Ti (-) = C% () in Proposition 5.1 we obtain immediately that independently of the
transfer payments for high quality T% (), producing low-quality services is a Nash

equilibrium strategy.

Proposition 5.2. Producing high-quality composed services is not a Nash equilib-

TIUM.

Proof of Proposition 5.2. If T (-) > Ti (), the intermediary has an incentive to de-
viate to not being truthful. For T} () = T% (-) service provider ¢ has an incentive to
deviate in producing low quality as C% (-) > C% (-). Moreover, if the service providers
are not rewarded with a bonus for high quality, then each of them has an incentive to

deviate to produce low quality as C% (-) > C% (-). O

In contrast to Proposition 5.1, Proposition 5.2 shows that in the static game the
intermediary has no possibility to end up with a high-quality composed service as there
are always possibilities for improvement for either the intermediary or the service
providers. In the next section we analyze if high-quality composed services can be

obtained by considering the described one-shot trading game repeatedly.

5.4.3 Trading repeatedly

The previous section showed that producing high-quality composed services is not an
equilibrium if the services are traded only once. Therefore, in this section we consider
repeated interaction between the intermediary and the service providers assuming an
infinite time horizon. Once agreed to produce either high- or low-quality composed
services in the optimal quantities, the intermediary and the service providers repeat-
edly trade services accordingly. We analyze if the right incentives can be provided
such that this agreement is sustainable in the long run even if it is supposed to be
non-binding. In our setting neither demand nor cost structures vary over time.

A refinement of the Nash equilibrium concept that fits a repeated interaction struc-
ture is the subgame-perfect Nash equilibrium Selten (1965a,b). Applied to our con-
text, in a subgame-perfect Nash equilibrium neither the OTF provider nor the service
providers are willing to unilaterally change their long run strategies at any point in
time, while taking the others’ (equilibrium) strategies as given. We consider the long
run profits of the OTF provider and the service providers and technically apply the
“one-shot deviation principle” (Mailath and Samuelson, 2006, Proposition 2.2.1 p. 25)

to determine subgame-perfect Nash equilibria.
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A composed service with low quality may constitute a Nash equilibrium of the
trading game as shown in Proposition 5.1. If this is the case, it is also a subgame-
perfect Nash equilibrium of the repeated trading game. Concerning high-quality
composed services, suppose that the objective of the intermediary and the service
providers is to maximize their discounted profits by using a personal discount factor
d; € (0,1) (i = 0,1,2) from trading high-quality services. Suppose for the rest of
this section that the condition of Proposition 5.1 is satisfied and, therefore, producing
low-quality composed services in the correct quantities is a Nash equilibrium of the

one-shot trading game.

Within the repeated trading game we assume that the intermediary commits him-
self to report his observation of the quality of the composed service truthfully whereas
the two service providers agree to deliver him the optimal quantity of high quality
services: (truthful, (H , DE*) , (H , Dg*)) . From this agreement the intermediary can
deviate in reporting his observation not truthfully or the service providers can deviate
in delivering low-quality services or a different quantity of services. Cheating in one
period is followed by an according punishment in the periods thereafter. In case, one of
the service providers does not deliver high quality, the other service provider will also
not be rewarded for the high quality he produced. Therefore, he is no longer willing
to deliver high quality services in future. Similarly, if the intermediary does not report
his observation truthfully, the punishment of the service providers is to deliver low
quality services from now on. The punishment strategy profile is therefore denoted
by: (not truthful, (L, Dg*) , (L, Df*)) . Taking this behavior into account, we obtain
the following:

Proposition 5.3. If T} (D) — C; (D) > T} (DF) — Ci (DY), then produc-
ing high-quality services (in the demanded quantities) and the intermediary reporting
truthfully is a subgame-perfect Nash equilibrium of the repeated game if and only if the

following conditions hold for the intermediary

2 2
<P§*Dz* Sy (Dz*)> o (- ) (PE*DE* Sy wz*))

i=1 i=1

2
+ 8o (PLT ‘DI =>T; (D%*)) : (5.2)

=1
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and for the service providers

Ty (Dy') = Cy (D)
> (1—&)max{T} (D[*) — C} (D1*), Ty (D1*) — Cy (DLY) |
T, (D" = Cp (Dyr")) } +0: (11 (D7) = € (D7) - (5.3)

Proof of Proposition 5.3. The first condition implies that the punishment strategy af-
ter a deviation is a Nash equilibrium strategy if the services are traded once as shown
in Proposition 5.1. The conditions on the discount factors are derived by comparing

the discounted long run payoffs (for an infinite time horizon). ]

Proposition 5.3 gives us conditions on the critical discount factors needed to ensure
that high-quality composed services are produced in the long run. These depend on

the transfer payments, cost functions and implicitly on the client’s demand function.

5.5 Contract Design

The intermediary offers long run contracts which specify the way the service providers
are paid in dependence on the (reported) quality of the composed service. The optimal
contracts for the intermediary crucially depend on his strategic decision on whether to
sell high- or low-quality products to his clients. Therefore, we first analyze the optimal

contract design for both cases separately.

5.5.1 Contracts for low-quality composed services

Proposition 5.4. To produce low-quality composed services the intermediary optimally
chooses the transfer payments to be T™* = (TLL”(), Tfr*’i(-))i_1 = (CL(), CL())imr0-

Given T™* the service providers are always paid exactly their costs for producing
low-quality services and therefore have zero profits. They have no interest in producing
high-quality services since they are not rewarded accordingly and would thus suffer a
negative profit. In contrast to the zero profits of the service providers, the intermediary

is able to extract all the generated surplus and his profit is equal to PLTL**DgL** —

i c (o).
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5.5.2 Contracts for high-quality composed services

Using the conditions for the service providers from Proposition 5.3 we obtain:

Proposition 5.5. To give the appropriate incentives to the service providers in order
to produce high-quality composed services in the long run, the intermediary optimally
chooses the transfer payments to be TT* = <T£I“(), Tg“()) ' (CL(), Cu() +€%)imrs

with small * > 0.

=1,2

Given these transfer payments the service providers are paid exactly their costs
for producing low-quality services and strictly more than their costs for producing
high- quality services. Therefore, they have a strict interest in producing high-quality
services in the long run. The intermediary is able to extract almost all the generated
surplus and his profit is equal to P * D5 — 32 (% (DEH**> — 37 &' Hence,
the parameter ¢ is chosen to be strictly positive, but as small as possible. Using
Proposition 5.3 with T77'(-) = C%(-) and T} ™' (-) = C%(-) 4 €' we have:

Corollary 5.1. If the intermediary’s discount factor satisfies

S5 Gy (DE™) + Xk, & - X, ¢ (DF)
> - -
(PE™ D™ = 0, O (DF™)) = (PE™*DE™ = L, €3 (DI™™))

, (DO)

then there exist transfer payments such that the intermediary is interested in producing

high-quality composed services.

Adding and subtracting the term Zle Cy, (DEH**) in the denominator on the
lower bound for ¢y in Corollary 5.1 gives the following interpretation: The evaluation of
future payoffs of the intermediary represented by his personal discount factor dy needs
to be strictly greater than the difference in the transfer payments the intermediary
has to make (for DL""*) relative to this difference plus the advantage in his profits for

high-quality composed services.

5.5.3 Long run quality choice

Using the optimal contract design, the intermediary compares the profits on the mar-
ket of low-quality composed services with the profits on the market for high-quality

composed services. We can distinguish three different situations on the market. If the
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following condition holds

2 2
PTH* TH* Z CH <DTH* > B Z b PEL**DzL** . Z CZL (D%’L**) (HIGH)
i=1 =1

and the intermediary’s discount factor &y is sufficiently large, he prefers to deliver
high-quality composed services to his clients and the service providers have the right
incentives to produce high quality. In contrast, if condition (HIGH) holds but the
intermediary’s personal discount factor is not high enough, he intends to be willing
to reward the delivery of high-quality services, but as soon as the service providers
deliver high-quality services the intermediary does not pay the bonus as promised.
This is anticipated by the service providers. Consequently, only low-quality composed

services are produced. If the following condition holds

PripTi ZC’H (DTH*) Zs < pripThs ZOL (DTL*> (LOW)

the intermediary prefers to deliver low-quality composed services.

5.6 Concluding Comments

With our model we analyzed the incentives for high and low quality to be an equilib-
rium outcome of the market for composed services in a cloud computing environment.
Hereby, the intermediary’s discount factor is crucial even if the market for high-quality
composed services is advantageous in terms of expected profits. Therefore, as a first
implication for the OTF market, not only the profitability of composed services is
important but also the evaluation of future profits. Hence, we have shown that if
the intermediary’s discount factor is lower than the payments for the single services
relative to the advantage of high-quality composed services, only composed services of
low quality may appear on the market.

However, we made several simplifying assumptions and therefore our model can
be extended in various directions. For our theoretical analysis we suppose that the
quality of the composed service and the single services is either high or low. An obvious
extension is to introduce a finite or infinite number of different quality levels. Such
a modification enlarges the set of possible strategic choices of the services providers,

has the effect that the composed services may be available in these numerous quality
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levels and requires that the client’s demand is defined to take this into account. A
different direction for future research is the extension of asymmetric information issues
to the client-intermediary relation. So far each client had a demand for high- and low-
quality composed services. Differently, we may assume that there are several types
of clients and the intermediary faces a client type who either demands high- or low-
quality composed services. Moreover, a different reasonable assumption, especially for
cloud services, is that demand and cost structures vary over time. In this case the
intermediary might have to renew his contracts from time to time or the contracts
might have a specific durability during which services can be flexibly demanded and
delivered at a certain price. Up to now the services we considered were complementary
and the intermediary needed exactly one service of each type. Adding substitute
services and along with this competition is another direction to extend the current

model.

5.7 Appendix: Analytical Example

The client’s demand typically decreases if the price of the composed service increases.
As composed services of high quality are more valuable we suppose that for a given
price they are demanded in greater quantities than composed services of low quality.
The demand functions Dgo(P) = %% for ° € {L, H} with 87 > By > 0 have these
properties. The service providers’ costs are typically increasing in the quality they
provide. Linear cost functions Cy, (D') = ~p: D" for 6" € {L,H} with vg > v, > 0
for i = 1,2 describe the service providers’ costs. The profit from producing composed

services of quality 6° from the optimal contracts of Proposition 5.4 and 5.5 is given by

P — 2’790 (1 + 590)

7 (5.4)

PDygo(P) — (1 + o) Z Cio (Dgo(P)) =

with €, = 0 and €5 > 0. To simplify the calculations we use £y as a multiplicative

and not as an additive term (Proposition 5.5). Profit maximization yields

1

TL** o r]ﬂL*>|< o TH** o TL** - r]ﬂL*>|< o TH** o
PL* — Y Hx T 4 Lx - 4’YL and DL = DH = DL = —]_6 252
TLPL

and for high-quality composed services

1
16 (1 + éH)2 ’7?1512{.

P —4(14ég)yy and DL =
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By the choice of the parameter v, < vg we observe immediately that the price the
intermediary charges for high quality is strictly greater than the price he charges for
low quality, whereas the effect on the quantity remains ambiguous. Figure 5.2(a)
illustrates the client’s demand functions and Fig. 5.2(b) the short run profits of the
OTF provider for low- and high-quality composed services.

Dgo (P) Profits

Dy (P)

P—2yy(14Eg)

1
SIS e

|

Dy (P} om0 T - :
! :
I

Dy (P)f ool LS ' i
1 P ] : P
P 4’yLl 4(1+¢én)vu

(a) Demand functions (b) Short run profits
Figure 5.2: Example for g = %, Br=1,vg = %, v = %, Eg = ﬁ

Consider the long run quality choice of the intermediary. The conditions derived

in Section 5.5.3 and Corollary 5.1 are for our example

1
_ L Fx-HIGH
A+ i)~ i ( )
1 1
— < , Ex-LOW
A+ i)~ i ( )
5o > (L+2n) v = (Ex-DO0)

= N =~ 3\2 '
(I+ém)ym — v+ (1 +Em) V5 B% ((1+5H1)VHB%{ B w;ﬁ%)

The three possible market situations are as follows: If (Ex-HIGH) and (Ex-D0) hold,
high-quality composed services are produced. If (Ex-HIGH) holds and (Ex-DO0) does
not hold, low-quality composed services are produced even if high-quality composed
services yield a higher profit for the intermediary if the services are traded once. If (Ex-
LOW) holds, low-quality composed services are produced. Inserting the values from
Fig. 5.2 yields that high-quality composed services are produced if g > 0.66. This
means as soon as future profits are considered to be sufficient attractive high-quality

composed service will the the equilibrium outcome of the market.



Chapter 6

Outlook

Getting a broad understanding of intermediate goods markets and analyzing its struc-
ture’s impact on the participants’ economic behavior and interactions was the main
objective of this thesis. In the previous chapters, it was shown that various challenges
arise due to its two-sided structure and the accompanied interdependencies, its dy-
namic nature and the presence of asymmetric information with respect to inputs’ and
final products’ quality. Furthermore, as intermediaries must not necessarily be sym-
metric in terms of productivity and offered product quality, the resulting competitive
advantages/disadvantages have indeed an impact on all participants’ decisions taken
in equilibrium. All of the mentioned challenges not covered in this thesis are left for
future research.

Within the analysis, methods of non-cooperative game theory were primarily ap-
plied, i.e., Nash equilibrium outcomes in static as well as repeated games determined

and analyzed, optimal contracts derived and much more.

After introducing the market structure, clarifying the necessity of intermediaries
and giving an extensive literature overview with respect to oligopoly theory in Chap-
ter 1 and Chapter 2, within Chapter 3 and Chapter 4 a differentiated duopoly model
was considered. We analyzed a setting in which two intermediaries procured inputs
from a monopolistic supplier refined them and offered a final product to a repre-
sentative customer. Differentiation in our context referred to horizontal and vertical
differentiation. Thus, final products could on the one hand be substitutes, comple-
ments or mutually independent (horizontal differentiation) and on the other hand have
different product qualities (vertical differentiation). Intermediaries were allowed to be

asymmetric in terms of their productivity as well as their products’ quality. Each of
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the intermediaries had the chance to foster product quality by investing in product
innovation whereas productivity was exogenously given. The focus of our analysis
within both chapters was put on the intermediaries’ simultaneous competition for the
customer’s demand on the sales side and for resources on the procurement side of the

market.

In contrast to Chapter 4, within Chapter 3 we assumed that intermediaries’ com-
petition for the customer’s demand was conducted by either simultaneously choosing
production quantities (Cournot competition) or sales prices (Bertrand competition).

Our analysis considered two stages: a stage of innovation and a stage of competition.

Within the first stage of innovation we analyzed the intermediaries’ incentives to
take an investment that fosters their product’s quality. For linear costs of investment,
we found that intermediaries always choose an investment which results in either a
minimum or a maximum level of product quality. For intermediaries with symmetric
productivities we derived equilibrium conditions for product quality investments on the
investment costs and compared the results for Cournot and Bertrand competition as
well as for complements and substitutes. In this context we have seen that there exist
product qualities such that for complements only symmetric equilibria are present,
while the existence of asymmetric equilibria can be guaranteed for close substitutes.
Thus, according to our intuition, within an environment of complementary products
and less severe competition, intermediaries rather tend to coordinate their investments.
However, in an environment of fierce competition with substitute products equilibria

of non-coordination may also be present.

Regarding the second stage which considered competition, our focus was put on
analyzing the impact of intermediaries’ asymmetries on the market outcome. It turned
out that the presence of a strategic input supplier may lead to an exclusion of one or
both intermediaries resulting in a monopoly intermediate goods market or no trade.
Our main finding in this context showed that there exist asymmetries between inter-
mediaries such that a monopoly market is obtained if quantities are chosen where a
duopoly market is present if prices are selected. This observation is due to the fact that
given intermediaries compete a la Bertrand the input supplier’s profit is always higher
than if intermediaries face Cournot competition. Additionally, it turned out that there
exist asymmetries between intermediaries such that for non-substitute products, under
quantity competition equilibrium prices and profits are lower and equilibrium quan-

tities are higher than under price competition. Thus, in a setting in which the input
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market is explicitly modeled and asymmetries between intermediaries are present, the

results of Singh and Vives (1984) do not necessarily hold.

Differently, within Chapter 4 intermediaries competed by choosing their production
quantities sequentially (Stackelberg competition). In the first stage we gave a first
overview of the analysis considering intermediaries’ incentives to invest in product
quality. Similarly to the previous chapter, first results showed that given costs of
investment are linear, in equilibrium intermediaries always choose an investment that

either results in a minimum or maximum level of product quality.

In the second stage focus was put on the intermediaries’ competition for the cus-
tomer’s demand. In this context we compared the equilibrium decisions of an inter-
mediary when being the Stackelberg leader with his equilibrium decisions when being
the Stackelberg follower. In general and analogously to the results of Chapter 3 it
turned out that the presence of a strategic input supplier may lead to an exclusion of
one or both intermediaries. We have shown that there exist asymmetries between in-
termediaries such that a less competitive Stackelberg leader is excluded whereas a less
competitive Stackelberg leader is accepted in the market, ceteris paribus. Thus, being
the Stackelberg follower must not necessarily be a disadvantage. Furthermore, we ob-
served that a more competitive intermediary always offers higher quantities when being
the Stackelberg leader than when being the Stackelberg follower. However, for comple-
mentary products there exist asymmetries such that a less competitive follower offers
higher equilibrium quantities than a less competitive leader, showing that the classical
results of Von Stackelberg (1934) do not necessarily hold in our setting. Additionally,
we examined and compared equilibrium input prices for different role distributions.
In this context it turned out that for equal productivities of intermediaries the input
supplier demands higher equilibrium input prices and achieves higher profits if the
more competitive player is the Stackelberg leader compared to the case in which he is

the Stackelberg follower.

Beyond the scope of the current analysis, further investigations and extensions
of the discussed settings are left for future research. For instance, within Chapter 4
the innovation stage gave a first outlook for investigating the intermediaries’ optimal
investment in product innovation. In a further contribution, this section may be ex-
tended by a detailed examination of Nash equilibrium investments. One focal point

can be a comparison of the Stackelberg leader’s and the Stackelberg follower’s incentive
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to invest in product innovation. Furthermore, the equilibrium conditions for product
quality investments on the investment costs are quite interesting and should be com-
pared for the Stackelberg leader and Stackelberg follower as well as for complements

and substitutes. Besides this, a connection to the outcome of Chapter 3 may be drawn.

From previous contributions we know that competition in which decisions are taken
sequentially is not restricted to choosing production quantities, but can also be carried
out by choosing sales prices. Hence, within future work Chapter 4 could be extended
by sequential price competition and the resulting equilibrium outcomes be analyzed.
The first- and second-mover advantages should be determined and a comparison to

the already existing results established in Chapter 4 be drawn.

Our analysis within Chapter 3 and Chapter 4 was limited to discussing a monop-
olistic and strategically acting input supplier who was only able to charge a unique
price to both of the intermediaries. In a further extension of our models, one can think
of the supplier being able to discriminate in prices, i.e., charge different input prices to
the intermediaries. In this context the impact of intermediaries’ asymmetries on the
input supplier’s price choice needs to be analyzed. Moreover, the supplier’s incentives
to exclude one of the intermediaries when being able to discriminate in prices could be
a main focus. In a further step a comparison of the results with the outcome already

determined within this work may be conducted.

As a previously identified challenge but not discussed within this work, the dy-
namic aspect of intermediate goods markets is another interesting field and left for
future research. Specifically, on the procurement side of the market it can be allowed
for a large number of input suppliers providing complementary, substitute as well as
mutually independent products. In such a setting suppliers may compete by either
simultaneously or sequentially choosing prices or production quantities. The dynamic
aspect could be considered by modeling a repeated trade game in which new input
suppliers may enter while established suppliers may leave the market. Thus, when
selecting the input supplies for combining a final product, an intermediary always
needs to reconsider his profit maximization problem period for period. Similarly, the
dynamic nature may also play a key role on the market of intermediaries, where a
high fluctuation of market participants is conceivable. Hence, when determining the
equilibrium production quantities intermediaries must always be aware of a constantly
changing competitive environment. Furthermore a customer demanding final prod-
ucts in multiple time periods always needs to reconsider his problem of choosing the

intermediary such that overall utility is maximized.
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An intermediate goods market, slightly different than the previously discussed mod-
els was considered in the final Chapter 5. The focus was put on the contract design
problem of one intermediary and two strategically interacting service providers. Specif-
ically, we analyzed a market in which one intermediary procured two complementary
goods from two input suppliers, combined them and offered the resulting final prod-
uct to a representative customer. Both service providers were able to provide their
products in either high or low quality. A key issue was given by the fact that the inter-
mediary was not able to directly observe the input goods’, but only the final products’
quality which resulted in a problem of moral hazard. We found that in a one shot as
well as a repeated game a low-quality final product can be obtained in equilibrium. A
high-quality final product, however, can only be achieved in the long run. Moreover
it turned out that even if providing a high-quality final product is desirable for the
intermediary, the existence of high-quality products crucially depends on the inter-
mediary’s time preferences. Besides the analysis of equilibrium outcomes, we derived

optimal contracts for implementing high- or low-quality composed services.

Within our model we conducted several simplifying assumptions that suggest fur-
ther prospective extensions. For instance, for our theoretical analysis we supposed the
quality level of composed as well as single services to either be high or low. Intro-
ducing a finite or infinite number of different product quality levels is thus an obvious
modification. This kind of extension enlarges the set of possible strategic choices of the
service providers and has the effect of composed services being available in more than
two quality levels. In addition, a higher range of quality levels requires a consideration

when defining the customer’s demand.

Another branch of future research goes in the direction of assigning a higher impact
to the customer’s role. The customer in our model did rather take a passive role, i.e.,
was only considered as the source of market demand for high- and low-quality prod-
ucts. We assumed the customer being able to perfectly observe the final product’s
quality and having a demand accordingly. In a next step it can be supposed that
the final product’s quality is not directly observable to the customer. Instead, one
can assume his evaluation to be depending on the quality which is reported by the
intermediary to the input suppliers. Thus, when choosing a quality level to report,
the intermediary needs to consider the procurement as well as the sales side. In this
context a determination of Nash equilibria and comparing results with the outcomes

of our recent model is a consequent next step.
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Within the current work we have seen that although examining a uniform market
structure, models’ focal points and specifications can go in various directions. In Chap-
ter 3 and Chapter 4 we focused on the intermediaries’ competition and determined and
analyzed the according Nash equilibrium outcomes. We assumed that intermediaries
only needed to procure one input product which was refined and afterwards offered to
a customer. However, we did not consider a key aspect of Chapter 5, i.e., the fact that
a number of input goods needed to be combined to establish a final product. Hence,
in a further step combining the central ideas of both models should be strived for.
Within such a setting intermediaries procure goods from a number of input suppliers,
combine them and offer the resulting final product to their clients. Competition be-
tween intermediaries and suppliers may be taken out simultaneously or sequentially
where either prices or quantities are chosen. Final products can again be horizontally

as well as vertically differentiated.

In conclusion, this thesis focused on two-sided markets in which intermediaries
built a link between input suppliers and customers. We covered various challenges
including simultaneous competition for clients and resources, asymmetries between
intermediaries, asymmetric information with respect to product quality and so forth.
Within our analyses we established results that gave us a broad understanding of two-
sided markets and build a solid basis for further research. Extensions of the above
models as well as challenges that were not in scope of this work should be considered

in future literature.
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