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ABSTRACT

Marketing partnerships may involve either horizontal relationships (e.g., a co-marketing
alliance between firms selling different products) or vertical relationships (e.g., between an
upstream manufacturer and its downstream retailers). Either type of partnership often
includes multiple members and the marketing efforts (e.g., level of advertising) of any member
typically affect the profitability of the other members. When selecting their effort levels,
however, the individual members of the partnership do not account for such externalities.
Consequently, the overall effort on behalf of the partnership is not optimal. This dissertation
investigates the value of contractual mechanisms such as monitoring schemes (for horizontal
partnerships) and cooperative advertising programs (for vertical partnerships) that may
provide better incentives to the partners to invest into the relationship.

The first part of this dissertation focuses on horizontal marketing partnerships and ex-
amines the relative effectiveness of outcome- and action-based contracts in providing the
alliance partners with the incentives to invest appropriately. A mathematical model is de-
veloped in which a focal firm (e.g., Sony) contracts with two partners (e.g., McDonald’s
and Old Navy), when each of these partners is privately informed about the impact of the
alliance on its demand. The analysis evaluates the strengths and weaknesses of outcome-
(or output-) and action- (or input-) based contracts in several settings including those with
no demand externality, a positive externality and a negative externality. The analysis shows
that when there is (a) no externality, (b) negative externality, or (c) a relatively weak positive
externality, there is a strict preference for output-based contracts; that preference, however,
is reversed with a sufficiently strong positive externality. The rationale for these findings,
along with the implications and directions for further work are discussed.

The second part of this dissertation focuses on a vertical marketing relationship where
multiple retailers sell the products from a common manufacturer. Here, each retailer’s level

of advertising affects the demand for the other retailers. This positive externality, however,
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allows any retailer to free-ride on the other retailers’ efforts and leads to an overall reduction
in the level of advertising by all the retailers. In this context, a manufacturer can use a
cooperative advertising contract to reimburse part of the advertising expenses of its retailers
in order to induce them to raise their levels of advertising. Observed terms in a cooperative
advertising contract include either a participation rate, a participation rate and a variable
accrual rate, or a participation rate and a fixed accrual rate. This dissertation analyzes
the relative effectiveness of the above three types of cooperative advertising contracts in
minimizing or eliminating the free-riding problem.

More specifically, a mathematical model is developed to analyze the relative impact of
these contractual terms when the downstream retailers face either symmetric or asymmetric
demand and cost structures. The analysis shows that with symmetric retailers, the three
types of contracts are equally effective. With asymmetric retailers, though, including some
form of accrual stipulations typically adds value to a contract that specifies only a participa-
tion rate. Further, using a variable accrual stipulation may be preferred to the fixed accrual
stipulation under certain conditions and vice versa. The two types of accrual stipulations
affect retail prices and efforts in distinct ways and these differences may tip the scale in favor
of one contract versus the other under the appropriate circumstances. These conditions and
the intuition behind the results are discussed. Overall, this dissertation contributes to the
literature on horizontal and vertical marketing relationships and enhances our understand-
ing of distinct contractual mechanisms that can help align the actions of various members

involved in such partnerships.
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CHAPTER 1: INTRODUCTION

Marketing partnerships may involve either horizontal relationships (e.g., a co-marketing
alliance between firms selling different products) or vertical relationships (e.g., between an
upstream manufacturer and its downstream retailers). Either type of partnership often
includes multiple members and the marketing efforts (e.g., level of advertising) of any member
typically affect the profitability of the other members. When selecting their effort levels,
however, the individual members of the partnership do not account for such externalities.
Consequently, the overall effort on behalf of the partnership is not optimal. This dissertation
investigates the value of contractual mechanisms such as monitoring schemes (for horizontal
partnerships) and cooperative advertising programs (for vertical partnerships) that may
provide better incentives to the partners to invest into the relationship.

The first part of this dissertation analyzes contractual issues in horizontal marketing
partnerships and the second part analyzes vertical partnerships. In the next few paragraphs,
the relevant issues pertaining to horizontal partnerships, the contribution to the extant liter-
ature, the results of this work and the corresponding intuition are introduced. Subsequently,
analogous issues dealing with vertical marketing partnerships are introduced.

Co-marketing alliances, such as those between Sony Pictures and Old Navy, or between
Disney and McDonald’s, aim to enhance the value of partner firms’ offerings to consumers.
In the Disney-McDonald’s alliance, for instance, McDonald’s was contractually required to
spend around $20 million a year on promoting Disney’s movies along with the McDonald’s
Happy Meal'; and Disney received licensing fees to the tune of $100 million per year (for ten

years) for granting the right to use its characters as part of the promotion.

'As a part of this promotion, Disney-movie-character toys are given to consumers who purchase a
McDonald’s-Happy-Meal, and the popularity of the movie raises the effectiveness of McDonald’s promo-
tion (Howard 1996).



Co-marketing alliances typically involve multiple partners —for example, Sony formed
alliances with McDonald’s, Old Navy, ConAgra Foods and many other partners to promote
the movie Surf’s Up. In such alliances, each partner’s marketing actions are likely to affect
the outcomes generated by the other partners. For instance, Old Navy’s efforts to promote
Surf’s Up can raise the awareness/popularity of the movie; since McDonald’s sales are also
linked to the movie’s success, Old Navy’s promotional investments can indirectly benefit
the sales of McDonald’s products. The individual partners of an alliance typically do not
consider the impact of such indirect linkages while deciding on their levels of investment;
this can lead to an overall under-investment in marketing efforts? (for a discussion of this
under-investment problem in other contexts see, e.g., Lal 1990, Amaldoss et al 2000) and can
lower the value of the alliance. Therefore, it is useful to understand the relative strengths
of different types of contractual agreements in providing the appropriate incentives to the
partners to increase their marketing efforts. Hence, the first part of this dissertation examines
the relative effectiveness of outcome- and action-based contracts in providing the alliance
partners with the incentives to invest appropriately in marketing efforts.

Extant research on co-marketing alliances has focused primarily on issues such as the
firms’ motivation for forming these partnerships (e.g., Rao et al 1999, Rao and Ruekert
1994), selecting suitable alliance partners (Venkatesh and Mahajan 1997) and identifying
factors that lead to a successful alliance (Venkatesh et al 2000, Bucklin and Sengupta 1993).
While this stream of work has generated valuable insights, little research attention has been
devoted to understanding the relative effectiveness of alternative contractual agreements on
the performance of co-marketing alliances. This dissertation contributes to the literature
by focusing on co-marketing alliances involving multiple partners and compares alternative

contractual mechanisms in their effectiveness to induce appropriate marketing investments.

2Hereafter, we use the term “effort” to refer to include marketing actions such as promoting the alliance
or investing in advertising.



Many factors affect the terms of the contracts employed in a co-marketing alliance and the
optimal contract will likely require a careful resolution of several important tradeoffs. Here,
the focus is on the impact of information asymmetry. In the Sony-McDonald’s alliance,
for example, compared to Sony, McDonald’s is likely to have better information on how
customers in the fast food business react to promotions and therefore can more accurately
estimate the benefit (e.g., the boost in demand) it would receive from the alliance. Such
information-asymmetry issues will likely arise between Sony and the other alliance partners
as well, and can affect how the partners share any surplus arising out of the alliance.

In practice, contracts are often made contingent on one or more performance criteria,
and when information asymmetry is a principal feature of the market setting, extant litera-
ture (e.g., Basu et al 1985, Maskin and Riley 1985, Desai and Srinivasan 1995, Khalil and
Lawarree 1995, Raju and Srinivasan 1996, Desiraju and Moorthy 1997, Mishra and Prasad
2004) suggests that varying the performance-criterion can alter the partners’ incentives to
exert effort. Accordingly, chapter 2’s goal is to compare the relative merits of two types of
agreements: those contingent on (1) the partner’s marketing actions (e.g., level of Happy
Meal promotions by McDonald’s) and (2) the partner’s outcomes (e.g., sales levels of Happy
Meals). In this comparison, the interest is in the role played by any demand linkage or
externality that exists among the partners.

In the absence of any demand externality, when contracting with an asymmetrically
informed partner (or agent), Khalil and Lawarree (1995) (KL) demonstrate that contracts
based on outputs generate superior returns to the principal. The logic underlying KL’s result
is as follows: Suppose the agent were a residual claimant—as is typically the case in any co-
marketing alliance—and the contract were contingent on monitored outputs (KL refer to this
setup as output monitoring). In such settings, the agent has discretion over the level of effort
expended on behalf of the partnership (this feature is noted in the many analyses of agency
relationships studied in marketing). Now, by contrast, suppose that inputs are contracted

upon. In such a setting (aka input monitoring), if an agent in a more productive state of
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nature were to claim to be in a less productive state, then by virtue of being the residual
claimant, that agent can appropriate some of the output generated from the alliance without
sharing it with the principal (since the output is not monitored). This additional output
that the agent can pocket under input monitoring serves as a deciding factor in arriving at
KL’s main finding that the principal prefers monitoring the agent’s output rather than the
level of effort. Interestingly, though, anecdotal evidence suggests that the contractual terms
between partners in a co-marketing alliance are typically based on marketing actions rather
than on marketing outcomes: As noted earlier, in its alliance with Disney, McDonald’s was
contractually required to invest in promoting the partnership while paying Disney a fee for
the right to use its characters. Since such terms seem counter to the findings in KL, the goal
here is to explore when such contracts may be preferred.

Accordingly, chapter 2 builds on KL’s adverse selection setting and develop a simple
multiple agent model—in which a focal firm contracts with two privately informed partners—
to identify when a contract contingent on inputs may be preferred over an output-based
contract. The analysis reveals that the nature of the demand externality among the alliance
partners plays a critical role in the choice between these two contract forms. Intuitively, as
in the single agent setting, when only the outputs are monitored, agents have an opportunity
to limit the efforts put forth on behalf of the alliance. Further, the presence of a positive
demand externality in the multi-agent setting tends to result in even lower effort levels than
in the single agent setting. As the strength of the positive demand externality goes up, the
multiple agents’ effort levels shrink to correspondingly lower levels, and the principal’s losses
(along with those of the alliance) to correspondingly higher levels.

In contrast, by monitoring inputs, the principal effectively raises the effort (or marketing
investment) levels that the multiple agents put forth. The positive demand externality,
in turn, generates more output; since the partners are residual claimants, and the principal
only monitors inputs, there is more output that can be appropriated by the partners without

sharing it with the principal. At lower strengths of the positive externality, the principal
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continues to prefer output monitoring as noted in KL.. When the positive demand externality
is sufficiently strong, however, the lower effort levels induced under output monitoring can
prove to be too costly for the principal; and input monitoring becomes the preferred contract
form. Chapter 2 develops and analyzes a mathematical model and present more precise
conditions (involving either a positive or a negative externality) where one type of contract
may be preferred over the other. Chapter 2 also highlights the conditions under which the
effort levels under one type of contract dominate those in the other type of contract. By
evaluating the relative effectiveness of alternative contractual terms, the analysis adds to
both the co-marketing alliance literature as well as to the agency literature dealing with
monitoring issues in adverse selection settings.

The second part of this dissertation focuses on a vertical marketing partnership where
multiple retailers sell the products from a common manufacturer. Here, each retailer’s level
of advertising affects the demand for the other retailers. This positive externality, however,
allows any retailer to free-ride on the other retailers’ efforts and leads to an overall reduction
in the levels of advertising by all the retailers. In this context, a manufacturer can use a
cooperative advertising contract to reimburse part of the advertising expenses of its retailers
in order to induce them to raise their levels of advertising. Observed terms in a cooperative
advertising contract include either a participation rate, a participation rate and a variable
accrual rate, or a participation rate and a fixed accrual rate. This dissertation analyzes
the relative effectiveness of the above three types of cooperative advertising contracts in
minimizing or eliminating the free-riding problem.

While all cooperative advertising contracts offer to reimburse a portion (called the partic-
ipation rate) of the retailer’s advertising expenses, many of these contracts also specify limits
(called the accrual rate) on the total reimbursement offered. These accrual rates are either
set as a fraction of wholesale receipts from the retailer or are simply set as a fixed dollar
amount. While extant research (Bergen and John 1997, Huang et al 2002, He et al 2007) in

this area has focused only on the participation rate, there is no research that investigates the



impact of the two accrual rates on retail behavior. Chapters 3 and 4 of this dissertation fill
this gap in the literature and investigate the use of the cooperative advertising participation
rate and the two types of accrual rates in their effectiveness to provide the retailers with
appropriate incentives to increase their levels of advertising.

Chapter 3 considers a manufacturer selling its products through two symmetric indepen-
dent retailers. The retailers face positive advertising externalities and in the absence of any
cooperative advertising contract, under-invest in advertising. The analysis shows that the
manufacturer can use a cooperative advertising contract that includes only a single partici-
pation rate offered to both the retailers to increase the overall levels of advertising. When
the manufacturer offers the retailers a cooperative advertising contract that reimburses part
of their advertising expenses (participation rate contract), the retailer’s marginal cost of
advertising is lowered and they find it attractive to increase their investments in advertising.
The manufacturer can choose the participation rate such that the retailers increase their
advertising levels to that preferred by the manufacturer. Hence, the manufacturer uses the
participation rate to align the interests of the retailers with those of the channel. The op-
timal participation rate required to align the retailers’ interest with that of the channel are
derived for a general demand structure, without making specific assumptions regarding the
functional form of the demand faced by the retailers. Hence, this provides a useful analytical
tool to determine the participation rates in a variety of settings.

Next, the analysis shows that the manufacturer can also achieve coordination in the
channel by using a combination of the participation rate and either of the two types of
accrual rates. When the manufacturer uses an accrual rate in addition to the participation
rate, the manufacturer can set the participation rates at higher levels than that required
to coordinate the channel under the participation rate contract. This provides the retailers
with an incentive to increase their advertising levels by a greater amount than under a single
participation rate contract. The manufacturer then limits the total reimbursement to the

retailers by using an accrual rate that is either a fixed amount or a fraction of the wholesale



receipts from the retailer. While the retailers have an incentive to increase advertising to
levels beyond what is sufficient to coordinate the channel, the manufacturer uses the cap on
reimbursement to limit the retailer’s advertising to the channel coordinating levels. Hence,
the manufacturer can use both the participation rate and the accrual rate to achieve the
same result achieved through the use of a participation rate alone.

While the two types of accrual rates can help coordinate the advertising levels in the
distribution channel, each type of accrual rate has a unique impact on retail prices and
advertising levels. The accrual rate that is set as a fixed amount has a positive impact on
retail prices. As the manufacturer increases the fixed cap, retailers tend to increase prices.
Since the increases in the fixed cap induce the retailers to increase their advertising levels,
the increase in the advertising levels in turn leads the retailers to increase retail prices. While
this indirect impact of the increase in advertising levels on retail prices also exits when the
manufacturer uses an accrual rate linked to wholesale receipts, the increase in the accrual
rate also has a negative direct impact on retail prices.

When the manufacturer uses an accrual rate linked to wholesale receipts, unlike the
fixed accrual rate scenario, the retailers can influence the cap on reimbursements through
their choices of price and effort levels. As retailers decrease prices (or increase effort), retail
demand goes up and in turn the wholesale receipts go up. This leads to an increase in the
cap on cooperative advertising reimbursements. Hence, as the manufacturer increases the
accrual rate linked to wholesale receipts, the retailers may find it attractive to decrease retail
prices and thereby further increase the cap on reimbursements. As the accrual rate increases,
the increase in the cap for a unit decrease in retail prices is higher (compared to when the
accrual rate is lower). Hence, the net effect of an increase in accrual rate linked to wholesale
receipts may lead to a reduction in retail prices as opposed to an increase in retail prices
(that occurs under the fixed accrual rate contract).

While chapter 3 investigates the use of various cooperative advertising contracts by a

manufacturer selling through two symmetric retailers, downstream retailer asymmetry is



likely to arise when selling to multiple retailers who differentiate themselves from each other.
Retailer asymmetry can also arise due to differences in cost structures. In addition, retailers
may also differ in their target customer segments’ size and /or valuations of the products sold
and these segment differences may result in the retailers facing asymmetric demand. As Iyer
(1998) notes, retail differentiation has important implications for upstream manufacturers
and the extant literature seldom accounts for such asymmetry in investigating channel issues.
The use of a ‘one size fits all’ strategy that works well under symmetry may fail under
asymmetry. Hence, chapter 4 extends the analysis in chapter 3 to investigate the effectiveness
of cooperative advertising contracts in coordinating the channel in the presence of asymmetric
downstream retailers.

With asymmetric retailers, while all three types of contracts can coordinate the channel
under very stringent conditions, contracts that include some form of accrual stipulation
can coordinate the channel under less stringent conditions compared to the contract that
includes only a participation rate. When the cooperative advertising contract includes an
accrual stipulation, the manufacturer can use the accrual amount to coordinate the efforts
of one retailer while using the participation rate to coordinate the other retailer’s efforts.
Further, using a variable accrual stipulation may be preferred to the fixed accrual stipulation
under certain conditions and vice versa. The two types of accrual stipulations affect retail
prices and efforts in distinct ways and these differences may tip the scale in favor of one
contract versus the other contract under the appropriate circumstances. These conditions
and the intuition behind the results are discussed.

Overall, this dissertation contributes to the literature on horizontal and vertical marketing
relationships and enhances our understanding of distinct contractual mechanisms that can

help align the actions of various members involved in such partnerships.



CHAPTER 2: CO-MARKETING ALLIANCES

2.1 Introduction

Co-marketing alliances, such as those between Sony Pictures and Old Navy, or between
Disney and McDonald’s, are growing in popularity and involve considerable sums of money
(Ebenkamp 2007). These alliances aim to enhance the value of partner firms’ offerings to
consumers, and a notable feature is that these partnerships are governed mainly by contrac-
tual agreements (see e.g., Bucklin and Sengupta 1993, Venkatesh et al 2000, Simonin and
Ruth 1998). In the Disney-McDonald’s alliance, for instance, McDonald’s was contractually
required to spend around $20 million a year on promoting Disney’s movies along with the
McDonald’s Happy Meal!; and Disney received licensing fees to the tune of $100 million per
year (for ten years) for granting the right to use its characters as part of the promotion.
Extant research on co-marketing alliances has focused primarily on issues such as the
firms’ motivation for forming these partnerships (e.g., Rao et al 1999, Rao and Ruekert
1994), selecting suitable alliance partners (Venkatesh and Mahajan 1997) and identifying
factors that lead to a successful alliance (Venkatesh et al 2000, Bucklin and Sengupta 1993).
While this stream of work has generated valuable insights, little research attention has been
devoted to understanding the relative effectiveness of alternative contractual agreements on
the performance of co-marketing alliances. An exception is the work by Amaldoss et al
(2000) which examines, in the context of R&D alliances, how a partner’s investments in
new product development depend on the terms of the contract—they consider equal versus

proportional profit sharing agreements.

LAs a part of this promotion, Disney-movie-character toys are given to consumers who purchase a
McDonald’s-Happy-Meal, and the popularity of the movie raises the effectiveness of McDonald’s promo-
tion (Howard 1996).



We add to this literature by focusing on co-marketing alliances in which there are multiple
partners—e.g., Sony formed alliances with McDonald’s, Old Navy, ConAgra Foods and many
other partners to promote the movie Surf’s Up. In such alliances, each partner’s marketing
actions are likely to affect the outcomes generated by the other partners. For instance, Old
Navy’s efforts to promote Surf’s Up can raise the awareness/popularity of the movie; since
McDonald’s sales are also linked to the movie’s success, Old Navy’s promotional investments
can indirectly benefit the sales of McDonald’s products. The individual partners of an
alliance typically do not consider the impact of such indirect linkages while deciding on their
levels of investment; this can lead to an overall under-investment in marketing efforts® (for a
discussion of this under-investment problem in other contexts see, e.g., Lal 1990, Amaldoss
et al 2000) and can lower the value of the alliance. Therefore, it is useful to understand the
relative strengths of different types of contractual agreements in providing the appropriate
incentives to the partners.

Many factors affect the terms of the contracts employed in a co-marketing alliance and
the optimal contract will likely require a careful resolution of several important tradeoffs.
Here, we focus on the impact of information asymmetry. In the Sony-McDonald’s alliance,
for example, compared to Sony, McDonald’s is likely to have better information on how
customers in the fast food business react to promotions and therefore can more accurately
estimate the benefit (e.g., the boost in demand) it would receive from the alliance. Such
information-asymmetry issues will likely arise between Sony and the other alliance partners
as well, and can affect how the partners share any surplus arising out of the alliance.

In practice, contracts are often made contingent on one or more performance criteria,
and when information asymmetry is a principal feature of the market setting, extant litera-
ture (e.g., Basu et al 1985, Maskin and Riley 1985, Desai and Srinivasan 1995, Khalil and

Lawarree 1995, Raju and Srinivasan 1996, Mishra and Prasad 2004) suggests that varying

2Hereafter, we use the term “effort” to refer to include marketing actions such as promoting the alliance
or investing in advertising.
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the performance-criterion can alter the partners’ incentives to exert effort. Accordingly, our
goal here is to compare the relative merits of two types of agreements: those contingent on
(1) the partner’s marketing actions (e.g., level of Happy Meal promotions by McDonald’s)
and (2) the partner’s outcomes (e.g., sales levels of Happy Meals). In this comparison, we
are particularly interested in the role played by any demand linkage or externality that exists
among the partners.

In the absence of any demand externality, when contracting with an asymmetrically
informed partner (or agent), Khalil and Lawarree (1995) (KL) demonstrate that contracts
based on outputs generate superior returns to the principal. The logic underlying KL’s result
is as follows: Suppose the agent were a residual claimant—as is typically the case in any co-
marketing alliance—and the contract were contingent on monitored outputs (KL refer to this
setup as output monitoring). In such settings, the agent has discretion over the level of effort
expended on behalf of the partnership (this feature is noted in the many analyses of agency
relationships studied in marketing). Now, by contrast, suppose that inputs are contracted
upon. In such a setting (aka input monitoring), if an agent in a more productive state of
nature were to claim to be in a less productive state, then by virtue of being the residual
claimant, that agent can appropriate some of the output generated from the alliance without
sharing it with the principal (since the output is not monitored). This additional output
that the agent can pocket under input monitoring serves as a deciding factor in arriving at
KL’s main finding that the principal prefers monitoring the agent’s output rather than the
level of effort. Interestingly, though, anecdotal evidence suggests that the contractual terms
between partners in a co-marketing alliance are typically based on marketing actions rather
than on marketing outcomes: As noted earlier, in its alliance with Disney, McDonald’s was
contractually required to invest in promoting the partnership while paying Disney a fee for
the right to use its characters. Since such terms seem counter to the findings in KL, our goal

here is to explore when such contracts may be preferred.
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Accordingly, we build on KL’s adverse selection setting and develop a simple multiple
agent model—in which a focal firm contracts with two privately informed partners—to iden-
tify when a contract contingent on inputs may be preferred over an output-based contract.
Our analysis reveals that the nature of the demand externality among the alliance partners
plays a critical role in the choice between these two contract forms. Intuitively, as in the
single agent setting, when only the outputs are monitored, agents have an opportunity to
limit the efforts put forth on behalf of the alliance. Further, the presence of a positive de-
mand externality in the multi-agent setting tends to result in even lower effort levels than
in the single agent setting. As the strength of the positive demand externality goes up, the
multiple agents’ effort levels shrink to correspondingly lower levels, and the principal’s losses
(along with those of the alliance) to correspondingly higher levels.

In contrast, by monitoring inputs, the principal effectively raises the effort (or marketing
investment) levels that the multiple agents put forth. The positive demand externality,
in turn, generates more output; since the partners are residual claimants, and the principal
only monitors inputs, there is more output that can be appropriated by the partners without
sharing it with the principal. At lower strengths of the positive externality, the principal
continues to prefer output monitoring as noted in KL. When the positive demand externality
is sufficiently strong, however, the lower effort levels induced under output monitoring can
prove to be too costly for the principal; and input monitoring becomes the preferred contract
form.

In what follows, we develop and analyze a mathematical model and present more precise
conditions (involving either a positive or a negative externality) where one type of contract
may be preferred over the other. We also highlight the conditions under which the effort
levels under one type of contract dominate those in the other type of contract. By evaluating
the relative effectiveness of alternative contractual terms, our analysis adds to both the co-
marketing alliance literature as well as to the agency literature dealing with monitoring issues

in adverse selection settings.
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The rest of the paper is organized as follows: the next section reviews the relevant
literature and section 2.3 develops the model. Section 2.4 presents our analysis and results

while the final section concludes the paper. All proofs are confined to an appendix.
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2.2 Literature Review

Co-marketing alliances are contractual relationships that are undertaken by firms that intend
to enhance the value of their offerings to consumers (Bucklin and Sengupta 1993). Disney-
McDonald’s, Coke-NutraSweet, Coke-Bacardi Rum, Intel-Compaq, etc., are examples of such
alliances in the marketplace. Researchers have noted that these alliances can help signal
product quality to consumers, reach new segments, or even enhance the appeal to current
market segments ( Rao and Ruekert 1994, Rao et al 1999, Venkatesh et al 2000 and Bucklin
and Sengupta 1993). Since our focus here is on the relative effectiveness of alternative
contractual forms in a co-marketing alliance, we now discuss the literature related to the
success of these alliances.

Many factors affect the success or failure of co-marketing alliances. Bucklin and Sen-
gupta (1993), for example, find that higher payoffs (strategic value of the partnership net
of development cost) from an alliance and greater organizational compatibility between the
partnering firms impact the effectiveness of the co-marketing alliance positively. Venkatesh
et al (2000) investigate co-marketing alliances that produce a series of co-branded products
(e.g., Compaq PCs with Intel Inside), and find that such dynamic partnerships are attractive
only if the alliance can help expand the market size significantly. Next, partner selection can
clearly affect success, and in the context of a co-marketing alliance that involves a product
with branded components, Venkatesh and Mahajan (1997) discuss an analytical approach
for optimal pricing and partner selection—their focus is on whether to align with another
branded component manufacturer or with an unbranded component manufacturer.

It is worth noting that the impact of contractual agreements on the partners’ investment
(along with partner selection and other issues) has been investigated in the context of R&D
alliances (see Veugelers 1998 for a review of this literature, and Amaldoss et al 2000 and Jap

2001 for more recent work). Amaldoss et al (2000) find that the partner’s investments in
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a new product development alliance depend on the type of profit sharing (equal or propor-
tional) agreements between the partners. Similarly, in the context of complex collaborations
(such as R&D alliances), Jap (2001) finds that the profit sharing principle (equity or equal-
ity) impacts the outcomes of the alliance. Such analyses, however, are absent in the context
of co-marketing alliances. As noted in Simonin and Ruth (1998), co-marketing alliances
can arise when the partners’ brands or products are combined either physically (e.g. Com-
paq computers with Intel microprocessors) or symbolically (e.g., McDonald’s promotions
involving Disney movie characters?®).

When forming co-marketing alliances, firms typically contract with multiple partners.
When multiple partners are involved in such an alliance, each partner’s marketing actions
are likely to affect the outcomes generated by the other partners. Past research has dis-
cussed the impact of such an externality in different contexts. Amaldoss et al (2000), for
instance, show that in a joint product development alliance, each partner can free ride on
the investments made by the other partners, thereby leading to an under-investment prob-
lem in the alliance. Other research on R&D alliances (Veugelers 1998), too, shows that the
presence externalities among the partners lead to lower R&D investments. Similarly, in the
context of franchising, Lal (1990) finds an analogous under-investment problem when the
actions of one franchisee benefits other franchisees. In light of such analyses, we expect that
when there is a positive demand externality, the co-marketing alliance will also experience
an under-investment problem. Our interest, therefore, is to understand which of two types of
contractual agreements can provide the appropriate incentives to the alliance partners and
limit the under-investment problem.

As noted in the introduction, contracts are typically structured to be contingent on
various aspects of performance—this can be on marketing actions (e.g., certain amount of
funds should be devoted to advertising) and/or on marketing outcomes (e.g., on achieved

sales). Under information asymmetry though, varying the performance-criterion is likely to

3The hamburgers sold by McDonald’s do not involve any ingredient from Disney.
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alter the partners’ incentives (e.g., see Basu et al 1985, Raju and Srinivasan 1996, Holmstrom
and Milgrom 1991, Maskin and Riley 1985, Khalil and Lawarree 1995, Desai and Srinivasan
1995, Anderson and Oliver 1987 and Mishra and Prasad 2004). This stream of work employs
the agency theory framework to examine incentive problems in a variety of organizational
settings, including salesforces, distribution channels and regulatory contexts.

Notice that when proposing the alliance to potential partners, Disney, for example, offers
the right to use its movie in return for a fee and a performance requirement that partners
invest in promoting the alliance. In this setting, Disney can be viewed as a principal and the
other partners as agents who work on behalf of the principal. From that perspective, our
work is closely related to that of Khalil and Lawarree (1995)(KL). KL compare the relative
attractiveness of using a contract contingent on marketing actions to a contract contingent
on marketing outcomes in the context of a single principal-single agent setting. When the
agents are residual claimants—i.e., the output generated by an agent accrues to that agent
minus a lump sum transfer payment to the principal, as, for example, in a co-marketing
alliance—KL find that a contract contingent on marketing outcomes is always preferred to
a contract contingent on marketing actions. Our goal here is to explore the impact of a

demand externality on the optimality of such contracts.
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2.3 The Model

We consider an adverse selection model in which a risk neutral principal, P, enters into
an alliance with two risk neutral partners A and B who exert efforts e* and e” respectively?.
The output from partner k, depends on the efforts exerted by both partners and a random
state of nature®, 0* ., m € {L, H}, with 0 < 6% < 0%, k € {A, B}. Given an effort choice €'
by partner [, we denote the output from partner k by Q(e*, ¢!, 6*) where k,l € {A, B}, k #,
and this output function is assumed to satisfy the conditions® Q; > 0, Q2 > 0, Q3 > 0,
@11 <0 and @3 > 0. The cost of exerting effort e* under state 6* is given by C'(e*,6*) and
this cost function is assumed to satisfy the conditions C; > 0, Cy < 0, C7; > 0, 5 < 0 and
C(0,0%) =0VEk € {A, B}.

The sequence of events in the model are as follows:

(i) Nature moves first and chooses the productivity parameter 8* and partner k privately

observes the realization of 6*; the probability that partner £ is in state 6*

m?

denoted ¢* ,

however, is common knowledge, Vk € {A, B} and m € {L, H}.

(ii) The principal chooses the monitoring instrument, Z, where Z € {I,0} with I and
O denoting input and output respectively, and offers each partner a contract that
specifies either the pair ("' T*")—i.e., effort e*’ and transfer payment 7"’ under
input monitoring—or the pair (Q*°,7%°)—i.e., output Q*° and transfer payment 7%

under output monitoring—contingent on the monitored instrument’.

4As noted earlier, we use the term “effort” to refer to include marketing actions such as promoting the
alliance or investing in advertising.

5We assume that the price of the product sold by the partners is constant and is unaffected by the alliance.
This feature is observed in several co-marketing alliances. For example, the price set by McDonald’s for its
product (the ‘Happy Meal’) that is part of the joint promotion remains constant and does not depend on
the specific Disney movie that is promoted.

SHere and throughout the paper, we use numerical subscripts to denote partial derivatives: e.g., Q1
denotes the partial derivative with respect to partner k’s own effort e*, while Q11 denotes its second partial
derivative and ()13 denotes the cross partial derivative with 6*.

"Here, if both input and output could be observed costlessly and contracted upon, then information
asymmetry will not affect the principal’s profitability. Therefore, to highlight the relative strengths of
the two instruments, we assume that the principal can monitor only one instrument without cost. While
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(iii) The partners decide simultaneously and noncollusively whether or not to sign the con-
tract; if the contract is not signed, each partner obtains a reservation profit normalized
at zero. If the contract is signed, then each partner chooses its effort to perform as

stipulated in the contract; subsequently, monitoring and transfers occur as promised.

Under the above structure, each partner is a residual claimant and enjoys any output that
remains after making the transfer payment to the principal. In this setting, the principal’s

profits II”, can be expressed as:
" = ¢ B[T;] + (1 = ¢3) E[T] + ¢ B[T]] + (1 — ¢3) E[T}] (Eq. 2.1)

where E[T*| = ¢, T, +(1—¢',)T",, with the subscripts mL and mH on T* accommodating

m

the possibility of varying the transfer payments based on the states of both partners, k,[ €
{A,B},k#land me {L,H}.

k,Z
n|m

Given a monitoring instrument Z, Z € {I,O}, we use 7, (.) to denote k’s profit when
that partner is in state m but reports to be in state n, YVm,n € {H,L}. As in standard
adverse selection settings, for a given Z, the principal’s problem here is to design a contract
that maximizes IT” subject to the conditions that each partner receives at least its reservation
profit (equivalently, w7 > 0 k € {A, B}) while revealing the private information truthfully

as a best response to the other partner doing the same (equivalently, anfm > o2 Yk e

nlm
{A, B}). Ultimately, the principal will select that monitoring instrument which will generate
the highest expected profit.

For ease of exposition, we now focus on the following simple demand and cost structures

(in the Appendix, we show how our analysis holds for the more general demand and cost

monitoring may be costly even with one instrument, normalizing those costs to zero allows us to simplify
the exposition.
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structures outlined above):

Qek ! 05) = i + b (Bq. 2.2)
and
k2
o ) = &) (Bq. 23

where k,l € {A,B},k #1,m € {L,H} and § > 0 is the extent to which partner [’s effort
impacts partner k’s output.

With the above setup in mind, before deriving the optimal contracts under input and out-
put monitoring, we first discuss the principal’s optimization problem under full information
(where both the partners’ efforts and realized states are costlessly observed by the principal).
This ‘first-best’ solution serves as a benchmark and here, the principal only needs to ensure
that each partner receives its reservation utility; the corresponding individual rationality

conditions are as follows:

k)2
= bt o) — g > 0 (IR})
7TH|H = €euby + [6] 20k [ H] = ( H)
H

where we use Ele'] to denote ¢!, + (1 — ¢',)el.
The properties of the first-best solution are summarized in the following lemma (all proofs
are in the Appendix):

Lemma 2.1 The optimal effort levels induced under full information are such that Vk,l €
{A,B},k#1 andm e {L,H}:

ek’
g 0=0, (Eq. 2.4)
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or equivalently:
et =08 (0" +9), (Eq. 2.5)

and the optimal transfer payments are given by

k k Nk 1 (ek )2
E[T}] = ¢k,05 + S Ele] = o, (Eq. 2.6)

k
m

aC ek .

At the above solution, notice that €, = 53 = 3 is the marginal cost of effort and @, =

9Q

k
dey,

= 0" is its marginal revenue. Since the externality is positive (6 > 0), we can see
from equation (Eq. 2.4) that the principal optimally induces each partner to exert an effort
level such that its marginal revenue is less than the marginal cost. Without the principal’s
intervention, however, the partners would prefer to exert an effort level such that its marginal
cost equals the marginal revenue. Hence, under a positive (negative) externality, the principal
induces the partners to exert more (less) effort than the partners would prefer to exert when
left to themselves. Finally, notice that each partner is restricted to exactly its reservation

profit.

2.4 Analysis and Results

In this section, we first develop the principal’s optimal contract under input monitoring
and output monitoring in that order. Subsequently, we compare the two monitoring regimes
and characterize when the principal will prefer input monitoring over output monitoring.

This comparison is first conducted when the partners’ demand functions exhibit a positive
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externality. Later, we show how the optimal monitoring regime changes when the demand

functions exhibit either no externality or a negative externality.

2.4.1 Input Monitoring

When the principal uses input monitoring, each partner can commit to a certain effort level
while lying about the state. For example, a partner in the higher state could report being
in the lower state, and thereby benefit from being required to commit to a lower effort level
(corresponding to the lower state). In the Disney-McDonald’s alliance, for instance, it is in
McDonald’s interest to lower the payments made to Disney. One way to effect this is to
claim that the promotion may not be too effective—thereby reducing Disney’s estimate of
the boost in demand and subsequently on how much of the combined profit is transferred to

Disney. The partner’s profits under the various state-disclosure conditions are given below:

k

2
it = bt +omle] — BX g (Eq. 27

m

where k,l € {A, B}, k # [ and 71'2];1 is partner k’s profits when the partner is in state m and
reports state n (m,n € {H,L}). The principal’s problem under input monitoring, [P-IM],

is:

Max
" (Eq. 2.8)
{e,T}
subject to  mph >0 (IR:)
and Torim = T V' k€ {A, B}, m,n € {L, H} (ICED

The properties of a solution to the above problem are summarized in the following Lemma.
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Lemma 2.2 At the solution to [P-IM], Vk,l € {A,B},k # 1 and m € {L,H}, a partner
i the lower state is restricted to its reservation utility, while a partner in the higher state

accrues the following rents, denoted R} :

’ ’ ’ . (ek,I)Q (ek,I)Q
Ry = ley'o) - eytor) + | GBS - (L
Further, the optimal effort levels satisfy these conditions:
elzvl k k k 6121 k
@ — ¢L5 =+ ng ‘9H - % == QL’ (Eq 29)
TN
or equivalently:
et =L Qg—gb;@f A <080k +9), (Eq. 2.11)
et =0 (05 +9), (Eq. 2.12)
and the optimal transfer payments are given by
(ek,1)2
E[TF] = eb'0% + §Ele"'] — —= (Eq. 2.13)

20k
(ek,I)Q (ek,1)2 (ek,1)2
E[Ty") = €0y +0B[e"] = o= — ety —e'0] — | 5o — =g |- (Ba- 2.14)
H L H

As in the solution to the standard adverse selection problem, notice from the above
lemma too that the principal induces the higher type partner to exert the first-best level of
effort while inducing a partner in the lower state to exert lower than the first-best level. This
result arises because, first the rents accruing to the partners reduce the principal’s profit;
further, these rents are positively affected by the effort exerted by the partner in the lower

state (since

k
8;% > 0). Consequently, the principal optimally lowers the effort exerted by
L

the partner in the lower state. It is also worth pointing out (for later comparison) that the

rents can be sorted into two components:
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(i) rent due to extra output [e%’0% — e%0%] that is not shared with the principal when

misrepresenting the state and

k,I k,I
(6L k)2 _ (6Lk)2
207 20%;

(ii) rent due to lower cost of effort when misrepresenting the state.

Finally, from the effort levels listed in Lemma (4.7) we can see that when the externality ¢

becomes larger, the principal would require the partners to exert higher levels of effort (i.e.,

k,I
Oe;
a8

k,I
KIS 0). Further, when the effort levels under the low state increase, each

> 0 and 5

of the rent components listed above also increase; hence, an increase in § would lead to an

increase in rents.

2.4.2 Output Monitoring

Here, the principal specifies and monitors the output produced by each partner. Recall that
the output Q(.) produced by partner k& depends on the effort exerted by both partners as
well as the state of 6. Consequently, given a level of effort exerted by the other partner,
and truthful revelation of private information, we can compute partner k’s required effort
to produce any specified output level. In other words, the pair of contracts (Q*°,T*°) and
(QP°, T"°) can be expressed equivalently in terms of efforts as (e*?, 7*°) and (e”°,T"°),
where the €"°s are obtained by simultaneously inverting the demand functions of the two
partners®. This equivalence facilitates comparing the two monitoring regimes (KL follow a
similar approach) and in what follows, we will assume that the principal monitors the output
and specifies the required (but unmonitored) input for the two partners.

Now, since partner k observes the realization of 8* privately, there is an opportunity for
that partner to misrepresent its private information. For example, when a partner is in the

higher state but reports being in the lower state, it benefits from being required to produce a

8For more details on this equivalence, please see the Appendix.
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lower output; the required output will be Q(e¥ ¢!, 02) = ek 0% + de' instead of Q(eh,, €', 04) =

ek 0% 4 0e'. Since Q5 > 0, k selects an effort level, €%, such that Q(é¥,, e',0%) = Q(ek, e, 0%),

k gk
er0r
13
O

or equivalently, €% 0% + de' = ek0; + de', with e}, = < e. Hence, the partner’s profits

under the various state-disclosure conditions are:

7O = Qe 08) — Clet, 05) — BITE] = et 5+ 6B[e] — 2l _ pre) (Bq. 2.15)

" o 20,
(6k9k>2
Wi = Qe 05) — O(@L, 04) — BITY] = elf: + 0Ble') — s — BT (Eq. 2.10)

The principal’s problem under output monitoring, denoted [P-OM], can be expressed as

follows:

Max
1 (Eq. 2.17)

{QT}
subject to ' >0 (IR:°)
and T = T ¥ k€ {A, B}, m,n € {L,H} (ICE?)

The properties of a solution to the above problem are summarized in the following Lemma.

Lemma 2.3 At the solution to [P-OM], Vk,l € {A,B},k # 1 and m € {L, H}, a partner
in the lower state is restricted to its reservation utility, while a partner in the higher state

accrues the following rents, denoted R%°:

RLo = (6’2"’)2_(6’2’092)2} [(6’2’0)2 (6?‘0)2}

20" 2(6%) 205 20%
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Further, the optimal effort levels satisfy these conditions:

er?(0.)"\ _

—5=0", (Eq. 2.19)

k,O
6L

k
eL
eho

05

g6+ (0§ -

or equivalently:

o _ @(05)%07(0 +07)

= 0% (6% + 06 Eq. 2.2
6L (0;;{)3 . gb;;[(@}i)g < L( L + )7 ( q 0)
e =050y +9), (Eq. 2.21)

and the optimal transfer payments are given by
(ek,0>2
E[T}°] = eb°0% + 0E[e"°] — QLT’ (Eq. 2.22)
L
k,0)\2 k,0)2 k,Oek)Q
ETk,O — k,Oek E 1,071 (eH ) _ (eL ) _ (eL L . E . 22

Analogous to the input monitoring case, here too the principal induces a partner in the
higher state to exert the first-best effort level while inducing a partner in the lower state to
exert lower than the first best effort level. Further, the rents accruing to the higher state

partner can be sorted as follows:

F0y2 ek Ogky2 .
(i) rent due to lower effort [( QL@k) _{ 2L(9k0)L3) } needed to generate the output when mis-
H H

representing the state and

k,0\2 k,0\2
(ii) rent due to lower cost of effort [(egek) — (EQLGk) } when misrepresenting the state.
L H

Again, we can see that as the externality parameter becomes larger, the principal would

k,O
Oey;
o)

k,O
require the partners to exert higher levels of effort (i.e., 866—% > (0 and > 0). Finally,
when the effort levels under the low state go up, each of the rent components listed above

also go up; hence, an increase in 0 would lead to an increase in rents.
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2.4.3 Comparing Input and Output Monitoring

Begin by noting that the principal can induce the optimal effort levels of output monitoring
(i.e., em9 reported in Lemma 3) under the input monitoring regime with appropriate transfers.
More specifically, under input monitoring, Vk,l € {A,B},k # | and m € {L,H}, the

following transfers will induce partner k to exert ef©:

k,0)2

E[Tfl] — elz,oelz + 6E[€Z,O] _ %7 (Eq 224)
k,0\2 k,0)2 k,0)\2

E[T}"] = 520 + 0B[e"°] - —(Z’;k) = [€1°0, — er0;] - [(egek) - %@)k) } - (Fq. 2.29)

Next recall the transfer payments for the output monitoring regime from Lemma 3:

ETk,O _ k,Oek (SE 1,071 __ (6270)2 E 22

[T1] = €28} + 0[] — L, (Eq. 2.26)
(€0 [ _ (e1o8))°

E[T:°] = €00, + 0E[e"?] — 2w e @) | (Eq. 2.27)

With the transfers specified in equations (Eq. 2.24)-(Eq. 2.25) and in equations (Eq. 2.26)-
(Eq. 2.27), identical effort levels are exerted by the partners under the two regimes. If
input monitoring is more profitable than output monitoring when e* is induced, then input
monitoring will be at least weakly better than output monitoring at the optimal effort levels
under input monitoring (i.e., at e’ from Lemma 2). Note that this approach generates a
sufficient condition for input monitoring to be preferred. Comparing the principals’ profits
(using the transfer payments in (Eq. 2.24)-(Eq. 2.25) and (Eq. 2.26)-(Eq. 2.27)), we see that

the transfer payments are identical under the low state condition and the difference in profits
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comes from the transfers under the high state.

5! — I17° = CZS?I ([(6370)2 . (62’0)2(9?)2] _ 6A,O<02 _ 92)) +

205 2(05)° -
s ([(eP0)2  (eF0)(07)? o
¢H<[ 202 2(02)® }_% (9H—9L))- (Eq. 2.28)

From equation (Eq. 2.28) we can see that input monitoring is more profitable than output

monitoring if the following conditions hold simultaneously.

2[(05)° — (02)°] — ¢2(62)*(05 — 07)
P02 (075 +07) ’
(Eq. 2.29)
2[(07)° — (02)°] — 02(62)*(05 — 07)
PpOr (05 + 67) .
(Eq. 2.30)

(e29) _ (exP(02)%] _ aorpa _ ga
{292 2(02)? e, —60)>0 = §>

er?)? (elP0)] _ soppe _ po
(0 O] oy g0 o

Define:

R { 2((04)° — (62)°]) = 62(02(0 — 02) 2[(63)° — (62)°) — 62(62)(605 — 62) }
PRO2(05 +07) ’ QLo (05 +67) '

(Bq. 2.31)

Proposition 2.1 When the positive externality parameter is sufficiently large (formally,

such that 6 > &%), input monitoring is more profitable than output monitoring.

From Lemma 2 we know that the rents accrued to the partner under input monitoring have
two components : rents due to extra output, and rents due to lower cost of effort. Similarly,
from Lemma 3, we know that the rents under output monitoring have two components:

rents due to lower effort, and rents due to lower cost of effort. Now the rents from the
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lower cost of effort are identical (for a given level of effort across regimes). Consequently,
we can see from (Eq. 2.29) and (Eq. 2.30) that the difference in the principal’s profit arises
from the difference in rents due to lower effort (which is the source of additional rents under
output monitoring) and extra output (which is the source of additional rents under input
monitoring). We also know that the principal induces the partners to exert higher effort
as the magnitude of the demand externality parameter becomes larger. At higher levels of
effort, the rents under output monitoring (arising out of cost savings due to lower effort)
become larger at a faster rate than the rents under input monitoring. Therefore, when the
demand externality is sufficiently strong ( i.e., § > d*), the rents under output monitoring
dominate those under input monitoring, and the principal prefers the latter regime.

It is worth recording how the parameters, % (denoting the productivity state of partner
k) and ¢ (the probability of being in the lower state), k = A, B, and m € {L, H}, affect
the critical externality parameter 6*. It is easy to show that ¢* becomes smaller as (a) 6%
becomes larger; (b) % becomes smaller; and (c) ¢t becomes larger. The intuition underlying
these comparative statics results can be explained as follows.

Under output monitoring, when the productivity level in the lower state of nature, 65, be-

(L) _ (020}
205 2(60%)3

comes larger, the rents arising due to lower effort ( denoted here by R*© =

are affected in two ways:

(i) First, an increase in 6% would raise the partner’s effort when lying about its state

k pk sk
R 1 ) 92y
(recall: e*, = o and T

> 0). Hence, the direct impact of an increase in 6% is to

= . pkO
lower R*® (in other words, % < 0).
L

(ii) Further, at a higher 6% the partner will be induced to exert a higher level of effort in
dey,

the lower state as well (since 7ok > 0), and we know from Lemma (2.3) that % > 0.
L
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. . k . . . . kO ORKO Oey,
Consequently, a raise in 6% has the effect of indirectly raising R*° (because, der 06F

0).

Analogously, under input monitoring, the rents arising due to extra output (evaluated at the
optimal output-monitoring effort levels and given by R* = e%°(6* — ")) are affected in two

ways:

(i) First, an increase in #* would directly lower R* since (6% — 6*) goes down.

(ii) At the same time, however, the principal would require the partners to exert higher

effort levels (since g% > 0); and from Lemma (4.7) we know that %’ZI > 0. Conse-
L

.. . . . = pkl
quently, raising 6% indirectly raises R* (because, aa%g% > 0).
L

Interestingly, the rates at which R*® and R* change with e, and 6* follow this pattern:

aRkO

Ter . The implication of these patterns is that the difference in

< SRk d ‘aRkO

ey, 89,’3

‘ ORKI
0%

rents, R*® — R is increasing in #*. Since § > §* ensures that R*® — R*’ > 0, it follows that
a smaller 0* is sufficient to achieve the same result when 6% is larger. Hence, 0* is decreasing
in #%. Using an analogous set of arguments and comparisons, the impact of 8%, on ¢* can be
explained (it is in a direction opposite to the effect of 6%).

Consider what happens when the probability ¢%, that the partner & is in the lower state

0%, becomes larger: first, the principal would induce the partners in the lower state to exert
dey,
ook

. . aRkO 86L
monitoring (because % — 25 o

greater effort (since > () ); this in turn would raise the rents under both input and output

ORFI Oej,
0

> 0 and ook

> 0). Next, recall that a given increment in

effort would lead to a greater increment in the rents under output monitoring than under

. o . RkO kI . . _ _
input monitoring (since % > ‘961; > 0). Hence, the difference in rents, R*® — R* is
increasing in ¢*. Consequently, a smaller 6* is sufficient to ensure R** — R* > 0. Finally, in

our setting, an increase in ¢4 is identical to a decrease in ¢4, (since ¢*, =1 — ¢%); therefore,

an increase in ¢% would result in raising 0*.
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Translating the above to the multi partner co-marketing alliance (such as the alliance
between the focal firm Disney and the partnering firms, McDonald’s, Old Navy, Kellogg’s,
and others), we note the following: when 6 > 0%, marketing efforts (e.g., promotion and
advertising investments) by one partner accrue significant benefits to the other partners as
well. In such a setting, if Disney were to employ contracts contingent on the partner’s sales,
it will be detrimental to the health of the alliance because the partners will limit their efforts.
Further, either if the states of productivity are not too different from one another, or if the
chance of the lower productivity state is higher, then Disney should be that much more

inclined to adopting contracts contingent on marketing actions.

2.4.4 Either Negative Externality or No Externality

So far, we considered the impact of a positive externality between the partners in a co-
marketing alliance; here, we discuss the impact of either a negative externality or no exter-
nality(i.e., § < 0). Such settings can arise, for example, when the partner firms are in closely

related product categories®.

Proposition 2.2 When there is either a negative externality or no externality among the
partners, a contract that is contingent on marketing outcomes is more profitable than a

contract that is contingent on marketing actions.

9In the co-marketing alliance between Lucasfilm, Burger King, Kraft Foods, Dr Pepper, Expedia and
others (that involved Lucasfim’s movie “Indiana Jones and the Kingdom of the Crystal Skull”), some of the
alliance partners are in closely related product categories—Burger King and Kraft Foods (Kraft Lunchables)
cater to consumers (more specifically children) in the fast food category. Consumers often operate on limited
budgets and limit the number of purchases in any given category—anecdotal evidence from the fast food
industry suggests that families limit Happy Meal purchases to about 3 times in a month. Therefore, when
two firms operating in related product categories invest in promoting the alliance, each firm’s promotions
can take the sales away from the other firm, and can counter the benefit arising from promoting the movie.
If the negative impact of the partners’ marketing efforts is sufficiently strong, it can result in a net (zero or)
negative externality.
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This result stems from the fact that when the effort exerted by the partners exhibits a
(weakly) negative externality, the principal finds it attractive to induce the partners in the
lower state to exert (weakly) lower marketing effort, thereby reducing the negative impact
of each other’s effort on their respective outputs. At these lower levels of marketing efforts,
the marginal benefit from output dominates the marginal cost of effort irrespective of the
magnitude of the externality (as long as the externality parameter, ¢ is weakly negative).
Consequently, the rents to the partners resulting from extra output (under input monitoring)
are greater than the rents to the partners resulting from lower effort (under output monitor-
ing). Hence, from the principal’s perspective, a contract contingent on marketing outcomes
is preferred to a contract contingent on marketing actions. This result is consistent with the
findings of Khalil and Lawarree (1995) who compare input and output monitoring in the

context of a single principal contracting with a single agent (and therefore no externality).

2.4.5 Comparing the Effort Levels Under Input and Output Monitoring

In the previous sub-sections, we have shown that when the externality amongst the partners
is positive and sufficiently strong, the principal in a co-marketing alliance would prefer a
contract contingent on marketing actions over a contract contingent on marketing outcomes.
Here, we focus on the conditions when a monitoring regime will result in higher levels of
effort on behalf of the alliance. From the discussion in the previous sections, we know that
the principal, under both input and output monitoring regimes, induces the partner in the
lower state to exert lower effort compared to first best levels (in contrast to the partners in
the higher state who always exert the first-best levels).
Defining
(0%)° — (67)° — ¢,05(01)

= Eq. 2.32
o005 —05) (. 232

S
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we show in the appendix that when § > ¢, the optimal effort levels under input monitoring
dominate those under input monitoring. It is worth recalling that, as shown in equation
(Eq. 2.28), the difference in the principal’s profits under input and output monitoring de-
pends on the difference in the rents due to lower effort and the rents due to extra output. In
contrast, it is sufficient!? for the marginal-rents-due-to-lower-effort to dominate the marginal-
rents-due-to-extra-output for input monitoring to induce greater effort levels. Since the rents
due to either the lower effort or the extra output are monotonic, a smaller positive external-
ity, 0 (< 0%), is sufficient for ¥’ > ¢© (than for II*" > I17°). In terms of the co-marketing
alliance setting (such as the alliance between Sony and say the partners McDonald’s and
Old Navy), this result indicates that there are two levels of thresholds for the strength of
the positive demand externality. When the lower of the two thresholds is exceeded, the
partners can be expected to invest more heavily into the alliance under input monitoring;

this however is not sufficient for Sony to prefer input monitoring; instead, other conditions

(e.g., breaching the higher threshold) also need to be satisfied.

2.5 Conclusion

In forming co-marketing alliances, companies such as Sony often contract with multiple
partners (e.g., McDonald’s, Old Navy). In such alliances, there are often demand externali-
ties, in the sense that the marketing investments of one partner (e.g., Old Navy) on behalf
of the alliance (e.g., involving Sony’s Surf’s Up movie) are likely to impact the sales of the
other partner (e.g., McDonald’s who is selling its Happy Meals with Surf’s Up toys). When
these partners benefit from each other’s investments, they all tend to under invest in pro-

moting the alliance and thereby reduce the payoffs from the alliance. Clearly, the alliance’s

10See the appendix for all proofs.
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promoter (e.g., Sony or Disney) has an incentive to ensure that the alliance partners put
forth appropriate levels of marketing effort. Accordingly, the central question we addressed
in this research is: “What is the relative effectiveness of two types of contracts in ensuring
that the partners invest appropriately in promoting the alliance?”

We developed an analytical model to compare two types of contracts—one that hinges on
observing the partner’s marketing actions (input monitoring) versus another that hinges on
observing the marketing outcomes generated by the partners (output monitoring)—between
a single principal (e.g., Disney) and multiple partners (e.g., McDonald’s and Kellogg’s).
We find that the presence of a substantial positive externality among the partners in a
co-marketing alliance is likely to tip the balance in favor of input monitoring. When the
magnitude of the externality is not too strong (or for that matter negative), then output
monitoring is likely to be preferred. This research suggests that firms such as Disney and
Sony must be mindful of the magnitude of any externality among the (potential) partners
in determining the terms of the contract offered to the partners.

Directions for further work include examining settings when the externality among the
agents is asymmetric, i.e., when the actions of some partners present a positive externality
while the actions of other agents do not; in such contexts, we anticipate that the required
externality among the partners has to be even larger (than what we reported) to make a
contract contingent on marketing actions to be more profitable. It will also be worthwhile
to investigate the impact of correlated private information (e.g., see Demski and Sappington

1984) among the partners.
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CHAPTER 3: COOPERATIVE ADVERTISING WITH
SYMMETRIC RETAILERS

3.1 Introduction

Cooperative advertising is an common arrangement between members of a distribution chan-
nel whereby upstream channel members (e.g., manufacturers) reimburse a portion of the
advertising costs of downstream members (e.g., retailers). Manufacturers often offer such
cooperative advertising contracts as an incentive for the downstream retailers to increase
their local advertising levels. Cooperative advertising is widely used by manufacturers and
by one estimate, about $30 billion was used in 1998 for cooperative advertising (Davis 1999).
Cooperative advertising contracts specify the percentage (called the participation rate)
of advertising costs that are reimbursable and also specify limits (called the accrual rate)
on the total reimbursement offered. The accrual rate specified by the manufacturers can
either be a fraction of the purchases made by the retailer (wholesale receipts) or a fixed
dollar amount. Dutta et al (1995) report that participation rates vary between 25 and 100
percent, with 50 and 100 percent being commonly used. With regards to the accrual rate
linked to wholesale receipts, Dutta et al find that participation rates vary between 0.003 to
33 percent of wholesale receipts. While Dutta et al are silent on the fixed accrual rates, there
are examples! of manufacturers using a fixed dollar amount as an accrual rate as well.
When multiple retailers sell products from a common manufacturer, each retailer’s ad-
vertising levels affect the demand faced by the other retailers. When each retailer selling the

same end product advertises the product, other retailers can also benefit from this effort.

'For example, Aquarium Pharmaceuticals Inc. offers a cooperative advertising program to pet stores
selling its products. As part of this program, Aquarium Pharmaceuticals reimburses 50% of the cost of
advertisements that include its brands and this reimbursement limited to a maximum of $75 per retailer.
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This positive externality causes each retailer to free-ride on other retailer’s effort and leads
to an overall reduction in the levels of advertising. The reduction in the overall levels of
advertising decreases the total demand for the manufacturer’s product and in turn hurts the
manufacturer’s profits. In order to combat the free-riding of the retailers, manufacturers can
offer cooperative advertising contracts that offset some of the retailer’s advertising expenses
and thereby provide an incentive to increase their overall levels of advertising. In this paper,
we investigate the use of the cooperative advertising participation rate and the two types
of accrual rates in their effectiveness to provide the retailers with appropriate incentives to
increase their levels of advertising.

While previous research on cooperative advertising focused on the use of a single partic-
ipation rate (Bergen and John 1997, Huang et al 2002, He et al 2007), to our knowledge,
our work is the first attempt to understand the impact of the two types of accrual rates on
retailer’s advertising levels. As Dutta et al (1995) report, many firms use a combination of
participation and accrual rates in their cooperative advertising contracts. Given the preva-
lence of the use of these two types of contracts, it is important to investigate the impact
of these contractual variables. Hence this work contributes to the literature by providing
an understanding of the various types of contractual mechanisms available to manufacturers
and provides guidelines for the use of these contracts.

In this research, we consider a manufacturer selling its products through two symmetric
independent retailers. The retailers face positive advertising externalities and in the absence
of any cooperative advertising contract, under invest in advertising. We then show that
the manufacturer can use a cooperative advertising contract that only includes a single
participation rate offered to both the retailers to increase the overall levels of advertising. The

retailers, left to themselves, only consider their own benefit from the advertising investments
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they make (while ignoring the overall benefits to the channel). This leads to the retailers
investing in lower levels of advertising than what is preferred by the manufacturer. When
the manufacturer offers the retailers a cooperative advertising contract that reimburses part
of their advertising expenses (participation rate contract), the retailer’s marginal cost of
advertising is lowered and they find it attractive to increase their investments in advertising.
The manufacturer can choose the participation rate such that the retailers increase their
advertisements levels to that preferred by the manufacturer. Hence, the manufacturer uses
the participation rate to align the interests of the retailer with the interests of the channel.
We derive the optimal participation rate required to align the retailers’ interest with that
of the channel for a very general demand structure, without making specific assumptions
regarding the functional form of the demand faced by the retailers. Hence, this provides a
useful analytical tool to determine the participation rates in a variety of settings.

Next, we show that the manufacturer can also achieve coordination in the channel by
using a combination of the participation rate and either of the two types of accrual rates.
When the manufacturer uses an accrual rate in addition to the participation rate, the manu-
facturer can set the participation rates at higher levels than that required to coordinate the
channel under the participation rate contract. This provides the retailers with an incentive
to increase their advertising levels by a greater amount than under a single participation rate
contract. The manufacturer then limits the total reimbursement to the retailers by using an
accrual rate that is either a fixed amount or a fraction of the wholesale receipts from the
retailer. While the retailers have an incentive to increase advertising to levels beyond what
is sufficient to coordinate the channel, the manufacturer uses the cap on reimbursement to

limit the retailer’s advertising to the channel coordinating levels. Hence, the manufacturer
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can use both the participation rate and the accrual rate to achieve the same result achieved
through the use of a participation rate alone.

While the two types of accrual rates can help coordinate the advertising levels in the
distribution channel, each type of accrual rate has a unique impact on retail prices and
advertising levels. The accrual rate that is set as a fixed amount has a positive impact on
retail prices. As the manufacturer increases the fixed cap, retailers tend to increase prices.
Since the increases in the fixed cap induces the retailers to increase their advertising levels,
the increase in the advertising levels in turn leads the retailers to increase retail prices. While
this indirect impact of the increase in advertising levels on retail prices also exits when the
manufacturer uses an accrual rate linked to wholesale receipts, the increase in the accrual
rate also has a negative direct impact on retail prices.

When the manufacturer uses an accrual rate linked to wholesale receipts, unlike the
fixed accrual rate scenario, the retailers can influence the cap on reimbursements through
their choices of price and effort levels. As retailers decrease prices (or increase effort), retail
demand goes up and in turn the wholesale receipts go up. This leads to an increase in the
cap on cooperative advertising reimbursements. Hence, as the manufacturer increases the
accrual rate linked to wholesale receipts, the retailers may find it attractive to decrease retail
prices and thereby further increase the cap on reimbursements. As the accrual rate increases,
the increase in the cap for a unit decrease in retail prices is higher (compared to when the
accrual rate is lower). Hence, the net effect of an increase in accrual rate linked to wholesale
receipts may lead to a reduction in retail prices as opposed to an increase in retail prices
(that occurs under the fixed accrual rate contract). In what follows, these and other such

unique effects of each type of accrual rate are discussed in detail.
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The rest of the chapter is organized as follows: the next section reviews the relevant
literature and section 3 develops the model. Section 4 presents our analysis and results

while the final section concludes the paper. All proofs are confined to an appendix.
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3.2 Literature Review

The literature on cooperative advertising is part of the broader stream of literature on
vertical control in distribution channels. In a distribution channel, the downstream firms
(e.g., retailers) do not always make decisions (prices, quantities and efforts) that are favorable
to the upstream players (e.g., manufacturers). Hence, upstream channel members tend to
use various contractual provisions like nonlinear wholesale prices, territorial restrictions,
quantity limits and retail price restrictions to induce the downstream members to make
decisions favorable to the upstream members. The various vertical controls used by upstream
channel members can be broadly classified (Ray and Tirole 1986, Ray and Verge 2005)
into two categories : 1) payment schemes and 2) provisions limiting the parties’ rights.
Contractual provisions in the payment schemes category include non-linear tariffs, royalty
payments, cooperative advertising, among others. Contractual provisions that limit some of
the downstream members rights include Resale price maintenance (RPM), quantity fixing
and exclusive territories.

The need to exert control on downstream channel members may arise due to presence
of three sources? of externalities in the distribution channel. The first externality arises due
to standard double marginalization problem. In a typical distribution channel, each channel
member’s selling price includes a mark up over their costs. The mark up added by down-
stream channel members makes final prices to consumers to be higher than what upstream
channel members prefer. This coordination problem is termed as the “double marginaliza-
tion” problem and was formally analyzed by Spengler (1950). Since each channel member
does not take into account the impact of their mark up on the other channel member’s prof-

its, the mark up by downstream channel members results in an externality to the upstream

2see Mathewson and Winter (1984) for a detailed discussion of these externalities.
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channel members. The second externality can arise due to intrabrand competition. When
multiple downstream members (retailers) sell the same product to end consumers, the price
charged by each retailer presents a positive externality to the other retailers. Hence, an
increase in price by one retailer increases the demand for the other retailers selling the same
product. This horizontal price externality tends to push retail prices to levels that are lower
than what upstream channel members (manufacturers) prefer. The third source of exter-
nality can arise due to advertising/effort spillovers amongst downstream channel members.
When each retailer selling the same end produce exerts sale effort or advertise the product,
the other retailers can benefit from this effort. This positive effort/advertising externality
causes each retailer to free-ride on the other retailers effort and leads to an overall reduction
in advertising/sales effort.

The use of two-part tariffs — that involve charging a fixed fee and a constant per unit
wholesale price — and quantity discounts that provide increasing rebates on the quantity
purchased have been shown to reduce or eliminate the double marginalization problem (Jeu-
land and Shugan 1983, Zusman and Etgar 1981, Ingene and Parry 1995 and others). The
use of resale price maintenance provisions (RPM) that limit the maximum retail price or the
minimum retail price charged by downstream retailers is also shown (Ray and Tirole 1986)
to be useful in combating the double marginalization problem when the downstream demand
is uncertain. Limiting retail prices restricts downstream members from changing the retail
price due to a demand shock (change in demand). Ray and Tirole (1986) show that the
use of two-part tariff is preferred to RPM under cost uncertainty while RPM is preferred to

two-part tariff under demand uncertainty.

40



When manufacturers face horizontal price externalities amongst retailers as well as the
externality due to double marginalization, Mathewson and Winter (1984) suggest that man-
ufacturers can use either a two-part tariff with exclusive territory clause or a two-part tariff
with a price floor restriction ( a form of RPM) to mitigate the effects of the two external-
ities. Under exclusive territory clauses, each retailer is assigned the exclusive rights to all
consumers within a territory. The use of exclusive territories removes the retailer’s incen-
tive to cut prices and the two-part tariff can resolve the double marginalization issue. On
the other hand, the manufacturer can use a price floor contract that restricts the retailers
from lowering prices below a level set by the manufacturer to combat the horizontal price
externality and then use a two-part tariff to eliminate the double marginalization problem.

Ray and Stiglitz (1995) show that exclusive territory clauses also affect interbrand com-
petition amongst competing producers (or manufacturers). The authors show that the use
of exclusive territories raises equilibrium prices and profits for each producer. While the use
of a two-part tariff combined with exclusive territory clause can coordinate the channel, the
extent to which the two-part tariff, specifically the fixed fee, can extract the surplus from
downstream retailers can sometimes be legally limited due to limited liability clauses. In
this scenario, Desiraju (2004) shows that upstream channel members can sometimes prefer
to induce intrabrand competition by the use of nonexclusive territories rather than try to
coordinate the channel by reducing intrabrand competition by imposing exclusive territories.
The author shows that when the downstream member’s surplus cannot be fully extracted,
the use of nonexclusive territories may be preferred over exclusive territories.

In scenarios where manufacturers face effort free riding by downstream retailers (along
with double marginalization and horizontal price externalities), Mathewson and Winter

(1984) show that the manufacturer can coordinate the channel by using either a two-part

41



tariff and a retail price floor (RPM) or by using a retail price floor along with a restric-
tion on the quantity purchased by the retailers (quantity fixing). While the use of a RPM
and exclusive territory contracts seems to be useful in achieving coordination, several re-
searchers (Mathewson and Winter 1983,Dutta et al 1999) have pointed out conditions under
which these restrictions have a positive impact on social welfare and others (Ray and Ti-
role 1986,Mathewson and Winter 1983 Ray and Stiglitz 1988) have pointed out conditions
under which the restrictions have a negative impact on social welfare. In terms of the U.S.
competition policy towards vertical restraints, resale price restraints are illegal per se and
territorial restrictions are evaluated on a case by case basis®. Two-part tariff and quantity
discounts are deemed legal as long as all downstream channel members are treated equally.

When upstream manufacturers cannot include territorial restricts due to legal restric-
tions (or due to prohibitive monitoring costs), manufacturer’s can use cooperative advertis-
ing (coop) contracts that offset downstream retailer’s advertising expenses to combat the
free-riding externality. Under the cooperative advertising contract, manufacturers offer to
reimburse a portion of the retailers advertising expenses. The fraction of advertising cost
being reimbursed is referred to as the participation rate. Berger (1972) was the first to
analyze the benefits of cooperative advertising and provided a quantitative methodology to
determine the parameters of a cooperative advertising contract. In his model, Berger models
the cooperative advertising contract as a wholesale price discount. Dutta et al (1995) con-
duct an empirical investigation into the variations in the contractual terms of cooperative
advertising contracts. They find that manufacturers use a participation rates for cooperative
advertising contracts vary between 25 and 100 percent of the retailer’s costs, with 50 and 100

percent being most commonly used. The authors note that in addition to the participation

3See Ray and Verge (2005) and Dutta et al (1999) for a discussion of the legal issues relating to vertical
restraints.
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rate, manufacturers often specify an accrual rate — a limit on the total reimbursement that
the manufacturer is willing to offer to the retailers. The authors note that these accrual
rates are part of almost all cooperative advertising plans and that the accrual rate is set
as a percentage of purchases made by the retailers (wholesale receipts). The authors find
that both the accrual and participation rates are higher for consumer products versus indus-
trial products and within consumer products, the rates are higher for convenience products
compared to non convenience products.

Bergen and John (1997) study the impact of advertising spillover, retailer differentia-
tion and manufacturer differentiation on the participation rates in cooperative advertising
contracts. The authors show that manufacturers can use a two-part tariff and a coop par-
ticipation rate to achieve vertical integration profits. The authors consider symmetric re-
tailers that are vertically differentiated and do not consider the impact of the accrual rate
on retail behavior. Huang et al (2002) investigate the use of cooperative advertising in a
manufacturer-retailer supply chain by considering both national brand name investments by
the manufacturer and local advertising by the retailer. In this context, the authors analyze
both manufacturer-as-leader and partnerships advertising structures. Huang and Li (2001)
investigate a cooperative advertising model in the context of a non cooperative simultaneous
move game between the manufacturer and the retailer (in addition to the game structures
considered in Huang et al 2002). Karray and Zaccour (2007) investigate the role of coopera-
tive advertising contracts when both upstream and downstream competition exists. In this
context, the authors find that cooperative advertising contracts increase retail advertissment
levels. In addition, the authors show that cooperative support rates offered by manufacturers

to retailers increase as brand competition intensifies and store competition decreases.
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In a dynamic setting, Jorgensen et al (2001) show that the use of a cooperative advertising
contract can coordinate the channel. The authors assume that advertising has both short and
long terms effects on retail sales and the manufacturer in addition to subsidizing the retailers
local advertising, also invests in national advertising. He et al (2007) investigate cooperative
advertising strategies in a stochastic Stackelberg differential game setting. The authors
provide in feedback form, the optimal advertising and pricing policies for the manufacturer
and the retailer.

While the two streams of literature (static and dynamic) on cooperative advertising
investigate several important issues, none of the articles studies the impact of the two types of
accrual rates. In this sense, our work contributes to the literature on cooperative advertising
and in turn to the literature on vertical control by systematically investigating, in a general

setting, the role of accrual rates in cooperative advertising contracts.
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3.3 The Model

We first describe the model that incorporates no cooperative advertising strategies and later
discuss how the basic model changes with the use of cooperative advertising contracts. We
consider a single manufacturer M that sells its products through two retailers R' and R2.
The demand faced by retailers R! and R? is denoted by Q' = Q'(p1,po, €1,¢2) and Q? =

Q?(pa, p1, €2, €1) respectively. The demand functions have the following properties

8@ <O7 8p g_g
8Q>0,%§>OandaQ>aQ Vi,je{1,2},i#j (Eq. 3.1)

Where p; and e; are the price charged and effort (advertising) expended by retailer R?. The
cost of effort to retailer R’ is given by G* and is assumed to be increasing and convex in the

effort ( - >0 and 8 ¢ > 0). Note that here we assume that the manufacturer sells to two

7,

identical(symmetric) retailers. Hence, we must have

0Q"  0Q7 9Q' (9Qj 0Q" (9@] 0Q" (9Qj
Op;  Op; Op;  Opi Oei  Oej dej  Oe;’
oG" 8Gj 0*Gt 0*°GY S,
o, = Je, and 57 = R Vi, j € {1,2},i # j (Eq. 3.2)

)

The manufacturer sells the products to retailer R’ at a wholesale price w and also charges a

fixed fee F'. Hence, the retailer’s profits can be expressed as

™ =Q(p —w) -G - F, (Eq. 3.3)

™ = Q*(py — wt) — G* — F. (Eq. 3.4)
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The manufacturer’s profits can be expressed as

II=Q (w—c)+Q*w—c)+2F. (Eq. 3.5)

where ¢ is the per unit cost incurred by the manufacturer. The manufacturer acts as a
Stackelberg leader and sets the wholesale price and fixed fees for the product before the
retailers set retail prices and effort levels. Given a wholesale price set by the manufacturer,
the retailers simultaneously and independently choose retail price and effort levels in order
to maximize their profits. The manufacturer anticipates the retailers’ actions and choose the
wholesale prices and fixed fees in order to maximize his profits, taking into consideration the

retailers actions.
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3.4 Analysis and Results

We begin by understand the manufacturer’s choices under a vertically integrated channel
(where the manufacturer makes the pricing and effort decisions). We denote this setting as

the first best setting. The retail profits under vertical integration are given by

7T1 - Ql(pl - C) - Glu (Eq 36)

™ = Q*(ps — ) — G*. (Eq. 3.7)

Since the manufacturer owns both the retail channels, the manufacturer’s profits can be

expressed as

N=na'"4+72=Q p1 —c) + Q*(py — ¢c) — G' = G~ (Eq. 3.8)

The manufacturer’s optimization problem (denoted by [M-FB]) can be expressed as

Max M =Q'(pr—c)+Q*p2—c) -G —G* (Eq. 3.9)

{plap% €1, 62}

The properties of the solution* to [M-FB] are summarized in the following Lemma.

Lemma 3.4 The retail price (p1 = ps = p*) and the effort (e; = es = €*) that solve [M-FB]

simultaneously satisfy the following equations

ol 8@1 0Q?

* _ 1_ Eq. 3.1
o an Q2 s
%_8_61@1_ )+8_1(p2_c)_8_el 0. (Eq. 3.11)

4All proofs are relegated to the appendix
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From equations (Eq. 3.10) and (Eq. 3.11), we can see that the manufacturer chooses price
and effort such that the difference between the total marginal benefit(to the entire channel)
from price/effort and the total marginal cost(to the entire channel) of price/effort, denoted
by DMRMC?" Vi e {p,e} is equal to zero (DMRMCJ" =0 and DMRMC/!* = 0). Next,
we consider the independent retailer case where the retailers make the price and effort choices

while the manufacturer decides the wholesale price and fixed fees.

3.4.1 Independent Retailers with No Cooperative Advertising

In this case, while the manufacturer charges a wholesale price and a fixed fee, there is no
cooperative advertising contract offered to the retailers. We denote this case as the ‘second
best’ case. The retail profits under this setting are given by equations (Eq. 3.3)-(Eq. 3.4) and
the manufacturer’s profits are given by (Eq. 3.5). The manufacturer chooses the wholesale
prices and fixed fees while anticipating the retailer’s responses to these choices. Also, the
manufacturer ensures that the retailers at least make their reservation profits (assumed to be

zero). Hence, the manufacturer’s optimization problem (denoted by [M-SB]) can be stated

as
Max II
(Eq. 3.12)
{’LU, F7p17p27€17€2}
ort ort on? o
bject t '>0,72>0, =— =0, — =0, — =0and — =0
subject to 7w >0, 7 > 78p1 ' Ber ’8p2 an Bes

The properties of the solution to [M-SB] are summarized in the following Lemma.

48



Lemma 3.5 The retail price and the effort that solve [M-SB] simultaneously satisfy the

following equations

a;Ql aQQ an Q2

1_ — —
o1 (1 —c)+W(pz—c)+Q = 3])1( ) + o1 (p2 — ¢), (Eq. 3.13)
0Q! ? Gt 0Q! 2
a;cjl(pl —C)‘i‘a;cjl(m—c)—a—el = a;cjl(’w_ c) + (;ci (p2 — ¢), (Eq. 3.14)

where p; = py = p is the price charged and e; = ey = € is the effort expended by the two
symmetric and independent retail outlets. Also, the price and effort levels under the second
best solution are lower than the price and effort levels under the first best setting ( p < p*

and é < e*) and hence the profits under the second best setting are lower than the first best
profits (I < II*).
From lemma 2, we can see that the retailer’s choice of effort is such that the difference

between the marginal benefit to the channel and the marginal cost to the channel is positive

(DMRMC®® = BQ —(w —¢) + 8Q —(p1 —¢) > 0 Vw > ¢). Also, the retailer’s choice of

price is such that the difference between the marginal benefit and marginal cost is given

BQ c
by DMRMC;® = ag (w—c) + ap1 (p1 — ¢). Note that when w = ¢ — % > ¢,
Ipq1

DMRMCs" = 0 but since w > ¢, we have DMRMC:® > 0. Hence, DMRMC:" and
DMRM C’;b cannot be zero at the same time. Hence, the first best cannot be achieved.
Also, as the manufacturer increases the wholesale price, the price charged by the retailer
increases® (% > 0) and the effort expended by the retailer decreases (%2 < 0). Since
the manufacturer has only one instrument (the wholesale price) to control both the price
and effort charged by the retailers, and since the wholesale price has an opposite effect on

price and effort, first best profits cannot be achieved. Comparing with the first best price

and effort levels, we can show that in equilibrium, the retail prices and effort are such that

5See appendix for the proof.
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p < p* and é < e*. Since the wholesale price has an opposite effect on the price and effort,
inducing p < p* and é > e* or p > p* and € < e* is not a potential equilibrium — increasing
or decreasing the wholesale price can move the second best solution closer to the first best
solution. Also, inducing p > p* and é > €* would require a very low wholesale price (w < c)

that would also induce p; < ¢ and thereby leading to negative profits.

3.4.2 Cooperative Advertising Contract That Specifies a Participation Rate
With No Accrual Rate Specified

When the manufacturer uses a cooperative advertising contract that only specifies a partic-
ipation rate, both retailers are reimbursed a fraction « of their advertising expenses. Hence,

the retail profits can be expressed as

™ =Qp1 —w) - G' - F + aG?, (Eq. 3.15)

™ = Q*(ps —w) — G* — F + aG*. (Eq. 3.16)

Correspondingly, the manufacturer’s profits can be expressed as

II=Q"w—c)+Q*w —c) +2F — aG' — aG*. (Eq. 3.17)

In this setting, the manufacturer declares the participation rate « along with the wholesale
price and fixed fees. Given this contract, the retailers simultaneously and independently
choose price and effort levels. Anticipating the retailer’s behavior, the manufacturer chooses
a, w and F' to maximize his profits. Also, the manufacturer ensures that the retailers at least

make their reservation profits (assumed to be zero). Hence, the manufacturer’s optimization
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problem (denoted by [M-«]) can be stated as

Max II
(Eq. 3.18)
{wapaplap%elve%a}
ot ot on? on?
bject t '>0,72>0,— =0, — =0, — =0and — =0
subject to 7 >0, 7" > o ' Der O an s

The properties of the solution to [M-«| are summarized in the following Proposition.

Proposition 3.3 The manufacturer can achieve the first best solution by choosing the par-

ticipation rate (o) and the wholesale price w such that

Q2 dQ! . Q' 8Q?
Oe1 Op1 Oe1 Op1

¥ = Ggrper  oeragz e (Eq. 3.19)
Op1 Oer dOp1 Oe1
oG! 6Q2 ( *
de1  Oe p - C)
w=et =0 (Eq. 3.20)
Bel

The retail price (p1 = ps = p® = p*) and the effort (e; = es = e* = €*) that solve [M-a]

simultaneously satisfy the following equations

0Q! 00 L 0Q! oy B

a—pl(pl —c)+ 8_[)1(p2 —)+Q = 8_]01(w —c)+ a—pl(pz —c) =0, (Eq. 3.21)

Q! 0Q? oGt (0Q! 2Q? oGt

8_61(p1_c)+8_61(p2_c)_8_61_ 8—61<w—0)+8—61(p2—0) —Oéa—el—o
(Eq. 3.22)

From Proposition 1, we can see that the retailer’s choice of effort is such that the difference

between the marginal benefit to the channel and the marginal cost to the channel is given
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DMRMCY = (%;le(w —c) + a;QQ(m - C)) — aa—Gl. (Eq. 3.23)
1

Also, the retailer’s choice of price is such that the difference between the marginal benefit

and marginal cost is given by

Q" 0Q?
DMRMCY = ——(w — — —c). Eq. 3.24
=2 w0+ S -0 (Eq. 3.24)
agl Q2 (p1—c)
The manufacturer can therefore choose a wholesale price w® = ¢ + % that
deq

would result in DM RMC} = DMRM C’gb = 0. Similarly, the manufacturer can choose a

Q2 9@l aQ! 9Q?

participation rate a* = 86;11 sgll 5511 g’gg that will result in DMRMC® = DMRMC/® = 0.
Bor Ger T oer

We can show that as the manufacturer increases the wholesale price, the retailers increase
the retail price (% > 0) and decrease the retail effort (22 < 0). On the other hand, as
the manufacturer increases the participation rate «, the retailers increase both the retail
price and effort (% > 0 and % > (). Hence, the manufacturer can choose an appropriate
wholesale price w® and participation rate o* that leads to the retailers choosing retail prices
and efforts that induce DMRMCS = DMRMC{® = 0 and DMRMC® = DMRMCI® = 0.
Therefore, the use of a cooperative advertising contract that specifies a participation rate «
can induce the first best solution if the retailers are symmetric.

Recall that in the second best solution [M-SB], the manufacturer was unable to induce
the retailers to expend first best effort and price levels. This resulted from the fact that
the retailer’s marginal benefit from effort was less than the marginal benefit of effort to

the total channel. Hence, the retailer preferred to exert lower effort compared to the first

best. In contrast, when the manufacturer offers a cooperative advertising contract that
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only specifies a participation rate, the manufacturer reduces the retailers marginal cost of
advertising (compared to second best) and thereby induces the retailers to exert greater
effort. The participation rate is set such that the costs of the retailers are reimbursed
sufficiently enough to increase their effort to first best levels. Since the manufacturer can
coordinate the retail efforts using the participation rate, the retail prices are coordinated by

choosing the appropriate wholesale price.

3.4.3 Cooperative Advertising Contract That Includes a Participation Rate as
well as Variable Accruals

Under this contract, both retailers are reimbursed a fraction « of their advertising expenses
and this reimbursement is capped at a fraction (§) of the wholesale receipts from the retailer
(dwQ?). Given that the cost of advertising for the retailers is G*, depending on the effort
levels exerted by the retailers, we can have oG < JwQ® or aG* > dwQ'. If retailers expend
effort such that aG* < dw@?, then the retailers are reimbursed aG* by the manufacturer. On
the other hand, if retailers expend effort such that aG* > dw@?, then the total reimbursement
is only dw@"'.

Therefore, the retail profits can be expressed as

( 3\

Ql(pr —w) —G'+aG'—F if aG' < dw@!
mh= (Eq. 3.25)
| Q' —w) =G+ 6wQ' = F if aG' > sw@!
( )
Q*(ps —w) —G*+aG* - F if aG? < dw@?
= b (Eq. 3.26)
| Q2 —w) = G+ 6wQ* — F it aG? > jwQ? |
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Correspondingly, the manufacturer’s profits can be expressed as

Q' (w —c) + Q*(w —c) + 2F — aG' —aG?  if oG < jwQ!
= ( ) ( ) (Eq. 3.27)

QY (w —¢) + Q*(w — ¢) + 2F — swQ' — 6w@? if aG' > jwQ!
In this setting, the manufacturer declares the participation rate «, the accrual rate §, the
wholesale price w and the fixed fees F'. Given this contract, the retailers simultaneously
and independently choose price and effort levels. Anticipating the retailer’s behavior, the
manufacturer chooses «, §, w and F' to maximize his profits. Hence, the manufacturer’s

optimization problem [PM — ] can be expressed as

Max II
(Eq. 3.28)
{w7F>p17p27€15627a75}
ort ort or? or?
bject t b> 2>0,—=0,—=0,— =0and — =0
subject to 7w >0, 7 > D ' Der O an Jes
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The properties of the solution to [PM — §] are summarized in the following proposition

Proposition 3.4 When the manufacturer offers a cooperative advertising contract that in-
cludes an accrual rate & and a participation rate o, the manufacturer can achieve the first

best solution by choosing w, o and & such that either of the following sets of conditions are

satisfied
9Q? 0Q" _ 9Q' 9Q?
— Oey 8171 ey 8])1
C QT aQ | 9Q 9Q?” (Eq. 3.29)
Op1 Oey Op1 Oeq
oGt 9Q2 /. «
a5— — 5—(p” — ¢
w=et—= 5511( ) and (Eq. 3.30)
oeq
aGY
0= Eq. 3.31
- le* Y ( q )
or
%(p**C)
_ 7or
W= Eq. 3.32
(1—6,0) (Eq )
aGY
§ =—— and Eq. 3.33
wQ" (Eq. 3.33)
1 0Q2 99" _ 0Q' 99
661 apl 661 8p1
a > 2Qt Q* > Q! 9Q! 9Qt 9Q2 ’ (Eq_ 334)
1-— ;&W Op1 Oer Op1 Oe
Op1 Oeq
Qg )
where 0 = 1 — - — gzioor, GV is the cost of effort and Q" is the retail demand at first best
dpyp Oeqp

price and effort levles (p* and e*).

When the retailers expend marketing effort such that the reimbursement through participa-
tion rate is greater than the cooperative dollars accrued, the retailers are only reimbursed
dw@Q®. In this scenario, the retailer’s choice of price and effort are governed by the following

first order conditions
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Q! 1 0Q! _ 0Q! -

a_pl(pl —w)+Q + 5w8_p1 = 8—]31(191 —(1-0w)+Q" =0, (Eq. 3.35)
1 1 1 1 1

@(pl —w)—£+5 99 _ %(pl_(l—é)w) oG =0. (Eq. 3.36)

861 v 861 N 861 B 8_61 N

As we can see from the above equations, the cooperative dollars amount to a discount in
wholesale price. Since the cooperative dollars do not affect the retailer’s advertising costs, the
retailers continue to under invest in advertising. Hence, the manufacturer cannot achieve
the first best setting. Substituting @ = w(1 — §), we can see that the solution to the
manufacturer’s problem in this case is identical to the second best setting. Next, when the
retailer choose to expend effort such that the reimbursement through participation rate is
less than the cooperative dollars accrued, the retailers are reimbursed aG*. In this scenario,

the retailer’s choice of price and effort are governed by the following first order conditions

a 1

({);Z(p1 —w)+ Q' =0, (Eq. 3.37)
oQ! oG!

- - (-5 =0 (Eq. 359

We can see from the above equations that this solution is identical to the case where the
manufacturer offers a cooperative advertising contract that only includes a participation rate.
Hence, the results in proposition 1 apply here. In order for the manufacturer to induce this
solution, the manufacturer needs to choose an accrual rate d such that the total cooperative
dollars accrued are greater than the reimbursement to the retailers ( Jw@Q' > aG"). Hence,
the manufacturer can choose an appropriate participation rate o and a sufficiently high

accrual rate ¢ (as detailed in the first part of proposition 2) to achieve the first best solution.
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In addition, the retailers also have the option to expend advertising effort such that the
total reimbursement through the participation rate is equal to the total accrued advertising
dollars. In this scenario, the retailer’s choice of price and effort are governed by the following

first order conditions

Q" ' Q'

8_1)1(]91 —w)+Q + 91(5108—])1) =0, (Eq. 3.39)
0Q" 0G! Q' aG']

a_el(pl - 1U) — (1 — Oé)a—el + 91 |:(5U)a—el — aa_€1:| = O, (Eq 340)
SwQ' — oGt = 0. (Eq. 3.41)

Equation (Eq. 3.39) governs the retailers choice of price and equation (Eq. 3.41) governs
the retailers choice to effort. Since the retailer’s advertisement cost reimbursement is equal
to the total accruals, #; denotes the incremental value to the retailer from increasing the
total accrued cooperative dollars and is obtained by solving equation (Eq. 3.40). Hence, the
manufacturer can induce the retailer to charge first best prices (p*) and expend first best
advertising levels (e*) by choosing a wholesale price w and accrual rate ¢ such that equations
(Eq. 3.39) and (Eq. 3.41) are satisfied for p; = p* and e; = e*.

Since the retailers would choose prices and efforts using equations (Eq. 3.39) and (Eq. 3.41)
only when the incremental value from increasing the total accrued dollars is positive (6; > 0),
the manufacturer must choose the appropriate levels of participation rate that would ensure
61 > 0. Since a low participation rate would require the retailers to expend large amounts of
advertising effort in order to reach the cap set by the accrual limit, the retailers would choose
to increase their advertising to levels that would meet the cap only for sufficiently high levels
of the participation rate. Hence, the manufacturer must ensure that the participation rate

is high enough to ensure 6; > 0. Hence, the appropriate choice of §, w and « (as noted in
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the second part of proposition 2) can achieve the first best solution. Note that since the
retailers are charged a fixed fee in addition to the wholesale price, the retail profits excluding
the fixed fee are higher when the retailers choose the solution leading to the first best prices
and advertising levels. Since the manufacturer extracts the retailer’s surplus using the fixed
fee, the retailer’s profits are identical under the three scenarios discussed above. Hence, the

retailers are likely to choose the scenario that leads to the first best solution.

3.4.4 Cooperative Advertising Contract That Includes a Participation Rate as
well as Fixed Accruals

Under this contract, both retailers are reimbursed a fraction « of their advertising expenses
and this reimbursement is capped at a fixed amount (A). Given that the cost of advertising
for the retailers is G*, depending on the effort levels exerted by the retailers, we can have
aG' < A or aG* > A. If retailers expend effort such that aG* < A, then the retailers are
reimbursed aG® by the manufacturer. On the other hand, if retailers expend effort such that
aG® > A, then the total reimbursement is only A.

Therefore, the retail profits can be expressed as

( \
Ql(p —w) -G +aG ' —F if aG'< A
T = (Eq. 3.42)
Q'pi—w)—G*—F+A if aG*> A

(

Q*(pr—w) — G +aG2—F if aG*<A
T = (Eq. 3.43)
@p2—w) =G —F+A if aG”>A

\

Correspondingly, the manufacturer’s profits can be expressed as

Q' (w —c)+ Q*(w —c)+2F —aG' —aG? if aG'< A
11 = (Eq. 3.44)
Q' (w—c) + Q*(w —c) +2F — 2A if aG'> A
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In this setting, the manufacturer declares the participation rate «, the accrual amount A
along with the wholesale price w and fixed fees F. Given this contract, the retailers si-
multaneously and independently choose price and effort levels. Anticipating the retailer’s
behavior, the manufacturer chooses «, A, w and F to maximize his profits. Hence, the

manufacturer’s optimization problem [PM — A] can be expressed as

Max II
(Eq. 3.45)
{w,F,p17p27€1,€2,Oé,A}
ort ort or? or?
bject t 1'>0,72>0,—=0,— =0, — =0and — =0
subject to 7w >0, 7° > ’8p1 ' Ber ’8p2 an Bey

The properties of the solution to [PM — A] are summarized in the following proposition

Proposition 3.5 When the manufacturer offers a cooperative advertising contract that in-
cludes a fized accrual rate A and a participation rate «, the manufacturer can achieve the
first best solution by choosing w, o and A such that either of the following sets of conditions

are satisfied

092 0Q' _ 0Q' 9Q?
Oey Op Oey Op

=50 90 007" (Eq. 3.46)
8])1 861 8])1 861

Gl 8Q%/ «
as— — Z=(p"—c¢
w =c 4 24 68511 G ) and (Eq. 3.47)
Oeq
A >aGY, (Eq. 3.48)
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or

6@2( *
o (D" =€)
w=e = = (Eq. 3.49)
Op1
A=aG"  and (Eq. 3.50)
] 092 09! _ Q' 0Q*
Ode1 Op1 de1 Op1
a > @Ql* > Q! 0Q1 Q! 9Q?" (Eq 351)
]_ — ;&w 3101 dey 3101 Oeq
opy Oey

where G is the cost of effort and Q' is the retail demand at first best price and effort levles

(p* and e*).

When the retailers expend marketing effort such that the reimbursement through partic-
ipation rate is greater than the cooperative dollars accrued, the retailers are only reimbursed
A. In this scenario, the retailer’s choice of price and effort are governed by the following first

order conditions

8 1

a%l(pl —w)+ Q' =0, (Eq. 3.52)
Q" oGt

0_61<pl —w) — B = 0. (Eq. 3.53)

As we can see from the above equations, the cooperative dollars do not impact the retailer’s
price and effort choices. Since the retailers are reimbursed a fixed amount A, the amount of
reimbursement does not affect the retailer’s marginal costs. Hence, the solution is identical
to the second best solution.

Next, when the retailer choose to expend effort such that the reimbursement through

participation rate is less than the cooperative dollars accrued, the retailers are reimbursed
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aG®. In this scenario, the retailer’s choice of price and effort are governed by the following

first order conditions

Q!

o, (—w)+Q' =0, (Eq. 3.54)
Q! oGt
8—61(171 —w)—(1— Oé)a—e1 = 0. (Eq. 3.55)

We can see from the above equations that this solution is identical to the case where the
manufacturer offers a cooperative advertising contract that only includes a participation
rate. Hence, the results in proposition 1 apply here. In order for the manufacturer to induce
this solution, the manufacturer needs to choose the fixed accrual rate A such that the total
cooperative dollars accrued are greater than the reimbursement to the retailers ( A > aG*).
Hence, the manufacturer can choose an appropriate participation rate a and a sufficiently
high fixed accrual rate A (as detailed in the first part of proposition 2) to achieve the first
best solution.

In addition, the retailers also have the option to expend advertising effort such that the
total reimbursement through the participation rate is equal to the total accrued advertising
dollars. In this scenario, the retailer’s choice of price and effort are governed by the following

first order conditions

90!
a%l(pl —w) +Q" =0, (Eq. 3.56)
Q" IG! oG!

a;cjl(Pl —w)—(1- 04)8—61 — b [048—61] =0 (Eq. 3.57)
A—aG'=0. (Eq. 3.58)
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Equation (Eq. 3.56) governs the retailers choice of price and equation (Eq. 3.58) governs
the retailers choice to effort. Since the retailer’s advertisement cost reimbursement is equal
to the total accruals, #; denotes the incremental value to the retailer from increasing the
total accrued cooperative dollars and is obtained by solving equation (Eq. 3.57). Hence, the
manufacturer can induce the retailer to charge first best prices (p*) and expend first best
advertising levels (e*) by choosing a wholesale price w and accrual rate A such that equations
(Eq. 3.56) and (Eq. 3.58) are satisfied for p; = p* and e; = e*.

Since the retailers would choose prices and efforts using equations (Eq. 3.56) and (Eq. 3.58)
only when the incremental value from increasing the total accrued dollars is positive (6; > 0),
the manufacturer must choose the appropriate levels of participation rate that would ensure
61 > 0. Since a low participation rate would require the retailers to expend large amounts of
advertising effort in order to reach the cap set by the accrual limit, the retailers would choose
to increase their advertising to levels that would meet the cap on cooperative advertising
dollars only for sufficiently high levels of the participation rate. Hence, the manufacturer
must ensure that the participation rate is high enough to ensure 6; > 0. Therefore, the
appropriate choice of A, w and a (as noted in the second part of proposition 2) can achieve
the first best solution. Note that since the retailers are charged a fixed fee in addition to the
wholesale price, the retail profits excluding the fixed fee are higher when the retailers choose
the solution leading to the first best prices and advertising levels. Since the manufacturer
extracts the retailer’s surplus using the fixed fee, the retailer’s profits are identical under the
three scenarios discussed above. Hence, the retailers are likely to choose the scenario that

leads to the first best solution.
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3.4.5 Comparing the Fixed and Variable Accruals

While the previous sections described how the two types of accrual rates, in conjunction with
the participation rate can induce the first best solution, each type of accrual rate has a very
different impact on the retailer’s price and effort choices. To understand these differences,
let us first investigate the fixed amount accrual rate. When the manufacturer uses the fixed
amount accrual rate to coordinate the channel, the first order conditions that govern the

retailer’s price and effort choices are given by

oQ!

_ 1_
Q' oG! oG!
8_61(271 —w) — (1 - Oé)a—el — b, [aﬁ_el} =0, (Eq. 3.60)
A—aG'=0. (Eq. 3.61)

Since the choice of advertising levels is governed by equation (Eq. 3.61), we can see that as
the fixed accrual amount is increased, the retailers increase their advertising levels. Also,
since the accrual amount is fixed and is not impacted by the choice of wholesale price,
advertising levels are not impacted by the choice of wholesale price. Next, the retailer’s
price levels are governed by equation (Eq. 3.59). As we can see from (Eq. 3.59), an increase
in the wholesale price leads to an increase in the price charged by the retailer. Also, since
an increase in advertising levels increases the marginal benefit of price, an increase in the
fixed accrual amount indirectly increases the retail prices through its effect on advertising
levels. With regards to the participation rate, we can see from equation (Eq. 3.61) that an
increase in the participation rate would reduce advertising levels. A higher participation rate
requires lower levels of advertising to satisfy equation (Eq. 3.61). Since prices are indirectly

affected by the effort levels, an increase in the participation rate also lowers prices. Hence,
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the comparative statics® with respect to the wholesale price, participation rate and fixed

accrual rate are given by

0%>0,
0%207
0%<0,
0%<0,
0%>0,
0%>0.

When the manufacturer uses the accrual rate linked to wholesale receipts to coordinate
the channel, the first order conditions that govern the retailer’s price and effort choices are

given by

les a0

——(p1 — V40 (w—=2) = Eq. 3.62
apl(Pl w)+Q + 1(wap1) 0, (Eq. 3.62)
oQ* oG* oQ* oG*

%y —w) — (1 —a) I = Eq. 3.
D, (p1—w)—(1—a) e, + 6, {510 Be. o (961:| 0, (Eq. 3.63)
SwQ' — aGt = 0. (Eq. 3.64)

Since the choice of advertising levels is governed by equation (Eq. 3.64), we can see that an
increase in the accrual rate has a direct positive impact on the retailers advertising levels.
In addition to this direct impact of the accrual rate, the increase in accrual rate also impacts

the advertising levels indirectly through its impact on price and ¢;. When an increase in

5Detailed proofs available in the appendix
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effort increases the reimbursement through the participation rate more than the increases in
the total accruals, the net impact of an increase in the accrual rate ¢ is an increase in the
retailer’s advertising levels.

In contrast to the impact of the accrual rate on the advertising levels, an increase in
the accrual rate (0) has a direct negative impact on the retail prices. As the accrual rate
increases, the total cap on reimbursement increases. The retailers can also increase the cap
by decreasing the price. The reduction in price leads to greater demand and therefore higher
wholesale receipts and in turn higher cap on reimbursement. When the accrual rate is higher,
the marginal increase in the cap on reimbursements due to a reduction in price is greater
than when the accrual rate is lower. Hence, the retailers tend to decrease the retail prices.
The increase in the accrual rate also has an indirect positive impact on retail prices through
its positive direct impact on advertising levels. As advertisement levels go up, retailers can
increase prices to benefit from the increased demand from higher advertising. The increase
in the accrual rate also has an indirect impact on retail prices through its impact on 6;.

When the following condition holds,

oQl . oQ! oGt ol . oQ! oG!

1_ B 1 B 2
At = e (0w der @ Ber Jw@Q™ + 6w 7 (dw e o Ber )+
Q! 1, 0%Q1 9*Gt Q! Q! oGt
ow 7 w@Q™( 9e3 (p1— (1 —=010)w) — [1 — a1 —67)] 786% ) — Orw der (6w der o der )| <0
(Eq. 3.65)

the accrual rate has a net negative impact on retail prices. Similar arguments hold for the
comparative statics with respect to the participation rate and the wholesale price and the
various comparative statics results’ are listed below

OG!
Oe1

1
° %>Owhen5w%%—a

ow <O’

e ¢ > ( when A® >0,
w

"Detailed proofs are available in the appendix.
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1 . 1
o P (0 when dw2% — a9 <
da Oeq ey ’

. %<0WhenA5<0,
(e

. %<0WhenA1<0,

dey oQl  aG!
e 51+>0 when (5w—661 ag- < 0.

where Al is defined in (C259) and

8Q1 02Q! Q" oG! Q" Q! oG1 8@1
AS — —(1— 1 o 1— 1
[ anr + o (p1—( 015)w)} G (dw e a Der )+ dw B [ w 7 (1—10, )861 +G or
(Eq. 3.66)
o' . Q! Q! oGH o' o2Q! 8@1 oGH
6 __ _ _ _ _ R
A® =+4(1 916)315w3p1(5w8p1 a@e )+ 281+82(1 (1—610)w)| 6Q (d¢q o aael
an Q" aQ" 10Q!
51)1 [ 8p1 —(1—610)—— Der —0Q e } (Eq. 3.67)

Comparing the impact of the fixed and variable accrual rates on retail prices, we can see that
while an increase in the fixed accrual rate also increases the retail prices, an increase in the
accrual rate linked to wholesale receipts can lead to a lowering of retail prices. Additionally,
while an increase in the wholesale price has no impact on advertising levels under the fixed
accrual rate contract, an increase in the wholesale price can lead to an increase in the adver-
tising levels under the accrual rate contract linked to wholesale receipts. These differences
stem from the fact that the retailers can alter the total cooperative dollars accrued under
the variable accrual rate contract by changing retail prices and advertising levels. Also, a
change in the wholesale price directly impacts the accrual dollars under this contract (in

contrast to having no impact on the accrual dollars under the fixed accrual rate contract).
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3.5 Conclusion

Cooperative advertising contracts are frequently used by manufacturers to induce retailers
to increase their advertising intensity. In this essay, we provide guidelines for the use of
various cooperative advertising strategies and detailed the conditions under which each type
of cooperative advertising contract can lead to greater profits to the manufacturer. While
previous research only considered a single type of cooperative advertising contract — one that
only includes a participation rate — in practice, we observe cooperative advertising contracts
that also include accruals that limit retailer reimbursement. While the various cooperative
advertising contracts can be used to achieve coordination, we have shown that each contract
has a unique effect of retail prices and efforts. We provide guidelines to manufacturers for
using each type of cooperative advertising contract to achieve channel coordination.

While this essay investigates a channel setting involving a manufacturer selling through
two symmetric retailers, downstream retailers may be asymmetric. This asymmetry may
arise due to differences in cost and demand parameters. Hence, in the next essay, we extend

our analysis to include asymmetric retailers.
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CHAPTER 4: COOPERATIVE ADVERTISING WITH
ASYMMETRIC RETAILERS

4.1 Introduction

In the previous chapter, we investigated the use of various cooperative advertising contracts
by a manufacturer selling through two symmetric retailers. Downstream retailers may be
symmetric when there is little or no differentiation between the retailers and/or when the
customer segments that these retailers serve are similar. While symmetric retailers are plausi-
ble, downstream retailer asymmetry is more likely to arise when selling to multiple retailers
who differentiate themselves from the competition. Retailer asymmetry can arise due to
several sources. Retailers may have different cost structures that may result in asymmetric
pricing and advertising behavior. Also, retailers may differ in their target customer seg-
ments’ size and/or valuations of the products sold and these segment differences will result
in the retailers facing asymmetric demand. As Iyer (1998) notes, retail differentiation has
important implications for upstream manufacturers and extant literature seldom accounts
for such asymmetry in investigating channel issues. The use of a ‘one size fits all’ strategy
that works well under symmetry may fail under asymmetry.

This chapter investigates the effectiveness of cooperative advertising contracts in coordi-
nating the channel in the presence of asymmetric downstream retailers. While these contracts
allow the manufacturer to coordinate the channel when retailers are symmetric, we find that
coordination can be achieved in the presence of asymmetry only when stringent conditions
are met. As in the previous chapter, we compare three types of cooperative advertising con-

tracts: contracts that only include a participation rate, contracts that include a participation
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rate as well as variable accruals and contracts that include a participation rate as well as
a fixed accrual. While all three types of contracts can coordinate the channel under very
stringent conditions, contracts that include some form of accrual can coordinate the channel
under less stringent conditions compared to the contract that only includes a participation
rate. When the cooperative advertising contract includes accruals, the manufacturer can use
the accrual amount to coordinate the efforts of one retailer while using the participation rate
to coordinate the other retailer’s efforts.

Since the conditions for achieving coordination using a cooperative advertising are strin-
gent, they are less likely to be satisfied. When coordination cannot be achieved, we compare
the relative attractiveness of the three types of contracts. Since the manufacturer can con-
trol retail efforts with two instruments (participation rate and the accrual), contracts that
include some form of accruals are superior to contracts that only include a participation
rate. Amongst the contracts that include accruals, using a variable accrual contract may be
preferred to the fixed accrual contract under certain conditions and vice versa. The two type
of accruals impact retail prices and advertising levels in distinct ways and these differences
may tip the scale in favor of one contract versus the other contract under the appropriate
circumstances. In what follows, these conditions and the intuition behind the results are
discussed in detail.

The rest of the chapter is organized as follows: the next section develops the model,
section 3 presents our analysis and results while the final section concludes the paper. All

proofs are confined to an appendix.
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4.2 The Model

We first describe the model that incorporates no cooperative advertising strategies and later
discuss how the basic model changes with the use of cooperative advertising contracts. We
consider a single manufacturer M that sells its products through two retailers R' and R2.
The demand faced by retailers R! and R? is denoted by Q' = Q'(p1,po, €1,¢2) and Q? =
Q?(pa, p1, €2, €1) respectively. The demand functions have the following properties

Q" Q" 3QZ Q"
Je. > 0, De; > (0 and Je. (9

29 g o] |
J

Vi, j € {1, ABqAl)

78p

Where p; and e; are the price charged and effort (advertising) expended by retailer R'. The

cost of effort to retailer R’ is given by G* and is assumed to be increasing and convex in the

effort ( - > 0 and 8 " " > 0). Note that here we assume that the manufacturer sells to two

z

asymmetric retailers. The manufacturer sells the products to retailer R’ at a wholesale price

w and also charges a fixed fee! F. Hence, the retailer’s profits can be expressed as

™ =Q' (p —w) - G — F', (Eq. 4.2)

™ = Q*(py — wt) — G* — F?. (Eq. 4.3)

The manufacturer’s profits can be expressed as

II=Q(w—c)+Q*(w—rc)+ F'+ F (Eq. 4.4)

'Here, we assume that the manufacturer is able to charge two separate fixed fees. The assumption of
two separate fixed fees allows us to investigate the incentives created by the use of a cooperative advertising
contract in a simpler setting, without having to consider rent extraction issues. In order to resolve both the
rent extraction incentive and the incentive to improve retail efforts requires the use of a specific demand
formulation. Also, O’Brien and Shaffer (1994) note that manufacturers may use a two-part tariff that
includes a single wholesale price and separate fixed fees for each retailer.
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where ¢ is the per unit cost incurred by the manufacturer. The manufacturer acts as a
Stackelberg leader and sets the wholesale price and fixed fees for the product before the
retailers set retail prices and effort levels. Given a wholesale price set by the manufacturer,
the retailers simultaneously and independently choose retail price and effort levels in order
to maximize their profits. The manufacturer anticipates the retailers’ actions and choose the
wholesale prices and fixed fees in order to maximize his profits, taking into consideration the
retailers actions.

We begin by understand the manufacturer’s choices under a vertically integrated channel
(where the manufacturer makes the pricing and effort decisions). We denote this setting as

the first best setting. The retail profits under vertical integration are given by

™ =Q' (p —c) - G, (Eq. 4.5)

7 = Q*(ps — ) — G*. (Eq. 4.6)

Since the manufacturer owns both the retail channels, the manufacturer’s profits can be

expressed as

M=7!'+7°=Q (pr— )+ Q*pa —c) - G' = G*. (Eq. 4.7)

The manufacturer’s optimization problem (denoted by [M-FB]) can be expressed as

Max = Q' (p — 2(py — ¢) — G1 — G2
a Q' (p1— )+ Q*(p2 —¢) (Fq. 4.8)

{phpz, €1, 62}

The properties of the solution? to [M-FB] are summarized in the following Lemma.

2All proofs are relegated to the appendix
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Lemma 4.6 The retail price (p1 = py, p2 = p3) and the effort (e; = €7, e

[M-FB] simultaneously satisfy the following equations

L -0+ 9y -+ Q' =
%;g(pl—c)Jr%—g(pz—C)Jr@:O
9 )+ 9y =) - 25
-+ 50~ 5= =

= e ) that solve

(Eq. 4.9)
(Eq. 4.10)
(Eq. 4.11)

(Eq. 4.12)

From equations (Eq. 4.9)-(Eq. 4.12), we can see that the manufacturer chooses price and

effort such that the difference between the total marginal benefit(to the entire channel) from

price/effort and the total marginal cost(to the entire channel) of price/effort, denoted by

DMRMC! Vi e {p,e} is equal to zero (DMRMCJ* = 0 and DMRMC{® = 0). In the

next section, we consider the independent retailer case where the retailers make the price and

effort choices while the manufacturer decides the wholesale price and fixed fees, in addition

to any cooperative advertising that the manufacturer may offer.
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4.3 Analysis and Results

In this section, we investigate channel settings where the manufacturer sells through two
independent retailers who make the retail price and effort decisions. In this context, we
investigate scenarios where 1) there is no cooperative advertising contract offered to the
retailers 2) the retailers are offered a cooperative advertising contract that only includes a
participation rate 3) the retailers are offered a cooperative advertising contract that includes
a participation rate as well as an accrual rate that is set as a fraction of the wholesale
receipts and 4) the retailers are offered a cooperative advertising contract that includes a
participation rate as well as an accrual rate that is set as a fixed amount. We compare
these channel settings with that of the vertical integration (first best) case to understand

the effectiveness of the cooperative advertising contract in achieving the first best outcomes.

4.3.1 Independent Retailers with No Cooperative Advertising

In this case, while the manufacturer charges a wholesale price and a fixed fee, there is no
cooperative advertising contract offered to the retailers. We denote this case as the ‘second
best’ case. The retail profits under this setting are given by equations (Eq. 4.2)-(Eq. 4.3) and
the manufacturer’s profits are given by (Eq. 4.4). The manufacturer chooses the wholesale
prices and fixed fees while anticipating the retailer’s responses to these choices. Also, the
manufacturer ensures that the retailers at least make their reservation profits (assumed to be

zero). Hence, the manufacturer’s optimization problem (denoted by [M-SB]) can be stated
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as

Max II
(Eq. 4.13)

{w7F17F2ap1ap2761762}

ot ot on? on?
bject t '>072>0, — =0, — =0, — =0and — =0
subject to 7 >0, 7" > " Oy B ' Op an ey

The properties of the solution to [M-SB] are summarized in the following Lemma.

Lemma 4.7 The retail price and the effort that solve [M-SB] simultaneously satisfy the

following equations

%(Pl—c)—F%(Pz—c)JrQl —%(w—CH%(PrC) (Eq. 4.14)
%;g(m_cH%(pl_CHQ?:‘Z;g(w_cpr%;g(pl—c) (Eq. 4.15)
-0+ m-0- 5 = w0+ 50 (B 110
-0+ m-0-5 = w0+ 5 -0 (B 17

where py = p1 and ps = Py are the prices charged, e; = €1 and e; = €5 are the efforts
expended by the two asymmetric independent retail outlets. The manufacturer’s profits under

the second best setting are lower than the first best profits (ﬁ < IT*).

From lemma 2, we can see that the retailer’s choice of effort is such that the difference

between the marginal benefit to the channel and the marginal cost to the channel is positive

(DMRMCS® = 88%1(11) —c) + %Cgf (p1 —¢) >0 Yw > ¢). Also, the retailer’s choice of

price is such that the difference between the marginal benefit and marginal cost is given

992 (p,—c
by DMRMC;® = aa;g(w —c) + %(pl — ¢). Note that when w = ¢ — % > ¢,
Op1

DMRMCs" = 0 but since w > ¢, we have DMRMC:® > 0. Hence, DMRMC:" and
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DMRM C’;b cannot be zero at the same time. Hence, the first best cannot be achieved.
Also, as the manufacturer increases the wholesale price, the price charged by the retailer
increases® (% > 0) and the effort expended by the retailer decreases (% < 0). Since the
manufacturer has only one instrument (the wholesale price) to control both the price and
effort charged by the retailers, and since the wholesale price has an opposite effect on price
and effort, first best profits cannot be achieved.

In the next section, we investigate the impact of a cooperative advertising contract that

only specifies a participation rate.

4.3.2 Cooperative Advertising Contract That Specifies a Participation Rate
With No Accrual Rate Specified

When the manufacturer uses a cooperative advertising contract that only specifies a partic-
ipation rate, both retailers are reimbursed a fraction « of their advertising expenses. Hence,

the retail profits can be expressed as

™ =Qp —w) — G' — F' + aG", (Eq. 4.18)

™ = Q*(ps — w) — G* — F? + aG”. (Eq. 4.19)

Correspondingly, the manufacturer’s profits can be expressed as

IM=Q (w—c)+Q*w—c)+ F'+ F? — aG' — aG?. (Eq. 4.20)

In this setting, the manufacturer declares the participation rate « along with the wholesale
price and fixed fees. Given this contract, the retailers simultaneously and independently

choose price and effort levels. Anticipating the retailer’s behavior, the manufacturer chooses

3See appendix for the proof.
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a, w and F' to maximize his profits. Also, the manufacturer ensures that the retailers at least
make their reservation profits (assumed to be zero). Hence, the manufacturer’s optimization

problem (denoted by [M-«]) can be stated as

Max II
(Eq. 4.21)
{waFlaF2ap1ap2a617627a}
or! ont om? on?
bject t '>0,72>0, — =0, — =0, — =0and — =0
subject to w >0, 7 > o ' Der O an 965

The properties of the solution to [M-«a| are summarized in the following Proposition.

Proposition 4.6 The manufacturer can simultaneously induce both the retailers (R1 and
R2) to exert first best efforts (e; and e3) and charge first best retail prices (p} and p}) if the

following conditions are simultaneously satisfied

E)QQ( * o0Q 1«
a_PQ_C) a—(pl—c)
o 501 = B 507 and (Eq. 4.22)
Op1 Op2
* Q' Q2 Q' Q2 * Q2 oQ?! Q2 oQ?!
(P — C)(a—pl de;  Oel a—pl) _ (p1 - C)(a—m des | Oes a—m) Eq. 4.93
Q! HG! - 9Q? G2 ( q. 4. )
Bp1 Oer ‘Opa Dea

When the above conditions are not satisfied, the manufacturer cannot use the wholesale price
(w) and participation rate (o) induce the retailers to charge first best prices and exert first

best efforts.

When the manufacturer offers a cooperative advertising contract that includes a participation
rate, the first order conditions that determine the retailer’s price and effort choices are given

by
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aa;g(pl—c)+g;g(p2—c)+621 zg;g(w—CH%g(pz—C) (Eq. 4.24)
aa;g(pz—c)—i—aa;g(pl—c)—i—QZ:Z;g(w_c)+%;g(pl_c) (Eq. 4.25)
-+ -0 = (Fw-9+52m-0) -ad> (Ea 120
-+ 5 m-0-52 < (SZw-0+ 5 m-a) -l (0120

As we can see from equation (Eq. 4.24), the manufacturer can induce R1 to exert first best

price by choosing the wholesale price such that

o0! 002 9 (3 — ¢)
P -+ L) =0 sw—e— 2T (Eq. 4.28)
on: o, el

Similarly, we can see from equation (Eq. 4.25) that the manufacturer can induce R2 to exert

first best price by choosing the wholesale price such that

0Q' 1 «
50> 00! oy (01— ©)
8132 ap? Opa

Since the manufacturer can only charge a single wholesale price, in order for the manufacturer

to induce both retailers to charge first best prices, we must have

Q2 x Q" [ 9Q% (. Q" (.
Tﬁl(pz —¢) - T;?Q(pl —¢) ijl(pz —¢) - ng(pl —¢) B 4.30
‘T T T - QT T 0@ (Fq. 4.0
op1 Op2 9p1 Op2

Hence, the manufacturer can induce the retailers to charge first best prices only when equa-

tion (Eq. 4.30) is satisfied. Next, we can see from equation (Eq. 4.26) that the manufacturer
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can induce R1 to exert first best effort by choosing the participation rate such that

* oQ' 9Q? oQ' 9Q?
8Q1(w_0)+_8622( >—¢) —a—aGl -0 = a= (2 = ) (55, e — er opr)
der P De; 997 9"

1 €1

(Eq. 4.31)

Similarly, we can see from equation (Eq. 4.27) that the manufacturer can induce R2 to exert

first best effort by choosing the participation rate such that

862

N Q2 0Q'  9Q? aQ"
—8Q2(w —c) + an( —c) —a—aGQ =0 = a= 01 = oy, 02 — 50y 03)
ey b dey - 0GZ 52

P2 Oe2

(Eq. 4.32)

Since the manufacturer must offer the same participation rate to both the retailers, in order

ofr the manufacturer to induce both retailers to exert first best efforts, we must have

« Q' 9Q% _ 9Q! 9Q? * 9Q% 9Q' _ 9Q% 9Q!

(73 — o) (G 5o — 5 oe) _ (P — (G0 58 — 50 5 Fq. 433
Q! aG1 o Q2 9G2 (Eq. 4.33)
Op1 Oey Op2 Oea

Hence, only when equations (Eq. 4.30) and (Eq. 4.33) are simultaneously satisfied, the man-
ufacturer can induce the first best prices and efforts. When the retailers are symmetric,
equations (Eq. 4.30) and (Eq. 4.33) are always satisfied, and the manufacturer achieves the
first best profits. When the retailers are asymmetric, the marginal benefits of price and effort
and the corresponding marginal costs are different for each retailer. Hence, the incentives
(wholesale price and participation rate) that are required to induce first best price and effort
levels differ for each retailer. Only when equations (Eq. 4.30) and (Eq. 4.33) are satisfied,
the manufacturer can simultaneously induce both retailers to charge first best prices and

exert first best effort levels.
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In the next section, we investigate a cooperative advertising contract that includes an
accrual rate in addition to a participation rate. In this setting, the total reimbursements
that the retailers can get from the manufacturer are limited to a fraction (0) of the whole-
sale receipts from the retailer. Since the limit on reimbursement is affected by both the

manufacturer and retailer choices, the total accruals to the retailers is variable.

4.3.3 Cooperative Advertising Contract That Includes a Participation Rate as
well as Variable Accruals

Under this contract, both retailers are reimbursed a fraction « of their advertising expenses
and this reimbursement is capped at a fraction (J) of the wholesale receipts from the retailer
(dw@"). Since the wholesale receipts are affected by the wholesale price, retail price as well
as effort, the total accrual is dependent on the choices of both the manufacturer and the
retailer. Given that the cost of advertising for the retailers is G, depending on the effort
levels exerted by the retailers, we can have aG* < JwQ® or aG* > dwQ". If retailers expend
effort such that aG? < dw@Q?, then the retailers are reimbursed aG* by the manufacturer. On
the other hand, if retailers expend effort such that aG? > dw@?, then the total reimbursement
is only JwQ".

Therefore, the retail profits can be expressed as

( 3\

. Q'(p —w) — G +aG — F'  if oG < dwQ’ Eq 150
T = q. 4.
| Q' —w) = G+ 6wQ — F' if oG > 6uwQ)!
( \
) Q*(pr —w) — G*+aG* - F? if aG? < dw@? (Bq. 4.35)
T = q. 4.35
\ Q*(py —w) — G* + owQ? — F? if aG?* > dwQ? )
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Correspondingly, the manufacturer’s profits can be expressed as

- QY (w—c)+ Q*(w—c)+ F' + F? — aG' — aG?

Q' (w —¢) + Q*(w — ¢) + F' + F? — 6wQ' — dwQ?

if oG < wQ’

if aGl > SwQ

(Eq. 4.36)

In this setting, the manufacturer declares the participation rate «, the accrual rate ¢, the

wholesale price w and the fixed fees F'! and F?. Given this contract, the retailers simultane-

ously and independently choose price and effort levels. Anticipating the retailer’s behavior,

the manufacturer chooses a, d, w, F'' and F? to maximize his profits. Hence, the manufac-

turer’s optimization problem [PM — ] can be expressed as

Max II

{'I,U, F17 F27p17p27 €1, €62, Q, 6}
ont ont on? on?

biect t '>072>0, — =0, — =0, — =0 and —
subject to 7w >0, 7" > ’3]91 ’861 ’6p2 an ey
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The properties of the solution to [PM — §] are summarized in the following proposition

Proposition 4.7 The manufacturer can induce both the asymmetric retailers to charge first

best prices and exert first best effort levels under the following three scenarios

(i) The demand parameters for the asymmetric retailers are such that the conditions listed

in proposition 1 are satisfied and the manufacturer chooses a very high accrual rate ()

such that the total reimbursement to either of the retailers is less than each retailer’s

accrual (SwQ" > aGY). In this case, the manufacturer only uses the participation

rate and the wholesale price to coordinate the channel.

The demand parameters of the asymmetric retailers are such that the following condi-

tions are simultaneously satisfied

2Qt H1*
dey Q

where 6, =1— 1 —

o an agl

dp1 Oeq

%(pé—@ %(FT—C)
B - Eq. 4.38
(1 6.0) (1 — 659) (Ea. 4.38)
GV G¥
1 1
a > mazx{ sal g o } (Eq. 4.40)
1 o 05{ 1 _ deo
2Q1 aG1 2Q2 9G2
Opyp Oej Opy Oegy
L L .
Oy =1-— é — ;&BGQ , QY and QY denote the demand faced
Opg Oeg

by the retailers when exerting first best efforts (ef, e5) and charging first best prices

(%, ps), GY and G* denote the cost of effort incurred by the retailers when exerting

first best effort levles.
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(iii) The demand parameters of the asymmetric retailers are such that the following condi-

tions are simultaneously satisfied

992 (5 —c)
opy 2
€~ "ot %9 (py — c)
5}
U i (Bq. 441)
1 Op2
« 0Q' 0 _ 0Q!
(P1 = )5 By — o) - 1 (Eq. 4.42)
92 o> 20t - e
Op2 Oez 1- %&W
Op1 Oeq
GUQV —G¥QY >0 (Eq. 4.43)
an 1*
whereé’l:l—é—;é%'
Opy Oey

The manufacturer can set a very high accrual rate § (and a low participation rate «)such
that both the retailers expend marketing effort such that their reimbursement through the
participation rate is less than the total accruals. In this scenario, the retailers are reimbursed
aG*. Here, the participation rate is the only parameter that influences retail behavior.
Hence, when conditions* listed in proposition 1 are satisfied, the manufacturer can induce
the retailers to exert first best efforts and charge first best prices.

Alternatively, the manufacturer can® set a lower accrual rate § ( and a higher partic-
ipation rate «) such that both the retailers may expend marketing effort such that their
reimbursement through the participation rate is equal to the cooperative dollars accrued. In
this case, the manufacturer uses the accrual rate to influence retail effort and the wholesale
price to influence retail prices. Since the manufacturer charges a single wholesale price, the

following condition must be satisfied in order to induce both retailers to charge first best

4See appendix for proof.
5See appendix for proof.
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prices simultaneously

%(pé—d %(p’f—C)
= -z
i Z Eq. 4.44
(1 6.9) (1 — 629) (Ea. 4.44)

Also, in order for the manufacturer to induce both retailers to exert effort such that
their reimbursement through the participation rate is equal to their accruals, the following

conditions must be simultaneously satisfied

GV G*
or = o (Eq. 4.45)
1 1
a > max{ ey o } (Eq. 4.46)
1 _ 9¢q 1 _ _Oeg
Q! oGl 2Q? 962
Opyp Oeqy Opg Oeg

Hence, when the conditions in (Eq. 4.44)-(Eq. 4.46) are simultaneously satisfied, the manu-
facturer can induce both the retailers to charge first best prices and exert first best efforts.

Alternatively, the manufacturer can choose the participation rate and the accrual rate
such that one retailer ( say, R1) expends effort such that his reimbursement through the
participation rate is lower than the total accrual and the other retailer (R2) expends effort
such that his reimbursement through the participation rate is equal to the total accruals.
In this setting, while R1 is reimbursed aG" < JwQ'", R2 is reimbursed aG* = jwQ" .
Here, the manufacturer can use the participation rate to influence R1’s effort and can use
the accrual rate to influence R2’s effort. The manufacturer then uses the single wholesale
price to influence retail prices of both R1 and R2. The single wholesale price can induce

both the asymmetric retailers to exert first best prices only when the following condition is
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satisfied

c %(pS—C) -
S o, 1 —0)
opy Op2 1
—— = C— ———— Eq. 4.47
A=60 @ (Eq. 4.47)
Op2

In order for the manufacturer to be able to induce R1 to exert effort such that R1’s re-
imbursement less than the accruals while R2’s reimbursement is equal to R2’s accrual, the

following conditions must be simultaneously satisfied

¥ Q' 0Q2 aQ!
_)(Qﬁ Q)

<p1 de; Opa  Opa 1
8&21@22 : 001 1+ (Eq. 4.48)
Opa Oea 1— L;acl
Opy1 Oeq

Hence, when conditions (Eq. 4.47)-(Eq. 4.49) are simultaneously satisfied, the manufacturer
can induce first best efforts and prices.

In addition to the above described strategies, the manufacturer can offer a very low ac-
crual rate ¢ that can induce one or both retailers to exert effort such that their reimbursement
through the participation rate is greater than the accruals. In this scenario, the retailers are
reimbursed dw@®. Since this reimbursement amounts to a reduction in wholesale price, the
manufacturer cannot induce the retailer to exert first best efforts. Hence, the manufacturer
would prefer not to offer a very low accrual rate.

When the asymmetry between the retailers is such that the conditions listed in propo-
sition 2 are not satisfied, the manufacturer cannot simultaneously induce both the retailers
to exert first efforts and prices. In the next section, we investigate a cooperative advertising

contract that includes a participation rate and a fixed accrual amount.
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4.3.4 Cooperative Advertising Contract That Includes a Participation Rate as
well as a Fixed Accrual

Under this contract, both retailers are reimbursed a fraction « of their advertising expenses
and this reimbursement is capped at a fixed amount (A). Given that the cost of advertising
for the retailers is G*, depending on the effort levels exerted by the retailers, we can have
aG' < A or aG' > A. If retailers expend effort such that aG® < A, then the retailers are
reimbursed aG? by the manufacturer. On the other hand, if retailers expend effort such that
aG? > A, then the total reimbursement is only A.

Therefore, the retail profits can be expressed as

( )
Q'pr—w) =G +aG —F' if aG*< A

= (Eq. 4.50)
Q'py —w)—G*—F'+ A if aG'> A

)

Q> (pr —w) — G*+aG2 —F? if aG®< A
T = (Eq. 4.51)
Q*(py —w) —G*—F?+ A if aG®> A )

\

Correspondingly, the manufacturer’s profits can be expressed as

Q'(w—0c)+Q*(w—c)+ F1 + F? —aG' —aG?* if aG'< A
IT = (Eq. 4.52)
Q'(w—c)+Q*(w—c)+ F' + F? — 24 if aG'> A
In this setting, the manufacturer declares the participation rate «, the accrual amount A
along with the wholesale price w and the fixed fees F!' and F2. Given this contract, the

retailers simultaneously and independently choose price and effort levels. Anticipating the

retailer’s behavior, the manufacturer chooses a, A, w, F' and F? to maximize his profits.
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Hence, the manufacturer’s optimization problem [PM — A] can be expressed as

Max 11
(Eq. 4.53)
{w,Fl,F2,p1,p2,el,62,a,A}
ort ort on? on?
bject t '>0,72>0, =— =0, — =0, — =0and — =0
supbject to @ -~ U, ™ ~ ’3])1 ’@61 ,@pQ an 862

The properties of the solution to [PM — A] are summarized in the following proposition

Proposition 4.8 The manufacturer can induce both the asymmetric retailers to charge first

best prices and exert first best effort levels under the following three scenarios

(i) The demand parameters for the asymmetric retailers are such that the conditions listed
in proposition 1 are satisfied and the manufacturer chooses a very high fized accrual (A)
such that the total reimbursement to either of the retailers is less than each retailer’s
accrual (A > aG® ). In this case, the manufacturer only uses the participation rate

and the wholesale price to coordinate the channel.

(ii) The demand parameters of the asymmetric retailers are such that the following condi-

tions are simultaneously satisfied

6@2( * Q' 1«
3—]92—0) 3_(171_0)
P 201 = 2= el (Eq. 4.54)
Ip1 Op2
GV =G% (Eq. 4.55)
1 1
a > max{ ol el (Eq. 4.56)
1 _ deq Q 1 _ @Q
QL oGt 9Q2 G2
Opy Oej Opy Oeg
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where Q' and QY denote the demand faced by the retailers when exerting first best
efforts (e}, e3) and charging first best prices (p}, p3), G* and G** denote the cost of

effort incurred by the retailers when exerting first best effort levles.

(iii) The demand parameters of the asymmetric retailers are such that the following condi-

tions are simultaneously satisfied

6Q2( " Q! [«
o —c) G —o)
P1 Sor _ Op 5 (Eq. 4.57)
p1 Opa
" Q1 9Q? _ 9Q!
(11 = ) (3¢ Gps — Dp) 1 Eq. 4.58
8;6228_6'2 8@1 Ql* ( q' .5 )
Opa Oea 1 - &86‘1
Op1 Oey
GV > G¥ (Eq. 4.59)

The manufacturer can use the wholesale price, the participation rate o and the fixed accrual
amount A to influence retail price and effort levels. The manufacturer can set a very high
accrual A (and a low participation rate «) such that both the retailers expend marketing
effort such that their reimbursement through the participation rate is less than the total
accruals. In this scenario, the retailers are reimbursed aG?. Here, the participation rate is
the only parameter that influences retail efforts while the wholesale price is used to influence
retail price. Hence, when conditions listed in proposition 1 are satisfied, the manufacturer
can induce the retailers to exert first best efforts and charge first best prices.

Alternatively, the manufacturer can set a lower accrual amount A ( and a higher par-
ticipation rate «) such that both the retailers may expend marketing effort such that their
reimbursement through the participation rate is equal to the cooperative dollars accrued. In
this case, the manufacturer uses the accrual rate to influence retail effort and the wholesale

price to influence retail prices. Since the manufacturer charges a single wholesale price, the
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following condition must be satisfied in order to induce both retailers to charge first best

prices simultaneously

Q% /. x 0Q 1 «
20 o9
o o
p1 Op2

(Eq. 4.60)

Also, in order for the manufacturer to induce both retailers to exert effort such that

their reimbursement through the participation rate is equal to their accruals, the following

conditions must be simultaneously satisfied

1* 2%
G =G
1 1
8} > mal’{ 8Q1 Ql* 9 6Q2 Ql* }
1 _ deq 1 _ deg
Q1 agl 2Q2 9G2
Op1 Oey Opy Oey

(Eq. 4.61)

(Eq. 4.62)

Hence, when the conditions in (Eq. 4.60)-(Eq. 4.62) are simultaneously satisfied, the manu-

facturer can induce both the retailers to charge first best prices and exert first best efforts.

Alternatively, the manufacturer can choose the participation rate and the accrual amount

such that one retailer ( say, R1) expends effort such that his reimbursement through the

participation rate is lower than the total accrual and the other retailer (R2) expends effort

such that his reimbursement through the participation rate is equal to the total accruals.

In this setting, while R1 is reimbursed aG' < A, R2 is reimbursed aG? = A. Here, the

manufacturer can use the participation rate to influence R1’s effort and can use the accrual

amount to influence R2’s effort. The manufacturer then uses the single wholesale price to

influence retail prices of both R1 and R2. The single wholesale price can induce both the

88



asymmetric retailers to exert first best prices only when the following condition is satisfied

BQ2< * 0Q [ «

oo \P2 — c) D0y (p7 — )

P 201 = 22 e (Eq. 4.63)
Op1 Op2

In order for the manufacturer to be able to induce R1 to exert effort such that R1’s re-
imbursement less than the accruals while R2’s reimbursement is equal to R2’s accrual, the

following conditions must be simultaneously satisfied

f o) (220 _ 9y

(pl Oe1 Op Op 1
%218602 2 o1 Ql* (Eq 464)
Ops Desy 1— %
Op1 Oeqy
GV >G* (Eq. 4.65)

Hence, when conditions (Eq. 4.63)-(Eq. 4.65) are simultaneously satisfied, the manufacturer
can induce first best efforts and prices.

In addition to the above described strategies, the manufacturer can offer a very low
accrual amount A that can induce one or both retailers to exert effort such that their reim-
bursement through the participation rate is greater than the accruals. In this scenario, the
retailers are reimbursed A. Since this reimbursement amounts is fixed, the retailers marginal
costs are not altered by the reimbursement and hence will not influence retail behavior.
Therefore, the manufacturer would not prefer to offer a very low accrual amount A.

When the asymmetry between the retailers is such that the conditions listed in proposi-
tion 3 are not satisfied, the manufacturer cannot simultaneously induce both the retailers to

exert first efforts and prices.

89



In the next section, we investigate the conditions under which the use of variable accruals
may be preferred to the use of fixed accruals when either of the contracts cannot achieve the

first best solution (i.e., when the conditions in propositions 2 and 3 are not satisfied).

4.3.5 Comparing the Fixed and Variable Accrual Contracts

While the previous sections described how the two types of accrual rates, in conjunction
with the participation rate can induce the first best solution, the conditions required for
each contract to achieve the first best solution are less likely to be satisfied when the re-
tailers are asymmetric. In the previous chapter, we noted that each type of accrual has a
significantly different impact on retail prices and efforts than the other contract. When the
manufacturer offers a cooperative advertising contract that includes a participation rate and
variable accruals, the manufacturer can use the accrual rate 0 to coordinate the efforts of
one retailer (say R1) and use the participation rate « to coordinate the efforts of the other

retailer (R2). In this context, the comparative statics of retail price and effort are given by

1 1
o 2 5 () when 6w2e — 96 <
Ow Oeq ey ’

. ?>0WhenA6>0,
w

1 1
o%<0when5w%i—a%c" <0,
(e €1 €1

° %<0WhenA5<0,
{07

e 1 < () when A! <0,

95
dey aQl  aG!
e %+ >0 when 5w—ae1 5o <0,

Op2 Oey Op2 Oey 9p2 _ Oey _
e 2 >0,52<0,22>0, 52 >0, 52 =0and T3 =0.
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where

Q! oQ! oGt Q! oQ! oGt
1_ _ 1 _ 2
A = der (6 der « Ber Jw@Q + 6w 7 (dw der o der )+
Q! 1 92Q" 9*Gt Q" Q! oGt
. H—al—6)]55 ) - -
ow o [wQ ( 9e2 (p1— (1 —=010)w) — [1 — (1 —67)] 9e2 ) — Orw Der (dw Der o 861) <0
(Eq. 4.66)
ol 92Q! Q! OG! Q! Q" OG! Q"
5_ o 1 - - 1
A° = [23]91 + 7(9;0% (m—(1 015)10)} G (ow der a der )+ dw o [511) a (1 91)—861 +G 061] ,
(Eq. 4.67)
oQ' . Q! Q! oGt Q! 92Q! oQ! oGt
6 _ o o o _ 1 _
A® =+ (1 —610) 7 dw 7 (ow 7 aael )+ [28101 + 2 (;m—(1 015)11))] 0@ (dq Der ! Der )
8@1 8@1 an 18Q1

When the manufacturer uses a cooperative advertising contract that includes a fixed accrual,
the manufacturer can use the fixed accrual A to coordinate the efforts of one retailer (say
R1) and use the participation rate « to coordinate the efforts of the other retailer (R2). In

this context, the comparative statics of retail price and effort are given by

9p1 9e1 _ ) 91 e Ip1 ey
® 50 >0 50 =0, 55 <0, 55 <0, 52 >0, 352 >0,

Op2 Oeg Ip2 Oeg Op2 _ ) Qe _
® 50 >0,52<0,32>0,52>0, 57 =0, 5% =0.

As we can see from the above comparative statics, the fixed and variable accrual contracts
can have a significantly different impact on retail prices and efforts. Hence, when the man-
ufacturer cannot achieve the first best solution using either of these contract, the following

proposition notes the conditions under which one contract may be preferred to the other.

91



Proposition 4.9 The manufacturer would prefer the variable accrual contract over the fized

accrual contract when the following conditions are satisfied

Py > i, (Eq. 4.69)
oQ"  9G!
—~ —a— Eq. 4.
ow D, a@el <0, (Eq. 4.70)
A' < 0,A% <0 and A® >0 (Eq. 4.71)

where p{ is the retail price charged by R1 under a cooperative advertising contract that only

includes a participation rate.

When the own effort and cross effort effects on the retailer’s demand are high and when
the cost of effort is low, the manufacturer using a cooperative advertising contract that only
includes a participation rate may induce the retailers to charge prices that are greater than
the first best prices. Since the manufacturer uses the participation rate to increase retail
efforts, and since the participation rate also increases retail prices, the manufacturer may find
it profitable to induce retail prices that are greater than first best levels. In this context, since
the retailers are asymmetric, the manufacturer can use an additional instrument (accruals)
to better coordinate retail efforts. The question then arises as to which accrual contract
would result in greater profits.

As we can see from the comparative statics results, while both types of accruals have
a similar effect on R2’s prices and efforts, an increase in the accrual rate ¢ induces R1’s
to lower his price (when A < 0) while an increase in the fixed accrual A induces R1 to
increase his price. Hence, when the manufacturer, using a participation rate only contract,
prefers to induces R1 to exert prices greater than first best levels, the addition of the variable

accrual rate to the contract induces the retailers to charge prices closer to first best levels. In
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addition, under the variable accrual contract, an increase in the wholesale price may induce
(when A® > 0) R1 to increase his effort levels. A similar increase in wholesale price under
the fixed accrual contract would induce R1 to lower his effort levels.

Hence, the manufacturer, by using the variable accrual contract, can simultaneously
induce R1’s price and effort levels to be more closer to the corresponding first best levels
compared to the case where only a participation rate contract is used. This cannot be
achieved using the fixed accrual contract. In fact, the retail prices and efforts of R1 are
further way from the first best levels under the fixed accrual contract compared to the
participation rate only contract. Since R2’s efforts are coordinated using the participation
rate, and since the impact of the participation rate and wholesale price on R2’s choices are
identical under the two types of accruals, using either of the contracts will not change R2’s
effort and price choices. Hence, when the conditions listed in proposition 3 are satisfied, the

manufacturer prefers the variable accrual contract over the fixed accrual contract.
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4.4 Conclusion

Cooperative advertising contracts are frequently used by manufacturers to induce retailers
to increase their advertising intensity. In this essay, we provided guidelines for the use
of various cooperative advertising strategies and detailed the conditions under which each
type of cooperative advertising contract can lead to greater profits to the manufacturer.
When dealing with asymmetric retailers, the manufacturer can achieve coordination only
when stringent conditions are met. When such conditions are not met, the manufacturer
may prefer one type of cooperative advertising to the other. The preference of the type
of contract depends to the nature of asymmetry and the extent of free-riding amongst the
retailers. Hence, manufacturers designing cooperative advertising contracts must take these

considerations into account.
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APPENDIX A: PROOFS FOR RESULTS IN CHAPTER 2
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Proof of Lemma 1 (First Best Setting)

Recalling TRE | TR%, and equation (Eq. 2.1) from the main text, the principal’s problem in

this first best setting, denoted by [P-FB| is:

Max
" (A1)

{e,T}
subject to ., >0 V ke {A B},me{L, H} (IRF)

The Lagrangian for [P-FB] is given by:

L= ¢, E[T;]+ (1= )BT + 0u BT + (1 — ¢,) E[T] +
A [egeg vomler) - G E[TLA]] Y [6292 +omler) - G E[T;}‘]} "

s {ef@f + 6B — % - E[TLB]] + A [ef@f +O6E[e"] — % - E[T,f]] . (A2)

Assuming an interior solution, the first order conditions for the principal’s optimization

problem are:

gé -\ :9;* - Z—j] +80% [Ny + A\ =0, (A3)
gj;{:AQ g_%} + 067 A+ ] =0, (Ad)
gjg =\ :95 - Z—Z] + 867 (M + X)) =0, (A5)
@% -\ _93 - % + 862 A 4+ Ay] =0, (A6)
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oL oL OE[T!]

oTy, ~ oEMy ot (kAP =0 A
y
aa:r’% - ag[;g] agg] = (0= X)dr =0, A
c’fTi;H - ag[%fa] aaET[g] = (00— A)on =0 A
375, ~ R T, e = o
gf — 407 + E[e”] % — E[T}] >0 and Alg—i =0, (Al5)
gf — 0% 1+ 6E[e”] — % ~E[T;]>0 and %g—i =0, (A16)
:;L — P07 + "] - % ~B[1f]20 and A3§—i =0 (Al7)
g_i — 205 + B[] - % —E[Tf] 20 and Mj—i =0 (A18)

From equations (A7)-(A14), we can see that A\, = ¢, A\, = ¢, A\ = ¢F and Ay = ¢F .

Substituting the values of the Lagrange multipliers into equations (A3)-(A6), we get

V=g = A=00+0), (A19)
€
Oy =L—d = = 05(05+0). (A20)
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Subsequently, equations (A15)-(A18) reduce to

' (e})? g (er)”
0+ OBl = G- — BT} =0 = BITy) = ¢4} + 6Bl - -, (A21)
e+ aEle]— S g Zo o Bt = et 4 0Bl — ) (A22)
H™H 292 H H v'H 202 ,

and the statement of the Lemma 1 follows. B

Proof of Lemma 2 (Input Monitoring Setting)

Here, the partner can commit to a certain effort level while misrepresenting its private
information. For example, a partner in the high (or more favorable) state could lie and
report a low state and thereby be required to exert a lower effort level (corresponding to the

lower state). Hence, the partner’s profits under the various state-disclosure® conditions are

given by

il = et 0k + §Ee'] — () _ E[TH (A23)
i — %YL 2@2 Lh

Ly L 5E[el] _ @ — E'[Tk] (A24)
HIL — YHYL 29; HID
BRI ok pk o ST l_@_ET’C A25

Tw = €n n T [6] 20* [ H]’ ( )

mh = st + 6 Ele'] — @)y E[T}] (A26)
vig — “Ym 29;;{ Ll

Recalling [P-IM] from the main text, we anticipate that the conditions IR’ IRZ' ICHM
and ICP" are not likely to bind at the solution. Accordingly, we focus on the setting where

the principal considers only I R}, IR?', IC;" and IC} " and refer to that ‘reduced’ problem

6We assume that each partner reports its private information as a best response to the other partner
reporting its private information truthfully.
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as [P-IM-R]. Later, we verify that the remaining constraints, IR}y, IRS", IC*' and ICP'

are indeed satisfied at the solution to [P-IM-R]. The Lagrangian for [P-IM-R] is:

L= ¢, E[T;]+ (1= ¢p) BT + 05 BT+ (1 = ¢,) E[T] +

A €107 + 0E[e”] — () E[T| + X\, |ef07 + 0E[e”] — (er)' E[T?]| +
LYL 29? L L”L 205 L

T8 |:629f1 + 0E[e”] — % — E[T}] — (6?9;} + dE[e”] — % - E[TLA])} +

o en0t + ote) - GhE — gtz - (eog v omie - S0F - mzz) | e

Assuming an interior solution, the first order conditions are given by

gé =t :9;‘, - %} + N0y =0, (A29)
gjg =)\, _eLB — g—z] + A 00" — 1, (95 — %) =0, (A30)
% o lon - % A6 =0, (A31)
ST = FHTA B = (01 = o =0, (A32)
ST = SR g = (6 = M ek =0, (A33)
S = G e = (¢~ )6t =0, (A31)
S = e g = (0 = m)h =0, (A35)
oL _ 0L OPIA_ (sr et )l =0, (A36)

OT: — OE[TE] 0Tk
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oL 0L OE[TY]

9TE ~ OB[TE orE, (0 At i)en =0, (A37)
e = e — (6]~ ot =, (A38)
a%,{ N 61?[12;5] angj] = (05 = 1) =0, (A39)
O o voril - SX pmz0 wa Ak =, As0)
gi =e,0; + 0E[e”] - % —E[T]>0 and Azg—i =0, (A41)

g;i = epby + 0E[e”] — % — E[TA - (629}3 6E[er] — (2672; 3 E[T;‘]) >0
and gi _o, (A42)

g,i = eully + 0[] - % — E[Ty;] - (659,5 + 0 E[e] - % — E[Tf]) >0
and i g/i —0. (A43)

Solving for the Lagrange multipliers from equations (A32)-(A39), gives:

M=oy +op =1, (Ad4)
A=y +op =1, (Ad5)
= ¢y, (A46)
fo = P (A47)

Substituting the values of the Lagrangian multipliers in equations (A28)-(A31), gives:

oL . e .

W TS ( %), s
oL , -

aeA = ¢H |:0 HA :| + 5¢H - (A49)
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oL _ B ef B B B ef _

8€f - |:0L 9L3:| +6¢L H (QH 95) - Oa (A50)
oL B B 62 B __

665 - (bH |:0H - @} + 5¢H =0 (A51)

Simplifying equations (A48)-(A51), we can see that the optimal effort levels satisfy the

following conditions:

en! en!
0; = o ¢;0 + ¢y (92 - E) ; (A52)

Solving equations (A52)-(A53) for the optimal effort levels, gives:

o OR0E (St + 0% — 0%
o 0, — 05 ’

(A54)

ehT = 0% (6% 1 0). (A55)

Using equations (A44)-(A47), we note that the inequalities in equations (A40)-(A43) will

hold as equalities; that is:

k,I\2
eb105 + SB[ - —(ZLek) ~ E[T}"] =0, (A56)
L

kI kI

eigh 4 oplet] — i) prpen (6’2’19’; L omle) - L) E[Tf”]) —0. (A57)

i 26}

Solving equations (A56)-(A57) for the optimal transfers, gives:

BT = b6t 4 6B[e] — 2 ) (A58)
20"
1k o E) . (er) _ (ep')”
BT} = 0} + 0Bl = S5 — e — e 0h] - | — S| (A%9)
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From equations (A58)-(A59) we can see that the principal extracts all rents from the partners

in the lower state and either partner in the higher state accrues rents, RY' as follows:

6A,I>2 (eA,I)Q
RAT — [eA,IeA _ eA,IeA] + |:< L _ \& ] , and (AGO)
H L H L L 203 262
| | | (63,1)2 (63,1)2
Ryt = gy - o+ |V - LT (A1)

Notice that the rents have two components : 1) rent due to extra output [ef6% — e*0%] and

A, T A, T
(eL’ )2 _ (eL’ )2

2) rent due to lower cost of effort [ 207 207

] Next, inspecting equations (A54)-(A55)
and (A19)-(A20) we can see that under input monitoring, the principal induces the partners
in the lower state to exert lower effort than in the first best scenario, while the partners
in the higher state exert the first best effort levels. We now verify that the IR, IR2',
IC" and ICP" conditions indeed hold at the above solution. Using the transfer payments in

equations (A58)-(A59) and the expressions for the partner’s profits in equations (A23)-(A26),

and noting that e¥, > e* we can see that

<€A,1>2 (eA,I)Q
ﬁézk?%—ey%y%{%f—-ﬁg > 0, (A62)

, 7 ’ (eB,I>2 (eB,I>2
7§;::@fm§—efmfy+{f£f — i@ > 0, (A63)

AT AL (eA,I . eA,I)(eA o 0A> + (91}41 B 02) [(efl’l>2 B (6?’1)2]

7TL\L - 7TH\L H 29}30f > 0
> i > Maip end (A64)
9B — PB B,I\2 __ B,I\2
ol =t = (en' —el!) (0 — 07) + (0: L)[(eg 1 s
20767
T (A65)

Hence, the solution to [P-IM-R] is also a solution to [P-IM] and the statement of Lemma 2

follows.
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Proof of Lemma 3 (Output Monitoring Setting)

Here, the principal specifies and monitors the output produced by the partner. Given the

output requirements (Q%,Q7, Q% and Q) in the contract menu, we can see that

Qy = Qey, €%, 0,) = enby + 6(dnen + orer),
Qp = Qler, €%, 07) = e07 + d(dpey + ¢rer),
Qy = Qey, e, 0n) = enly + 6(dner + orer),

Qp =Qle, e, 07) = 0] + 0(ope, + drer).
Solving for ef, e}, e? and e? from the equations above, we have

o _ 902(SEQE0G + $RQR07) +°07(Qh — Q7) (97205 + ¢507) — Q020707
" 52(104 + dp02) (9205 + ¢5OP) — 64010567 ’
803 (05Q105 + pQ07) — 80 (Qh — Q1) (0705 + 0h0F) — Q1040567

A
o 52(p207 + dp02) (0205 + G5O2) — 04070567 ’
o 002(60Q00% + 04QA07) + °02(Q% — QF) (9204 + 0402) — Q020407

(91075 + 0307) (9207 + ¢R07) — 03070507 ’
oo _ 005(01Q705 + ¢3,Q507) — 865 (Q5; — Q7) (970 + 6707) — Q7070507
L (9107 + 0307) (9207 + ¢R07) — 03070507 '

(A66)
(A67)
(A68)

(A69)

(A70)
(AT1)
(A72)

(AT3)

Hence, given a set of outputs, the principal can choose a set of effort levels that will result

in the desired output levels. In what follows, we will assume that the principal monitors the

output and specifies the required input for the partners. This allows for easy comparison of

input and output monitoring.

Under output monitoring, a partner in state m can lie to the principal and claim to be in

state n (where m,n € {L, H}, m # n). When partner k declares to be in state n and given

a particular effort level by partner [ (denoted by e'), the principal would require partner k
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to produce Q(e*,e',0%) = e*0* + de'. For instance, if partner k is in the higher state but
reports to be in the lower state, the required output will be: Q(e*,e',0%) = ek0% + Je'.

However, k’s effort to produce that output will be determined as follows: Q(é,, €', 0% ) =

k gk
ergr + oet = ehfr 4 de'. Since Q; > 0, it follows that e, = eggL < e¥. Similarly, we can

~ k gk . .
see that e = efékH > e¥. Hence, the partners’ profits under the various state-disclosure
L

conditions are given by:

k k Nk 1 elz : k
i = cbot + 0Bl - ok~ BITY) (A74)
_ (ek Qk )2 (ek: ek: )2
kO __ )k (zk 1 pky _ \Y5YH) k] _ ok gk i \*w’w) k
T = Q (€L7 E[e ]7 QL) 2(92)3 E[TH] eHeH + 5E[€] 2(812)3 E[TH]7 (A75>
k,O k Nk 1 (62)2 k
T = €yt + L[] — 20: — E[T}], (A76)
_ (ekgk)Z (ekek)Q
kO _ )k( sk 11 opky _ \“VL) k] _ kpk i \%LYL) K] A
i = Qe BLE) 03) — S — BT = 36t + 0Bl - CEUL - BT (AT

As in the input monitoring setting, here too, since the partners can lie, the principal needs
to design the contract (effort/transfer payment pair) such that truthful revelation is induced
while guaranteeing reservation utility to the partners. Recalling [P-OM] from the main text,
here too, we focus on the simpler problem [P-OM-R]| where we consider I R}»°, IR?°, IC°
and IC/°, and later verify that the other constraints (I Ry°, IR2°, IC}° and ICP°) are

automatically satisfied at the solution to [P-OM-R]. The Lagrangian for [P-OM-R] is:

L= ¢, E[T;]+ (1= ¢p)E[T]] + 05 B[T;] + (1 — ¢,) BT +

N [egef L omer) - S E[T;]] Y {efef 4 omer] - S E[TLB]} +

204 205
_ (en)’ _ (e207)
B\2 BAB\2
Lo {efﬁf] + 0E[e?] — % — E[TE] - <ef€f + 0E[e?] — (26599;))5 — E[TLB}) . (AT8)
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Assuming an interior solution, the first order conditions are given by

ge[;‘ =\ :ef - %] + \007 — oy (93 - 6%222) _9,
gjg — A\ :Hf - ;—Z - AOGE — i <9LB - 6‘:0(;;)) o,
Sjg = e |0 = % + M dgh =0,
0 B
aaTL = aﬁéﬂ afT[T] = (0F — At )l = 0,
S = G e = (64— m)et =0
ST = TR G = (64— meh =0,
o = G B = (60 =+ ot =0,
aéTf;H - agéﬂ 88ET[§] = (67 — Ao+ p2); = 0,
;
S = G g = (¢~ ot =0,
S = TAE e = (6~ e =
gi = 204 + §E[e®] — % —E[T*]>0 and )\lg—i — 0,
gi =elf; +dE[e"] — %22 — E[TP] >0 and )\23—)[\; =0,
and ulg—i =0,
g/f = bl 0Bl = % ~ E[T7] - (efef +0Ee"] - %
and MQS—/i =0.
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(A79)
(A80)
(AS1)
(A82)
(A83)
(A84)
(A85)
(AS6)
(A87)
(ASR)
(A89)
(A90)
(A91)
(A92)

L EY
(A93)

- El17]) 20

(A94)



Solving for the Lagrange multipliers from equations (A83)-(A90), gives:

Al:¢2+¢£:17
>‘2:¢f1+¢f:17
A

M1 = @y,

Mo = ¢f{

(A95)
(A96)
(A97)

(A98)

Substituting the values of the Lagrangian multipliers in equations (A79)-(A82), gives:

oL A . A A 6?(‘92‘)2 o
D P"%}+¢5 Pi ( - W®3)_0’

oL alaa en B
O oo ] g

02

H

oL

@eB

= ¢y [93—9—3}4‘(535_0

O T ], erEny
g = |72 5] oo (o2 - gy ) =

(A99)
(A100)
(A101)

(A102)

Simplifying equations (A99)-(A102), we can see that the optimal effort levels satisfy the

following conditions:

=% g (- S
L 9’“ H )

(0%)°
ekO
= =0

Solving equations (A103)-(A104) for the optimal effort levels, gives:

ko _ Pu(05)°05(6 +67)
o (0h) - en(0))?
e = 04, (0%, + 0).
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(A106)



Given the values of the Lagrange multipliers, equations (A91)-(A94) will hold as equalities:

k,0 Nk 1,0 (6’2’0)2 k,O
€L’ 0L+5E[6’ ]—W—E[TL’ ]:0, (AlO?)
L
(ek,O)z (ek,oek)2
eyl +O0E[e] — 7= — E[Ty°] — | ep°0; + 0E[e"?] — ~ = — E[T}°] | = 0.
20" 2(05,)
(A108)
Solving equations (A107)-(A108) for the transfer payments, gives:
k,0\2
E[T}°] = ey?0; + 0E[e"?] — —<62L€k) : (A109)
L
(ek,0)2 (ek,0)2 (ek,ogk)2
E Tk,O — k,ogk (SE 1,01 H _ L o L L Al].

From equations (A109)-(A110) notice that the principal extracts all rents from either partner
in the lower state while either partner (i.e., A and/or B) in the higher state accrues rents

R and RZ°, respectively as follows:

o [(£0F  (ehon2p
"= ey
(0F (o8] | [0 (€O
_ _ All1
205 2002 | | 26 205 | (ALLL)
no _ [(290 (290
. | 207 2(05) |
(2o (o8] |, [ (ehey
To6r 205y | 7| 20p 205 | (Al12)

R2° and RZ© are comprised of two components: 1) rent due to lower effort [ —

and 2) rent due to lower cost of effort

k,O
(eL )2

k,0 k,0
(ep )2 (e 9%)2
20%, 2(0%)3

k,O

20%

‘L )2] Next, inspecting equations (A105)-

20%;

(A106) and (A19)-(A20) we can see that the partner in the higher state is induced to exert
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the first best effort levels while the partner in the lower state is induced to exert lower effort
than in the first best setting.

We now verify whether the IR°, IR>°, 1C;"° and ICP° conditions indeed hold at the
above solution. Using the transfer payments in equations (A109)-(A110) and the expressions

for the partner’s profits in equations (A74)-(A77), and noting that e%° > e#° we can see

that
(eA,O)Q ( A,OQA)Z
A0 _ L .
T = { o (QA >0, (A113)
5 (65 O B OQB
750 — { = >0, (A114)
[(63)" — (62 2(6“0 — (62)°(e2?)’]
THL ~ Main = " L2>0
| | ( 1) (07)°
= 7w > Ty, and (A115)
(05)° — (02)°][(92)°(e5°) = (62)(e2°)
ﬂ_f,Lo N ﬂ_IJi,(L) _ H L H H L L >0
v = T 207 07
= L|L > 7TH\L (A116)

Hence, the solution to [P-OM-R] is also a solution to [P-OM] and the statement of Lemma

3 follows.

Proof of Proposition 1 (Comparing Input and Output Monitoring)

We begin by noting that the principal can induce the optimal effort levels of output monitor-
ing under input monitoring with appropriate transfers (recall that e!;° represent the optimal

effort levels under output monitoring). More specifically, the following transfers under input
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monitoring will induce the partner to exert effort that is optimal under output monitoring.

A0

(ez®)?

E[TA) = 202 4+ §E[e™°] — 2L€A : (A117)
5 (63’2)2
E[TP = e}°07 + 0E[e*°] — QLQB , (A118)
L
- A,0)2 A,0)\2 A,0)\2
BT = oy +omlene) B — ey — epooyy - [CEL T ang
H L H
» B,0\2 B,0\2 B,0\2
BT = epoo) + 8l - L — pepoay - cpeoy) - [“LE - LT iz
H L H
The transfer payments for the output monitoring case are given by
A,0)\2
B[] = epoop + om0 N (A121)
L
B,0)\2
E[TP°l =el°07 + 6E[e*?] — _(6593) , (A122)
L
A,0)\2 A,0)2 A,OQA)2
ETA,O — A’OGA 5E B,07 __ (eH ) _ (eL ) _ <€L L
[ H ] €y Uy + [6 ] 29}4[ 2921 2(9;}1)3 ’
nogn  gppere) - (O [0 (@0 (2P ()
moo 204 204 2(604)? 204 204 |’
(A123)
B,0)\2 B,0)\2 B,OQB)Z
ETB,O _ B,OQB SE A,01 <€H ) o (eL ) . (eL L
[ H ] e v+ [6 ] 265 205 2(92)3 ’
VAN i i i i 2. B [ o i Gl
b 205 205 2(0%)® 205 208 |
(A124)

Since the above two sets of transfers (from equations (A117)-(A120) and (A121)-(A124))

induce the same levels of effort under the two monitoring regimes, we now compare the
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principal’s profits under input monitoring and output monitoring (with output optimal ef-
fort levels under both cases). Let II7'(e*“,e”?) denote the principal’s profit under in-
put monitoring when the principal induces the optimal effort levels under output moni-
toring. Further, let 117/ (e, e®") and I17°(e*?,e”°) denote the principal’s profit under
output and input monitoring respectively when the principal induces the partners to exert
the corresponding optimal effort levels. Notice that II7/(e*! e®') > TI7"(e*©, %) since

AT

et and eBf

are optimal under input monitoring. Hence, if the principal’s profit is higher
under input monitoring when the principal induces output optimal effort levels, then the
principal’s profit is higher with input monitoring under input optimal effort levels (i.e., if
[IP1 (640, eP:0) > [170(e40, ¢5:0), then II7 (e, eP1) > [170(e40, e5:0)).

Comparing the principals’ profits (using the transfer payments in (A117)-(A120) and
(A121)-(A124)), we see that the transfer payments are identical under the low state condition

and the difference in profits comes from the transfers under the high state. Define

A (e (200  aopa  pa
A :{ 20 20 — (04 — 02, (A125)
s [ (P00 soips _ po
A :{ 205 " a(gny —e29(02 —07). (A126)
Then,
(eA,O>2 (eA,O)2(9A)2
PI(,A,0 B0\ _ T[PO(,A40 _,B,0y _ A L _\& L _ _AO0(pA _ pA
e, e0e) — (e, en) = o (|CEE - LR - ooy o)) +
s ([(e29)? (29200 sorps  go
(bH <|: 2&}31 2(03)3 eL <9H 9L) N
= LA PEAP (A127)
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Now, A* > 0 if the following condition is satisfied

A,0)2 A,0\2( A2
(eL ) . (6L ) (QL) _ 6?,0(02 _ 03) >0

205 2(03)°
e (B — 07) (e (07 +67) — 2(64)°)
= 200%)3 >0,
no o 2005)°
or when €79 > ey (A128)
Recalling e from (A105), notice that A* > 0 if:
o GO 402 263)°
: (07)° —on(02)* — 04 +06}
AN3 _ LA (A3
g o 21087~ ohe)
@107 (07 + 07)
21(04)3 — (04)3] — H4(64)2(9A — pA
Lo 20 G- O -0

o107 (05 +67)

Hence, when the externality parameter ¢ satisfies inequality (A129), transfer payments from
partner A under input monitoring are greater than the payments under output monitoring.
A similar exercise results in the following condition for the principal’s profits from partner
B under input monitoring to be greater than those under output monitoring

5 < 2100 = (02)°] — 97 (67)*(05 — b7)
¢LOz (07 +07)

. (A130)

Since the principal’s profits are the sum of the transfer payments from both the partners,

the following inequality is a sufficient condition for input monitoring to be more profitable
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than output monitoring.

5> 5 e LU0RY = O] —0302105—05) 203"~ OF))— 10203~ 0)
5201 0% + 6,) | o107 0%+ 07) |

(A131)

Hence, the statement of Proposition 1 follows. We now show how our analysis extends to

more general demand and cost functions.

Extending the Analysis to a More General Setting

Here, we show that the qualitative insights arrived at so far also hold for a larger class of
demand and cost functions. Recall that the general demand for partner k, Q(ek €', 6% ),
satisfies the conditions @)1 > 0, Q2 > 0, 3 > 0, Q11 < 0 and (13 > 0; and the cost function
C(ek , 0% ), satisfies C; > 0, Cy < 0, Cy; > 0 and C12 < 0. Using the same solution procedure
employed with the specific functions, we can show” that the first order conditions (for agent

k, k € {A, B}) under input monitoring are given by

Q. (e}, Ble"],0)) = Ci(e}”, 0;) — 1 Qu(ey, Ele],0,) + ¢l [Qu(er”, Ele],0,) — Culer”, 03,)]
— 010y [Qa(ey, Ele™], 0) — Qu(ey’s Ele™],0,)], (A132)
Q.(ey', Ble"], 0y) = Ci(ey, 0) — Qule’, Ee™'],6,)

— 0y [Qa(e, Ele™], 03) — Qu(ey, Ele™'],0,)] . (A133)

The principal extracts all rents from any agent in the low state and the rents accruing to

the high type agent have two components:

"Complete proof available with the authors.
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(i) Rent due to extra output [Q(el’, E[e"'],0%) — Q(ek’, E[e"'], 0%)], and
(ii) Rent due to lower cost of effort [C'(ef', %) — C(eb’, 0%)].

The total rents given by:

Ry =Q(er", Ele], 0) — Q(er”, Ele"], 0,)] + [Cler’, 0)) — Cler”, 0] - (A134)

Note here that, since ()13 > 0 and C15 < 0, the rents accruing to the partners are increasing in
the effort exerted by the partners. Next, the first order conditions under output monitoring

are:

Q.(er%, Ele"],0)) = Ci(e?,0)) + ¢y, (Qu(er?, B[], 0)) — Ci(€,7, 01,))
— 0 [0, Qa(e”, E[e"°],0,,) + 9L Qu(e}?, Ele™?],0,)],  (A135)
Q.(ey”, Ele"?],07) = Ci(e”, 0y) — Qu(er”, E[e™?],6))

— Oy (Quley”, B[], 0,) — Qa(e;%, E[e"°],0,)) . (A136)

Again, the principal extracts all rents from the low type agent and the net rent to the high

type agent is:

Ry = [C(er?,0;) — C(ex°, 0]

= [C(er?,0) — C(ey?, 0] + [C(er?, 07) — Cler, 0] - (A137)

Analogous to the earlier settings, these rents, too, can be sorted into two components: (1)
rent due to lower effort [C'(e®©,0%) — C(e5°,0%)], and (2) rent due to lower cost of effort

[C(e}?,0}) = Cler?, 03]
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Since C7 > 0, €4° < €¥ and C12 < 0, the rents under output monitoring are also
increasing in the effort exerted by the partners. Next, from (A137) and (A134) we can see
that the difference in rents under output and input monitoring (at output effort levels) is

given by
A" = [C(er?,0,) — C(€,°,05)] — [Q(ey?, E[e7°],0;,) — Q(er?, E[e"?],07)] . (A138)

The above difference in rents arises due to the difference in rents due to lower effort (which is a
source of additional rents under output monitoring) and extra output (which is a source of ad-
ditional rents under input monitoring). Note that [, Q,(eL°, E[e*°],0.) + ¢, Q,(e:°, E[e*°], 0. )]
is the marginal impact of partner k’s effort on partner I’s output and hence denotes the
strength of the externality.

Further, notice from the first order conditions in (A135) that the marginal cost of effort
is greater than its marginal benefit when ¢',Q,(e}°, E[e*°],0.) + ¢, Q.(eL°, E[e*°],6.) >
% (Q.(eb°, E[e"°],0%) — C\(e5°,0%)). In other words, as the strength of the externality
is enhanced (i.e., the LHS of the above inequality is larger in magnitude), the difference
between the marginal cost of effort and the marginal revenue becomes larger; this essentially

induces the partners to exert higher levels of effort. Also, the rate of change of the difference

in rents with respect of the effort exerted by the partners is given by®

OA" o k0 pk ~k,0 nk aégo k,0 1,0 k ~k,0 1,0 k 86’130
ae—iz,o - Ol (eL ) QH) Cl(eH ) 9H>8€—IZO:| |:Q1(6L ) E[e ]7 QH) Ql(eH ) E[e ]7 QH) aezz,o
(A139)
R =k, O
O = [OU(E®. 05) — Qu(eh, B, 03] — [CL(e° 0,) — @u(e5, ELe?], 0] Sty
ey ey
(A140)

SRecall that Q(e%°, E[e"°],0%) = Q(&%°, E[e°],6%) and &4° < e"©.
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Since Q11 < 0 and Cy; > 0, [C,(e, 0%) — Q. (e, E[e"°],0%)] is increasing” in e. Suppose for

some e’ we have

[Cy(e52,0%) — Q. (ey?, E[e"?],0%)] > 0. (A141)

L

. aeh° -
Then, since'® “H5 < 1 and é3;” < e}, we have
€r

OA"

k,O
Oe;

5k,0
oer

k,O
Oe;

= [Cu(er?, 0) — Quler, Ele"?),0,,)] = [C(e)°, 07) — Qu(ey”, E[e"°], 0),)] +AI42)

It follows that when the effort exerted by the partners increases around e¥©, the rents under

output monitoring increase by a greater amount than the rents under input monitoring.
Therefore, it is feasible that for sufficiently high levels of effort (which arise due to a stronger
externality), the rents under output monitoring can dominate the rents under input mon-
itoring (i.e., A" > 0). Recall from the previous section that a sufficient condition for the
profits under input monitoring to dominate the profits under output monitoring is that the
rents under output monitoring are greater than those under input monitoring when output
monitoring optimal effort levels are induced under the two regimes. Therefore, in such a case,
input monitoring will be preferred to output monitoring. The specific functions employed in

the earlier section essentially help illustrate this idea. Wl

9 Also note from the first order conditions in (A136) that Q,(e%°, E[e"°],0%) < C.(e%°,0%).
10 ey _ Qu(ep® Be"°].07) Qu(ep? Ele" 9]0}
Note that 662’0 - Ql(éz’o,E[eLO],ag) Ql(élgo7E[6l’O]79E

Qu(E4°, Ele©),05) > Qu(e4°, Ele"°],0}), we have 2

and @11 < 0 implies < 1. Since 13 > 0 implies

ék,O

H

Ho < 1.
L

e
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Proof of Proposition 2 (No Externality or Negative Externality)

When the partners face a negative externality from the efforts exerted by the other partners,
we can see (when § < 0 in equations (A19)-(A20)) that the optimal effort levels under first
best are such that the partners exert less effort than what they prefer. Under input and
output monitoring, the principal continues to induce the partners in the higher state to
exert first best effort levels and the partners in the lower state to exert lower effort than
under the first best conditions. This can be seen by setting 6 < 0 in equations (A54)-(A55)

and (A105)-(A106). Defining,

. (eA,I)Z (6A,I)2<9A)2
A _ JAI(pA _ pAY L o L L
. (63,1)2 (63,1)2<93)2
AB _ »BI(gB _ B\ _ L . L L ) A144

We note that the difference in the principal’s profits under output and input monitoring

at optimal effort levels under input monitoring) are given!! b
g g Y

A,T\2 A, IN\N2( A2
HP,O(GA,I76B,I) o HP,I(eA,I’eB,I) — ¢g (6?’1(92 . 92) . |:(6L ) o (BL ) (GL) }) +

205 2(05)°
B B,I(nB B (ef’l>2 (65’1)2(85)2
o (et 0100~ [ - o))
= ¢ AN 4 g2 AP (A145)

" Using the transfer payments under (A58)-(A59) and (A109)-(A110)
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Consequently, A* > 0 if the following condition is satisfied

A, TN\2 A, I\2(NA\2
62’1(02 _Qf) o (eL ) . (eL ) (QL) > 0

207, 2(0)°
e (0 — 07)(er" (65 + 07) — 2(65)°)
= L <0,
AN3
or when e} < %. (A146)

Recalling, (A19), notice that the effort exerted by the low state partner under first best

2(05)°
04 +04

levels is 12 04(04 + ¢). Since > 02(04 +6) V § <0, inequality (A146) always'® holds.

Hence, output monitoring is always more profitable than input monitoring when ¢ < 0 and

the statement in Proposition 2 follows. B

Comparing Effort Levels

Here, we derive the necessary condition for optimal effort levels under input monitoring to
dominate those under output monitoring (see the discussion in section (2.4.5) in the main
text) . The optimal effort levels exerted by the partners in the low state under input and
output monitoring are given (from equations (A54) and (A105)) by
bt — 050, (061, + 07 — ¢h0%)
0y — &30

ko _ 91(05)°05(6 + 07)
: (05)° — o5 (07)°

(A147)

(A148)

12Note that 6 < 0.
13Note that the partner in the lower state is always induced to exert lower effort compared to the first
best level.
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Comparing the effort levels, we see that the effort under input monitoring is greater when

ekl k0 — 929§(5¢'2 + 9? B ¢I;1911€{) . ¢'2(92)39§(5 + 99
T 0% — ok 0% (0%)3 — o5, (0%)3
(6%)7 — (0%) — 0% (0%)?
ok 0k (0% — 0F)

>0

=3§>6=

(A149)

Hence, when 6 > 8, the effort exerted by the agents in the low state is higher under input
monitoring.

Alternatively, recall that the rents under input monitoring that arise due to extra output

are given by RN = [e"0% — e~70*] and the rents under output monitoring that arise due
— k2 k pk\2 apk I
to lower effort are given by R5° = [% - (;(L%))?’]' Note that d;z’é = (0%, —0%) >0

k,0
ORy;~ (e’Z) e’Z(GEF

and = .
el 0% (05,)°

} > (O—i.e., the rents are increasing in the effort exerted by the

partners. Define 1 as follows:

R s

Now, from the first order conditions (Eq. 2.9) and (Eq. 2.18), it is easy to show that

et > b if n > 0. Further, notice that whenever ef’ > e*©, this condition holds:

ORN° QRN
> - A151
g Oek oer | kr ( )
ORyC  oRy' <. . "
It follows that [ﬁ - ﬁ] ., > 0=0>¢1is asufficient condition for e}* > e;°. Hence,
L L EL’

it is sufficient for the marginal-rents- due-to-lower-effort to dominate the marginal-rents-due-

to-extra-output for input monitoring to induce greater effort levels.
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Comparing 4 and 6*, we have

@105 (05 +6%) o8 0% (0% — 64)
_(05)° — 6.(0;)°
@105 (0%, — 0%)

o5 _2105)° — (9)%] — 0 (6:)°(65 — 61) _ (B)" — (61)" — 4165 (61)°

> 0. (A152)
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APPENDIX B: PROOFS FOR RESULTS IN CHAPTER 3

120



Proof of Lemma 1 (First Best Setting)

The manufacturer’s profits are given by

The manufacturer’s optimization problem (denoted by [M-FB]) can be expressed as

Max

I=Q (p1 —¢)+Q*p2—¢) —G' = G~

M=Q'(p1—c)+Q*p2— ) -G =G

{plaan €1, 62}

The first order conditions for [M-FB] are given by

oIl
op1
oIl
Op2
oIl
dey
oIl
dey

0, 0 g [0 0
=St +Q — |+ | =0,

o D1 an p2 + @ oo | o, c

0, 0 [0 07
==+ D+t —|—+——|c=0,

Op2 b Op2 P2+ Q Op2 Op2 ¢
_oQ 097 oQ  0Q"] 9GT _

861 h 861 b2 861 861 861 ’
B Q" 0Q? oQt  0Q? 0G? B
N 562p1+ 562p2_ [362 + Oes “ Oesy =0.

When the retailers are symmetric, we must have

121

(B2)



Hence, we can see from (B3)-(B6) that for symmetric retailers, p;

0Q' _ oa”

Op1 Opa’
oQ"  0Q?
Op2 B opr’
Q" 0Q?
dey  Oey’
Q" 9Q?
dey ey’
Gt AG?
der ey’

the first order conditions simplify to

oIl
6?1
oIl
861

8@1 0Q? B
9y (pl—c)+%(p1—c)+62 =0,
Q! 2Q? oGt
861 (61—0)+8—61(€1—C)—8—61—0.

Hence, under vertical integration, the manufacturer’s choice of price (p} = p}

(e =5 =

Proof of Lemma 2(Second Best Setting)

= po and e; = ey and the

(B12)
(B13)

(B14)

= p*) and effort

e*) satisfy equations (B12)-(B13) and the statement of the Lemma 1 follows. B

Here, the retailers decide price and advertising. The retailer’s profit functions are given by
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™ =Q (p —w) - G' - F, (B15)

™ = Q*(py —w) — G* — F. (B16)

The retailers choose p; and e; (i € {1,2}) to maximize profits. The manufacturer’s profit

function is given by
M=Q"(w—c)+Q*(w—c)+ F+F. (B17)

The manufacturer chooses the wholesale prices such that ' > 0, 72 > 0, % =0, g—’: =

O,g—gz =0 and g—’i = 0 (the retailer’s surplus is extracted and the first order condition of the

retailer are satisfied) The manufacturer’s optimization problem can be expressed as

M IT
o (B18)
{U), w, F7 F7p17p27 €1, 62}
ont ont on? on?
bject to 7' >0, > >0 =0 =0 =0and — =0
subject to 7 >0, 7 > o, ' Der O an des
The Lagrangian for the manufacturer’s optimization problem can be expressed as
L=Q"(w—c)+Q*(w—c)+F+F+
A [Ql(pl —w) - G' — F] + Ao [Qz(pg —w) —G? — F] +
Q! 0@ 0Q” ,  0Q7
n {0_mp1+ BT R i e
oQ! oQ! oG! 0Q? 0Q? 0G?
— — —py— —w— —| . B19
n |: 661 p1 861 v (961 + 2 662 P2 862 v 862 ( )
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The first order conditions are given by

Lo Aq2—m%?—m§g 0
g—i :Q2 )\2Q2 - M2(2;Q: - 772%?5 0,
2an=o

o n=o,

g—le :‘gg( 0 + %( Y {ngl

op op
0Q” Q!
(w0 Gotw=0 |5

861
oL _og'

apQ 3p2 862
oL 0Q' 0Q? oQ!
8_61_861< )+3—61( w—c)+ A 8_61(p1_w)__
9Q , 1998 _ | &G _
M1 Be, 21 Be, n oez | 7
oL  0Q! 0Q? Q!
3_62_862( )+8_62( _C)+)\1[a—62p1—

1 2 22
M1 [@1 + 2 [8&} — M2 [ﬁ] =0,

Oe Oey de3
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(m—w)+@}+x2 P

1 2 1
o[22 [ 2] o[22 o

» (p2 —w)] +

=]+ G,

1 2 2
M1 [(")ﬁ] + 20 [8&] + 12 [aﬁ] =0,

(B20)
(B21)

(B22)

(B23)

(B24)

(B25)

(p2 - )} +

(B26)

(B27)



oL

o =@ m—w) =G = F =0, (B28)
g_i = QX(pr—w) — G — F =0, (B29)
g—/i = aa;gpz + Q2 - 8_p2 0, (B31)

oL _oQ' ~ 9Q" 0 (B32)

8_771 N 861 P 861
oL 0 O

8_772 N 862 P2 862

(B33)

From (B22) and (B23) we can see that Ay = 1 and Ay = 1. Substituting in equations

B20,B21, B24,B25,B26, B27 and simplifying, we have

oL  8Q'  aQ!

w :Mla—pl +7718—61 =0,

2 2
g—i %WZ% +77268%2 =0,
g—le :%(Pl—C)Jraa;g(Pz—c)JrQlJrQMl [%} + 12 [
g—]f; :%g(ﬁl—c)+%g(p2—c)+Q2+ul {@8;;@2:} + 242 [
g—i:g;g(Pl—c)Jr%g(m—c)—%—ier {aa;cjll
g—é:%(l)l—cwr%g(pz—c)—%—erm {%Cj:
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(B34)
(B35)
0Q’ Q']
a—pj th [a—] =0, (B36)
0Q? 0Q? B
8_1921 +T]2 {8—62] = O, (B?)?)
002 G _
| ] =0
(B38)
00 [0°67)
aeJ_”z[ae%]‘ |
(B39)



From (B34) , we can see that p; and 7, must either both be zero, both positive or both

negative (since 66%11 < 0 and %%11 > 0). Similarly, from (B35) , we can see that uy and 7

must either both be zero, both positive or both negative (since %%22 < 0 and %ng > 0).

The equations that govern the retailer’s price and effort choices are given by

oQ* L 0Q!
T - =, B40
8]91 b Q 3p1 v ( )
00? 00?
_ag Py + Q% — —ag w =0, (B41)
2 2

—0, (B42)

— w — = 0. (B43)

The above equations can be expressed as

g;g(pl—c)—i-%;g(m—d—i-@l:aa;g(w_c)+(2_§j(p2_c)’ (B44)
%;g(pz— )+aa%:(p1— )+Q2=%g(w—0)+2%(191—0)7 (B45)
P IR JHE
%%2@2 ) +aa%<p1 —¢) - %ﬁ B %Ccf(w‘c)*ae%(pl co 0

When the two retailers are symmetric, (B44)-(B47) are reduced to
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0Q' 0Q* ,0Q! 0Q?
a_ggl(pl_c)+a_;91(p1_c>+@ _8_;91(w_c)+8_pl(p1_c)’ (B48)
Q! 00Q)? OG! o0t 00?2
_831 (p1—c)+ _3631 (p1 —c) — P = —acjl (w—rc)+ —acjl (p1 — ). (B49)

Recall that the price and effort under first best (with symmetric retailers) are governed

by the following expressions

o 0Q* 0Q”

Op1 B acjl (p1—c) + 831 (p1—c)+ Ql =0, (B50)
oI oQ! 0Q? oG'

Ber B T e 17T g =0 (B31)

Notice from (B48) and (B49) that the manufacturer controls the price charged and the

effort expended by the retailer by choosing the wholesale price w. Note that ?% < 0,

%(“311 > 0 and % > (0. Comparing (B48)-(B49) and (B50)-(B51) that the first best solution

can be achieved if the manufacturer sets w such that %;g(w —c) + %%f(pl —¢) = 0 and

%lel (w—c)+ %i?f (p1 — ¢). Hence, we must have

0Q>
Dp; W1 — €
w=c— % and (B52)
p1
Q% _ ..
w=c-— %. (B53)
Der
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Hence, we must have

LQQ( _ 0% _
opy \P1 C) _ De1 (pl C)
- 15T =CT %01 (B54)
Op1 Oe1
2Q°  9Q?
Op1 o dey
7 B T aU (B55)
Op1 Oe1
2 1 2 1
0Q” ¢ — 06 0¢ =0. (B56)
Op1 Oey de; Opy

Since %%11 < 0, the above equation can never be satisfied'*. Hence, the first best cannot be

achieved.

In order to understand the impact of w on the price and effort choice under second best,

we can express (B48) - (B49) as

or! Q" oQ! )
P — ,e1, W) = —— - —w + :0’ B57
op1 fon e, w) Ip1 b Ip1 © ( )
o Q" 90" aGh
(981 h(pl, 1 w) 661 ! 861 v 861 0 ( 58)

Note that the second order conditions for the retailer’s optimization problem are given by

Unless %y =0 and aacf =0or %%Ql =0 and %Qz = 0 — i.e., both the cross price and cross effort (free
P1 el ey ey
riding) effects are nonexistent or the effort does not affect demand. One other scenario where the equation

2
can be satisfied is when the retailers exhibit a negative externality in effort, i.e., % < 0.
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ot of L oQ!

=22 4

op;  Op ~Op
Prl on  0PQ

92 de; el

(p

82Q1

Prl Prt  Pal , Of Oh 0Q!
op? Oe? de10py”  Opy Oey Oeq

Using the implicit function theorem, we have

Op1 _

of
det ( Ber

a—pg(pl—w) <0,
1
9*GH
1—ZU)—8—€% <O,
- 7" _ _)2 0

h) )
’w)

ow det(a

h) >
.p1)

Aer

det

det

Of oh _

dey1 Ow

Oh  Oh
Oe1  Op1

oh Of
Oeq Ow

Oh Of

Of Oh

Oe1 Op1

Je1 Op1

_9Q19Q1 | oh 9Q1

op1 _ Oe1 Odeq

Oe1 Op1

ow  OhOf
Oe1 Op1

Since we know from second order conditions that

129

O 1
S

2] oQ*!
dh Of (8(;21)2>0’

Je1 Op1

(B59)
(B60)

(B61)

(B62)

(B63)

(B64)

(B65)



% S0 if @6@1 B an 8@1 _ 82Q1( B w) B 82G1 an an an =0
ow der Opy Oe; Oey de? P1 oe? ) Op Oe; Oey
(B66)
op, Loon (22
= a—w >0 if a—el > Q"
op1
(B67)

Note that %;Ql < 0 and we know from the second order conditions that g—h = (62%1 (p1 —w) — 62G21> <
'P1 e1 Oef Oeg

0. Also, we know from the second order conditions that g eh 88 zﬁ (%?11 )2 > 0. Hence, we must
(322 aQ af opm : -
have - > —5y—. We can see that if > o0t w > 0 is always satisfied. Hence, we need
Bpl
ot o
9@ 9f (B68)
Ip1 op1
an 8@1 aQQl
= > 2 + —w B69
op op op? P ) ( )
an aQQl
+ (1 —w) <0 B70
St =) (B70)
Since % < 0, inequality (B70) is always satisfied when a;_g < 0. The corresponding
comparative static of effort is given by
o(f,h)
o det ( o~ >
e (B71)
ow det( o h)))
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of  9f
op ow
det !
oh  Oh
op1  Ow
of of
op Ode
det ! !
oh  Oh
Op1  Oex

Oh 8f _ Of oh
Op1 Ow Op1 Ow
of Oh __ Oh Of
Op1 Oey Op1 Oeq

_0Q'9Q" | of 99"

- a61 _ Oe1 Op1 dp1 Oey
ow Of oh _ (LQI>2
Op1 Oey deq

Since we know from the second order conditions that g_fg_h — (%Ql )2 >0,
P1 0el €1

der . 0Q'aQ"  of aQ)!
a0 <0 T T T ap o <

Simplifying the above condition (and substituting for g—}i), we have

oQr o !
Q _f — aﬁ <0
dei "Op Op
a 1
9f o
Ip1 Op
8@1 aQQl a@l
= 2— + —w) < —
oot o T oy
an 82Q1
= @ — — <0
o o
Hence’ when (?9;5)211 + 882]?%1 (pl — w) < O, % < 0. Note that if 882]?%1 < O, %;g +

82Q1
ap%

(B72)

(B73)

(BT4)

(B75)

(B76)
(B77)
(B78)

(B79)

(p1—w) <0

is always satisfied and hence % < 0. Assuming % < 0 and % > 0, let us compare the
w w w

levels of price and effort under second best with those under first best. First denote p and
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¢ as the price and effort under the second best solution. Next, denote p* and e* as the
price and effort under the first best solution. The manufacturer sets retail prices and efforts
under first best such that the difference between marginal revenue and marginal cost is zero.
Hence, denoting the difference between marginal revenue and marginal cost as DM RM C’if b

Vi € {p, e}, for symmetric retailers we have

oQ! 0Q?
DMRMCI" =—=—(p; — —~(p; — L= B
R Op apl (pl C) + apl (pl C) + Q 0 ( 80)
oQ! 0Q? oGt
o _ o _ = eft o) - T = 1
DMRMC! De. (e1” —¢) + Do, (e1” —¢) e, 0 (B81)
Under second best, the above expressions can be expressed as
prrmct =2 G 0+ 2% 040 = 2 w0+ 2L 0 (Bs)
b op1 b Op1 b op1 Ip1 b
ot . 0Q? . oGt ot 0Q? .
sb __ _ _ _ — _ _
DMRMC: = Der (p1 —c) + Der (p1 —¢) Dol Der (w—rc)+ Je. (p1 —c) (B83)

Comparing the price and effort levels under first best with those under second best, we

can have the following potential cases

(i) p>p*and é > ¢

(ii) p>p*and é < ¢*

(iii) p < p* and é > e

(iv) p<p*and é < e*
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We now investigate the viability of each of the cases listed above. When p > p* and é > e*,

we must have

DMRMC* < DMRMCJ" =0 and (B&4)

DMRMC®® < DMRMC!* =0 (B85)

Hence, we must have the following conditions being satisfied simultaneously

oQ! 0Q?

—(w — —(p1—0¢) <0 d B8&6

apl ('U} C) + apl (pl C) an ( )

oQ! 0Q?

—(w — —(p1—¢) <0 B87

S (w—a)+ 5= (<) (Bs7)
Since %;lel > 0 and % > 0, for equation (B87) to be satisfied, we must have w < ¢. Since,
88;;211 < 0 and ‘?% > 0, for equation (B86) to be satisfied when w < ¢, we must also have

p1 < c. Since p* > ¢, p; > p; will be violated when p; < c. Hence, p > p* and € > e* is not
possible (also note that when w < ¢ and p; < ¢, we will have II < 0).

Next, when p > p* and é < e*, we must have

DMRMCS» < DMRMCJ" =0 and (B8S)

DMRMC:* > DMRMC!® =0 (B89)
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Hence, we must have the following conditions being satisfied simultaneously

1 2

aa%(w —c)+ aaii (pr —c) <0 and (B90)
1 2

é;%(w—c)—i—aa%(ﬁl —c)>0 (B91)

While we can see that the above equations can be simultaneously satisfied, we can show
that the manufacturer has an incentive to decrease the price and increase the effort exerted
by the retailer by lowering the wholesale price. Since % < 0 and % > 0, a reduction in
wholesale price will reduce the price and at the same time increase the effort exerted by the
retailers and thereby move the second best solution closer to the first best solution. Hence,
p > p* and é < e* cannot be an equilibrium outcome.

Next, when p < p* and é > e*, we must have

DMRMCS* > DMRMCJ" =0 and (B92)

DMRMCS®* < DMRMC!® =0 (B93)

Hence, we must have the following conditions being satisfied simultaneously

Q" 0Q?
3;;31@} —c)+ 8;;31(251 —¢) >0 and (B94)
Q! 0Q?
%(W—C)Jra—ii(ﬁl —c) <0 (B95)
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While we can see that the above equations can be simultaneously satisfied (by charging
w < c¢), we can show that the manufacturer has an incentive to increase the price and
decrease the effort exerted by the retailer by increasing the wholesale price. Since % <0
and % > 0, an increase in wholesale price will increase the price and at the same time lower
the effort exerted by the retailers and thereby move the second best solution closer to the
first best solution. Hence, p < p* and é > e* cannot be an equilibrium outcome.

Finally, when p < p* and é < e*, we must have

DMRMC;? > DMRMCJ" =0 and (B96)

DMRMCS®* > DMRMCY® =0 (B97)

Hence, we must have the following conditions being satisfied simultaneously

1 2
%%(w —c) + %%(131 —¢)>0 and (B98)
oQ* 0Q?
acjl (w=o)+ agl (1= c)>0 (B%9)

We can see that the above equations can be simultaneously satisfied. Also, since % <0
and % > 0, an increase in wholesale price will increase the price and at the same time
lower the effort exerted by the retailers. Hence, an increase in the wholesale price moves
the second best price closer to the first best price and the second best effort farther from

the first best effort. Therefore, increasing the wholesale price will not necessarily move the
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second best solution any closer to the first best solution. Similarly, a decrease in wholesale
price will decrease the price and at the same time increase the effort exerted by the retailers.
The lowering of wholesale price moves the second best price farther from the first best price
and the second best effort closer to the first best effort. Hence, decreasing the wholesale
price will not necessarily move the second best solution any closer to the first best solution.
Therefore, p < p* and é < e* is the only viable equilibrium outcome and the statement of

the Lemma 2 follows. B

Proof of Proposition 1

Here, the retailers decide price and advertising and the manufacturer reimburses part (frac-
tion «) of the retailer’s advertising costs (the manufacturer does not set any upper bound

on the reimbursement). The retailer’s profit functions are given by

™ =Q(p —w)—(1-a)G' - F (B100)

™ =Q*p—w)—(1-a)G*—F (B101)

The manufacturer’s profit function is given by

M=Q (w—c)+Q*(w—c)+F+F—aG"—aG? (B102)
The manufacturer chooses the wholesale prices such that 7! = 0, 72 = 0, 2—;1 = 0, 2—;1 =

0,3—22 =0 and g—:z = 0 (the retailer’s surplus is extracted and the first order condition of the
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retailer are satisfied) The manufacturer’s optimization problem can be expressed as

Max 1II
{w,w, F, F,p1,pa, €1, €2,a} (B103)
subject to 7r120,#220,%zO,Z—ZzO,Z—Zanndg—zzo
The Lagrangian for the manufacturer’s optimization problem can be expressed as
L=Q' (w—c)+Q*(w—rc)+F+F—aG"—aG*+
M QP —w) = (1= )G = F] + X [@*(p2 —w) = (1 - 0)G” = F| +
m [%;lel — %;fllw —(1— a)%—fll] + 19 [%;ijpg — aa;cjjw —(1- 04)%—(;2 (B104)

The first order conditions are given by
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0L
dw
oL
dw
oL
oF
oL
OF
oL
Ip1

oL
Ops

oL
861

oL
862

a_L
Jda

oQ! Q!

_ 0Q* 0Q?
207~ oy - =Ty - =0 (B106)
—1-)X\ =0
(B107)
=1 - )\2 =0
oo 2 (B108)
_9Q oy 99 Q" 2
o1 (w C)Jra_m(w_c)JF)‘l [8—(p1—w)+Q1] + X2 {ai(pz—w) +
80! 90? 50" D1 Op
240 {—} + {—} o |
Op 1 om i dey | 0 (B109)
Q! 0Q? 00"
= (w—rc)+ —(w— o 0Q”
ap2a<Q1 ) Op2 (w=2+X [8}92 (1 = w>1 + A {3_]92@2 —w) + QQ} +
0Q? 0Q?
M1 [—} + 2 {—} —=~ | =
Opa Kz Opo i desy 0 (B110)
0Q' 0Q? les 1
= (w—¢c)+ —(w—c)—a—=— 9Q 0G! 0Q”
deq Oey (w—¢)—a der + M\ ey (p1—w) —(1— O‘)a_el} + A2 [a%(]b — w)} +
oQ" 0Q? 271 !
i || TH2 | | — (1-— )—a G
ey dey | M e | =0 (B111)
0Q' 0Q”? les 1
=—(w—¢c)+—(w—c)—a— 9@ 0Q ?
ey ) des (w=c)~a dey A €2 (1= w)| 22 8_62(1’2 —w)—(1- O‘)%il +
Q" 0Q? 22 €2
M1 | = —|-,u2{— —ne [(1— )% —
ey ey 2 Yoz |~ 0 (B112)
TR I We T We B CAp i C
WG AT MG s = (B113)
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oL
=@ =)~ (1-a)G = F =0

oL

=@ —w) — (1-0)G* ~ F=0
oL an P Q'

3#1 (9271 3291

0L  0Q? ,  0Q?

8:“2 (9]92 b2 Q 8p2 v

oL  0Q'  9Q! oG"
R P Gl il
oL 8@2 8@2 OG> B
o e gt T 1Y, =0

(B114)
(B115)
(B116)
(B117)
(B118)

(B119)

From (B107) and (B108) we can see that \; = 1 and Ay = 1. Substituting in equations

B105,B106, B109,B110,B111 and B112 and simplifying, we have

oL
862

oL

da
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2= aag 4y %21 0 (B120)

_ zaa;g+n2%_if_o (B121)

:%;lel(pl -+ a;cjj(pz —c) — %—Gll + [%;lel] + p2 {%;22] — [(1 - Oé)a;g] =
(B124)
(B125)



From (B120) , we can see that p; and 7, must either both be zero, both positive or both

negative (since %%11 < 0). Similarly, from (B121) , we can see that us and 7, must either
both be zero, both positive or both negative (since %%22 < 0) But, from (B126) we can see

that 7, and 7, cannot have the same sign. Using (B120)-(B121), the first order conditions

can be expressed as

L
g— =0 implies
P1
0Q? 0Q? aG1
Q" Q) 0Q"  Be; Bpr 9er
3_171(p1 —c)+ 8—])1(]72 —o)+Q'=m Jer @pa_m (B127)
Op2 Oez
L
g— =0 implies
P2
2Q! 9Q! 9G?
0Q" 0Q* 0Q%  5er s o
=gy PO (2= )+ Q@ = | 5 — o (B128)
Op1 Oex
L
g— =0 implies
€1
Q1 \2 9Q? 8Q? oG
a;@( _ C) + a;y( _ C) _ aGl _ (3_61) + (1 . a)aQGl _ Oez Jey Oey
ey P! ey P2 de, | ot de2 9Q? 0G?
8171 1 8})2 Oes
(B129)
L
g— =0 implies
€2
1 2 2 9Q%\2 22 Q' 9Q! 8G?
0y I, g (8623 PPNl e vra
des des dey 2Q% 0e? Q! 8G1
Op2 2 Op1 Oey
(B130)
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oL

i =@ —w) (1 a)G! — F=0

oL
8—&2622(192—”)—(1—@)6:2_17:0
oL _8@1 ., 0Q! B

om o T T

0L  0Q? ,  0Q?

- = w=0

Oy Opo P2+ Q Opa v

oL _oQl oq L act
8771 N 861 p1 861 861 N
oL 0Q? 0Q? 0G?

- = _— — 1 — _—
87’]2 862 b2 862 ( ) 862 0
oL Q! Q" B

E apr ‘i‘7718—e1 =0

oL _ 0@ 0Q° _

ow —H2 Opa 2 ey

oL_ 06" oG

o = Oey 2 Dey

(B131)
(B132)
(B133)
(B134)
(B135)
(B136)
(B137)
(B138)

(B139)

The first order conditions that determine the retailer’s price and effort choices are given

by

oL
A
oL
s
oL
om
oL
0o

Zf(p1,617p2,€2) =
:f(p2,€27]71,€1) =
:h(p1,€17p2,62) =

:h'(p27 €2, D1, 61) =

%pl+@l_ Ip1 -
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(B141)
(B142)

(B143)



Re-arranging the above equations, we have

%;g(pl—c)+g;g(p2—c)+czl zg;g(w—cwr%—g(pz—@ (B144)
%;g(pz—CHZ;g(pl—C)Jer:g;g(w—CH%;g(Pl—c) (B145)
Ln-o+ 5 m-0- 3 = (Fw-0+5Em-a)-aSE @9
Ln-a+ 5 m-0-55 = (GLw-0+Fm-a)-adE @

When the retailers are symmetric, we can see from the above equations that p; = py and

e1 = ey must be the solution and hence the above equations reduce to the following

0Q 0Q” L 0Q! 0"

a—m(p1—0)+a—m(p1— )+ @ _8_pl< —C)Jra—pl(l?l—c) (B148)
oQ! 0Q? oGH oQ! 0Q? oG!

a;cjl(pl - )+a;fl(p1 —c) - der (a_cjl(w— )+a;§1(p1 —c)) —ag- (B149)

The above equations can be expressed as

0 1 . an
== - = Bl
f(p1,e1,p2,€2) op P+ Q i w=0 (B150)
Q! Q! oG
h(p1,e1,p2, €2) = e T e VT (1- Oé)a—61 =0 (B151)

Note that the second order conditions for the retailer’s optimization problem (for sym-

metric retailers) are given by
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8271'1 _ af 8@1 N 62621

op}  Op “om
Pr_oh _0Q'
9e2  De; 861
O?*rt O*rt o*rt
op? 0e? ~ \0e10p,

Using the implicit function theorem, we have

op, B det (

—(p1 —w) <0
029?(1 )

0?G!t
_of oh L 0Q',
_3p1361 (861) >0

G w>)

of of
o] 6]

det oo

on oh

de1 Ow

of  of

det deq 8]91

on on

Oe1  Op1
Of 0h _ Oh Of
_ Oe1 Qw de1 Ow
~ Oh Of _ Of Oh
ey Op1 Oe1 Op1

9Q19Q1 | 0h 9Q!

apl - " Dei Oei Oe1 Op1
Ow | 0h OF _ (9Q'a
Oe1 Op1 ( Oeq )

Since we know from second order conditions that gh 88 }f

op1 .
— f
ow >0 de1 Op1

%an B an an B aQQl<
861 861 N 86% P1
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1
(%)% >0,

_0Q' oQ!

(B152)
(B153)

(B154)

(B155)

(B156)

(B157)

(B158)

(B159)

—w--0fs)

>0

861 (961

(B160)



()

0 oh 5
= % >0 if e > ?951 (B161)
! p1
Note that %;Qll < 0 and we know from the second order conditions that
oh 0?Q! 0?GH
— =|—=—pP1—w)—(1—a)—5 | <0. B162
= (G- w-a-w5s (B162)
Also, we know from the second order conditions that 220 _ (a;Ql)2 > (0. Hence, we
de1 Op1 Oeq
2Q1 2
must have g—ehl > (62}) . Therefore, if ?% > %, % > ( is always satisfied. Hence, we need

Iopy

g;;il > g—;l (B163)
L e, oo
88?11 + a;—g(pl —w) <0 (B165)
Since %;g < 0, inequality (B165) is always satisfied when a;f; <0.

The corresponding comparative static of effort is given by

o(f,h)
der _ ¥ \oti7) ) (B166)
Ow et (240
8(1)1’61)
of  of
det o1 Ow
oh oh
3] ow
= - = (B167)
of  of
det | o0 o
oh o
Op1  Oex
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Oh 8f _ Of oh
__ Op1 Ow Op1 Ow
- Of Oh _ Oh Of
Op1 Oeq Op1 Oe1
_0Q' 0! | of 9Q!
- % - Oe1 Op1 Op1 Oex
~ Of Oh _ (9Q1Y2
aw Op1 Oey ( Oeq )
Since we know from the second order conditions that g_fg_h — (%Ql )2 >0,
'p1 dex €1
Oe ) 0Q'0Qt  If oQ!
b g g _9Q 0@ 0700
8w 861 apl 6]91 861

Simplifying the above condition (and substituting for g—}fl), we have

90" 1
09! of 00"
dey a291 3]71
of _0Q!
Ip Op
8@1 aQQl an
2—— + < =
oo T o 1T <,
an 82Q1
—_— — 0
opr T oE 1T <
Hence, when %%11 + %Q—g(pl —w) <0, % < 0. Note that if 8;;2%1 <0, %%11 + %Q—g(pl —

is always satisfied and hence % < 0.
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(B168)

(B169)

(B170)

(B171)
(B172)
(B173)

(B174)

w) <0



op

oo

Op

a(f,h)
det (a(el,a))

et (20

d(e1,p1)

of
o)

det !
Oh
Oe1

The impact of the coop rate on the retail price is given by

of
da

Oh
Ja

of
det der

oh
dey

ar

0]

det “
Oh
dey

of
Op1

Oh
dp1

0

Oh
Ja

af
det | 22

o
Oeq

Of oh
Oe1 Oa

of
Op1

Oh
dp1

Oh Of of oh

de1 dp1  Oe1 Ip1

an acl
Ode; Oey

(B175)

(B176)

(B177)

(B178)

(B179)

da oh Of (6Q1)2

de1 Op1  \ de

Oe1 Op1

(B180)

. o 1 1
Since we know from second order conditions that 2 2L — (99)2 5 ( 99~ () and 96 -
dey Op1 deq ’ der deq ’

we must have % > 0.

The corresponding comparative static of effort is given by
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(B181)

of
da

Oh
oo

(B182)

of
Oe1

on
oeq

det

Oh
oo

(B183)

of
det der

Oh
deq

9f Oh

- Op1 Oa
= ST (B184)

Op1 Oey Op1 Oeq
Oe ~2Lo9c
1 Op1 Oex
o 9f on _ (an)z (B185)
Op1 Oey Oeq

Since we know from the second order conditions that g zf 88 eh (88811) > 0, 8f < 0 and since

OG!

dex
ar > 0.

Assuming ael < 0, g’:j > 0, 8p L > (0 and 361 > 0, let us compare the levels of price and
effort under second best with those under first best. First denote p® and e® as the price and
effort under the coop rate solution. Next, denote p* and e* as the price and effort under

the first best solution. The manufacturer sets retail prices and efforts under first best such

that the difference between marginal revenue and marginal cost is zero. Hence, denoting

147



the difference between marginal revenue and marginal cost as DM RM C'if bvie {p, e}, for

symmetric retailers we have

Q! 0Q*
fo "% —= (pF — 1 —
DMRMC; n (p] —c) + B, (pi—c)+Q =0 (B186)
oQ! 0Q? oGH
DMRMCI =—“—(e]* —¢) + =“(e]’ —¢) — — = Bl
R Ce 861 (61 C) + 861 (61 C) 861 0 ( 87)
Under the coop rate plan, the above equations can be expressed as
DMRMCY = 6Q1( —c)+ 8Q2( c)+Q' = 0 (w—c)—i—a;cy( ) (B188)
" O O Op1 op !
o _8@1 0Q? oG* B oQ* Q% oG*
DMRMC 81( C)+81( C)—a—el—a—el(w—C)+a_€l(p1—C)—aa—el
(B189)

Comparing the price and effort levels under first best with those under the coop rate

plan, we can have the following potential cases
(i) p* > p* and e* > €*
(ii) p* > p* and e* < €*

*

(iii) p* < p* and e* > €*
(iv) p* < p* and e* < €*

= p* and e* = ¢*

We now investigate the viability of each of the cases listed above. When p® > p* and e* > e*,

we must have
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DMRMCy < DMRMCJ’ =0 and

DMRMC® < DMRMC!® =0

Hence, we must have the following conditions being satisfied simultaneously

0Q" 0@ .
6_])1(w_c)+8_]91(p1 —C) <0 and
00! 002 , lex
Bor (w—rc)+ Der (P —¢) — O"ael <0

The manufacturer can choose w and « to satisfy the above equations. But, since

(B190)

(B191)

(B192)

(B193)

Oer
e < 0,

% > 0, % > (0 and % > (, the manufacturer can lower the wholesale price and the coop
w (0% (e

rate a to move p® and e“ closer to the first best levels. Hence, p* > p* and e* > e¢* cannot

be an equilibrium outcome.

Next, when p* > p* and e® < e*, we must have

DMRMCS < DMRMC/" =0 and

DMRMC® > DMRMC/* =0

Hence, we must have the following conditions being satisfied simultaneously

Q! 0Q2
8_]91(w_c)+a_])1(p1 —C> <0 and
20! 2Q* . el
a_el(w_c)+8_el(p1 —C)—Oéa—el>0
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While we can see that the above equations can be simultaneously satisfied, we can show
that the manufacturer has an incentive to decrease the price and increase the effort exerted
by the retailer by lowering the wholesale price. Since % < 0 and % > 0, a reduction in
wholesale price will reduce the price and at the same time increase the effort exerted by the
retailers and thereby move the solution closer to the first best solution. Hence, p® > p* and
e < e* cannot be an equilibrium outcome.

Next, when p* < p* and e* > e*, we must have

DMRMCY > DMRMCI’ =0 and (B198)

DMRMCY < DMRMC!* =0 (B199)

Hence, we must have the following conditions being satisfied simultaneously

1 2

%(w ) %(pﬁ‘ —¢)>0 and (B200)
Q! 0Q?, OG!

8—61(11)—0)4—8—61(]91 —C)—Oza—61 <0 (BQOl)

While we can see that the above equations can be simultaneously satisfied, we can show
that the manufacturer has an incentive to increase the price and decrease the effort exerted
by the retailer by increasing the wholesale price. Since % < 0 and % > 0, an increase in
wholesale price will increase the price and at the same time lower the effort exerted by the
retailers and thereby move the solution closer to the first best solution. Hence, p® < p* and
e > e* cannot be an equilibrium outcome.

Finally, when p® < p* and e® < e*, we must have
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DMRMCy > DMRMCJ’ =0 and (B202)

DMRMC® > DMRMC!® =0 (B203)

Hence, we must have the following conditions being satisfied simultaneously

oQ! 0Q?
%(w —c)+ a;;i(p‘f —¢)>0 and (B204)
Q' 0Q*, G

de

We can see that the above equations can be simultaneously satisfied. But, since 2 < 0,
% >0, % > 0 and % > 0, the manufacturer can increase the coop rate « to increase both
the price and effort levels. Hence, p® < p* and e* < e* cannot be an equilibrium outcome.

Hence, p® = p* and e* = e* is the equilibrium outcome. We compute below the wholesale
price (w) and the coop rate a required to achieve the first best.

When the retailers are perfectly symmetric, the retailer’s price and effort choices are

determined by

Lin—0+ 2 -0+@' = S w-0+ 5L - (B206)
%(p2_0)+g—g(pl—c)+cfz‘?)%(w—cw?)—gm—c) (B207)
Zn-o+ -0 = (Fw-0+5Em-a)-aSE  may
Lm—a+ 5 m-0-55 = (Gw-0+Zm-a)-adE @
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substituting e; = ey, p1 = p» and w = w, we have'®

0Q" 0Q”* Q! 0Q?
8—]91(P1—C)+a—pl(p1—0)+Q = (w—0)+a—pl(P1—0)

oQ* 0Q? IG! Q! 0Q?
-+ G- - G = (G- + G- o)

If the manufacturer sets w and « such that

oQ! 0Q? B
8_])1<w —c)+ a—pl(lh —c) =0,

20! 002 oGt
(8—61(10 -+ a—el(pl - C)) e 0,

equations (B210) and (B211) simplify to

Q' 0Q* 1
0_]91(p1_c)+ o (p1—c)+Q =0
a0 50> oG
861 (pl B C) + 861 (pl B C) B (961 =0

(B210)

oG!

— o —

B211
9o, (B21)

(B212)

(B213)

(B214)

(B215)

This is identical to the first order conditions for the first best setting (with symmetrical

retailers). The manufacturer’s profits are given by

M=Q"(w—c)+Q*(w—c)+F+F—aG"— aG?

1 2
Bpnote that when e; = es, p1 = ps and w = w, we must have Q' = Q2 and %C; = %C;
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The fixed fees are obtained by solving equations (B114) and (B115) and are given by

F=Qp —w)—(1—-a)G" (B217)

F=Q*p;—w)—(1—0a)G? (B218)

Substituting in the manufacturer’s profit function, we have

IM=Q (w—¢c)+Q*(w—c)+ F+F —aG" —aG? (B219)
=Q'(w—0c)+Q*(w—0)+Q'(p1 —w) — (1 - )G + Q*(p2 —w) — (1 — a)G* — aG" — aG”
(B220)

=Q'(m — )+ Q*(p2— ) - G' = G (B221)

This is identical to the first best. We now show that (B212) and (B213) can be solved.

Solving for (w — ¢) from (B212), we have

99 (), —
op1 n C)
Op1
Solving for « from (B213),
o= ! a—Ql(w—c)—f—a;QQ( —c) (B223)
%—fll 861 861 P
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Substituting for w — ¢ from (B222), we have

0Q% 9Q1 _ 9Q' Q>
a_pl_c [361 Op1 Oe1 3171]

5ot o (B224)
861 6p1
Note that when (B213) is satisfied, we can see from (B211) that %;g(pl —c)+ 83612 (p1—c) —
%—fll = 0. Hence, we must have
P —c 1
= o (B225)
Oe1 Oe1 oeq
Substituting the above in (B224), we have
9Q2 9Q! _ 0Q! 0Q*
__ Oe1 ;1 Oe1 Op1
¢ 9roqr T agrog? (B226)

Bpl 861 8p1 861
. Q! 0Q? . .
Since |55-| > [35 |, @ < 1is always satisfied. Now, we ensure that w — ¢ > 0. From (B213),

we have

8G1 N 8Q2

Oey Oey (pl - C)
w=c+t o (B227)
Oeq
Hence, we must have
0Q>? (
dey b1 — C)
Oeq
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Substituting for o from (B226) and for 229 from (B225), we must have

aGL
deq

[0Q%9Q' _ 9Q' 9Q? 7] 2Q?
de1 Op1 de1 Op1 > Oeq
Q! 9Q | 9Q! 0Q? Q1 + 9Q?
| Op1 Oey Op1 Oey deq Oeq
de1 Op1 de1 Op1 Oe1
R N i g gy e
L 9p1 \ Oe; Oeq Oe1 de1
0Q2 9Q'  0Q' 9Q? 9 1 9
der Opi  der opr oQ : Q" 0Q
= > since — +—— >0
[ %%l ] Oeq ( de;  Oey )
1
aQQ an an an aQQ an ) an
— < (since —— <0)
dey Opy dey Opy Oer Opy Op1
Q' 0Q)?
—ii < 0 which is always true
Odey Opy

Hence, the first best can be achieved by setting «

proposition 1 follows. B

Q% 0Q! _ Q! 8Q?
__ Oey 9Opy dey Opy
— aQ!l aQ!

Opyp Oey

Proof of Proposition 2

(B229)

(B230)

(B231)

(B232)

(B233)

soisgr and the statement of

dpy Oey

When the manufacturer offers the retailers a cooperative advertising contract that includes a

participation rate o and an accrual rate §, a fraction of the retailer’s advertising costs(aG?)

are reimbursed and the total cost reimbursement is caped at a fraction of the wholesale

receipts(d). Hence, the advertising cost reimbursement is given by

(i) aG'if aG* < w@Q’

(ii) owQ" if aG" > SwQ’

Given this cooperative advertising contract, the retailers have two options:

(i) expend effort such that the total cost reimbursement is less than or equal to the total

accrual(aG* < sw@Q?)
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(ii) expend effort such that the total cost reimbursement is greater than the total accrual(aG* >

sw Q)

We consider each scenario separately

Effort Levels are Chosen Such That the Total Cost Reimbursement is Less
than or Equal to the Total Accrual

When the retailers choose effort such that aG? < Jw@?, the retailers are reimbursed aG".

Hence, the retailer’s profits can be expressed as

™ =Q (p —w) — F—G"+ aG* (B234)

™ =Q*py —w) — F — G* 4 aG? (B235)

The manufacturer’s profit function is given by

IM=Q"(w—c)+Q*(w—c)+F+F—aG"— aG? (B236)

We first consider!S the retailer 1’s optimization problem given by

Max ml

(B237)
{p17 61}
subject to dwQ' — aGt >0
The Lagrangian for the retailer’s optimization problem is given by
LRl =Q'(p1 —w) — F = G'+aG" + 6, [fwQ" — oG] (B238)

16Note that since the retailers are symmetric, the solution to retailer 2’s optimization problem is identical
to retailer 1’s problem.
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The first order conditions for the retailer’s optimization problem are given by

OLR1
Ip1
OLR1
Oeq
OLR1
00,

:?%(pl —w)+ Q"+ 91(5?1188;;311) =0 (B239)
e R A (B210)
=wQ' — aG* >0 (B241)
0, (0wQ' — aG") =0 (B242)
0, >0 (B243)

With respect to the Lagrange multiplier, we have two possibilities

001:0

.01>0

In the next few section, we consider each of the above cases separately.

61:0

If the Lagrange multiplier ; = 0, then we must have JwQ! — aG* > 0. The first order

conditions that govern the retailer’s price and effort choices are given by

OLR1
“opl
OLR1
Oel
OLR1

06,

B 1
g 24y
Q! oG*
:a—el(zh —w)—(1- 04)8—61 =0 (B245)
=wQ' —aG' >0 (B246)
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Notice that these first order conditions are identical to the case where the manufacturer
offers a cooperative advertising contract that only comprises of a single participation rate
«. As we have shown earlier, the first best solution cannot be achieved in this case. The

accrual rate ¢ can be set high enough to satisfy (B246).

01>0

If §; > 0, then we must have dwQ! — aG! = 0. The first order conditions that govern the

retailer’s price and effort choices are given by

LRl 0Q" ) Q"
o =~ w) 4 @+ 6y Gu ) =0 (B247)
OLR1 0Q! oG! oQ! oG!
del dey (pr—w)={1-0a) deq o {éw dey “ dey 0 (B248)
ag;f ! =6wQ' —aG' =0 (B249)
From (B247), we can see that
Ql
(p1 — (1 —610)w) = ~agr (B250)
Op1
Substituting the above in (B248), and solving for ¢, we have
8;@( — (1 =610)w) — (1 — )8_G1_9 a—Gl—O (B251)
861 b 1) “ 861 1 861 N
Q! N1
1 8_61Q
= f=1--- 20 (B252)
Op1 Oex

The first order conditions that govern the retailer’s price and effort choices are given by
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OLR1 Q" aQ!

=" (p — L6, (0w—") = B2
OLRI =6wQ' — aG' =0 (B254)
90,

Re-arranging the retailers’ first order conditions, we have

0 1 o= 10 65wl
apl (pl C) + apl (p2 C) + Q - apl (w C) + apl (p2 C) 01 ((S'LU apl ) (B255)
swQ' —aGt =0 (B256)

In order for the manufacturer to induce the first best solution, the manufacturer must choose

w, o and ¢ such that

Q! 0Q? oQ'
Sw@' —aGt =0 (B258)

We can see that (B257) can be satisfied if the wholesale price is chosen such that

Q2
_ op (p2—c)

Q1

w = W (B259)

With regards to the retail effort, we can see from equations (B258) that the manufacturer

can induce the retailer to expend first best effort by choosing the participation rate a and
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the accrual rate 0 such that

5— aGY

T (B260)

where G is the cost of effort incurred when exerting first best effort levels and Q' is the
demand when first best price and effort levels are exerted by both retailers. Also, we can

see from equation (B252) that inorder for #; > 0, we must have

Q! M1
1 B_elQ
Op1 Oex
1
= a> 0T (B262)
B @
1= Q1 5G1
dp1 Oeq

Hence, the first best can be achieved if the manufacturer chooses the wholesale prices,

accrual rate and the participation rate such that the following equations are satisfied

2902
G- (p2—0)

aQ!

w = ﬁ (B263)

aGY

1

5 (B264)

a> (B265)

Q! H1
1 o deq Q
2Q1 oGt
Op1 Oey

Hence, the first best solution can be achieved only when the above conditions are satisfied.
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Effort Levels are Chosen Such That the Total Cost Reimbursement is
Greater than the Total Accrual

When the retailers choose effort such that aG* > dw@?, the retailers are reimbursed dwQ".

Hence, the retailer’s profits can be expressed as

m=Q'(p1 —w) — F — G+ jwQ'! (B266)

™ = Q*(py — w) — F — G* + SwQ? (B267)

The manufacturer’s profit function is given by

M=0Q"(w—c)+Q*w—c)+ F+F —5wQ" — sw@? (B268)

The first order conditions for R1’S optimization problem are given by

orl Q! ) Q!

o _9%% ) L O 4 swlE — B269
8191 ap1 (p1 w) Q v 3]91 ( )
ort Q! ples oQ*

Ger ey P17 e NG =0 (20

Re-arranging the above equations in terms of the first best first order conditions, we have

ot OQ! 002 L oQ! 00> 20!

s —3—])1(101 —o)+ 8_]91(p2 —0)+Q = 8_191(w —c)+ 8_pl<p2 —c) - 5w6_pl (B271)
ort  0Q! 0Q? oGt oQ! 0Q? Q"
T (p — = (py—¢)— — = = (w— ——(py — ¢) — dow—— (B272
861 861 (pl C> * 8p1 (p2 C) 861 861 (w C) + 661 (p2 C) ow 861 ( 7 )
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As we can see from the above equations, in order for the first best to be achieved, the

following equations must be satisfied simultaneously.

oQ! 0Q? o' Q! 0Q? B

8_101(w — C) + a—pl(pg — C) — (Sll)a—p1 = 8—p1(w(1 — 5) — C) + a_pl(pQ - C) =0 (B273)
Q" 0Q? ot aQ! 0Q*

ey 0= 9+ G =) = B = =8 = 04 Gt = =0 (B

Since %;lel > 0 and %;ij > 0, we can see that equations (B274) cannot be satisfied for
any choice of w and . Hence, the first best cannot be achieved when the retailers choose to
expend effort such that the total cost reimbursement through the participation rate is greater
than the total accrual. Hence, the first best can be achieved only when the retailers expend
effort such that the total cost reimbursement through the participation rate is less than or
equal to the total accrual. In this scenario, the manufacturer can achieve the first best in two
way: 1) choosing w, @ and ¢ such that equations ()-() are satisfied or 2) choosing w, o and
A such that equations ()-() are satisfied. In case 1, the accrual rate does not impact retail
behavior and in case 2, the participation rate and the accrual rate both impact the retailer’s
behavior. Also, since the manufacturer uses a two-part tariff, the retail profits under all
scenarios are equal to their reservation profit levels and hence the retailers would prefer the
equilibrium that results in first best profits to the manufacturer. We now investigate the
impact of the variable accrual rate on the retailer’s price and effort choices by computing

the comparative statics of price and effort with respect to the accrual rate.

Understanding The Impact of The Accrual Rate Linked to Wholesale Receipts

The first order conditions for the retailer R1 under the fixed accrual rate contract (derived

in section(4.4)) are given by
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OLR1 aQ! ey

OLR1 _ py 0@ NG Wi gy B275
opl o (p1—w) + Q" + 61 (0w n ) ( )
OLR1 Q! oG* oQ* oG*
=F2=—p1—w)—(1—a)— 40, |0w— —a——| =0 B276
Oel Oeq (1 —w) = (1 -a) Oeq o jow Oeq “ Oeq ( )
OLR1
= F3 =5wQ' —aG' =0 (B277)
00,
The second order conditions for R1’s optimization problem are given by
[ 02LR1  9?LR1  9°LR1 |
9 92LR1 O2LR1 apf Oe10p1 0610p1
@ <0 opi de10p1 >0 02LR1  92LR1  92LR1 <0 (B278)
op? ’ 9°LR1  9LR1 ’ Opi0er  dei  0010er
Oproer  Oef 0°LR1  9°LR1  §°LR1
| 9p1001  Ded0 003
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where

O’LR1  OF1 _0Q' 82Q!
2 = = 2 + 2

Ipy Ip1 opr  Op3
QLRI 0F2  0°Q" e

(p1 — (1 = 015)w) (B279)

66% = 861 = 36% (pl — (]_ — 915) ) []. — Oé(l — 91)] 86% (B280)
O*LR1  OF3
90 = a0, =0 (B281)
0’LR1 0F1 0Q!
— = B282
8p18€1 861 861 ( 8 )
O*LR1  0F2 0Q!
= = B2
8618])1 apl 861 ( 83)
O’LR1  0OF1 oQ"
_ _ B284
8]91891 691 = dwg - apl ( 8 )
0’LR1  OF3 8@1
= = B2
0010p1 O = o Ipr (5285)
O*’LR1  OF2 Q" oGt
R P (B286)
0*LR1  OF3 Q" oGt
900e, ~ der " aer "Dy (B287)
Hence, the second order conditions are given by
0’LR1 oQt  9*Q!
o =2 3?1 + 6}?% (p1—(1—6010)w) <0 (B288)
292 4 28" (p1 — (1 - 0:6)w) 5 »
o G (pr = (1= 0i6)w) — [1 - a(l - 01)] 55
(B289)
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<0

165

an 82Q1 8Q1 8@1
23_1’1 + Bp% (p1 — (1 — 915)10) Deq 5w8—pl
2Q! 02Q! 82G1 Q" oG
= s (01— (L= 016)w) = [1 = a(1 - 0)] 5 dwe- —af?
aQ* an oG!
i 5wa—p1 (5w Oéa—el 0 |
(B290)
Using the implicit function theorem, we have
OF1  9F1  OF1
deq o) 061
det | 0F2 09F2 0F2
der B85 901
(F1,F2,F3 9F3 OF3 OF3
8p1 o d t_(6175 91)) . | 661 8(; 801 i B291
95 d O(FLF2.F3) - 3 7 ( )
d(e1,p1,61) OF1  9F1 OF1
Oey Op1 001
det | 0F2 09F2 0F2
Oeq op1 001
OF3 OF3 0OF3
| Oeq op1 001 ]
i Q" Q! Q! |
Je1 9]_11) ap1 5me
9201 21 901 901! 1
det | 28 (py — (1—010)w) — [1 — (1 —61)] G rwe dwit — ol
Q1 oGt 1
. L ow de1 Y 0e; ’LUQ 0 )
i ) 1 K] 1 1 K] 1 T
L 252 + 8;?% (p1 — (1 —618)w) Swe
82Q! 21 901 901 1
det | e (= (1= 010)w) — [1 = a(1 = 01)] 5 o bwe — o
Q! oGt Q!
L 510 (961 861 6w87pl 0




[ o 1 B 1 82 1
% fgl 31?1 (p1 —(
21 1
det | % (1 — (1= B10)w) — [1 — a1 — 61)] 5F S
Q" ! Q"
I ow 8(31 — % ow 631
where
Q! Q! OG! Q! Q! oGt
Al = — 19 — Lig 1) - 2
Odey (6w Oeq @ Oeq JwQ” + 1w op1 (0w dey @ dey )+
an 1 aQQl 82G1
— —(1— —1—-a(l- —

oG1

@ 861 )
(B293)

Hence, when A! < 0, we must have 6” L < (0. We now consider the comparative static with

respect to the participation rate . Using the implicit function theorem, we have

OF1  9F1 0F1

Oey Oa 001

det | 9F2 oaF2 oF2

Oeq Oa 061

(F1,F2,F3) OF3 O0F3 OF3

3]01 de tel—ael) i Oey da 061
- (F1,F2,F3) — B

da 4 t—@(q,pl’gl) OF1  9F1  9F1

Oe1 Op1 001

det | oF2 aF2  9F2

ey Op1 001

OF3 0OF3 OF3

Oe1 Op1 001
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8Q1 8@1
det BSEQ; (1 — (1 —=6016)w) —[1 —a(l—061)] a;ecél (1- 91)%511 &U% B a%
oQ! aG! 1
_ L ow de1 " Oey -G 0 |
! 1 201 L
tn 252 + 861?% (p1 — (1 —016)w) swIS
21 o ) . 1
] G = =) = (L) 2 wi ot
oQr oG1 901
L ow 86621 Y 0e; (S’LU?% 0
AQ
[ ! 1 201 1
e 252+ G — (1= 010)w)  Swhk
21 o ) ) 1
] SE = (=60 - [ all -0 5 = il
Q! lel 90!
L 5’(0 66621 - der 6U}T§1 0
(B295)
where
0Q" Q' 9G!
A? == G (fw= — ot
861 ( w 861 « 861 )+
8@1 1 82Q1 92a1 oGt 8@1 act
0 -G —(1-6010)w)—[1—a(l—-14 —(1-0 S _
wapl ( 86% (pl ( 1 )'U)) [ OC( 1)] 86% ) ( 1) 861 ( wael aael)
(B296)
Hence, when A? < 0, we must have % < 0. Notice from (B296) that when (5w88;§11 - a%—fll <

0, A% < 0 is always satisfied. We now consider the comparative static with respect to the

wholesale price w. Using the implicit function theorem, we have
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OF1 9F1 0I1
der  Ow 06,
det | 2F2 09F2 0I2
deq ow 001
O(F1,F2,F3) 9F3 OF3 OF3
op det=5ciaon _ | Per  ow 961 | (B297)
Ow - d ta(Fl,FQ,F3) - B T
D erpi00) OFL  OF1  QF1
Oe1 Op1 001
det | 9F2 0F2 0F2
Oe1 Op1 001
Or3  O0F3 0F3
| dey op1 001 ]
[ oQ? Q! oQ! |
der —(1=-010)5  dwgy:
8201 21 B) o0t 1
det | %58 (p1 — (1= 610)w) — [1 —a(l - 6)] 5F  —(1-618)5% Swih —afd
Q" oG?
] Swit — afe 5Q! 0 ]
Bl 1 Bl 1 82 1 B 1
acgl 28%1 a;?% (p1 = (1 = 610)w) 5“’8%1
52 92G1 aQ* aQ! G
det | B8 (p1 — (1= 10)w) — [1 — a1 - 61)] G 5 owh — %
an 8G1 8@1
5wTﬁ — OlTel 5'UJTP1 0
A3
8 1 8 1 82 1 a 1
i 250 + G (11— (L= 010)w)  SwF
22Q! a2a!t aQ! aQ! le
det ag{ (1 — (1= 610)w) — [1 — (1 — 61)] 5 e dwit — ol
an aGl an
5w6€1 — " 0e1 &U@T)l 0
(B298)
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where

an Q' 8G1 oQ' . 0Q' oGt
3 _ _ _ _
A° = Q! (6w Doy 861 ) — (1 —610) o (6w Ber o der
8Q1 1, 0%Q* 0?Gt
—(1— 1=
S |19 oo v = (1= 10)w) — [L—a(1 = 00)] 5 5) +

Hence, when A3 > 0, we must have % > 0. Notice from (B299) that when (5w%;§11 -

)2+
Q! Q! oGH
1— —

( 916) 861 (5w 861 @ 861
(B299)
oGt

068—61 <

0, A% > 0 is always satisfied. We now consider the comparative statics for the effort. Using

the implicit function theorem, we have

)

OF'1 OF'1 OF'1
96 op1 001
det | 9F2 98F2 9F2
13l op1 001
O(F1,F2,F3) OF3 0OF3 0OF3
dey det oGpo) | 5 g 001 (B300)
B d + d(F1,F2,F3) B R
5 o1 dF1  §F1 9F1
9(e1,p1,61) OF1 OF1
Oeq op1 001
det | aF2 oF2 oF2
Oe1 op1 001
OF3 0OF3 OF3
Oeq Op1 001
Q' 50Q' | Q! Q!
01w O 25 apr T ap? (p (1 —=010)w) 5w—8p1
det Q" Q! 0Qr  aGt
91’(1) deq Oe1 ow Oe1 Oeq
1 oQt
_ L wQ ow op1 0 |
Q! Q! Q B Q!
Oe1 28101 (pl (1 915) ) (5me
82Q1 82G1 an 6@1 BGl
det 92 (1 — (1 —=6010)w) —[1 —a(l—01)] oe: e 5“’671 — o
an 8G1 8Q1
I ow Ger — Y5 ow F— o1 0
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_ 5 298 + 28 (g — (1 010)w)  owhd
det | B9 (py — (1= 616)w) — [1 - a(1 = 01)] 5 29! Sl _ o6
I (5w3Q1 a%fll 5w% 0
(B301)

where

an an aGl an 82Q1 8@1 8G1
4_ 2,0 (9 _ —(1— -
Al =—bhw (apl) o(0w dey “ Oey * [ op1 o3 (b1 = (1= 010)w) | wQ (B der 361 A
0Q" [, »0Q' 0Q" _ 0Q'
Sw o 01w 5 (9p1 —wgl 0 (B302)

Hence, when A* < 0, we must have %%1 < 0. Note that when 5w‘2% — a%f < 0, we must

have A* > 0 and hence ae1 > (0. We now consider the comparative static with respect to the

participation rate . Using the implicit function theorem, we have

OF1 0OF1 OF1
Oa op1 001

det | oF2 or2  oF2
Oa Op1 001

det QEFLE2ES) OF3 09F3 OF3
861 o € O(a,p1,01) . | o op1 001 ] B303
da dt (F1,F2,F3) - s ( )
e pr,01) 9F1 9F1 9F1

Oe1 Op1 001

det | ar2 or2  or2
Oe1 Op1 001

OF3 0OF3 OF3
Oe Op1 001
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Q! 820! 901
0 298 + 59 (p1— (1 - G1o)w)  Swih
oG 0Q! 20! aa
det | (1—6,) Der % (5ng —adS
1 2Q!
_ i -G 5waT;1 0 |
Q! Q! 92Q! 501
o 258 + 58 (m— (1-0id)w)  SwiE
8201 271 o001 Yo} 1
det | G (o1 = (1= B10)w) — (1= a(1 - 00)] 5 o Gl - ad2
Q" 9G!t 20!
L 6'(0 Oe1 o Oeq 5’[087}71 0 |
A5
[ le] 1 O 1 82 1 9 1 T
o 202 4 99 (o — (1 - br0)w) Sl
8%2Q! 271 901 501! 1
det | o (1= (1= 610)w) — [1 - a1 - 6)) 5 (o dwe —aGe
Q! dG! 20!
L ow de1 Y oer (5me 0 ]
(B304)
where
Q" | P 0Q'  9G'  _ 9Q'[. 0Q' oG 00!
A% = 255 4 T (p — (1 - 618)w) | G (w5 — 5 5 1_¢ ol
op1 + o (1 —( 10)w) | G*(dw 2o~ e )+ w8p1 Y oo ( 1) der + Der
(B305)

Hence, when A® < 0, we must have % < 0. We now consider the comparative static with

respect to the wholesale price. Using the implicit function theorem, we have
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OFL  OF1  oF1
ow Op1 001
det | or2 or2 ora
ow 8p1 891
O(F1,F2,F3) oF3  9F3  OF3
ey _ det A(w,p1,61) | Ow  Op1 901 | B306
v det 2FLF2.F3) - - = ( )
erpr ) OF1 OF1 oF1
Oey op1 001
det | or2 or2 or2
Oe1 Op1 001
oF3  oF3  OF3
| Oe1 op1 001 i
[ aQ Q! | 92Q! 20! T
—(1- eld)Tm 237?1 + Bp? (p1 — (1 —610)w) ow o1
Q! aQ! aQ! ot
det 7(1 - 016) Odey dey ow Oer ey
1 Q!
i 0Q 5w3—p1 0 |
an an 82Q an
de1 QTm + ap? (pl - (1 - 915)w) 5me
02 en Q! 800! act
det Q (pl _ (1 — (91(5)1()) — [1 - a(l — 91)] Be% 8;81 5w% —ag-
8Q1 8G1 8Q1
5me — O‘Tel 6me 0
Aﬁ
oQt Q! 920! 20!
Der 2500 T o2 (p1 — (1 = 618)w) dw g
92Q! 92G1 o0t 901 pYes!
det | %53 (p1 — (1= 610)w) — [1 — (1 — 61)] %G 09 swd — 9C
Q! aG! Q!
ow der Y Oe; 511)3731 0
(B307)
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where

3@1 an 8Q1 8G1 8@1 82Q1 an
A =+ (1616 o J — —— (1 — (1 —=0i0 J
e R e e PR (RO el
L9 [ 5,99 Q" 10Q"
ol Z(1—6,0)=% e 995 (B308)

Hence, when A® > 0, we must have % > 0. Hence, summarizing the comparative statics,

we have

e 21 5 () when A% >0 (

1 1
1 %le —a%% < 0 ensures A® > 0),

dey

e %4 > () when A® > 0,

ow
1
o 2 <0 when A2 <0 ( %9 a9¢ < 0 ensures A? < 0),
[ €1
de1 5
o 1 <0 when A® <0,
(0%

° %<OwhenA1<O,

° % > 0 when A* >0 (Note that 5w— — oz& < 0 ensures A* > 0).

Proof of Proposition 3

When the manufacturer offers the retailers a cooperative advertising contract that includes
a participation rate o and an fixed accrual rate A, a fraction of the retailer’s advertising
costs(aG*) are reimbursed and the total cost reimbursement is capped at A. Hence, the

advertising cost reimbursement is given by
(i) aG'if aG* < A
(i) Aif aG' > A
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Given this cooperative advertising contract, the retailers have two options:

(i) expend effort such that the total cost reimbursement is less than or equal to the total

accrual(aG' < A)

(ii) expend effort such that the total cost reimbursement is greater than the total accrual(aG® >

A)

We consider each scenario separately

Effort Levels are Chosen Such That the Total Cost Reimbursement is Less
than or Equal to the Total Accrual

When the retailers choose effort such that aG* < A, the retailers are reimbursed aG*. Hence,

the retailer’s profits can be expressed as

™ =Q (p —w) — F - G"+ aG* (B309)

™ =Q*py —w) — F — G® + aG? (B310)

The manufacturer’s profit function is given by

M=Q"(w—c)+Q*(w—c)+ F+F—aG"'—aG? (B311)

Retailer 1’s optimization problem given by

Max !

{p17€1}
subject to A —aG' >0

(B312)
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The Lagrangian for the retailer’s optimization problem is given by

LR1=Q'(p1 —w) — F—G'+aG"+ 6, [A— aG'] (B313)

The first order conditions for the retailer’s optimization problem are given by

OLR1 Q"

an —a—pl(pl —w)+Q' =0 (B314)
agjl :‘?%(pl Cw)— (1 oz)aa—il 0, {a%—g} —0 (B315)
agelfl =A—aG' >0 (B316)
01 (A—aG') =0 (B317)

0, >0 (B318)

With respect to the Lagrange multiplier, we have two possibilities

091:0

.01>0

In the next few sections, we consider each of the above cases separately.

61:0

If the Lagrange multiplier §; = 0, then we must have A—aG* > 0. The first order conditions

that govern the retailer’s price and effort choices are given by
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OLR1 3 1
@ —(p1—w)+ Q" =0

8p1 8 D1
OLR1 8@1 OG*!
del  Oeq e, 1 mw) — (L —a) 5 dey =0
OLR1
=A—aG' >
a0, aGE >0

accrual rate A can be set high enough to satisfy (B321).

retailer’s price and effort choices are given by

LRl Q"

From (B322), we can see that

gt Y% 1_
OLR1  9Q! oG oG
OLR1 X
o0, =A—aG =0
Ql
(p1 —w) = QL
Op1
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(B319)
(B320)

(B321)

Notice that these first order conditions are identical to the case where the manufacturer
offers a cooperative advertising contract that only comprises of a single participation rate

a. As we have shown earlier, the first best solution can be achieved in this case. The fixed

If 6, > 0, then we must have A — aG' = 0. The first order conditions that govern the

(B322)
(B323)

(B324)

(B325)



Substituting the above in (B323), and solving for ¢;, we have

HQ! les les
o — —(1—-a)— — jao—— = B32
861 (pl 'lU) ( Oé) 861 1¢ 861 0 ( 3 6)
2Q M1
1
= 6h=1-——34 i (B327)
Op1 Oex

Hence, the first order conditions that govern the retailers price and effort choices are

given by

1
%%(pl —w)+ Q"' =0 (B328)

A—aG'=0 (B329)

Re-arranging the retailers’ first order conditions, we have

ot L 097 o 0@ o 0Q%
apl (pl C) + apl (pQ C) + Q - apl (w C) + 8]91 (p2 C) (B330)
A—aG' = (B331)

In order for the manufacturer to induce the first best solution, the manufacturer must choose

w, o and A such that

oQ* 0Q?
o (w—rc)+ i (pp—¢)=0 (B332)
A—aG" =0 (B333)
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that

where G is the cost of effort incurred by the retailer when first best effort levels are
expended. We can see that (B332) can be satisfied if the wholesale price is chosen such

8 2
. 3?1 (p2 - C)
W =c— el
p1

(B334)
In terms of the accrual rate and participation rate, we can see that since A is fixed, we
must have

A=aG"Y

(B335)
Notice that the Lagrange multiplier in equation (B327) depends on the participation rate
. Since the Lagrange multiplier is positive (6; > 0), we must have

Q! N1
1 S
91 — 1 _ 061 Q

Q! HGt >0
Op1 Oey

(B336)
1
= o>

aQ!

2Q1 agl

(B337)
dpy1 Oeq
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Hence, the manufacturer can achieve the first best solution by choosing the wholesale price,

the participation rate and accrual rate such that the following conditions are satisfied

502
w=c— % (B338)

op1

A=aG" (B339)

1

Since the retailers are symmetric, the wholesale price, accrual rate and the participation rate

induce identical behavior from both the retailers.

Effort Levels are Chosen Such That the Total Cost Reimbursement is
Greater than the Total Accrual

When the retailers choose effort such that aG* > A, the retailers are reimbursed A. Hence,

the retailer’s profits can be expressed as

m=Qp —w)-F-G'+A (B341)

m=Q*p,—w)—F—-G*+ A (B342)

The first order conditions for retailer 1’s optimization problem are given by

ort  oQ!
8_191 :a;;i(]h —w)+ Q' =0 (B343)
ort 9Q! oGt

o _ a9 B344
861 861 (pl w) 861 0 ( 3 )
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Notice that the above first order conditions are identical to the second best setting. Hence,
the manufacturer cannot induce the first best price and effort levels in this case. In summary,
the manufacturer can induce the first best solution only when the retailers exert effort such
that the total cost reimbursement is less than or equal to the total accrual. In this scenario,
the manufacturer can achieve the first best in two way: 1) choosing w, o and A such that
equations (B319)-(B321) are satisfied or 2) choosing w, o and A such that equations (B338)-
(B340) are satisfied. In case 1, the accrual rate does not impact retail behavior and in case
2, the participation rate and the accrual rate both impact the retailer’s behavior. Also,
since the manufacturer uses a two-part tariff, the retail profits under all scenarios are equal
to their reservation profit levels and hence the retailers would prefer the equilibrium that
results in first best profits to the manufacturer. We now investigate the impact of the fixed
accrual rate on the retailer’s price and effort choices by computing the comparative statics

of price and effort with respect to the accrual rate.

Understanding the Impact of The Fired Accrual Rate

The first order conditions for the retailer R1 under the fixed accrual rate contract (derived

in section(4.4)) are given by

OLR1 Q" .
_ - W)+ O = B345
o f n (P —w)+@Q (B345)
OLR1 . 0Q' oG oG]
ael = f2 = 861 (pl — UJ) — (1 — Oé)a—el — 91 |iaa_61:| =0 (B346)
OLRL _ f3=A—-aG'=0 (B347)
0t
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. %QlQl
J— 41 €1
Note that 6; = 1 S~ otsat

Opy Oej

problem are given by

0?LR1
2
0°LR1 <0 o2
op? ’
P1 82LR1
Op10e1
where

LRI _9f1 _ 0Q"  0°Q

. The second order conditions for the retailer’s optimization

9?LR1
Oe10p1

> 0,
9%LR1
86%

1

opr Oop om
PLR1 0f2  9°Q'

de2  Oey  Oe?

p
ap?(l

(p1 —w) = [1 —a(l—06,)]

9*LR1 _0f3 0
003 00,

0*LR1 _oft oQ!
Op1Oe; ey ey
9*LR1 _of2 oQ"
0e10py B op1 B deq
0’LR1 _of1 0
8])1891 891
0’LR1 _0f3 0
00,0p, B Op B
0*LR1 _of2 oGt
0,00, 00, " der
9*LR1 _0f3 oGt
00,0e; D1 Der

Hence, the second order conditions are given by
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92LR1  92LR1  H2LR1
8p% Oe10p1  0010p1
92LR1  9%LR1 9%LR1
Op10e1 Oe? 0601 0e1
0°LR1  92LR1  92LR1
Op1061 Oe1001 89%
*Gt

2
dej

<0

(B348)

(B349)
(B350)

(B351)

(B352)
(B353)
(B354)
(B355)
(B356)

(B357)



0?LR1 ot 2*Q!
opi op1 Ipi
an 82Q1 an
290 T Ty (M1 —w) 9er
1 21 21
= e (o1 —w) = [1 = a(l - 61)] 55
an aQQl an
2% T opr (P1— W) 5ex
1 21 21
8321 86?% (pl - 'LU) - [1 - a(l - 91)] 8(96%

oG
Q Odey
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>0

OG!
dey

(B358)

(B359)

<0  (B360)



Using the implicit function theorem, we have

oL o o1
dey 0A 061

det | 212 a5z op
Oe1 0A 001

A(f1,£2,f3 of3 9f3 9f3
apl . det 8((61,14,91)) o L deq 0A 001 ]
DA aULizgy T =
o4 det d(e1,p1,01) af1  9f1 af1

Oe1  Op1 001

det | o2 o2 _ 00
Oeq op1 Oeq

o3 ar3 of3

| der Op 201 |
uL 0 0
det | 29 (py —w) —[1—a(1 - 01)] 5% 0 —all
) _ —ad Lo
o' 298 + 58 (p—w) 0
det B;g (m—w) = [1—a(l—6)] 5& wr —af
_ —alg o 0|
N 12 ot _
ok 292 + 54 (pr—w) 0
det | Z&(p —w) — [1 - a(1 - 01)] 5F e —a%:
a2 o o

(B361)

Notice that the denominator for (B361) is identical to the second order condition and must

be negative. Hence, we must have % > (0. We now consider the comparative static with
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respect to the participation rate «

of1 of1 a1
Oeq Oa 001

det | 22 ar2 o2
Oeq Oa 0601

O(f1,£2,f3 af3  af3  of3
apl - det 3((61,(1,91)) . L deq da 901 |
Do a0ULFn3 T =
Oa et 5ie o) on af o

Oey op1 001

det | 0f2 0f2 9f2
Oeq op1 001

o5 or3  9f3
Oeq op1 001

me 0 0

det 6;5? (m—w)—[1—a(l-6)]5& (1-6)9E —all

I —a%—fll —Gt 0 |

ok 298 + 58 (p—w) 0

det | 29 (py —w) — [1 - a(l - )] 5 oQ! —al
_ ol 0 0|
_ Geage

= 255 + 8(%1(]91 —w) 0

det | Z&(pr —w) = [1 —a(1 - 01)] 5F 2 —ad
—alg 0 0

(B362)

Notice that the denominator for (B362) is identical to the second order condition and must

be negative. Hence, we must have % < 0. We now consider the comparative static with
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respect to the wholesale price

af1  9f1t  of1
de1  Ow 96
det | 2f2 92 09f2
Oeq ow 001
O(f1,f2,f3) of3 0f3 Of3
% _ det der,wb1) | Oe1 Ow 061 |
ow  JetdULI2./3) B y
a 9. 79 % % %
(e1,p1,01) oo o
det | 0f2 0f2 9f2
dex  Op1 061
953 o3 oy3
| Oex  Op1 061 |
89’ et
e Op1
o2Q! 92a! 501 PYet!
det | S —w) =l -o(l-0) 55 —5F —ofE
OG!
i T %er 0 0
8Q1 an 82Q1
der 29 T (1 —w) 0
32 1 82G1 ) 1 8G1
det | Fo(p1 —w) = [1 - a(l - 1)) 53 oQ! —adlt
OG!
L - 661 0 O |
LQl( oG!
= Op1 Oe1
8Q1 8Q1 82Q1
Ber 25+ a_p%(pl —w) 0
62 1 82G1 o 1 aGl
det 62% (p1 —w) —[1—a(l —0,)] 962 6% —ag
oG
| Y oer 0 0 |
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Notice that the denominator for (B363) is identical to the second order condition and must

. : 1 . : .
be negative. Since 38% < 0, we must have % > 0. We now consider the comparative statics

for the effort.
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Using the implicit function theorem, we have

o1 of1 o1
0A  Op1 961
det | 2f2 92 9f2
0A op1 001
O(f1,£2,f3 of3  9f3 O[3
ael _ det ‘9((1471?1791)) | 0A  Op1 961 |
aA deta(flaf27f3) o i 7
9 P 99 % % %
(e1,p1,601) S oo 0
det | 02 0f2 0f2
Oeq op1 001
ofs o53 of3
L Oe1 Op1 061 i
BQI 82Q1
0 250 + %2 (p1 — w) 0
Q! aG*
det |0 Ber —QGe;
1 0 0
oQt Q1 52Q1
Ber 25 + Grp—w) 0
Q! 982Gt Q! oGt
Tt | G o —w) = [ - el - 0] 5 i ~af
OG!
L ~Y%e; 0 0 ]
Q! 92Q! OG!
_ (2‘9_1’1 + i (1 — w)> O De,
an an aQQl
Oe1 Op1 op? (pl w) 0
92Q! 92G1 001 Elel!
det _86% (pl — U)) — [1 — O{(l — 91)] 83% 8?1 10 e,
oGt
| T Y der 0 0 ]
(B364)

We know from the second order conditions that the denominator for (B364) as well as

oQ!
Op1

aQQl

ap? (p1
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— w) are both negative. Hence, we must have
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0A

L > (. We now consider the



comparative static with respect to the participation rate «

oL on an
O op1 001
det | 9f2 0f2 of2
O op1 001
O(FLF2.f3 of3  of3 of3
ael — det 8((a7p1791)) B [oke apl 691 i
da et 2ULI2S3) i 1
8 9. 79 % % %
(e1,p1,601) S oo 0
det | 912 9f2 0f2
Oeq op1 001
ofs a53 o3
L Oe1 Op1 061 i
BQI 82Q1
0 25 + e (p1 —w) 0
len 8Q1 8G1t
det | (1—01)52 Ber —a%es
_Gl 0 0
oQt Q1 52Q1
Ber 25 + Grp—w) 0
92Q! 092Gt o0t oG1
det aff (1 —w) = [1—a(l—6)] 55 g —a S
oGt
L TG 0 0 ]
_ Op1 op? p1 Oe1
an an aQQl
der 25 T B (1 —w) 0
22Q! 9%G!t Q! oGl
det 86% (pl — 'U)) — [1 — O{(l — 91)] 83% 8?1 10 e,
OG?t
| T Y der 0 0 ]
(B365)
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We know from the second order conditions that the denominator for (B365) as well as

Q!
Op1

82Q1
Bp%

comparative static with respect to the wholesale price.

p1 — w) are both negative. Hence, we must have 2% < (0. We now consider the
Oa

o1 of1 of
ow Op1 061
det | 2f2 09f2 0f2
ow Ip1 001
DfLF2.13 ors ofs ofs
dex _ det 3((1",171791)) | Ow  9p1 961 |
ow  Jet2ULI2S3) i 7
a 9. 76 % % %
(e1,p1,01) onhooh o
det | 9f2 9f2 0f2
Oeq op1 001
of3  9f3 9f3
B ael 8p1 891 ]
8Q1 an 82Q1
o 2o T arm—w) 0
det | 2@t aQt __9G!
Oe1 de1 De;
0 0 0
an an 82@1
der. 25 t Srp—w) 0
82 1 aQGl o 1 8G1
ol Wg(pl B w) a [1 B a(l B 01)] Wel 8631 - Oe1
oG
L e 0 0 |
_ 0
an an 82Q1
Der 25+ 3_1,%(]91 —w) 0
82 1 82G1 ] 1 6G1
et | G o —w) — [ - ol - 0] 53 i Ber
oG
| T X e 0 0
=0 (B366)
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Hence, the effort is not affected by the wholesale price. Summarizing the comparative statics,

we have
. %>O,
° %:0,
° %%<O,
° %<O,
. %>O,
° %>07

As we can see from the above comparative statics, as the manufacturer increases the accrual
rate, the retailers increase both their price and effort levels. The impact of the participation
rate is negative on both the price and effort. Since the retailers choose effort such that the
total cost reimbursement is equal to the accrual rate, an increase in the participation rate
would require a lower effort to ensure that the total reimbursement is equal to the accrual
rate. Hence, the retailers reduce their effort levels. This lowering of effort causes an indirect
lowering of the retail prices as well. Since the retailer’s choice of effort is governed solely by
the criterion to equate cost reimbursement to constant accrual rate, the wholesale price does
not impact retail efforts. The retail price is affected negatively by the wholesale price due

to its impact on the retailer’s margin. ll
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APPENDIX C: PROOFS FOR RESULTS IN CHAPTER 4
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Proof of Lemma 1

From the earlier proofs in Appendix B, we know that the first order conditions under the

first best setting are given by

oIl
Opy
o1l
Op2
o1l
861
o1l
862

L -0+ 9 p -+ Q' =
=)+ G =)+ Q=
aa;g(pl—c)+aa—§j(p2—0)—aa—§:0
2 =)+ Wy =)~ 2% =

Proof of Lemma 2

Under the second best setting, the equations that govern the retailer’s price and effort choices

are given'” by

an . an

—v ——w=0
op1 ntQ Op1 v
0Q” s 0Q*
ot

oQ*" oQ*! OG* B
B Oeq v dey
0Q? 0Q? 0G?

Oesy P2 Oesy v Oey -

0

0

The above equations can be expressed as

17See appendix B for the proof
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%;g(pl—c)vtf%(pz—cHQl :%g<w—c>+%—g<pz—c> (C9)
%(m—c)ﬁ%(m—m@?:%—i(w—cwg%(m—@ (C10)
aa;g(pl— )+a%12(pz—c)—%—f:I%(W—CVP%—?(W—C) (C11)
%;g(p2_c)+%;g(pl—c)—%—i:%—ij(w—cwr%;g(m—@ (C12)

Since 22 > 0 and 22 > 0, the manufacturer cannot choose the wholesale prices such that
dey Oea

29! (w—rc)+ %gf (p1 —¢) = 0. Hence, the first best cannot

Q2 501
de1 (PQ —c) = (0 and Ti(w—c) + 8(;22

be achieved. R

Proof of Proposition 1

In this setting, the equations that govern the retailer’s price and effort choices are given by

g—/izf(]?hel’p%@) :f1:%p1+¢21_%w:0 (C13)
3_52 =f(p2,e2,p1.01) = f* = Z;gpz +Q*— %;gw =0 (C14)
g—i =h(p1,e1,pa,€2) = h' = aacjllpl - %;Qllw — (1= O‘)aa_fll =0 (C15)
3—:2 =h(pa, €2, p1,€1) = h* = %;Cj;pz - %;ijw —(- &)?9_522 - (€16)

The second order conditions that govern the retailer’s price and effort choices are given by
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o?rt

8f1 2@@1 82621

= = + —w) <0,
5% " op Zop T o 1Y)
8271‘1 ahl aQQI 82G1
57 " 0e, ~ g W) (lma)Ha <0,
oot oty ofton | 00,
op? 0e? Oe10p; Op1 Oey Oeq ’
8271'2 8f2 aQQ 82Q2
= =2 + —w) <0
OF "o Cop T o P2 Y
o On®  9*Q? 9*G?
— = — — (1 —
92 " de, g 2w lma) G <0
Pttt O, 0P OB 007,
Op3  0e? Dea0ps Opy Oesy Oes

Using the implicit function theorem,

o,
ow
dey
ow
a1
O
deq
o)

we can show that

Opa
>0 —=—>0
) aw )
862
<0, —=—=<0
) aw )
> 0, % >0, and
Oa
862
>0, — >0.
" O

194

(C17)
(C18)

(C19)

(C20)
(C21)

(C22)

(C23)
(C24)
(C25)

(C26)



Re-arranging the equations (C13)-(C16), we have

a;Ql aQZ _ 6@1 8@2

an (P —C)+a—pl(P2 —0)+Q' = a—pl(w—c) + a—pl(]b —c)
L -+ 2=+ =5 w-0+ S -9
-0+ 5 m-0- 5 = (w-0+ G m-0) -af
-0+ 5 m-a- 9 = (SLw-0+ 5L m-a) -5

(C27)
(C28)
(C29)

(C30)

The manufacturer can ensure that the retailers expend first best effort levels and charge

first best prices by choosing the wholesale price and accrual rate such that the following

conditions hold

Q2
Q" 0Q? apr (P2 — ©)
——(w—c)+ =—(p2—c¢) = = w:C_PlT’ (C31)
Opr Ip 8%1
Q!
90> Q! apy (P11 —©)
—(Ww—c)+—(P1—¢c)=0 = wzc—m?a (C32)
dpa Op 8%2
50! 00?2 oG 0 (%;lel(w —c)+ (2)212 (p2 — C))
(a—el<w—0)+a_€1(p2_c)) _Oéa_el = = o = %fll
(pr — o) (5= 5 — 5255
&= ng el ’ (C33)
Op1 Oer
0Q* Q! & _ (8w =+ 8 -0)
(a—@(w—c)+a—€2(p1—c))—aa—62— = a= %—fj
- e
Opa2 Oea
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Since the manufacturer offers a single participation rate «, in order to induce first best

effort levels from both the retailers, we must have

Q' 992 _ Q' 9Q? Q2 Q' _ 9Q? 0Q!
(pz_c)(ﬁi_&i) (pl_c)(ii_iﬁ)

Op1 Oex Oe1 Op1 Op2 Oez Oea Opa
Q! oGt o Q2 9G2 (C35)
8p1 361 31)2 a62

Notice that the condition (C35) holds when the retailers are symmetric. When the retailers
are asymmetric, and when condition (C35) does not hold, the manufacturer cannot induce
the first best effort levels from both retailers simultaneously. Also, since the manufacturer
charges a single wholesale price we can see from equations (C31)-(C32) that in order to

induce both retailers to charge the first best prices, we must have

0Q? ( oQ!
o (P2 — ©) oy (D1 =€)
_ Op1 o1 —c— Op2 B (036)
Op1 Op2
8Q? ( oQ!
arp2—c)  Fo(p—o
- L= (C37)
Op1 Op2

When the retailers are perfectly symmetric, the above equation is satisfied. However, when
the retailers are asymmetric, and equation (C37) is not satisfied, the manufacturer cannot

induce the first best price levels from both retailers simultaneously. ll

Proof of Proposition 2

When the manufacturer offers the retailers a cooperative advertising contract that includes a
participation rate o and an accrual rate §, a fraction of the retailer’s advertising costs(aG?)
are reimbursed and the total cost reimbursement is caped at a fraction of the wholesale

receipts(d). Hence, the advertising cost reimbursement is given by
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(i) aG"if aG" < owQ’
(i) dwQ' if aG" > dwQ’
Given this cooperative advertising contract, the retailers have two options:

(i) expend effort such that the total cost reimbursement is less than or equal to the total

accrual(aG' < fw@Q")

(ii) expend effort such that the total cost reimbursement is greater than the total accrual(aG® >

owQ")

We consider each scenario separately

Effort Levels are Chosen Such That the Total Cost Reimbursement is Less
than or Equal to the Total Accrual

When the retailers choose effort such that aG* < dw@?, the retailers are reimbursed aG".

Hence, the retailer’s profits can be expressed as

™ =Qp —w) — F' — G' + aG? (C38)

= Q*(py —w) — F? — G* 4 aG? (C39)

The manufacturer’s profit function is given by

M=Q"(w—c)+Q*(w—rc)+ F'+ F* - aG' — aG? (C40)
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We first consider the retailer 1’s optimization problem given by

Max !

{p17 61}
subject to  dwQ' — aG' >0

The Lagrangian for the retailer’s optimization problem is given by

LRl =Q'(p, —w) — F' = G* +aG' + 6, [(5le — ozGl]

The first order conditions for the retailer’s optimization problem are given by

OLR1 0Q" . 0Q!
e — 6 _—) =
8p1 apl (pl UJ) + Q + 1(5’[1) apl ) 0
OLR1 0Q" oG Q" oG]
ael = 861 (p1 —w) — (1 — Oé)a—el —|—91 [5108—61 - 068—61‘| =0
859]%1 zéle —aG' >0
1
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(C43)
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(C45)
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(C47)



The first order conditions for retailer 2’s optimization problem are similar to that of

retailer 1 and are given by

OLR2  0Q* ) dQ?
—Z (py —w) + Q>+ Oy (Sw =) = 0
s s (pQ w) Q 2( w Ops )
OLR2 0Q? 0G? 5 0G?
—_ — — 1 — _ — _ | =
9es Des (p2 —w) — ( @) 9es + 0y [(SwQ « s 0
OLR2

= 2_aG?>0
a0, ow@ aG* >

With respect to the Lagrange multipliers, we have four possibilities
e y=0and 8, =0
e 3y >0and f, >0
e 01 >0and ;=0
e fy=0and 6, >0

In the next few sections, we consider each of the above cases separately.

91:0and92:()

(C48)
(C49)
(C50)

(C51)

(C52)

If the Lagrange multiplier §; = 0, then we must have JwQ® — aG* > 0. The first order

conditions that govern the retailer’s price and effort choices are given by
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OLR1
“opl
OLR1
Oel
OLR1
00,

and

OLR2
Opa

OLR2

862
OLR2
00,

861

=wQ' — aG* >0
a 2

=a;i2(p2 —w)+Q*=0
0Q>*

_6—62(292 —w)—(1-a)

=0wQ? — aG* >0

oG

e, 0
2

96~ _

(C53)
(C54)

(C55)

(C56)
(C57)
(C58)

(C59)

Notice that these first order conditions are identical to the case where the manufacturer

offers a cooperative advertising contract that only comprises of a single participation rate

«. As we have shown earlier, the first best solution cannot be achieved in this case. The

accrual rate ¢ can be set high enough to simultaneously satisfy (C50) and (C58).

f; >0 and 6, >0

If §; > 0, then we must have JwQ® — aG* = 0. The first order conditions that govern the

retailer’s price and effort choices are given by
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OLR1
“opl
OLR1
Oel
OLR1
00,

and

OLR2
Opo
OLR2
Oey
OLR2
00,

From (C60), we can see that

Substituting the abo

% 1 Q'
_5_}91(p1 —w)+Q + 91(&08_]31) =0
_8@1 oG* oQ! oGH B
_8_el(pl — w) — (1 — a)a—el + 91 |:5wa_€1 — aa_€1:| =0
=w@' —aG' =0

8Q2 . aQQ
=——(po —w)+ Q" + O (dw——) =0

8p2 <p2 'lU) Q 2( w 8p2 )
_0@2 0G? 9 0G? B
—8—62@2 —w) — (1 - 04)@—62 + 02 [&UQ - 048—62] =0
=6wQ* —aG* =0

Ql

ve in (C61), and solving for 6,, we have

0Q" e oG
ey Pt~ (L= 0u0)u) = (L= )5 —bhassr =0
Q! N1
1 550Q
T T e T
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(C60)
(C61)
(C62)

(C63)

(C64)
(C65)
(C66)

(C67)

(C68)

(C69)

(C70)



Since 6; > 0, we must have

Q! N1
1 Dor
91 — 1 - 881 Q

Q! Gt >0
Op1 Oey
1
= o > P
1— o9
Q! sG!l
dpy1 Oeq

Similarly, solving for retailer 2’s Lagrange multiplier, we have

0Q? 12
1 55Q
02 — 1 _ - 882

o 992 0c?
Op2 Oez

and since 6, > 0, we must have

0Q? M2
1 550
02 — 1 - 862

o 992 9G2 >0
Op2 Oea

1
9Q2 2
1— R
9Q2 5G2
Opg Oeg

= o >

satisfy

1 1
a > mazx{ T " o }
1 _ deq 1 _ deg
2Q! sGt 2Q2 9G2
Opyp Oey Opg Oegn
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(C71)

(C72)

(C73)

(C74)

(C75)

From (C72) and (C75), we can see that the manufacturer’s choice of participation rate must

(C76)



The first order conditions that govern the retailer’s price and effort choices are given by

OLR1 0Q! 1 oQ.
ol —a—pl(m —w)+Q +91(6w8_pl) =0
85;%1 =wQ' —aG' =0

1
OLR2  0Q? ) 0Q?

=——(py —w) +Q°+ O(bw——) =0
apQ 8p2 (pQ w) Q 2( w ap2 )

859]%2 =w@* —aG* =0

2

Re-arranging the retailers’ first order conditions, we have

an aQZ L 8@1 aQQ an
o 17T gy T gy T g im0 m i, )
0Q? Q! ) 0Q? Q" 0Q?
(9_192(p2 —c)+ a_p2<p1 —0)+Q*= a—m(w —o)+ —2(p1 —c)— 92<5wa_]92)
SwQ' —aG' =0

Sw@?* —aG?* =0

(C77)
(C78)
(C79)
(C80)

(C81)

(C82)
(C83)

(C34)

(C85)

In order for the manufacturer to induce the first best solution, the manufacturer must choose

w, o and ¢ such that
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log 0Q? Q' _
an (w—rc)+ a—pl(]h —c)— 61(5w8_p1) =0 (C86)
80> Q" 0Q* _
8_]?2(w_c)+8_172(p1 —) —92(5wa_272) =0 (C87)
(S’LUQI o aGl — O (088)
SwQ? — aG? =0 (C89)

We can see that (C86) and (C87) can be satisfied if the wholesale prices are chosen such that

99 (pa—c)
=
- €90
N (C90)
99" (1)
T e

v (1—23 (D)

Hence, in order for the manufacturer to simultaneously induce both retailers to charge first

best prices, we must have

2Q2 Q!
( ) ( )
c 8171; c apggif;
L~ b2 C92
(1—0,0) (1 - 620) (G92)

With regards to the retail effort, we can see from equations (C88) and (C89) that the

manufacturer can induce the retailers to expend first best efforts by choosing the participation
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rate a and the accrual rate ¢ such that

:g%; (C93)
5::2%?2 (Co4)
P (c95)
- o= (C9)

where G*" is the cost of effort incurred when exerting first best effort levels and Q¥ is the
demand when first best price and effort levels are exerted by both retailers. Hence, the first
best can be achieved if the manufacturer chooses the wholesale prices, accrual rate and the

participation rate such that the following conditions are simultaneously satisfied

opy Opg
= Cc97
(1—6,0) (1 — 620) (C97)
Gv" G*
1 1
a > max{ g o } (C99)
1 _ _Oe 1 __Oeg
2Q! oGl 2Q2 9G?
dp1 Oeq dpg Oeg
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01>0and9220

The first order conditions for the retailers are given by

OLR1 0Q! Q"
T o 1~ QGG =0
1 1
OLR1 0Q! aG! Q" aG!
Gl e W)~ (Lma)gee 0 [ YU Ger "By
8(;/6}21 =0wQ' —aG' =0
1
OLR2 0Q?
apz :afz (pQ_w)+Q2:0
OLR2 Q> ez
e o
OLR2 s
- - >
a0, w@* —aG* >0
Q! H1
Since #; = 1—%—%7
Op1 Oeq

0

| -0

(C100)
(C101)

(C102)

(C103)
(C104)

(C105)

retailer 1’s price and effort choices are governed by (C100)

and (C102) respectively. Retailer 2’s price and effort are governed by (C103) and (C104)

respectively. Also note that retailer 2 also ensures that (C105) is satisfied. Hence, the first

order conditions can be expressed as
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Q! o01
531 (p1 —w) + Q" + 91(6w8—pl) =0 (C106)
a 2
8%2(292 —w)+ Q= (C107)
Sw@' —aGt =0 (C108)
0Q? 0G?
8—62(292—70) —(1—a)a—€2 =0 (C109)
Q' N1
1 e @
br=1-—- ot oG (C110)
dp1 der
SwQ* —aG?* >0 (C111)

The first order conditions noted above can be expressed as

Q! Q> 0! Q> Q!
8—])1(291 C)+3—pl(P2—C)+Q —a—m(w—c>+a—m(p2—0)—91(5wa—m) (C112)
8@2 a@l ) aQQ a@l
e —C)+ — —c)+ = —C)+ — — C113
s (P2 —¢) s (p1—c)+Q s (w —¢) s (p1—¢) ( )
SwQ' —aG' =0 (C114)
0Q? oQ" 0G? B 0Q? oQ" 0G?
8—62(292— )+3_€2(p1_c)_8_62_8_62(w_c)+6_62(p1_c)_a6_62 (C115)
Sw@?* —aG* >0 (C116)

0Q M1

1 8_61Q
Op1 Oey

We know that the first order conditions that induce the first best solution are given by
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oIl A 5Q?

a0 :a—m(P1—0)+a—m(P2—C)+Q1=0 (C118)
o 0Q! 0Q?

o = 0= G (=) 4 @ = (©19)
o oQ? 0Q? oGH
a—elza—el(pl—c)‘i‘a_el(m—c)_a_el:o (C120)
o oQ? 0Q? 0G*
8_62:8_62(p1_c)+8_e2<p2_0)_8_6220 (C121)

Comparing (C118) and (C112), we can see that the manufacturer can induce R1 to charge

first best price by setting the wholesale price such that

Q! 0Q? Q!
P =)+ L (py—¢) — 0,(6 =0 C122
o WO+ G o= 0) = 00w ) (C122)
%)
%

Similarly, comparing (C119) and (C113), we can see that the manufacturer can induce

R2 to charge first best price by setting the wholesale price such that

0Q? oQ"
L w0+ 5 o (c124)
LQl( _
Op2 p1 C)
Op2
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Since the manufacturer can only charge a single wholesale price, we must have

8Q?
B (p2—c)
c— 8pla—Q1 LQI(pl o C)
e O (C126)
(1—6:0) e
Op2

Comparing (C121) and (C115), we can see that the manufacturer can induce R2 to exert

first best effort levels by choosing the participation rate a such that

50> HQ! le:
(r — (552 - 52)
Op2 Oez

Since 6; > 0, we can see from (C117) that the following condition must be satisfied

Q' H1
1 5@
Op1 Oex
1
1 _ _9¢ Q
20! oGt
dp1 Oeq

In order for equations (C128) and (C130) to be simultaneously satisfied, we must have

2Q 02  aQ!
(p1 - C)(a—ela—m - a—m) - 1 (0131)
9Q?% 9G2 @Ql
Op2 Oez 1— %
Op1 Oey

Next, the manufacturer can induce R1 to exert first best effort levels by offering an accrual

rate 4 such that
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Sw@Q' —aGY =0 (C132)
aGY

~uar

= (C133)

where w is as given by (C123), Q' is the demand when first best price and effort are charged
by both retailers, G is the cost of effort incurred to expend first best levels of cost and «
is the participation rate (given by (C128)) that induces R2 to exert first best effort. Also,
in order for the first best solution to be achieved, the participation rate «, the wholesale
price w, the accrual rate § and the first best price and effort levels must satisfy the following

inequality

swQ" —aG* >0 (C134)
aGY . o
- - > 1
= QT w@ aG® >0 (C135)
= GVQV -G¥QY >0 (C136)

In summary, the manufacturer can induce both the retailers to charge first best prices and

exert first best efforts if the following conditions are simultaneously satisfied

9 2
G- (p2—c)

c— B —F— Q!
I o k) (C137)
_ - 0Q?
(1 —6,9) B
aQt Q%>  aQt
(1 = )G Gpr — Bp) 1 €138
9Q? o2 29 1 (1)
Opa Oea 1-— &ﬁ
dp1 Oeq
Gl*Ql* _ G2*Q1* 2 0 (0139)
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The solution to the case where #; = 0 and #; > 0 is symmetric to the solution described

above.

Effort Levels are Chosen Such That the Total Cost Reimbursement is
Greater than the Total Accrual

When the retailers choose effort such that aG* > dw@Q?, the retailers are reimbursed dw@"’.

Hence, the retailer’s profits can be expressed as

™ = Q' (p —w) — F' — G' 4 sw@* (C140)

™ = Q*(py — w) — F? — G* 4 swQ? (C141)

The manufacturer’s profit function is given by

I=Q (w—c)+Q*w—c)+ F'+F? - jwQ" — jw@? (C142)

The first order conditions for retailer 1’s optimization problem are given by

ot oQ! oQ!

e :_8?1 (1 —w)+ Q"+ &U_@ii =0 (C143)
ort  oQ! oG! oQ!

Oeq - dey (pr = w) = dey ow deq =0 (G144
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The first order conditions for retailer 2’s optimization problem are similar to that of

retailer 1 and are given by

on? _8@2 9 0Q? B

p opy 2O, =0

on? _8@2 0G? 0Q>? B

The above first order conditions can be expressed as

Q" 0Q? ,0Q! 0Q?
8_]91(p1 —c)+ 3_]91(p2 —c)+Q = 8_p1<w(1 —0)—¢c)+ 8—]91(292 —c)
0Q? Q" s 0Q° Q'
a—pz(m C)+a—pz(p1 c)+Q° = a—pz(w(l J) C)+8—p2(p1 c)
oQ" 0Q? OG* B oQ* 0Q?
a—el(m— )+a—€1(]92—0)—8—61—a—el(w(l—é)—C)Jra—el
0Q? oQ! 0G? B 0Q? oQ!

(C145)
(C146)

(C147)

(C148)
(C149)
(C150)

(C151)

Since ?% > 0,22 >, %;Cj: > 0 and %%12 > 0, from (C150) and (C151), we can see that the

) Oeg

manufacturer cannot induce the retailers to exert first best effort levels for any choice of §

and w. B

Proof of Proposition 3

When the manufacturer offers the retailers a cooperative advertising contract that includes

a participation rate o and an fixed accrual rate A, a fraction of the retailer’s advertising

costs(aG") are reimbursed and the total cost reimbursement is capped at A. Hence, the

advertising cost reimbursement is given by
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(i) aG"if aG' < A
(i) Aif aG" > A
Given this cooperative advertising contract, the retailers have two options:

(i) expend effort such that the total cost reimbursement is less than or equal to the total

accrual(aG' < A)

(ii) expend effort such that the total cost reimbursement is greater than the total accrual(aG* >

A)

We consider each scenario separately

Effort Levels are Chosen Such That the Total Cost Reimbursement is Less
than or Equal to the Total Accrual

When the retailers choose effort such that aG* < A, the retailers are reimbursed aG*. Hence,

the retailer’s profits can be expressed as

™ =Q p —w) — F' — G' + aG" (C152)

= Q*(py —w) — F? — G* + aG? (C153)

The manufacturer’s profit function is given by

I=0Q'(w-c)+Qw—c)+F +F —aG" - aG” (C154)
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We first consider the retailer 1’s optimization problem given by

Max 7!

{plael}
subject to A —aG' >0

The Lagrangian for the retailer’s optimization problem is given by

LR1=Q'(p1 —w) — F' =G+ aG" + 6, [A — oG]

The first order conditions for the retailer’s optimization problem are given by

OLR1 0Q*
o :é%(pl —w)+Q"'=0
OLR1 90" lex lex
661 —a—€1<p1—w)—(1—06)8—61—01 |:Oéa—€1:| =0
OLR1 X
—A— >
a0, A—aG >0
91(14 - OCG1> =0
61 >0
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(C155)

(C156)

(C157)
(C158)
(C159)

(C160)

(C161)



The first order conditions for retailer 2’s optimization problem are similar to that of

retailer 1 and are given by

OLR2 0Q?
9p :a—i(m —w) +Q* =0
OLR2 0Q? 0G? IG*
862 862 <p2 w) ( a) 862 2 |:a 862 :| 0
OLR2
=A—aG?* >
a0, aG® >0
02(A —aG?) =0
0y >0

With respect to the Lagrange multipliers, we have four possibilities

91:Oand9220

91>Oand92>0

91>Oand92:0

91:0and92>0

In the next few sections, we consider each of the above cases separately.

91:031’1(102:0

(C162)
(C163)
(C164)

(C165)

(C166)

If the Lagrange multiplier §; = 0, then we must have A —aG* > 0. The first order conditions

that govern the retailer’s price and effort choices are given by
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OLR1
opl
OLR1
Oel
OLR1
00,

and

OLR2
Op2
OLR2
ey
OLR2
00,

1
Zai(]h —w)+Q1 =0

Q!
861

=A—aG'>0

0Q? 5

s (P2 —w) +Q
_0Q?
_662 (p2 —w) — (1 — )

=A—aG*>0

oGH
861

(C167)
(C168)

(C169)

(C170)
(C171)

(C172)

Notice that these first order conditions are identical to the case where the manufacturer

offers a cooperative advertising contract that only comprises of a single participation rate a.

As we have shown earlier, the first best solution cannot be achieved in this case. The fixed

accrual rate A can be set high enough to simultancously satisfy (C169) and (C172).

#, >0and 6, >0

If ; > 0, then we must have A — aG* = 0. The first order conditions that govern the

retailer’s price and effort choices are given by
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OLR1L 9Q"

opl — dpy
OLR1 0Q' oGt oGt
Gel e, W) = (L= a)mr — {aa—el
JLR1 L
0, =A—-aG =0
and
OLR2 0Q?
ps 8§2<p2_ W+ @ =0
OLR2 0Q? 0G? 0G?
862 662 <p2_w)_(1_a)8_62_0 |: 862
OLR2
a0, aG= =0
From (C173), we can see that
Ql

(p1 —w) = T gt
Op1

Substituting the above in (C174), and solving for 6;, we have

Q" aG! ek
% _ — (1 =a)—/— — i
861 (pl w) ( a) 861 ta 661 0
Q! H1
1 TQ
= h=1-— -
Op1 Oey
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(C173)
(C174)

(C175)

(C176)
(C177)

(C178)

(C179)

(C180)

(C181)



Similarly, solving for retailer 2’s Lagrange multiplier, we have

9Q% N2
1 5@

92 == 1 - a - 8(522 502 (C182)
Op2 Oez

Hence, the first order conditions that govern the retailers price and effort choices are

given by

Q! 1

a—pl(pl —w)+Q =0 (C183)
0Q” 2

Ty — — 4
g 2= w) + Q7 =0 (C184)
A—aG'=0 (C185)
A—aG?=0 (C186)

0Q! 0Q? L% 0Q*,
8—])1(p1—0)+8—pl(172—0)+42 _a_m(w_c>+8_pl(p2 c) (C187)
0 9+, 209 5,92 _
s (p2 —¢) + s (p1—c)+Q° = s (w—c)+ 7 (p1 — ) (C188)
A—aGl = (C189)
A—aG’ = (C190)
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In order for the manufacturer to induce the first best solution, the manufacturer must choose

w, w,  and A such that

20! 20?

3_]71( —C)+a—p1(p2—c)—0
0Q? Q!
a—m(w—C)JrE(m—C)*O
A—aGY =0

A—aG? =

(C191)
(C192)

(C193)

(C194)

where G is the cost of effort incurred by retailer 4 when first best effort levels are expended.

We can see that (C191) and (C192) can be satisfied if the wholesale prices are chosen such

that

2
aa%(pz —c)
T
Op1
1
%%(pl —c)
9Q2
Op2

Since the manufacturer charges a single wholesale price, we must have

2 1
%%(PQ—C) %%(Pl —¢)
I
op1 Op2
0Q? Q!
N a%(m -0 _ TZ(Pl —¢)
Q1 B 2Q2
op1 Op2
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(C195)

(C196)

(C197)

(C198)



In terms of the accrual rate and participation rate, we can see that since A is fixed, we must

have

A=aG" =aG*

= G =G"

Also, since #; > 0 and 65 > 0, we must have

0Q' M1
0 —1—l— 0, >0 :>a>; and
L= 2Q1 oG Q! 1
@ dp1 de 1 — %1 @
p1 Oey — Zataa
dpy Oey
0Q? 12
O, =1— l _ ﬁ = a > 1
2= 8Q? 9G2 2Q2 2
« 0 Oe 1 Oeg Q
p2 Oea — %
Opy Oeg
1 1
= a > max{ ai g py }
1 _ _9e 1 __Oeg
Q1 oGl 2Q2 G2
Opy Oeq Opg Oeg

(C199)

(C200)

(C201)

(C202)

(C203)

Hence, the manufacturer can induce the first best solution only when the following conditions

are simultaneously satisfied

0Q? Q!
ap1 (p2 —c) _ Ops (p1—c)
2Q! n 292
Ip1 Op2
1 1
@ > mar g )
1 _ _0Oe 1 __Oeg
2Q! aG! 2Q2 9G?
Op1 Oeq dpg Oeg

220
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(C205)

(C206)



01>0and9220

The first order conditions for the retailers are given by

OLR1 0Q!
o :a%l(pl W) Q=0 (C207)
OLR1 0Q* oGH oGH
=—pr—w)— (1 —a)— — —| = 2
Oel Oey (1= w) = @) Oey O {a 861] 0 (C208)
agem =A—aG'=0 (C209)
1
OLR2 0Q?
OLR2 0Q? 0G?
2% (o —w) — (1 — a)— = 211
862 862 (p2 U}) ( CY) 862 0 (C )
8591%2 =A—aG*>0 (C212)
2
2Q! 51
Since 6, = 1 — é — 8‘;’}1 o1, Tetailer 1’s price and effort choices are governed by (C207)
Op1 Oeq

and (C209) respectively. Retailer 2’s price and effort are governed by (C210) and (C211)
respectively. Also note that retailer 2 also ensures that (C212) is satisfied. Hence, the first

order conditions can be expressed as
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X (p, — L 21
oo 11— W)+ Q=0 (C213)
0Q” 2
2% (py — = 214
oy, (12— 0+ QP =0 (C214)
A—aG'=0 (C215)
0Q? 0G?
—w) = (1=a)—/— = 21
662 (p2 'lU) ( Oé) 862 0 (C 6)
Q! N1
1 a_elQ
b =1-—— 5isar (C217)
Op1 Oex
A—aG?*>0 (C218)

The first order conditions noted above can be expressed as

an aQQ . a@l aQQ
8_171(291_ )+a—pl(p2—0)+Q _8_]91(w_c)+8_pl(p2_c) (C219)
0Q* Q" s 0Q° Q"
a—m(p2—0)+a—p2(171—0)+@ —8—p2(w—0)+a—p2(291—0) (C220)
A—aG' = (C221)
0Q? oQ" 0G?  9Q? oQ! 0G?
“ (py — g —e)— — = = (w— = (py—¢) — a—o 222
862 (p2 C> * 862 (pl C> 862 862 (U) C> * 862 (pl C) @ 862 (C )
A—aG?>0 (C223)

Q! H1

1 6—6162
Op1 Oey
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We know that the first order conditions that induce the first best solution are given by

ol Q! 0Q?

_8p1 - _0?1 (p1 —¢) + —851 (pa — ) + Q' =0 (C225)
ol Q! 0Q?

Op2 - (9652 (1 =)+ 3?2 (2 =)+ Q7 =0 (G226)
oIl Q! 0Q? oG*

Der  Oe (P =c) T1<p2 —9- e ! (©227)
oIl AQ! 2Q? OG>

Oesy - ey (pr =)+ 5_62(p2 —9- Dey =0 (C228)

Comparing (C225) and (C219), we can see that the manufacturer can induce R1 to charge

first best price by setting the wholesale price such that

Q" 0Q?
—(w—¢c)+ =—(p2—¢c)=0 C229
2w+ 9 -0 (C220
0Q? ( .
dp1 D2 C)
op1

Similarly, comparing (C226) and (C220), we can see that the manufacturer can induce R2

to charge first best price by setting the wholesale price such that

5Q> oL

G0 =0+ G =0 (c231)
9 (), — ¢
= w=c— % (C232)
s
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Since the manufacturer charges a single wholesale price, we must have

0Q? ( oQ"t .
op, P2 — C) B (pl C)
- — = (0233)
op1 Op2
0Q? ( oQ!
op, \P2 — c) P (p1 — )
= o = 5 (C234)
op1 Op2

Comparing (C228) and (C222), we can see that the manufacturer can induce R2 to exert

first best effort levels by choosing the participation rate « such that

2 1 ez
@(w—c)-i-@(m—c)—aa—:() (C235)
862 862 862
(- )G 5 — 5
o = 507 o (C236)

Op2 Oea

Since 6; > 0, we must have

oQ N1
1
0, (C237)

91:1_5_ Q! HG1
Op1 Oey

1 — %1
Q1 aGt
Op1 Oey

Hence, in order for equations (C238) and (C236) to be satisfied simultaneously, we must

have
QR 9Q% ARt
(p1 - C)(a—ela—m - a—m) - 1 (0239)
9Q?% 9G2 @Ql
Op2 Oea 1-— %
Op1 Oey
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Next, the manufacturer can induce R1 to exert first best effort levels by offering the fixed

accrual rate A such that

A—aG" =0 (C240)
= A=aG" (C241)
= ) (GEGE - 5
. 1 Oe1 Op2 Opa
= A=( A (C242)
Op2 Oez

where G is the cost of effort incurred to expend first best levels of cost and « is the
participation rate (given by (C236)) that induces R2 to exert first best effort. Also, in order
for the first best solution to be achieved, the participation rate o and the accrual rate A and

the first best effort levels must satisfy the following inequality

A—aG* >0 (C243)
= aG" —aG* >0 (C244)
= GV >G% (C245)

Hence, the first best solution can be achieved only when R1’s cost of effort is greater than

R2’s cost of effort under first best conditions. Hence, the manufacturer can achieve the first
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best solution only when the following conditions are simultaneously satisfied

aQ2( Q!
e p2 —¢) a—(pl—c)
Pl eI b2 el (C246)
op1 Op2

aQt 0Q2 8R!t
(pl_c)(aela_pz_a_m) 1 24

0 92 T Ty (C247)

Opa Oez 1 — ﬁaeﬂ

Op1 Oey
GU >G* (C248)

The solution to the case where #; = 0 and #, > 0 is symmetric to the solution described

above.

Effort Levels are Chosen Such That the Total Cost Reimbursement is
Greater than the Total Accrual

When the retailers choose effort such that aG* > A, the retailers are reimbursed A. Hence,

the retailer’s profits can be expressed as
(C249)

7T1:

Q'(p—w)—F'-G'+ A
™ =Q%*pr—w) - F?—G*+ A (C250)

The manufacturer’s profit function is given by
(C251)

N=Q (w—c)+Q*(w—c)+F'+F* - A—- A
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The first order conditions for R1’s optimization problem are given by

ort  o0Q*
O a0 HQ =0 (2
or' Q! oG

e, :a—el(m —w) — e (C253)

The first order conditions for R2’s optimization problem are similar to that of retailer 1 and

are given by

or? 00?2
o :a%@ W) £ Q=0 (C254)
on 0Q? 96>

8_61 :a—@(pz - w) - 6_62 =0 (0255)

Notice that the first order conditions listed above are identical to the second best scenario.

Hence, the manufacturer cannot achieve the first best solution. H

Proof of Proposition 4

When the manufacturer offers a cooperative advertising contract that includes a participation
rate as well as variable accruals, the manufacturer can use the participation rate to influence
one retailer’s efforts while using the accruals to influence the other retailer’s efforts. Assuming

R1’s efforts are influenced using the accrual rate, R1’s first order conditions are given by
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oQ*! 1 oQ* B
8_1(p1 —w)+ Q" + 91(&08_]31) =0
Q" oGt Q"
a_el(pl - w) - (1 — 06)8—61 + 6, |:5w Ber
Sw@Qt —aG' =0

(C256)
(C257)

(C258)

As derived in appendix B, the comparative statics for R1’s effort and price are given by

9p1
ow

er

<L > 0 when A% > 0,

oQ!t
Oey

Op1
O

< 0 when dw

der

5 < 0 when AS <0,

Ip1

< 0 when A" <0,

oQ!
Oeq

dex
95

> 0 when dw

where

> (0 when 5’LU88;Q1 -
€1

oG!

Oe1 <

OG!
Oe1

<

oGt
Oeq

0,
0,
0.
Q! oQ! oG,
1w o (6w o —aael) +
9*Gt
Jw) = [1 — a(l —61)] 9e2 ) — bhw
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Q! oQ! oGt
861 (5w 861 @ 861 ) <0
(C259)



)

ot 9*Q! oQ* oGt oQ* oQt oGt oQt
5_ _ oY% (11— 1 _ —09,)—_ 17
A° = [2 oon + o (;m—(1 915)w)} G (dw Ber o Der )+ dw Bon [(Sw o (1—61) der +G Der
(C260)

Q' . aQ' . oQ! oG! ot 22Q! oQ* oGt

6 __ o o Y o o 1 Y oo YT
A® =+ (1 —619) 7 dw o (ow 7 B )+ [2 7 + o (p1 — (1 915)w)] 5Q" (dq 9. %o

aQ! Q" Q" 10Q!

Since R2’s efforts are influenced by the participation rate, the first order conditions are given

by

50

2 _
B (P2 —w)+Q* =0 (C262)
90> HG2
8632 (b2 =)~ (1= )5 =0 (C263)

Notice that these first order conditions are identical to the case where the cooperative ad-
vertising contract only includes a participation rate. Hence, the comparative statics of R2’s

price and effort are given by

8]72 662 8]?2 @62 8]?2 862
— >0,—<0,=— >0, — =0and—= = 0. €264
ow ow oJe! Oa ( )
When the manufacturer uses a cooperative advertising contract that includes a fixed
accrual in addition to the participation rate, the manufacturer can influence one retailer’s
efforts by using the participation rate and the other retailer’s efforts using the accrual.

Assuming R1’s efforts are influenced by the accrual and R2’s efforts are influenced by the
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participation rate, the first order conditions for R1 are given by

8 1

8%1(191 —w)+Q'=0 (C265)
Q! s ek

@_el(pl —w)—(1- oz)é)—61 — 6 [aa—el} =0 (C266)
A—aG' =0 (C267)

As shown in appendix B, the comparative statics of R1’s price and effort are given by

Op dey Op dey Op dey
> <0’8a<0’8A>0and8A>0’ (C268)

Next, R2’s first order conditions are given by

0’

2 _
o (p2 —w)+Q*=0 (C269)
Q2 G?
ey (p2 —w) — (1 - 04)_862 =0 (C270)

Notice that these first order conditions are identical to the case where the cooperative ad-

vertising contract only includes a participation rate. Hence, the comparative statics of R2’s

price and effort are given by

Ip2 des Ip2 des Ip2 _ des _

230



As we can see from the comparative statics, while the impact of the accrual on R1’s retail
price is positive when the accrual is fixed, variable accruals have a negative impact on retail
price. Also notice that the impact of the wholesale price on R1’s efforts is negative for fixed
accruals while it is positive for variable accruals. These differences form the basis of the
comparison between the two contracts.

Recall that the Lagrangian for the manufacturer’s optimization problem under the single

participation rate contact is given by

L=Q"(w—c)+Q*(w—rc)+ F'+ F?—aG' — aG*+

A1 [Ql(pl - w) - (1 - Q)Gl - Fl} + Ao [QQ(M - w) - (1 - a)G2 — FQ} +

an L a@l :| |:8Q2 N 8@2 :|
— 1+ Q — —w| Fpy | mpe +QF = —w| +
21 { O 1+ @ O, w H2 9Dy p2+Q s w
oQ" oQ" oGt 0Q? 0Q? 0G?

If the demand parameters are such that the marginal change in the Lagrangian with

respect to an increase in price is less than the marginal change in the Lagrangian with respect

pf)?

then under the participation rate contract, the manufacturer has an incentive to induce the

to an increase in effort when first best prices are charged by the retailers (i.e., g—; pr < %

retailers to exert prices greater than first best prices. Since the manufacturer benefits from
an increase in effort, retail efforts are induced to be higher. Since higher efforts lead to higher

prices, the manufacturer may lose revenues due to the increase in price. Since the benefit

oL
Op;

oL

from increasing the effort dominates the loss from the increased price (since o < 5

D;
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), the manufacturer may induce retail prices to be greater than first best prices. Notice that

. o 1 2 . -
9L is increasing in the own effort effects (22 and <) and in the free-riding or cross effort
Oei der Oea

effects (%f:, %ij) Also, as the cost of effort (%2—6?, a;—f;) decreases, % increases. Hence,
when the cost of effort is low or when the incentive to free ride is high or when the effect of
own advertising on demand is high, the manufacturer may prefer to induce the retailers to
exert prices that are greater than first best prices.

Since the first order conditions under the participation rate contract are given by the

following equations

=0+ 9 p =+ Q' = S =) + 9% (s~ (C273)
%gﬁb—0%+%%ﬂh—6%+Q2=%%;w—0%+%%ﬂh—® (C274)
-0+ 5 m-0-5 — (Fw-0+Fm-a) o3> (2
-0+ 5 m-0-5 ~ (w-0+Fm-a) a5 (2

we can see that the conditions that must hold simultaneously for retail prices to be greater

than first best prices and efforts to be less than first best efforts are given by

%%m—@+%§%—@<0 (C277)
%%m_@+%§m—@<o (C278)
(?%(w _ o+ (Z%Q(p? _ c)) - a%—fll >0 (C279)
(S w-a+5Em-0) -ad >0 (C250)



When inequalities (C277)-(C280) are simultaneously satisfied, we will have p¢ > p!°, p¢ >

b b
pfleq < ef

and e§ < egb. Assuming these conditions hold, we now investigate whether the
use of a participation rate and variable accrual rate contract can improve the manufacturer’s
profits by a greater amount than a contract that includes a participation rate and a fixed
accrual rate. As shown in earlier sections, we know that the fixed accrual rate A has no
impact on prices (% = 0 and % = 0). On the other hand, as the variable participation
rate ¢ is increased, the retail prices of R1 decreases(when A! < 0) and the price charged by
R2 is not affected. Note that the impact of the other variables ( w and the participation rate
«) are identical for the two contracts. Since the contract with variable accrual rate would
increase effort expended by one retailer as well as decrease that retailers price simultaneously,
this contract will be able to move retail prices and efforts closer to the first best solution
compared to what the fixed accrual rate contract can achieve. Hence, when inequalities
(C277)-(C280), 5w?% — a%—g < 0, A <0, A5 < 0 and A% > 0 hold simultaneously (at
the participation rate contract), the addition of the variable accrual rate to the contract can

result in greater profits to the manufacturer compared to the addition of the fixed accrual

rate to the single participation rate contract. B
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