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Chapter 1  Introduction

In a shopping center (SC), there are a developer and retailers. A developer attracts
retailers to an SC, while retailers make a tenant contract with a developer. Since an SC
has a key feature as a commercial agglomeration that retail tenants are placed side by
side, there is competition among the retailers to attract customers. Thus, it is important
to consider the degree of competition in an SC. Moreover, the profits of developers
may be affected depending on whether similar retailers sell similar products or
differentiated products in the SC. In reality, exactly the same retailers never exist in one
SC and hence, by considering the situation where an SC has various retail tenants
selling differentiated products, we can make our model closer to reality. Therefore, it
is important to consider the degree of competition among retailers. Furthermore, for
the tenant contracts of retail companies in SCs, the rent system plays an important role
in the overall optimization strategy of the SC. In other words, the rent system in SCs is
an important problem for the developer because the developer gains a great profit by
charging rent to the retailers. That is, a rent system can have a significant effect on the
profit of the developer.

Although the sizes of retailers vary across companies, for simplicity, we categorize
companies into two types: large retailers (e.g., UNIQLO, ZARA, H&M etc.) and small
retailers. In particular, we investigate whether a developer gives preferential treatment
to either large or small retailers by assigning a higher percentage of the royalty rent or
fixed fee rent to large or small retailers. Previous studies have also analyzed this
problem and discussed the rent system of SCs (Benjamin et al. 1990, 1992; Brueckner
1993; Chun et al. 2001, 2003; Colwell and Munneke 1998; Gatzlaff et al. 1994; Gerbich
1998; Gould et al. 2005; Pashigian and Gould 1998; Wheaton 2000) and two-part tariff
consisting of the royalty and fixed fee (Fauli-Oller and Sandonis 2002; Gallini and
Winter 1985; Griva and Vettas 2015; Kamien and Tauman 2002; Katz and Shapiro
1985; Kitagawa et al. 2014; Mukherjee and Balasubramanian 2001; Niu 2013; Saggi
and Vettas 2002; Martin and Saracho 2010, 2015, 2016; Wang 1998, 2000; Wang and
Yang 1999).



In the rent system of ad valorem royalties (revenue sharing royalties), the rent
depends on the sales of retailers. Meanwhile, in the rent system of per unit royalties,
the rent depends on the volume of sales. An example of the latter agreement is a
percentage rent. In fact, ad valorem royalties and fixed fee rents are relatively
commonly used in rent contracts in SCs. In Japan, according to the Annual Report of
AEON Mall in 2016, the basic operating revenue of AEON Mall as a developer comes
from real estate rents consisting of the fixed fee rent and royalty rent. Moreover, the
revenue structure of AEON Mall in fiscal year 2015 was that 53.2% of the revenue
came from the fixed fee rent, while the commission revenue of the royalty rent was
46.8%. The annual report mentioned that the royalty rent is decided by the sales of
retail tenants. The revenue of AEON Mall as the developer would increase as the sales
of retail tenants in SCs rise. Therefore, in the research field of SCs, it is important to
consider not only one type of rent contract but also the rent types combined with the
fixed fee rent and royalty rent to consider the revenue sharing royalty rent according to
sales of the retail tenants in SCs.

Nonetheless, in supply chain management (SCM) research, researchers have not
necessarily used ad valorem royalty rents, fixed fee rents, and two-part tariffs (ad
valorem royalties plus fixed fee rents), rather preferring a rent system comprising per
unit royalties, fixed fee rents, and two-part tariffs (per unit royalties plus fixed fee rents).
In other words, in previous studies, despite its importance, the ad valorem royalty with
two-part tariffs has received less attention, especially compared with the rent system of
the per unit royalty (e.g., Heywood et al. 2014; Martin and Saracho 2016). Therefore,
we conducted research to bridge this gap between reality and the research field. By
using a model of the optimal two-part tariff licensing between a developer and two
asymmetric retailers as the base model, we focus on the effect of the demand
uncertainty situation as the extended model.

We explain the assumption of the extended model. In reality, many retailers selling
many kinds of products in SCs have a plenty of information about customers.
Specifically, we assume that the retailers in SCs accumulate a lot of knowledge and
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store, the general number of products they can sell by month, and what kinds of needs
customers in SCs have. In practice, this means that retailers know customer demand.
That is, at the stage of selling products, we assume that large and small retailers know
customer demand in a retail store and compete on quantity. On the contrary, since the
developer does not have information about the customer demand of each retailer at the
stage of making a contract, it is faced with the situation of knowing customer demand
probabilistically. In this paper, we build the extended model by considering the
situation that customer demand in SCs is uncertain.

In this paper, we focus on comparing royalty licensing with fixed fee licensing,
which is one of the themes dealt with in previous studies. Many papers have examined
the impact of licensing on innovation (Gallini and Winter 1985; Grossman and Shapiro
1987; Kamien and Tauman 1986; Katz and Shapiro 1985). Combinations of the fixed
fee rent and ad valorem royalty rent are most often observed in practice. In our model,
we develop a theoretical model by applying the accumulation of these previous studies
to the method of collecting the tenant rents of retailers in SCs. Some classic studies are
only concerned with one form of licensing, either fixed fees or royalties (Gallini and
Winter 1985; Grossman and Shapiro 1987; Katz and Shapiro 1985). Specifically,
Gallini and Winter (1985) considered only a royalty contract. On the contrary, Katz and
Shapiro (1985) considered only a fixed fee contract. While licensing by means of a
royalty is more prevalent than licensing by means of a fixed fee, Kamien and Tauman
(1986) showed that a fixed fee is superior to a royalty for both inventors and consumers.
In this way, a major finding of the classic literature is that licensing by means of a fixed
fee is superior to licensing by means of a royalty. However, this analysis considered a
license to companies that are not competitors. In the case of a license to companies that
are competitors, past research shows a greater profit for licensing by means of a royalty
than licensing by means of a fixed fee. In this way, previous studies have focused on
the conditions under which the relationship among profit, consumer surplus, producer
surplus, and social welfare in the equilibrium is reversed by comparing royalties with
fixed fees and judging which system works better for the revenue of the licensing

company.



In this paper, we adopt a model of the two-part tariff based on the ad valorem
royalty for this problem. Such a treatment by the optimal two-part tariff licensing is
also used in Martin and Saracho (2016). Moreover, we analyze and examine changes
in the equilibrium when market competition gradually becomes intense and approaches
the competition of homogeneous products using the degree of product substitutability.
In the model of horizontal product differentiation, since we can examine to what extent
the degree of competition may change under certain parameters, we can also discuss
changes in the conditions in the equilibrium by the comparative statics using this
parameter. Research on product differentiation has been carried out in both the
economics and marketing fields (Lancaster 1990; Ratchford 1990). Research in
economics and marketing has insisted on the importance of horizontal product
differentiation with competition among firms (Brown 1989; d’ Aspremont et al. 1979;
Ebina et al. 2015; Lancaster 1990).

This paper considers a vertical relationship in SCs with a developer and two
different types of retailers: a large retailer and small retailer. First, a developer decides
the royalty and fixed fee rent for each retailer. Then, each retailer decides the sales
volume in SCs. There are two types of rent payments: one type is a fixed fee rent for a
certain period of time and the other type is a rent determined by the sales of the retailer.
In our model, a developer determines which rent payments will be assigned. When
there are both large retailers and small retailers in one SC, the developer may attempt
to make the competitive advantage of the small retailer stronger by improving the
quantity of products and intensifying the competition between large and small retailers
in the SC. However, in our model, the developer gives preferential treatment to large
retailers rather than intensifying competition among retailers by strengthening the
competitive advantage of the small retailer at the equilibrium. In other words, we find
that the developer chooses an action to make the large retailer even stronger and
increase the sales volume of the large retailer by decreasing the royalty of the rent of
the large retailer to increase the profits of the developer. Then, the developer collects
the rents with a greater ratio of the fixed fee rent from the large retailer and the rents

with a greater ratio of the ad valorem royalty rent from the small retailer in SCs.



Therefore, we explain the observed relationship in real-world SCs by using our
theoretical model.

Furthermore, in our extended model, we reveal the surprising phenomenon that
this conclusion would be reversed in the situation with demand uncertainty. Specifically,
although we find that the proportion of the fixed fee rent is higher for large retailers
than small retailers in our benchmark model, the extended model shows that the
proportion of the fixed fee rent becomes greater for small retailers. Moreover, regarding
important factors such as the relation of the fixed fee rent between large and small
retailers, we find that one region is reversed. In this way, we find that the benchmarks
and results change with a simple comparison. Moreover, in our model, when the degree
of demand uncertainty is the same in each retailer, we find that the result is consistent
with the benchmark model. In other words, we find that the fixed fee rent increases
only if a factor widens the difference in the degree of demand uncertainty between the
large retailer and the small retailer.

In addition, under demand uncertainty, we find that when the demand uncertainty
in the whole SC increases and market competition gradually becomes intense and
approaches the competition of homogeneous products using the degree of product
substitutability, the developer would increase the proportion of the fixed fee rent for
both large and small retailers. Our analysis in the benchmark model confirms that large
and small retailers have a contrasting movement with respect to the proportion of the
rent at the equilibrium. However, in the situation where the extent of the demand
uncertainty of both retailers increases, we find that both large and small retailers take
the same action in terms of the fixed fee rent of retailers at the equilibrium.

Furthermore, by using the comparative static analysis, we analyze what would
happen when differentiated products become homogeneous products and the
competition between retailers becomes more intense in SCs. Then, if the retailers in
SCs become even more competitive, it could decrease the profit of the developer. This
is confirmed by using a benchmark model that the profit of the developer would decline
as previously when approaching homogeneous products, it reduces the profit of the

developer at the equilibrium. This is a general result. However, in our extended model,



we discover a counterintuitive result that the profit of the developer would increase
under uncertainty in SCs. In other words, when the degree of product substitutability
increases and similar retail tenants carry similar products in an SC, there is an increase
in the profit of the developer. Then, amazingly, when the degree of demand uncertainty
in the whole SC increases, the profit of the developer increases more at the equilibrium.
Furthermore, we obtain similar results for social welfare under uncertainty at the
equilibrium. This is one of the most interesting results in our extended model. In other
words, we find that increasing demand uncertainty for the whole SC is desirable for the
developer in our model.

The contribution of this research is that we clarify the relationship among the
variables that can be observed in reality in an SC by using the theoretical model. In
addition, we obtain theoretical evidence that demonstrates the findings from previous
empirical studies. In previous studies, the developer gives preferential treatment to
large retailers (Benjamin et al. 1992; Brueckner 1993; Eppli and Shilling 1996; Gould
et al. 2005; Miceli et al. 1998; Pashigian and Gould 1998; Wheaton 2000). Much of
this previous literature has focused on the rent system of the per unit royalty and hence
studies of the ad valorem royalty with two-part tariffs have received relatively less
attention. The result of our paper is novel for building a theoretical model using revenue
sharing, called the ad valorem royalty rent system, which is commonly used in practice
in SCs.

Furthermore, in the context of SCs, prior research has paid insufficient attention
to the theoretical relationship between the proportion of the two rent systems (ad
valorem royalty and fixed fee rent) for large and small retailers and the profits of
developers. In addition, insufficient discussion has been carried out on the changes in
the proportion of the fixed fee rent and ad valorem royalty rent between large and small
retailers and in the profits of developers by considering the degree of product
substitutability and demand uncertainty in the context of SCs. Additionally, no
argument has been made on the degree of the difference in uncertainty between two
types of retailers at the same time. Therefore, this paper can explain the observed

relationship in reality by using factors not used in previous studies. This paper



contributes by pointing out the importance of considering competitive relations due to
the change in the degree of product substitutability between large and small retailers
and of considering the uncertainty of customer demand faced in SCs in the real world.

Interestingly, our analysis shows that when demand uncertainty is expanded in
SCs, that is, when a developer attracts a retailer with a high degree of demand
uncertainty such as opening a new tenant or rolling out new products, selling a new
product for new customers in SCs, it would be better for the developer to increase the
proportion of the fixed fee rent. Moreover, from a managerial perspective, we find that
a developer should attract a retailer with the demand uncertainty in the whole SC and
similar retail tenants such as those that sell similar quality products to the SC.
Furthermore, this paper makes a major contribution to the better management of SCs
by indicating that when a developer opens an SC in areas where demand uncertainty is
relatively high, it may be profitable for developers to attract retailers producing a
similar product to other retailers, having a similar consumer need, and selling a product
that has a similar quality or value.

The remainder of this dissertation is organized as follows. In Chapter 2, we show
the related literature. In Chapter 3, we investigate the ad valorem royalty plus fixed fee
model as the benchmark model. Chapter 4 focuses on the ad valorem royalty plus fixed
fee model with demand uncertainty as the extended model. Chapter 5 shows the key

findings and concludes the paper by providing directions for further research.



Chapter 2  Related literature

2.1. Literature on SCs

Over previous decades, SCs have been studied from a variety of perspectives. Several
studies have discussed the determinants of rent in an SC (Benjamin et al. 1990, 1992;
Des Rosiers et al. 2002; Gatzlaff et al. 1994; Hardin et al. 2002; Mejia and Benjamin
2002). The literature on SCs has mainly evolved around the concepts of agglomeration
economies and externalities derived from the presence of a large retailer (Eppli and
Benjamin 1994; Mejia and Benjamin 2002; Pashigian and Gould 1998), whose
bargaining power results in it negotiating a lower rent with the developer in an SC.
Hence, few studies have addressed the problem comprehensively and focused on how
the relationships among the degree of product substitutability and differences in the
rent system of large and small retailers affect the profit of the developer in an SC. We
also analyze the rent system of retailers from the point of uncertainty in the model.
Therefore, we clarify the causal relationship among these various variables, which has
not been considered in previous studies. Meanwhile, since the terms used in previous
studies vary, we unify the terms used herein.

First, we provide an overview of the rent problem in an SC. Some previous
research presents the problem in relation to the rent of an SC (Benjamin et al. 1990,
1992; Brueckner 1993; Chun et al. 2001, 2003; Colwell and Munneke 1998; Des
Rosiers et al. 2005; Gatzlaff et al. 1994; Gould et al. 2005; Hartzell et al. 1987;
Pashigian and Gould 1998; Wheaton 2000). We provide the first full-scale analysis of
the rents in an SC. Benjamin et al. (1992) examined rents for retailers in an SC based
on homogeneous retail tenant space. They found price discrimination to the extent that
the variance in rent for retailers attributable to differences in contractual information
can be explained by differences in the characteristics of retail tenants. Therefore, they
showed that the characteristics of retail tenants are indeed important for explaining the

variance in rent. They also showed that a number of other factors might be important



for determining base rents, which are negatively related to percentage rates and
positively related to the sales of retail tenants. In recent studies dealing with the degree
to which the characteristics of retailers influence the use of percentage retailer contracts
with a developer, Chun et al. (2003) dealt with the problem of risk sharing between a
developer and retailers from an accounting perspective. In this way, previous studies
have shown that the approach to rent determination in an SC is important.

Second, in theoretical studies, some researchers focus on the tenant placement of
SCs (Brueckner 1993; Miceli et al. 1998). We review the retail tenant mix and space
allocation in an SC. These papers have acknowledged the important role played by the
developer in SCs in determining the tenant placement and competitive success of
planned SCs. In recent years, how SCs should be built and survive has become a topic
of academic research. For example, the choice of retail tenant mix by the developer in
SCs was analyzed by Brown (1992). The theoretical foundation is based on previous
models of space allocation in an SC (Brueckner 1993; Eppli and Benjamin 1994). Eppli
and Benjamin (1994) developed a stylized model with a large retailer and a small
retailer. Brueckner (1993) analyzed the problem of the optimal space allocation in an
SC in the presence of externalities among retailers. In this model, the sales of retail
tenants depend on their own space as well as on the space allocated to other retail
tenants in an SC. The sales of retail tenants rise as other retail tenants expand since the
SC becomes more attractive to customers. They also developed a model of space
allocation between a large retailer and a small retailer for SCs with externalities among
retailers. Taking this externality into account, a developer allocates space to various
retail tenants to maximize the profit of SCs. The solution to this problem has been
analyzed under a number of behavioral assumptions.

Brueckner (1993) explained why large retailers that have higher externality
generating ability have a larger space in SCs than other retail tenants. Miceli et al.
(1998) explained theoretically why a profit-maximizing developer might include
multiple and competing retail tenants in an SC and also explained the implications for
tenant mix. They also provided a theoretical analysis of this problem in SCs and

concluded by explicitly relating the analysis to the model of Brueckner (1993) of



optimal space allocation in an SC. They insisted on the role played by demand
externalities when the developer determines the space size that types of retailers should
be allocated in SCs. However, their analysis did not show where a store should be
located in the presence of demand externalities. Vitorino (2012) provided a strategic
model of entry that allows for positive and negative spillovers among retailers and
showed the factors that influence the profitability of the retail tenant in an SC by using
a dataset containing information about the retail tenants of SCs in the United States.
Although SCs have been an important field in real estate in recent years, they have been
largely overlooked in the marketing literature. While there have been some descriptive
studies of SCs in the real estate literature, there has been little attempt to explain
structurally the observed distribution of retail tenant brands in an SC (Vitorino 2012).
They also showed that these factors can be separated into direct effects such as
observable demand characteristics and strategic effects, which occur because of the
influence of other firms in the market.

On the contrary, a large retailer creates attention for the SC as a key tenant and a
small retailer benefits by being located near the large retailer. A large retailer is affected
only by the size of the tenant space it leases and not by the tenant space allocated to
small retailers. A developer must choose each retailer’s optimal space allocation to
maximize the total rent of the SC. The space allocation in an SC is based on the volume
of sales per square meter of retail space (Gerbich 1998). They provided empirical
evidence of the influence of the retail tenant type on base rents and found that a
retailer’s costs are a negative determinant of the base rent, which generally supports
the space allocation results of Brueckner (1993). In connection with the space
allocation of retailers, the image of SCs may also affect the sales promotion level in
retail stores based on the size and configuration of SCs as well as the quality of the
goods and services offered (Brown 1992; Kirkup and Rafiq 1994). In this respect, such
an image accords with a realistic trend in SCs (Grewal et al. 1998; Mazursky and
Jacoby 1986). In this way, the image of tenant mix in an SC affects the retail tenants in
their negotiation over the optimal location (Mejia et al. 2001). Furthermore, Mejia and

Benjamin (2002) showed that factors such as retail image and the tenant mix of small
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retailers are the most relevant determinants of sales volume and rent for retailers.

Third, we discuss the retail demand externalities in an SC. According to the
analyses of previous studies, the proponents of the demand externalities of retailers are
considered to be those in large SCs, while small retailers receive demand externalities
from the additional traffic generated by large retailers (Brueckner 1993; Eppli and
Shilling 1996; Gould et al. 2005; Pashigian and Gould 1998). Previous studies show
that the sales of small retailers increase when large retailers that have demand
externalities are present in an SC. According to Ingene and Ghosh (1990), demand
externalities flow only in one direction, namely from the retail tenant of a large retailer
to the retail tenant of a small retailer. They explained that different from the
accumulative benefits of homogeneous retailers, where similar retailers benefit from
the two-way flow of customers, retail demand externalities flow from large retailers to
small retailers. Hence, a large retailer, as a major key tenant, can negotiate a lower rent
with the developer of an SC, as its exit may cause rental income to drop (Gatzlaff et al.
1994). This means that its bargaining power is enhanced.

On the contrary, Pashigian and Gould (1998) insist that what has not been
established is the quantitative importance of free-rider problems within SCs. According
to Pashigian and Gould (1998), the quantitative importance of free-rider problems
within SCs is unclear for two reasons. First, the theory of store location in central places
has stressed the benefits of attracting more consumers because of retail tenants’
agglomeration against the negative effects of increased competition among closely
situated retail tenants in SCs and largely ignores the externality question altogether.
Second, their search of the literature found empirical studies that convincingly
demonstrated the importance of externalities. Therefore, they presented estimates of
the size of the demand externalities in SCs and identified the types of retail tenants that
create or benefit from demand externalities. Pashigian and Gould (1998) also found
that consumers are attracted to SCs because of the presence of well-known large
retailers with recognized brand names. Large retailers thus generate SC traffic that
indirectly increases the sales of lesser-known retail tenants such as small retailers in

SCs. Then, lesser-known small retailers can free ride on the reputations of better-known
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large retailers. The developer internalizes these externalities by offering rent subsidies
to large retailers and by charging rent premiums to the other tenants in SCs. Arentze et
al. (2005) insisted that most previous studies were non-spatial and based on the concept
externalities of retail stores in SCs. They showed that the location of particular retail
tenants, which is necessarily based on the agglomeration economics of the spatial
properties, within the spatial arrangement of the whole SC is a possible extension of
previous studies. They also found that studies of SCs have paid little attention to the
detailed spatial aspects of a retail tenant’s location and rent within the SC. According
to Eppli and Shilling (1996), similar retail tenants lead to an increase in their total sales
volume for the whole SC, thereby contributing to the success of SCs.

Moreover, consumers attracted by the brand name of a large retailer are likely to
visit the SC, and thus the sales and profits of nearby retail tenants are increased by the
presence of the large retailer (Konishi and Sandfort 2003). Large retailers, which tend
to be found in most SCs, are valued by developers for their ability to attract consumers
more than small retailers (Gould et al. 2005; Konishi and Sandfort 2003; Shanmugam
2013). Shanmugam (2013) developed and empirically tested a theoretical model of the
competition between large and small retailers in an SC and extended the literature on
retail co-location to account for the effects on the quality levels of a large retailer as
well as explain the observed pattern of the choices of the quality levels of a large retailer
made by developers. They also addressed the fundamental problem of which quality
level should be selected as an effective factor of a large retailer when a developer is
profit-maximizing. In addition, in recent research, Gao (2017) studied when and how
the developer of an SC should subsidize and charge customers. Each retailer provides
a different product, decides its price, and shares its profit with the developer according
to its bargaining power. Gao (2017) showed that the greater the bargaining power of
the developer relative than any retailers, the less elastic is the demand for any retailer,
or a large cross-price elasticity of demand for the developer favors a subsidy. They also
showed the condition under which the developer charges a fee at all times.

Although many previous empirical studies discuss the relationships among two or

three variables, there is a paucity of theoretical models on the many features and
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variables of SCs that reflect reality. In our model, we provide a theoretical explanation
of the effects on the outcomes of variables and the yet-to-be-defined mechanism of the
relationships among the degree of product substitutability, the differences in the
proportion of the rent system for large and small retailers (ad valorem royalty or fixed
fee rent), the profit of the developer, the differences in the degree of demand uncertainty
for each retailer, the degree of demand uncertainty for the whole SC, and the
competition between retailers within an SC. Furthermore, in the context of SCs, prior
research has not paid attention to the theoretical relationship between the proportion of
the two rent systems between large and small retailers or the profits of developers. In
addition, insufficient discussion has been carried out on the changes in the proportion
of the fixed fee rent and ad valorem royalty rent between large and small retailers and
in the profits of developers by considering the degree of product substitutability and
demand uncertainty in the context of SCs. Additionally, no argument has been made on
the degree of the difference in uncertainty between these two types of retailers at the
same time. Then, the profit of a developer in an SC is determined according to the rent
system of each retailer and competitive advantage relationship among retailers in SCs
as well as the various determinants associated with attracting retailers and the
circumstances of the whole SC. In particular, we discuss how a developer determines
the rent system for retailers. Thus, we show how the developer optimizes the difference
in the proportion of the rent system between large and small retailers to increase its
profit. Hence, we clarify the relationship among variables that can be observed in

reality by using a theoretical model.
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2.2. Two-part tariff model

Over time, the literature on the two-part tariff model has developed from differing
points of view. Many previous studies of the two-part tariff model are from research
fields on licensing contracts. First, Arrow (1962) started the theoretical literature on the
patent licensing contract by examining the performance of fixed fees and royalties as
instruments for the licensing of innovations.

Some classic studies are only concerned with one form of contract, either fixed
fees or royalties (Gallini and Winter 1985; Grossman and Shapiro 1987; Katz and
Shapiro 1985). Specifically, Gallini and Winter (1985) analyzed licensing in R&D and
considered only the licensing of royalties. On the contrary, Katz and Shapiro (1985)
studied an asymmetric duopoly game of R&D rivalry and considered only licensing
contracts with a fixed fee. Research extended these studies by including other elements
in the model from an alternative perspective. For example, some researchers considered
the oligopoly market model and showed the prerogative of the per unit royalty in the
model from the position of the licenser. They considered the case of homogeneous
products by means of a fixed fee or a per unit royalty under Cournot competition and
Bertrand competition (Kamien and Tauman 1986; Katz and Shapiro 1985). The above
analysis focused on the impact of licensing contracts on innovation activities. Licensing
contracts can adopt different contract systems such as involving fixed fees and royalties.
The fact that licensing contracts by means of a royalty dominate those by means of a
fixed fee is a general result in the licensing contract model. However, Kamien and
Tauman (1986) found that a licensing contract by means of a fixed fee is superior to a
licensing contact by means of a royalty for both the inventor and consumers. In this
way, the early literature showed that a licensing contract by means of a fixed fee is
superior to a licensing contract by means of a royalty.

Despite the contribution of the early literature, these studies considered a license
to companies that are not competitors. At that time, when a company licenses to a
company that is not a competitor, licensing by means of using royalties results in an

increase in the marginal cost of the licensed company. As a result, the production

14



activity of the company is reduced by the license. In this way, when one company
licenses to another company that is not a competitor, licensing by means of a fixed fee
1s superior to licensing by means of a royalty. On the contrary, when a company licenses
a company that is a competitor, licensing by means of a royalty is superior to licensing
by means of a fixed fee. Previous studies have focused on the condition under which
this relationship is reversed as the situation demands.

Following on from this research in the field of licensing contracts, some
researchers have found that the licenser may desire contracts by means of a royalty
rather than contracts by means of a fixed fee under both types of competition (Wang
1998; Wang and Yang 1999). For example, Wang (1998) compared a licensing contract
by means of a fixed fee with a contract by means of a royalty in a homogeneous goods
duopoly. The author found that royalty licensing can be superior to a contract with a
fixed fee for the licenser, as the licenser has a cost advantage over the licensee under
contract licensing by means of a royalty, whereas the two firms compete similarly by
using a contract with a fixed fee. On the contrary, Wang and Yang (1999) considered
licensing by an innovating firm to its competitor in a differentiated duopoly with
Bertrand competition. In this paper, they showed that a contract by means of a royalty
may be superior to a contract by means of a fixed fee. In addition, Wang (2002)
extended the homogeneous product model considered by Wang (1998) to differentiated
products in a duopoly model. The author examined the incentive to license for the
licenser as well as how alternative licensing methods compare for different degrees of
differentiation between two products. The interesting finding here is generalizing the
results in the homogeneous product model. Moreover, the licenser may even license a
drastic innovation; when that occurs, a royalty is again the preferred choice (Wang
2002). However, according to these studies, the possibility of licensing is measured by
two points: royalty licensing or fixed fee licensing. Therefore, they only obtained the
result that either type of rent system is preferable at the equilibrium.

Moreover, Kamien and Tauman (2002) compared the most profitable modes of
licensing a cost-reducing invention by an inventor. They found that an industry

incumbent favors licensing by means of a royalty per unit of output. On the contrary,
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an outsider prefers to auction a contract by means of a fixed fee. Previous studies show
that the optimal contract for the licenser always includes a positive per unit royalty in
horizontally differentiated Cournot and Bertrand duopolies with substitute products
(Mukherjee and Balasubramanian 2001; Fauli-Oller and Sandonis 2002). Mukherjee
and Balasubramanian (2001) considered a model in the Cournot duopoly market with
horizontally differentiated products. In their model, the contract consists of the fixed
fee and the per unit royalty for products. Then, when the goods are close substitutes,
they showed that the per unit royalty is the only optimal solution. However, whether
the incentive for imitation increases with product differentiation is ambiguous. They
showed the implications of multiple contracts such as dealing with our model. On the
contrary, Fauli-Oller and Sandonis (2002) considered the situations where the licensing
contract with a rival firm reduces social welfare, using two-part tariff contracts, which
is a fixed fee plus a linear per unit royalty. They showed that if the firms compete on
prices, the goods are sufficiently close substitutes, and innovation is sufficiently large
but not drastic, the above situation occurs.

Moreover, Saggi and Vettas (2002) examined vertical oligopoly markets with both
intrabrand and interbrand competition. They characterized the equilibrium contracts as
a royalty or wholesale price and fixed fee when each manufacturer makes a contract
with multiple retailers. Specifically, when choosing the royalty, the manufacturer has
to adjust two opposing incentives (Saggi and Vettas 2002). On the contrary, they
showed that retailers prefer to be more passive (i.e., the royalties control the
competition between retailers and their rivals). In addition, they found that the number
of retailers is more than relative to that of rival retailers and that the higher the degree
of product differentiation, the higher the royalty at the equilibrium. In their model,
when the number of retailers is endogenous, each manufacturer chooses only one
retailer. Moreover, they found the profit for competitors when the number of
independent retailers is large under only a fixed fee in their model.

On the basis of prior studies of the per unit royalty and/or fixed fee, there is a
growing literature on two-part tariffs. We review the progress of this research on the

two-part tariff model. Griva and Vettas (2015) analyzed aspects of two-part tariff
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competition between duopoly firms with homogeneous service when consumers differ
in how much they use the product. They showed that competition with only one price
may allow both firms to earn positive profits if the other price is sufficiently different
between firms. Kitagawa et al. (2014) examined two-part tariff contracts consisting of
a fixed fee plus a linear per unit royalty and identified the optimal two-part tariff
contract for a patent holder depending on the cost of innovation by the rival, market
parameter, and substitutability of goods. They focused attention on the cost of the
innovation. However, in their study, ad valorem royalties were not included.

Martin and Saracho (2016) showed that a licenser may be interested in licensing
by means of ad valorem royalties even in the context of the product innovation analyzed
by Kitagawa et al. (2014). Kitagawa et al. (2014) showed that two-part tariff contracts
consist of a fixed fee plus a linear royalty per unit; however, they did not consider the
ad valorem royalty. Therefore, Martin and Saracho (2016) extended the analysis to
consider this type of royalty. They found that the licenser may prefer to use ad valorem
royalties in the contract rather than per unit royalties. In particular, they showed that ad
valorem royalties are desirable when the goods are similar to others or the cost for
developing the new product is high. The analysis and conclusions were similar to those
in Martin and Saracho (2015). The difference in these works is the different ways in
which the competitor of the licenser determines the value of the optimal royalty. Martin
and Saracho (2015) studied the optimal two-part tariff contract that has a patent on a
process innovation in a model of the differentiated Cournot duopoly market. They
analyzed how the use of ad valorem royalties or per unit royalties in licensing contracts
may differ depending on both the variety of goods and the degree of the product
differentiation of goods.

As a preliminary, Martin and Saracho (2010) stated that most licensing contracts
observed empirically include either per unit or ad valorem royalties. The previous
literature generally focused on per unit royalties. They provided a simple justification
for the presence of ad valorem royalties in contracts and compared ad valorem royalties
with per unit royalties. They found that including ad valorem royalties in the contract

allows the licenser to strategically commit to be less aggressive, as the revenues from
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licensing increase in the price. Therefore, they provided a simple justification for the
presence of ad valorem royalties in licensing contracts. In addition, licensing may have
a negative effect on consumers (Martin and Saracho 2010). Interestingly, the empirical
evidence on licensing contracts has also shown the use of ad valorem royalties, that is,
payments corresponding to a share of the sales revenues of the licensee (Martin and
Saracho 2015).

In reality and in empirical research on SCs, the developer uses the royalties of
revenue sharing, called ad valorem royalties. Not only Martin and Saracho (2010, 2016)
but also other studies have included this type of payment in the theoretical analysis and
some interesting aspects have emerged for the literature on patent licensing. For
instance, Heywood et al. (2014) showed that the licenser can choose any two-part tariff
contract with either per unit or ad valorem royalties. In their model, they did not use
the fixed fee contract and the presence of asymmetric information uniquely drives the
per unit royalties. Thus, they served to emphasize the importance of royalties even with
asymmetric information and with the possibility of two-part tariffs. In addition, they
showed that per unit royalties always generate higher social welfare than ad valorem
royalties. Moreover, Niu (2013) proved that profit sharing licensing and per unit royalty
licensing are equivalent to each other regarding both profitability and welfare in a
duopoly with symmetric product differentiations. In addition, Niu (2013) confirmed
the conclusion of the model proposed by Martin and Saracho (2010) in a more general
demand setting and further explored the consequence of relaxing the symmetry
assumption on demand.

In this way, the literature has focused on the rent system of per unit royalties. In
fact, ad valorem royalties and fixed rents are relatively commonly used in the rent
contracts of SCs. Nonetheless, researchers have not necessarily used ad valorem
royalties, fixed fee rents, and two-part tariffs (ad valorem royalties plus fixed fees),
instead using a rent system comprising per unit royalties, fixed fee rents, and two-part
tariffs (per unit royalties plus fixed fees). In other words, in previous studies, despite
its importance, the ad valorem royalty with two-part tariffs has received less attention,

especially compared with the rent system of the per unit royalty. Therefore, we
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conducted research to bridge this gap between reality and the research field. The
contribution of this research is that we clarify the relationship among variables that can
be observed in reality by using a theoretical model. Furthermore, in the context of SCs,
prior research has not paid attention to the theoretical relationship between the
proportion of the two rent systems (ad valorem royalty and fixed fee rent) for retailers
and the profits of developers. Further, insufficient discussion has been carried out on
the changes in the proportion of the fixed fee rent and ad valorem royalty rent between
large and small retailers and in the profits of developers by considering the degree of
product substitutability and demand uncertainty in the context of SCs. Additionally, no
argument has been made on the degree of the difference in uncertainty between these
two types of retailers at the same time. By using a model of the optimal two-part tariff
licensing between a developer and retailers as a base model, we focus on the effect of
the demand uncertainty situation as the extended model. The result of our paper is novel
for building a theoretical model using revenue sharing, called the ad valorem rent
system, which is commonly used in practice.

In sum, contrary to the literature that focuses on competition given the per unit
royalty under the impact of the possibility of licensing on innovation activities, the
unique theoretical contribution of our work lies in showing the equilibrium structure of
the percentage of the ad valorem royalty rent and fixed fee rent in the rent system for
the retailer by the developer in a vertical market with demand uncertainty in SCs. To
the best of our knowledge, our model is the first to show the interesting point that the
equilibrium structure changes by changing the degree of product substitutability and
demand uncertainty in the context of SCs and we provide the example of the market

for SCs such as those of outlet malls and SCs that matches this theoretical result.
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Chapter 3  SC Model
Ad valorem royalty plus fixed fee model

3.1. Introduction

In an SC, there are a developer and retailers. A developer attracts retailers to an SC,
while retailers make a tenant contract with a developer. Since an SC has a key feature
that retail tenants are placed side by side, it is important to consider the degree of
competition among retailers in an SC. Then, the profits of the developer may be
affected depending on the variety of retail tenants in the SC (i.e., whether similar
retailers sell similar products or differentiated products). Given that asymmetric
retailers (i.e., large and small retailers) sell products differentiated by different brands
in the SC, we can analyze and capture the situation of retail tenants that is closer to a
real SC. Then, the rent system in SCs is an important problem for the developer because
it gains a great profit from the rent charged to large and small retailers. In fact, revenue
sharing royalties, which depend on the sales of retail tenants and fixed fee rents, are
relatively commonly used in rent contracts in SCs. Therefore, in the research field of
SCs, it is important to consider not only one type of rent contract but also rent types
combined with the fixed fee rent and royalty rent to consider the revenue sharing
royalty rent according to the sales of the retail tenants in SCs. However, in previous
studies, despite its importance, the ad valorem royalty with two-part tariffs has received
less attention, especially compared with the rent system of the per unit royalty. The
same holds in the field of SC research. In this paper, we adopt a two-part tariff model
based on ad valorem royalties for this problem. Such a treatment by the optimal two-
part tariff licensing is also used in Martin and Saracho (2016). Therefore, we expand
their model and guarantee novelty as a theoretical model because they presented an
applicable ad valorem royalty model. In this way, we bridge this gap between reality

and the research field.
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When there are both large retailers and small retailers in one SC, the developer
may attempt to make the competitive advantage of small retailers stronger by
decreasing the royalty for the small retailer and improving the quantity of products for
them, thereby intensifying the competition between large and small retailers in the
whole SC. However, in our model, the developer gives preferential treatment to large
retailers rather than intensifying the competition between large and small retailers by
strengthening small retailers’ competitive advantage at the equilibrium. In other words,
we found that the developer chooses an action to make the large retailers even stronger
and increase the sales volume of the large retailers by decreasing their royalty to
increase the profit of the developer. As a result, we found that the developer collects
rents with a greater ratio of the fixed fee from large retailers and the rents with a greater

ratio of the ad valorem royalty from small retailers.
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3.2. Model

First, we consider the ad valorem royalty plus fixed fee model without demand
uncertainty. We expand the model developed by Martin and Saracho (2016). In our
paper, we adopt the method of two-part tariffs with ad valorem royalties used in Martin
and Saracho (2016). We assume an SC where a developer determines the royalty of the
rent to the two types of retailers. To sell products, each retailer must sign lease contracts
with the developer. Consider the developer (D) that uses a two-part tariff licensing
mechanism to contract with each retailer. We call the retailer of the large efficient
company the large retailer (L) and the other of the small inefficient company the small
retailer (S). Then, each retailer sells sales volume q; (i = L, S). The retailers get the
product from manufacturers except the developer. Then, we assume a cost-competitive
setting such as that in the apparel industry. Each retailer’s rent depends on its sales of
tenant p;q;. For simplicity, we assume that 7;p;q; is the rent according to royalty 7;
and the sales of tenant p;q; that retailer i attains. Then, f; denotes the fixed fee rent
of each retailer. For simplicity, the marginal cost is given by ¢ and we assume that ¢
is a sufficiently small positive value. Specifically, we explain what kind of situation
this assumes. We consider the situation that the willingness to pay of consumers
changes depending on the differences in retail brands and brand image for consumer.
In this case, it is a natural setting to assume little difference in the goods among the
retailers. Then, we identify that it has no effect on the result. To keep positive outcomes,
we assume that a — ¢ > y(1 — ¢).

The utility maximization problem is

1
max U(q.,qs,m) = q, +aqs —5(qf +q5) —yquqs +m, (3-1)

qLgsm
S.t. prqr + psqs + m<1,
where 0 <a <1 and 0 <y <1, and the degree of product substitutability is
measured by y. When y — 1, the goods are perfect substitutes and for y = 0, the
goods are unrelated, that is, we use ¥ (the degree of product substitutability) as a
measure of the competition of the retail market. If y is large, the products are

homogenized and the competition of the retail market becomes intense. Otherwise, if

22



y is small, the products are differentiated and the competition of the retail market
becomes moderate.

Considering the above assumption in our model, we obtain the condition of the
parameter that satisfies a negative definite. As noted above, we assume a sufficiently
small positive value c. We assume that the profit function consequently is concave. By
solving the determinant of the Hessian matrix, we obtain the condition of the parameter
that satisfies the second-order condition. Then, combined with the condition to keep
positive outcomes, we obtain the following condition: a —c¢ > y(1 —c¢). When m
is the amount of the numeraire good, p; is the price of the retailer’s product, and I is
the income for the consumer. We employ the utility function form represented by
Equation (3-1) for the following reason. If the product quality supplied by a retailer is
zero, a consumer has no incentive to buy the product. Hence, our utility function is
consistent with consumer behavior.

This product differentiation, as assumed in the paper, may be due to each retailer
of different brand names. From the first-order conditions of the utility maximization
problem, the inverse demand functions that the two retailers face are given by

pL=1-qL—vqs, (3-2)
Ps =a—dqs = vq.. (3-3)

The profit function of the developer is given as

Tp = 1,09 + f1 + 7sPsqs + fs. (3-4)

The profit function of retailer i is given as
Ty, =prq — P9 — €9 — fo, s = Psqs — IsPsqds — €qs — fs-

(3-5), (3-6)
Consumer surplus CS = (g + 2yq.qs + q4)/2 and social welfare SW = CS +
mp + m, + ms. We next delineate the timeline of a series of decisions made by the
players comprising the supply chain. The setting of the assumption and timing of the
game are described as follows. We consider a two-stage game. In stage one, the
developer chooses the royalty and fixed fee of each retailer, 7; and f;. In stage two,

each retailer independently and simultaneously chooses its sales, q;. We solve for the
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equilibrium by backward induction.

In the model, we assume that the retailer needs to pay the fixed fee f; regardless
of the sales volume q;. Regarding this point, when contracting with the developer in
stage one, retailers have a contract that they have to pay a fixed fee rent to the developer
when they open a store in the SC. In other words, the fixed fee can be said to be the
cost for participation in the SC. Since the fixed fee rent of retailer f; has already been
determined when each retailer decides q;, retailers must pay the fixed fee rent f;
without depending on any sales volume g;. Specifically, since we assume that we do
not think of a situation where retailers do not have to pay the fixed fee f; when they do
not sell in SCs, retailers have to pay the fixed fee f; even in any financial condition. In
other words, retailers have already paid the fixed fee rent f; as a sunk cost to a
developer on a contract basis.

From a game procedure point of view, the retailer decides whether to contract or
reject at the stage of concluding the contract. In stage one, the developer decides the
fixed fee rent f; and royalty r; and presents a contract to retailers. Then, the retailers
receive a contract agreement from the developer, calculate the fixed fee rent f;, and
sign a contract. At that time, because retailers have already paid the fixed fee rent f; to
the developer, in the second stage the retailer decides the sales volume in the situation
that the fixed fee f; is a sunk cost. Figure 1 illustrates the timeline of events. The
model is solved with the use of backward induction along the timeline to derive the

subgame perfect equilibrium in this dynamic game.

Stage 1 Stage 2
Developer chooses the Each retailer independently
royalty and fixed fee of each and simultaneously
retailer, 7; and f; chooses its sales, g;

Figure 1. Timeline of events.
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Table 1. Nomenclature.

ai
ds
pL
pL
T
Ts
fi
fs

sales quantity of the large retailer
sales quantity of the small retailer
price of the large retailer
price of the small retailer
royalty of the large retailer
royalty of the small retailer
fixed fee rent of the large retailer
fixed fee rent of the small retailer
profit of the developer
profit of the large retailer
profit of the small retailer
consumer surplus
social welfare
intercept of the inverse demand function
marginal cost of retailers
degree of the product substitutability
superscript for equilibrium of the old model

25




3.3. Calculating the equilibrium

In this section, we identify the subgame perfect equilibrium. We consider the following
two-stage game. In the second stage, each retailer chooses its sales quantity.

The maximization problem for the large retailer is
”z‘fx[ PLqL — P9 —cqL — fr ] (3-7)
The maximization problem for the small retailer is stated as
"gﬂslx[ Psqs — TsPsqs — ¢qs — fs 1. (3-8)

Note that retailers have already paid the fixed fee rent f; as a sunk cost to the developer.

The first-order conditions (dm;/dq; = 0 and drg/dqs = 0) are derived as

_ 20 -m)IA —n) —c]-yA —r)lal —75) — ]

. G—y)A-r)d—-15) '
_ 2(1 - TL)[a(l - rs) —c] - y(1-— Ts)[(l - TL) - C]
s G-—y)A-r)d—r15) '

(3-9), (3-10)
By substituting this outcome into the profit of the developer, we have the maximization

problem of the developer as follows:

max [rpLq. + fi +7spsqs + fs ]

LTS fL.fs

s.t. pLqL—1bLqL —¢q, —fL =0,
Psqs — TsPsqs — ¢qs — fs = 0.
(3-11)

As the objective function is an increasing function of f; and the developer takes
the value of the largest fixed fee f; within the range that satisfies the participation
constraints, it is the optimal strategy for the developer to determine the value of the
fixed fee f;. Then, since the value of the fixed fee f; should be determined to bind

with the participation constraints, the value of the fixed fee f; is as follows:

{ fL=DL9L — ".PL9L — €qL,
fs = Psqs — TsPsqs — C(s.

(3-12), (3-13)
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By substituting (3-12) and (3-13) into (3-11), we can write the expected profit
maximization in the form that also includes the participation constraints. In other words,

we can rewrite the developer’s expectation profit maximization problem as follows:

max [ pLq, — cq, + psqs — cqs |- (3-14)

rLrs
The first-order condition (dmp /01, = 0 and dmp/0drs = 0) in this stage yields
oo ylazy=c—y)]
Fy@-mt+e@-n+y)
oo YA—ay)—cd-y)]
S yA-an +c@-A+y)

(3-15), (3-16)
where the variables with superscript * represent the equilibrium values. By solving the

above equation, we obtain the equilibrium outcomes and provide the results in Table 2.
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Table 2. Equilibrium outcomes

Equilibrium
) aa=2[y+cA—-y)D+2c1-y)A-0c)+1
4(1-v?
q; (I—ay)—c(1-y)
2(1-vy?)
qs a—y—c(l—y)
2(1-v?
T yla—y—c(1—-y)]
ya=y)+c@-y)A+y)
re y[(1 —ay) —c(1 —y)]
yAd—ay)+c@Z-y)A+vy)
fr c[(1=ay) —c(1-p)]?
21 —y?)[yla—y)+c-y)A +7v)]
fs cla—y—c(1-p)]?
20 —y3)yd—ay)+c2—-y)(A +7y)]
CS* a(a—=2[y+c1-y)D+2cA-y)(1-c)+1
8(1-v3?)
Sw* 3a[(a—2[y+c(1-py)D+2c(1—-y)A—-c)+1]
8(1-v?%)

The superscript * denotes the equilibrium for the benchmark model. CS

consumer surplus and SW is social welfare.
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3.4. Equilibrium and comparative statics

This paper compares the contract of the rent system by means of the proportion of a
fixed fee rent with the contract of the rent system by means of the proportion of the ad
valorem royalties in a simple Cournot duopoly model. We compare the difference in
the ad valorem royalty of the large and small retailers, 1", 75, as well as the difference

in the fixed fee rent of the large and small retailers, fs', f;.

Proposition 1 (Royalty and fixed fee of large and small retailers)
By solving the inequalities of the equilibrium, we draw the conclusions of the

relationship that ' <rg, f& < fi.

Proof. As we calculate the difference between the two equilibria of the ad valorem
royalties of the large and small retailers, 1;° and ry, as well as the difference between
the fixed fee rents of the large and small retailers, f;" and fs", we draw the following

conclusions. Given the assumption a — ¢ > y(1 — ¢), the inequalities are satisfied:

2(1—a)c(1 —y)y(1 +y)?

K gk 0’
LT T ha—) +cC-nA+ A —an +cZ -PNaA+1)]
( cfQ—ap)—c@-pP*  cla—y—cl -] >
. ., Ya=pm+c@Z-yA+y) yA-ay)+c@-y)A+y)
o=k = 20— 79 7

(3-17), (3-18). O

The intuition is as follows. This result suggests that the developer has incentives

to increase the sales volume q;, of the large retailer. Moreover, in this paper, since the
movement of the sales volume of the large retailer q; and the sales volume of the
small retailer gg is symmetric in our model, the developer actively acts to discount the
ad valorem royalty of the large retailer 7;. In other words, the developer should
decrease the ad valorem royalty of the large retailer 17, and think that it is better to
increase the sales volume of the large retailer q;. The reason is that in the market in

our model, the more valuable product is q;, which is the product that the large retailer
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sells. Furthermore, given the impact on the final profit, we consider that this intuition
makes sense since the impact on the profits of large retailers should be greater than the
impact on the profits of small retailers.

Let us consider the reaction function in the second stage. At that time, if the
developer would like to increase the volume of the sales of either retailer, it would
obviously like to increase the sales volume of the large retailer q;. As explained above,
if the developer would like to increase the sales volume of the large retailer q;, it acts
to lower 17, in the equilibrium to increase the incentive to lower the royalty of the large
retailer ;. The proposition is a simple mechanism. As a result of the analysis of the
model in this paper, we found in the equilibrium that the best policy of the rent system
by developers is that the developer gives preferential treatment to large retailers by
decreasing the royalty of the large retailer, 7;.

By differentiating these equilibrium outcomes with respect to the degree of

product substitutability y, we obtain the following proposition.

Proposition 2 (Effect of the degree of product substitutability)
The results of the comparative statics for the degree of product substitutability are as
follows. As the degree of product substitutability y increases, the sales volume of the
small retailer qg and the fixed fee rent of the small retailer fs decrease and the
royalty of the large retailer v/ increases at the equilibrium. Then, the profit of the
developer m[, decreases at the equilibrium:
or;  2cla(1+vy?3) —c(1—y)%?-2y]
oy " la-N+c@-pa+nr’
ars  2c[(1+y?%)—c(1 —y)? —2ay]
A T R s ) i

clal+y*) —c(Q—=y)*=2y]lay + c(1 —y) — 1]

off [y(a—c) —2(1+c)y?+ 3c + 1]
oy 20—y [yla-)+c@-pA+pn)?E
c[A+y?)—c(1—y)*—2ay]la—c(1—y) -]
6f5*:_ [a—2y%(a+c)+ (1 —c)y + 3c] <0
dy 21—y [yA —ay) +cC - )@ +p)]? '
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0q; _cA-py)*—all+yH+2y 95 _ 1-yQa—-y)—c(-y)’

Ay 2(1 —y?)? "oy 2(1—-y?»)? <O
0cs™ _ la—y—-cA-MIA-ay)—c-y)] <0
ay 4(1-vy?%)* '
0sw” _ Bla—y—cA-MIA-ay)—cA=-N] _,
ay 4(1-y?)? '
omp _ _la—y=-cA=-VliA-ay) —cA=-1] _,
oy 2(1—-vy%)2 .

(3-19), (3-20), (3-21), (3-22), (3-23), (3-24), (3-25), (3-26), (3-27)

Next, we analyze the effect of an increase in the degree of product substitutability
and tougher competition (an increase in y) on some of the outcomes in the following
propositions. First, we mention some important properties of the change in the degree
of product substitutability when we consider what can be claimed by the comparative
static science. When y rises and the product of each retailer is approaching
homogeneous goods, the developer takes actions that emphasize large retailers, where
y = 1 means homogeneous goods. We consider the situations where the values of the
intercepts are different for large and small retailers as the asymmetric downstream
companies when the products of each retailer are homogeneous. In view of the above,
it is mathematically meant that small retailers are inefficient companies compared with
large retailers. Therefore, when we consider the question of which of the large and
small retailers should take action in a situation where retailers sell similar goods,
naturally, the developer gives preferential treatment to the large, more efficient retailer.
Although this is an extreme case, this effect becomes more pronounced as y
approaches 1, that is, as the goods of each retailer become closer to the homogeneous
goods.

In addition, when the degree of product substitutability y becomes large, we
consider two effects. One is the effect of the products of each retailer approaching
homogeneous goods and the other is the effect of market shrinkage. Wheny = 0, we
get two inverse demand functions. On the contrary, when y = 1, the inverse demand

function effectively becomes one. Therefore, there are two effects on the market when
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y increases; when the market shrinks such as the situations of the latter effects, this
property basically has the effect of lowering the sales volume of the retailers. This
reduces the variables such as the royalties and fixed fee rents of the retailers in our
model, which is commonly called the marginal cost. This is the fundamental property
of the effect that the market shrinks when y increases. Moreover, we consider the
effect of approaching homogeneous goods when y increases. As mentioned earlier,
when the product of the retailer approaches homogeneous goods, the problem arises as
to which retailer is preferred for the developer. Then, although we omit the explanation
here, the effect that the developer takes the measure that prefers the large retailer comes
out strongly. Considering these properties, we consider what can be claimed by
comparative static science.

By differentiating the royalty of each retailer at the equilibrium with respect to the

degree of product substitutability y, we obtain the following proposition.
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Proposition 3 (Effect on the royalty of each retailer)

As the degree of product substitutability and tougher competition (an increase in y)
increase, the royalty of the small retailer r¢ increases. Then, the conditions under
which an increase in the degree of product substitutability and tougher competition (an

increase in y) increases or decreases the royalty of the large retailer r; are as

follows:

( o c(l—=y)?+2y
—>0 j
4 oy i 142 <4
or; c(1—y)?+2y
l 6y<0 if c+yl—-c)<a< 1172
ors 0
dy

(3-28), (3-29), (3-30)

Proof.- 'We explain the condition under which an increase in the degree of product
substitutability and tougher competition (an increase in y) increases or decreases the
royalty of the large retailer 77

By differentiating these equilibria of the royalty of the large retailer r;° with
respect to the degree of product substitutability y, we gain the expression dr;/dy =
[c(1—9y)2+2y —a(l+y?)]/[2(1 —¥?)?]. Then, we solve dr;/dy =0 for a
and obtain the equality a = [c(1 —y)? + 2y]/(1 + ¥?). In our model, when the
inequality is satisfied [c(1 —y)?+ 2y]/(1 +¥?) <a, we obtain the inequality
or//0y >0. On the contrary, when the inequality is satisfied a <
[c(y — 1)% + 2y]/(1 + ¥?2), we obtain the inequality d7;/dy < 0. To keep positive
outcomes, we assume that the inequalities are satisfied a — ¢ > y(1 — ¢). Therefore,

we obtain the proposition. O
From Proposition 3, the intuition is as follows. The royalty of the large retailer

decreases in the range of c +y(1 —¢) < a < [c(1 —y)? + 2y]/(1 +y?) for the

rent contracts. In other words, the range indicates that the large retailer has been given
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preferential treatment by the developer by lowering commissions. Therefore, when y
becomes large, the large retailer is presented with the preferential treatment details from

the developer.
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Figure 2. Effect on the royalty of Figure 3. Effect on the royalty of
the large retailer the small retailer

We depict the result of Proposition 3 in Figure 2 and Figure 3. As shown in Figure
2, the gray area is dr;’/dy > 0. In the non-shaded area, we find the region in which
the royalty of the large retailer 1,7 decreases with the degree of product substitutability
and the index of competition y. On the contrary, as shown in Figure 3, we find the
region in which the royalty of the small retailer 7g increases with the degree of product
substitutability and the index of competition y.

By differentiating the sales volume of each retailer at the equilibrium with respect

to the degree of product substitutability y, we obtain the following proposition.
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Proposition 4 (Effect on the sales volume of each retailer)

As the degree of product substitutability and tougher competition (an increase in y)
increase, the sales volume of the small retailer qs decreases. Then, the conditions
under which an increase in the degree of product substitutability and tougher
competition (an increase in y) increases or decreases the sales volume of the large

retailer q; are as follows:

aq; . c(1—y)*+2y
4( 6y>0 if c+y(l—-c)<a< 11,2

2q; c(l—y)2+2

i o (A-y)"+2

oy 1+y2

a9qs

W<O

(3-31), (3-32), (3-33)

Proof.- 'We now explain the condition under which an increase in the degree of product
substitutability and tougher competition (an increase in y) increases or decreases the
sales volume of the large retailer qj.

By differentiating these equilibria of the sales volume of the large retailer q; with
respect to the degree of product substitutability y, we gain the expression dq[/dy =
[c(1—y)2—a(+y?)+2y]/[2(1 —¥?)?]. Then, we solve dq;/dy =0 for a
and obtain the equality a = [c(1 —y)? + 2y]/(1 + ¥?). In our model, when the
inequality is satisfied a < [c(1 —¥)? + 2y]/(1 +¥?), we obtain the inequality
0q;/0y >0. On the contrary, when the inequality is satisfied
[c(1—y)?+2y]/(1+y?) <a, we obtain the inequality dq;/dy < 0. To keep
positive outcomes, we assume the inequalities are satisfied a —c > y(1 — ¢).

Therefore, we obtain the proposition. O
From Proposition 4, the intuition is as follows. We consider the effect on the sales

volume of each retailer based on the discussion of Proposition 3. We show that the

royalty of the large retailer decreases in the range of c+y(l—c)< a<
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[c(1—¥)?+ 2y]/(1 +y?) for rent contracts (Proposition 3). In other words, the
range indicates that the large retailer has been given preferential treatment by the
developer by lowering commissions. Therefore, when y becomes large, the large
retailer is presented with the preferential treatment details from the developer. Then,
from Proposition 4, we show that the sales volume of a large retailer increases because

the large retailer is presented with the preferential treatment details from the developer.
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Figure 4. Effect on the sales volume Figure 5. Effect on the sales volume
of the large retailer of the small retailer

We depict the result of Proposition 4 in Figure 4 and Figure 5. As shown in Figure
4, we find the region in which the sales volume of the large retailer g; increases or
decreases with the degree of product substitutability and the index of competition y.
On the contrary, as shown in Figure 5, we find the region in which the sales volume of
the small retailer gg decreases with the degree of product substitutability and the index
of competition y.

By differentiating the fixed fee of each retailer at the equilibrium with respect to

the degree of product substitutability y, we obtain the following proposition.
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Proposition 5 (Effect on the fixed fee of each retailer)

As the degree of product substitutability and tougher competition (an increase in y)
increase, the fixed fee rent of the small retailer fs decreases. Then, the conditions
under which an increase in the degree of product substitutability and tougher
competition (an increase in y) increases or decreases the fixed fee rent of the large

retailer f;' are as follows:

([ ofi . c(1-y)%+2y
4 6y>0 if c+y(l—-c)<a< 11,2
ofL (1 -y)?+2y
L 6y<0 if 1+2 <a
afs
R

(3-34), (3-35), (3-36)

Proof.- 'We explain the condition under which an increase in the degree of product
substitutability and tougher competition (an increase in y) increases or decreases the
fixed fee of the large retailer f;.

By differentiating these equilibria of the fixed fee of the large retailer f;* with
respect to the degree of product substitutability y, we gain the expression df;/dy =
[c(1—9y)2+2y —a(l+y?)]/[2(1 —¥?)?]. Then, we solve df;/dy =0 for a
and obtain the equality a = [c(1 —y)? + 2y]/(1 + ¥?). In our model, when the
inequality is satisfied a < [c(1 —¥)? + 2y]/(1 +¥?), we obtain the inequality
off/dy >0. On the contrary, when the inequality is satisfied
[c(1—¥)?+2y]/(1 +¥?) <a, we obtain the inequality df;'/dy < 0. To keep
positive outcomes, we assume the inequalities are satisfied a —c > y(1 — ¢).

Therefore, we obtain the proposition. O
From Proposition 5, the intuition is as follows. We consider the effect on the sales

volume of each retailer based on the discussion of the above propositions. We show

that the royalty of the large retailer decreases in the range of c+y(1—c) < a<
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[c(1—¥)?+ 2y]/(1 +y?) for rent contracts (Proposition 3). In other words, the
range indicates that the large retailer has been given preferential treatment by the
developer by lowering commissions. Therefore, when y becomes large, the large
retailer is presented with the preferential treatment details from the developer. Then,
we show that the sales volume of the large retailer increases because it is presented
with the preferential treatment details from the developer (Proposition 4).

Then, from Proposition 5, since the large retailer earns considerable revenue, the
developer collects a fixed fee rent from the large retailer within the range of ¢ + y(1 —
)< a<[2y+c(1—=y)?]/(1 +y?). On the contrary, the small retailer behaves in
the opposite direction in the equilibrium. First, as y increases, the fixed fee rent of the
small retailer tends to decline because the market is scaled down. From a different point
of view, since the large retailer is given preferential treatment and the profits of the
small retailer are reduced, the fixed fee rent of the small retailer is reduced. Therefore,

we find that the fixed fee rent of the small retailer always decreases.
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Figure 6. Effect on the fixed fee of Figure 7. Effect on the fixed fee of

the large retailer the small retailer
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We depict the result of Proposition 5 in Figure 6 and Figure 7. As shown in Figure
6, the gray area is df;"/dy > 0. We find the region in which the fixed fee of the large
retailer f;° increases with the degree of product substitutability and the index of
competition y. On the contrary, as shown in Figure 7, we find the region in which the
fixed fee of the small retailer fg" decreases with the degree of product substitutability
and the index of competition Y.

By differentiating the ratio of the total royalty rent to the fixed fee rent of each
retailer (r;p;q.)/fi and (r$psqs)/fs in the equilibrium outcomes with respect to

the degree of product substitutability y, we obtain the following proposition.

Proposition 6 (The ratio of total royalty to the fixed fee for each retailer)

As the degree of product substitutability and tougher competition (an increase in y)
increase, the ratio of the total royalty rent of the small retailer to the fixed fee rent of
the small retailer (r¢psqs)/fs increases. Then, the conditions under which the region
of the ratio of the total royalty rent of the large retailer to the fixed fee rent of the large

retailer (r;'p[q;)/fi is positive or negative are as follows:

o TLPLIL

a—yL>o if

pILPLdL
L

. Oy

c(1—y)*+2y
> <a
ye+1

c(1-y)*+2y
y2+1

<0 if c+y(Ql-0o)<a<

* * *

9 Ts Ps:fls
S

>0
ay

(3-37), (3-38), (3-39)
Proof. Given the assumption a — ¢ > y(1 — ¢), the inequalities are satisfied. O

Hence, large and small retailers behave in the opposite direction in the areas of

c+y(l—¢) < a<|[2y+c(1—y)?]/(1+y?). However, in the lower right region
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[2y + c(1 = y)?]/(1 +y?) < a, both large and small retailers are positive and
disadvantaged. In other words, there is a region where no retailer moves in the opposite
direction, that is, both large and small retailers increase their royalties and become

positive within [2y + c(1 —y)?]/(1 +y?) < a.
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Figure 8. Effect on the ratio of the total Figure 9. Effect on the ratio of the total
royalty rent to the fixed fee rent for the royalty rent to the fixed fee rent for the
large retailer small retailer

Therefore, at this stage, in the bottom right part, it is not clear whether the
developer gives preferential treatment to which retailer. To clarify and discuss this issue
about favorable treatment, it is impossible to clarify without analyzing the proportion
of the difference in the royalty rent of each retailer. Then, we analyze the proportion of
the royalty rent of each retailer.

By differentiating the ratio of the royalty rent between the large and small retailers,
17 /15, and the ratio of the fixed fee rent between large and small retailers f;"/fs at
the equilibrium with respect to the degree of product substitutability y, we obtain the

following proposition.
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Proposition 7 (The ratio of each rent between large and small retailers)
As the degree of product substitutability and tougher competition (an increase in y)
increase and the ratio of the fixed fee rent between large and small retailers f} /fs
increases. If a is large enough to satisfy a < a, then v/ /r$ is increasing in y.
Otherwise, 1 /1s is decreasing in y. That is,

( T

>0 if a<a

<0 if c+y(l-0o<axa

where
A-M+y*G-y)—cB-yA-v?
a:\/l—Zy—Sy2 +c2(5y2 -2y +9) —cB—-y)(1+7y)
2y[2 —y(1 —y)]

= d.

(3-40), (3-41), (3-42), (3-43)

Proof. Given the assumption a — ¢ > y(1 — c), the inequalities are satisfied. By
differentiating the ratio of the royalty rent between the large and small retailers, 17 /75,
in the equilibrium with respect to the degree of product substitutability y, we gain the
expression (1} /rd)/dy.

*

210 (1 _ [A=-n+G-yy?
 2c(a-1{ +y)< V2= A=vvl=e| 3 pya -y >
+(1=pP[2y—y*=cB-y)A=y) =21 =y)(5+y)]
dy [(A—ay) —c(A -] yla-y) +c2-y)A +y)]? '

(3-44)
Then, we solve d(r;/rs)/dy =0 for a and obtain the equality a = a. When the
inequality is satisfied @ < a, we obtain the inequality d(r;/rs)/dy > 0. On the
contrary, when the inequality is satisfied ¢+ y(1 —c) <a < a, we obtain the
inequality d(r//rs)/dy < 0. To keep positive outcomes, we assume the inequalities

are satisfied a — ¢ > y(1 — ¢). Therefore, we obtain the proposition. O
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Figure 10. Effect on the ratio of the royalty

between the large and small retailers

As shown in Figure 10, the gray area is d (1 /rg)/dy > 0. In the shaded area, we find
the region where the large retailer is more disadvantaged than the small retailer. We
also find the region where the proportion of the royalty for the large retailer increases

when the degree of product substitutability is small in our model.
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3.5. Concluding remarks

When there are both large retailers and small retailers in one SC, the developer may
attempt to make the competitive advantage of the small retailers stronger by decreasing
their royalty and improving their quantity of products, thus intensifying the competition
between large and small retailers in the whole SC. However, in our model, the
developer gives preferential treatment to large retailers rather than intensifying the
competition between large and small retailers by strengthening small retailers’
competitive advantage at the equilibrium. In other words, we found that the developer
chooses an action to make the large retailers even stronger and increases their sales
volume by decreasing their royalty to increase the profits of the developer. As a result,
we found that the developer collects the rents with a greater ratio of the fixed fee from
the large retailers and the rents with a greater ratio of the ad valorem royalty from the

small retailers.
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Chapter4  Extended model

Ad valorem royalties plus fixed fee model
with demand uncertainty

4.1. Introduction

By using a model of the optimal two-part tariff licensing between a developer and
retailers as the benchmark model, we focus on the effect of demand uncertainty in the
extended model. We first explain the assumption of the extended model. In reality,
many retailers selling many kinds of products in SCs have considerable information
about customers. Specifically, we assume that the retailers of SCs accumulate
knowledge and information about customers, such as the number of customers to come
into the retail store, the general number of products they can sell by month, and what
kinds of needs customers have in SCs. In practice, this means that retailers know
customer demand. That is, at the stage of selling the products, we assume that large and
small retailers know customer demand in a retail store and compete on quantity in SCs.
On the contrary, since the developer does not have information about the customer
demand of each retailer at the stage of making a contract, it is faced with only knowing
customer demand probabilistically. In this paper, we build our extended model by
considering the situation that customer demand in SCs is uncertain.

First, we consider the ad valorem model with demand uncertainty. We expand the
model from the one developed by Martin and Saracho (2016). In our paper, we adopt
the two-part tariff method with ad valorem royalties used in Martin and Saracho (2016).
In addition, we adopt the demand uncertainty method used in Creane and Miyagiwa
(2008). In the benchmark model, we showed that the developer gives preferential
treatment to large retailers rather than intensifying competition between large and small
retailers by strengthening the competitive advantage of small retailers at the

equilibrium. We also showed that the developer collects rents with a greater ratio of the
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fixed fee rent from the large retailer and rents with a greater ratio of the ad valorem
royalty from the small retailer. Moreover, in our extended model, we reveal the
surprising phenomenon that this conclusion would be reversed in the situation with
demand uncertainty. Specifically, although we found that the proportion of the fixed
fee rent is higher for large retailers than for small retailers in our benchmark model, the
extended model shows that the proportion of the fixed fee rent becomes greater for
small retailers. Moreover, regarding important factors such as the relation of the fixed
fee rent between large and small retailers, we consider that a conclusion that some
region are reversed is worth discussing. In this way, we obtained the amazing results
that the benchmarks and results change with a simple comparison. Moreover, in our
model, when the degree of demand uncertainty is the same in each retailer, the result
obtained is consistent with the benchmark model. In other words, we find that the fixed
fee rent increases only if a factor widens the difference in the degree of demand
uncertainty between large and small retailers.

Furthermore, by using the comparative static analysis, we analyze what would
happen when differentiated products become homogeneous products and the
competition between large and small retailers becomes more intense in SCs. Then, if
the retailers in SCs become even more competitive, it could decrease the profit of the
developer. It is confirmed by using the benchmark model that the profit of the developer
would decline as previously when approaching homogeneous products, it reduces the
profit of the developer at the equilibrium. This is a general result. However, in our
extended model, we discover a counterintuitive result that the profit of the developer
would increase under demand uncertainty in SCs. In other words, when the degree of
product substitutability increases and similar retail tenants carry similar products in an
SC, there is an increase in the profit of the developer. Then, amazingly, when the degree
of demand uncertainty in the whole SC increases, the profit of the developer increases
more at the equilibrium. Furthermore, we obtain similar results for social welfare under
uncertainty at the equilibrium. This is one of the most interesting results in our extended
model. In other words, we find that increasing demand uncertainty for the whole SC is

desirable for the developer in our model.
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4.2. Model

We assume an SC where a developer determines the royalty of the rent to the two types
of retailers. To sell products, each retailer must sign lease contracts with the developer.
Consider the developer (D) that uses a two-part tariff licensing mechanism to contract
with each retailer. We call the retailer of the large efficient company the large retailer
(L) and the other of the small inefficient company the small retailer (S). Then, each
retailer sells the sales volume q; (i = L,S). The retailers get the product from
manufacturers except the developer. Then, we assume a cost-competitive setting such
as that in the apparel industry. Each retailer’s rent depends on its sales of tenant p;q;.
For simplicity, we assume that 7;p;q; is the rent according to royalty 7; and the sales
of tenant p;q; that retailer i attains. Then, f; denotes the fixed fee rent of each
retailer. For simplicity, the marginal cost is given by ¢ and we assume that ¢ is a
sufficiently small positive value. Specifically, we explain what kind of situation this
assumes. We consider the situation that the willingness to pay of consumers changes
depending on the differences in retail brands and brand image for consumers. In this
case, it is a natural setting to assume little difference in the goods among the retailers.
Then, we identify that the cost has no effect on the result in our model.

Begin with demand uncertainty. Assume that the demand intercept A; is
distributed with mean and variance o; for simplicity, the mean is zero. We assume that
o; is the degree of the demand uncertainty for each retailer. In our later discussion, we
assume that o is the degree of the demand uncertainty for the whole SC. The
distribution is such that outputs are always positive in the equilibrium. To keep positive
outcomes, we assume that a —c¢ > y(1 — ¢).

The utility maximization problem is

1
max U(qp,qs,m) = (A, +1)q, + (As + a)qs — E(CII% +q3) —yqLqs +m,

qL.q9sm

s.t.prq. +psqs + m <1,

(4-1)
where 0 <a<1 and 0 <y <1, and the degree of product substitutability is
measured by y. When y — 1, the goods are perfect substitutes and for y — 0, the
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goods are unrelated, that is, we use y (the degree of product substitutability) as a
measure of the competition of the retail market. If y is large, the products are
homogenized and the competition of the retail market becomes intense. Otherwise, if
y is small, the products are differentiated and the competition of the retail market
becomes moderate. Considering the above assumption, we assume that the profit
function of the developer consequently is concave. We obtain the condition of the
parameter that satisfies the second-order condition. Then, combined with the condition
to keep positive outcomes, we obtain the following the conditions: a — ¢ > y(1 — ¢).
When m is the amount of the numeraire good, p; is the price of the retailer’s product,
and [ is the income for the consumer. We employ the utility function form represented
by Equation (4-1) for the following reason. If the product quality supplied by a retailer
1s zero, a consumer has no incentive to buy the product. Hence, our utility function is
consistent with consumer behavior.

Assume that there are two asymmetric retailers competing in a market such as
Cournot duopolists with horizontally differentiated products. This product
differentiation, as assumed in the paper, may be due to each retailer of different brand
names. From the first-order conditions of the utility maximization problem, the inverse
demand functions that the two retailers face are given by

pr=A,+1-q.—vqs (4-2)
ps =Asta—qs—yq. (4-3)
The profit function of the developer is given as
mp =1pLqL + fi + 1spsqs + f- (4-4)
The profit function of retailer { is given as
M, =Drqr —"Pqr — ¢qr — fi, s = Psqs — TsPsqs — €qs — fs.
(4-5), (4-6)

Consumer surplus CS = (q? + 2yq.qs + q2)/2 and social welfare SW = CS +
mp + m, + mg. We next delineate the timeline of a series of decisions made by the
players comprising the supply chain. The setting of the assumption and timing of the
game are described as follows. We consider a two-stage game. In stage one, the

developer chooses the ad valorem royalty and fixed fee rent of each retailer, r; and f;.

47



In stage two, each retailer independently and simultaneously chooses its sales, g;.

In the model, we assume that the retailer needs to pay the fixed fee rent f;
regardless of the sales volume gq;. Regarding this point, when contracting with the
developer in stage one, retailers have a contract that they have to pay a fixed fee rent
to the developer when they open a store in the SC. In other words, the fixed fee can be
said to be the cost for participation in the SC. Since the fixed fee rent of retailer f; has
already been determined when each retailer decides q;, retailers must pay the fixed fee
rent f; without depending on any sales volume q;. Specifically, since we assume that
we do not think of a situation where retailers do not have to pay the fixed fee f; when
they do not sell in SCs, the retailers have to pay the fixed fee rent f; even in any
financial condition. In other words, retailers have already paid the fixed fee rent f; as
a sunk cost to a developer on a contract basis.

From a game procedure point of view, the retailer decides whether to contract or
reject at the stage of concluding the contract. In stage one, the developer decides the
fixed fee rent f; and royalty r; and presents a contract to retailers. Then, the retailers
receive a contract agreement from the developer, calculate the fixed fee rent f;, and
sign a contract. At that time, because retailers have already paid the fixed fee rent f; to
a developer, in the second stage the retailer decides the sales volume in the situations
that the fixed fee rent f; is a sunk cost.

Then, we assume that A; and Ag appear as random variables and that each of
the retailers knows its realization value. As its interpretation, this means that retailers
can reliably know information on customers at the point of sale in the retail store. Each
of the retailers sees A; and Ag as random variables in the first stage. Neither large
nor small retailers know this specific value, but both know the probability distribution.
In other words, the retailers know that the mean of the probability distribution is zero
and the variance is of. Figure 11 illustrates the timeline of events. The model is solved
with the use of backward induction along the timeline to derive the subgame perfect

equilibrium in this dynamic game.
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Stage 1 Stage 2

The developer chooses the Each retailer independently
royalty and fixed fee of each and simultaneously
retailer, r; and f; chooses its sales, q;

Figure 11. Timeline of events.
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Table 3. Nomenclature.

qL
ds
pL
Ps
T
Ts
fi
fs

kK

sales quantity of the large retailer

sales quantity of the small retailer

price of the large retailer

price of the small retailer

royalty of the large retailer

royalty of the small retailer

fixed fee rent of the large retailer

fixed fee rent of the small retailer

profit of the developer

profit of the large retailer

profit of the small retailer
consumer surplus

social welfare
random variable of the large retailer
random variable of the small retailer

degree of demand uncertainty for the large retailer
degree of demand uncertainty for the small retailer
degree of demand uncertainty for the whole SC
intercept of the inverse demand function
marginal cost of the retailers
degree of product substitutability
superscript for the equilibrium of the new model
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4.3. Calculating the equilibrium

In this section, we identify the subgame perfect equilibrium. In the second stage, each
retailer knows the value of Ag and A; and chooses its sales quantity. The

maximization problem for the large retailer is

”z‘fx[ PLqL — P9 —cqL — fr ] (4-7)
The maximization problem for the small retailer is stated as

"zﬂslx[ Psqs — TsPsqs — ¢qs — fs 1. (4-8)

Note that retailers have already paid the fixed fee rent f; as a sunk cost to a developer.

The first-order conditions (dm;/dq; = 0 and drg/dqs = 0) are derived as

_ 20 -r)[AL(l—1) —c—n + 1] —y(A —r)l(a+ As)(A —15) — ]

. G—y)A-r)d—75) '
21 =r)[(a +A) (1 —15) —c] =yl —79)[A, (1 —7) —c— 1 + 1]
s = G-I -1 —715) '

(4-9), (4-10)
By substituting this outcome into the expected profit of the developer, we have the

maximization problem of the expected profit of the developer as follows:

max E[ rpLq, + fL +7spsqs + fs |-

rLrs fL.fs

s.t. E[pLq,—7mpLqr—cq,]1—fL=0,
E [psqs —Tspsqs —cqs]— fs = 0.
(4-11)

As the objective function is an increasing function of f; and the developer takes
the value of the largest fixed fee f; within the range that satisfies the participation
constraints, it is the optimal strategy for the developer to determine the value of the
fixed fee f;. Then, since the value of the fixed fee f; should be determined to bind

with the participation constraints, the value of the fixed fee f; is as follows:

{ fL=E [pLq, —1pLqL —cq. ],
fs = E [ psqs — Tspsqs — cqs |.

(4-12), (4-13)
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By substituting (4-12) and (4-13) into (4-11), we can write the expected profit
maximization in the form that also includes the participation constraints. In other words,

we can rewrite the developer’s expectation profit maximization problem as follows:

max E [ pLq, — cqL, + psqs — ¢qs .

LTS
(4-14)
Here, the developer cannot present a contract with the fixed fee f; and royalty r;
depending on the realization value of demand A4;. In other words, since the developer
cannot write the contracts as a function of the realized value of demand A;, we assume
that the developer cannot schedule the realization value of demand A; and its
corresponding payment schedule. That is, it is not considered in our model that the
fixed fee f; and royalty 7; vary depending on the realization value of demand A4;.
The first-order condition (OE[np]/0r;, = 0 and dE[mp]/0rs = 0)in this stage
yields

e ¥la—y—c-p)
P oy@-p+c@-pa+y)
ot = V(A —ay) —c(d—y)]
yA—ay)+c-y)A+y)

(4-15), (4-16)
where the variables with superscript ** represent the equilibrium values. Then, the
outcomes of the royalty corresponds to the benchmark model.

By solving the above equation, we obtain the equilibrium outcomes and provide

the results in Table 4.
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Table 4. Equilibrium outcomes

Equilibrium
" aa=2[y+cA-pyD+2cA-y)A-c)+1 @& +yH(of +0?)
Elmo] 41 —72) T e
. A—-ay)—c(1-vy)
Elq;"] 2(1—2)
L a\a—y2 42 1-y2
- (a=y)—c(l-vy)
s A\4—y2 4—y? 1— 2
o yYl(@a—vy)—c(1—y)]
t ya=-y)+c@-y)A+y)
. y[(A —ay) —c(1—y)]
s YA —ay)+c—-y)A+7y)
cl1—ay)—c(1-p]?
fo 20 -yA)lya-y1 +c2-y)A+7)]
’ N 2¢(1 - y?)(4of + y?0d)
@G-y yla—y) +c-y)A+v)]
cla—y)—c(1—=p))?
- 20—yl —ap) + 2 - A+ )]
* N 2¢(1 —y?)(402 +y20P)
G-y2)2[y(d—ay) +c2-y)(1 +v)]
» ala=2[y+c@-y)D+2cA-y)A-c)+1 (4—-3y*)(of + 0d)
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The superscript ** denotes the equilibrium for the extended model. CS is

consumer surplus. SW is social welfare.
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4.4. Equilibrium and comparative statics

This paper compares the contract of the rent system by means of the proportion of a
fixed fee rent with the contract of the rent system by means of the proportion of the ad
valorem royalties in a Cournot duopoly model under demand uncertainty. By
differentiating the relationships of the fixed fee rent for each retailer and the fixed fee
rent of the small retailer with respect to the degree of demand uncertainty for the small

retailer, we obtain the following lemma.

Lemma 1 (Effect of the degree of demand uncertainty for small retailer)
As the degree of demand uncertainty for the small retailer as variance (an increase in
6¢) increase, we show that the relationships of the fixed fee rent of each retailer f;™ —
fs" decreases. In addition, as the degree of demand uncertainty for the small retailer
as variance (an increase in 0&) increase, the fixed fee rent of the small retailer f¢™*
increases:
oL = f)
da¢
_ 20 -yIylaG+yH) -y + I +cC-y)A -2 +y)’] <0
G-y lyla-n+cC-NA+NIyQA-a) +cC-A+n]

0" _ 8(1—v?) o
0o (V=D yA—ap) +c@-y)A+n]~
(4-17), (4-18)

Proof. Given the assumption a — ¢ > y(1 — ¢), the inequalities are satisfied. O

From Lemma 1, the intuition is as follows. When the variance of the small retailer g2
increases, we show that the relationship of the fixed fee rent of each retailer is negative
1 — f¢© <0 in the equilibrium. In other words, when the variance of the small
retailer 02 decreases per unit, we show that the relationship of the fixed fee rent of
each retailer is positive f; — f¢* > 0 in the equilibrium. As identified above, since

the variance of the small retailer o is a decreasing function, we show that the fixed
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fee rent of the large retailer f; decreases more than the fixed fee of the small retailer
fs™ when demand uncertainty increases at the equilibrium.

Next, in order to supplement this discussion, we differentiate these equilibria of
the fixed fee rent of the small retailer f5™* with respect to the variance of the small
retailer oZ. Then, we show that the numerator of this equation df;™/ddé is negative
and the denominator is also negative in the equilibrium. That is, we obtain the
inequality dfs*/da2 > 0. Therefore, we find that as the variance of the small retailer
0 increases, the fixed fee rent of the small retailer fo™* increases in the equilibrium.
In other words, from the lemma, we find that the developer tends to collect the fixed
fee rent from retailers in SCs with a high degree of demand uncertainty.

By differentiating the fixed fee rent of the small retailer with respect to the

intercept of the inverse demand function of the small retailer a, we obtain the

following lemma.

Lemma 2 (Effect of intercept of inverse demand function of small retailer)

As the intercept of the inverse demand function of the small retailer a increases, the

k%

fixed fee rent of the small retailer fs™ increases:

*%
S

da

> 0.

(4-19)

Proof. Given the assumption a — ¢ > y(1 — c), the inequalities are satisfied. O

On the basis of the lemma, we take the debate one step further in the next
proposition. We explain in the next proposition that we discovered that there is a region
reverses the benchmark with respect to the proportion of the rents of SCs of the most
important in our paper. In this study, we obtained the results that the benchmarks and
results change with a simple comparison. We compare the ad valorem royalty of the
large retailer ;" with the royalty of the small retailer r¢™ and the fixed fee rent of the
large retailer f;"* with the fixed fee rent of the small retailer f¢™. By solving the

inequalities of the equilibrium, we find that ;™" < rg™.
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Proposition 8 (The fixed fee and royalty of large and small retailers)
We show that the conditions of the relationship of the fixed fee rent of large and small

retailers, fi*, f¢*, are as follows. If oZ is large enough to satisfy § < o2, then

i — & is decreasing. Otherwise, f;"* — f&™ is increasing. That is,

=<0 if §<aé
o= 1rs <0

where

c-NA-NEC+NPPIA-a*)2-y)?*+ 41 -yHaf]
+y[(1=a®>)[1 —y(A - YI@ - y*?* + 3a’y(4 — y?)?
—ay[3(4 —y*)? +4(1+ )¢+ Y)(A —y)?df]
o2 = FO—V?A+NE+yHof] - A -a)c*2-y*A - P*(A+ 2 +p)*
s 41 -y)2A+W[ay(G+y3) —v*@G+y)+c-y)A -y)2 +y)?]

(4-20), (4-21), (4-22), (4-23)

=35.

Proof. Given the assumption a — ¢ > y(1 — ¢), the inequalities are satisfied. As we
calculate the difference between the two equilibria of the ad valorem royalties of large
and small retailers, 17" and g™, we find 17" < 5. On the contrary, as we calculate

the difference between the two equilibria of the fixed fee rent of large and small retailers,

*k

7 and f¢™, we gain the expression f;* — f¢.

k% k%

L —JS
3 ( c[(1—ay) —c(1-p)]? N 2c(1 —y*)(4of +y?ai )
20 -vAlya-+c-NA+] G-y yla—-y)+c—-y)A +7)]

_( cla—y—c-pI? N 2c(1 —y*)(40¢ +v2af )
20 -y lyA—ap) +cC-)A+y)] @G-y lyA-ay) +cC-y)A+P])

(4-24)
Then, we solve f;™* — f&* =0 for 6¢ and obtain the equality ¢ = 5. When the
inequality is satisfied § < 62, we obtain the inequality f;** — f¢* < 0. On the contrary,
when the inequality is satisfied § > g2, we obtain the inequality f;* — f&* > 0. To
keep positive outcomes, we assume the inequalities are satisfied a — ¢ > y(1 — ¢).

Therefore, we obtain the proposition. O
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The intuition is as follows. From this proposition, in the extended model of this
paper, we discovered that although demand uncertainty is taken into consideration, the
conclusion of the benchmark model on the royalty rent of the large retailer is retained.
In other words, we found that the result on the relationship of the royalty of each retailer
in the equilibrium is retained. Similar to the benchmark model, we showed that the
small retailer has a higher royalty rent than the large retailer in terms of the ad valorem
royalty rent in the equilibrium. On the contrary, with respect to the ad valorem royalty
rent in the equilibrium, we gained the result that the developer always collects a fixed
fee rent from large retailers in the benchmark model.

However, in our extended model, we revealed the surprising phenomenon that this
conclusion would be reversed in the situation with demand uncertainty. Specifically,
although we found that the proportion of the fixed fee rent is higher for large retailers
than for small retailers in our benchmark model, we found that the region where the
proportion of the fixed fee rent becomes greater for small retailers in the extended
model. Furthermore, under demand uncertainty, we found that when the difference in
demand uncertainty between large and small retailers is expanded, the developer would
increase the proportion of the fixed fee rent for both large and small retailers.

Next, to simplify the discussion of our model, we gradually expand the difference
in the degree of the demand uncertainty of the retailers by means of assigning a definite
numerical value to the parameter. That is, we describe concrete values of o; and ag,
which are the degrees of the demand uncertainty for retailers, as shown graphically in
Figure 12. Then, we assume that ¢ is fixed to a small value close to zero, which has
no effect on the result. We depict the above explanation of Proposition 8 in Figure 12.
As shown in the figure, the gray area is f;" — f¢* > 0. In the non-shaded area, we
find the region in which the difference between the two equilibria of the fixed fee rent
of large and small retailers is negative f;™" — f¢* < 0 with the degree of product

substitutability and the index of competition y.
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Figure 12. Difference in the fixed fee rent

As shown 1n this figure, we assume the situations where the values of demand
uncertainty between large and small retailers are different. Specifically, when

considering the actual SC, the large retailer is more likely to have customer demand
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and the degree of demand uncertainty is lower than that for the small retailer in SCs. In
other words, we assume a situation where the fixed fee rent of the small retailer fg™*
has a greater degree of demand uncertainty. Since the benchmark model is the case
when the degree of demand uncertainty is zero, the extended model overlaps the
benchmark in a certain area. Then, in our model, the larger the value of a, the larger is
the region in which the relation of the fixed fee rent of large and small retailers is
reversed. Increasing the value of a means that the competitive advantage of large and
small retailers is similar. In other words, it comes closer to a company that has similar
competitiveness.

Next, we explore why such a region reverses the benchmark model in this way.
From Lemma 1, we found that as the variance of the small retailer 6¢ increases, the
fixed fee rent of the small retailer f¢™ increases in the equilibrium. In addition, we
found that the developer tends to collect a fixed fee rent from retailers in SCs with a
high degree of demand uncertainty. On the contrary, in our model, when the degree of
demand uncertainty is the same in each retailer, we found that the result is consistent
with the benchmark model. In other words, the fixed fee rent increases only if a factor
widens the difference in the degree of demand uncertainty between the large retailer
and small retailer.

Furthermore, from Lemma 2, we further discuss this result. To derive this result,
it is important to consider the movement that inverts when the value of a is large.
From Lemma 2, by differentiating f5™* with respect to a, we show that the fixed fee
rent of a small retailer f™ isan increasing function of a. In other words, in our model,
as the value of a gets larger, the fixed fee rent of the small retailer f5™ tends to be
larger. Therefore, for all these reasons, as the value of a and the variance of the small
retailer 02 increase, there is a considerable rise in the fixed fee rent of the small
retailer fg*, which is an increasing function of the value of a and the variance of the
small retailer oZ. As a result, in our model, the fixed fee rent of the small retailer fo*
overtakes the fixed fee rent of the large retailer f;" in the equilibrium.

As stated above, in this proposition, we discovered a region that reverses the

benchmark with respect to the proportion of the rents of SCs. Moreover, regarding
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important factors such as the relation of the fixed fee rent between large and small
retailers, we found that some regions are reversed. In this way, we found that the
benchmarks and results change with a simple comparison. Our analysis shows that
when demand uncertainty is expanded in SCs, that is, when a developer attracts a
retailer with a high degree of demand uncertainty such as opening a new tenant or
rolling out new products, selling a new product for new customers in SCs, it would be
better for the developer to increase the proportion of the fixed fee rent.

By differentiating the profit of the developer with respect to the degree of demand

uncertainty for the small retailer, we obtain the following lemma.

Lemma 3 (Effect of demand uncertainty on the profit of developer)
As the degree of demand uncertainty as variance (an increase in 0¢) increase, we show
that the profit of the developer E[mp'| increases:

0E[rmp] 4+ y?

= > 0.
da¢ (4 —y?%)?

(4-25)

Proof. Given the assumption a — ¢ > y(1 — c¢), the inequalities are satisfied. O

We differentiate the equilibria of the profit of the developer E[mp"] with respect
to the variance of the small retailer 6Z. Then, we show that the numerator of this
equation OE[m}]/002 is positive and the denominator of this equation
OE[m}]/00¢ is also positive in the equilibrium. That is, we obtain the inequality
0E[m}]/00Z > 0. Therefore, we find that as the variance of the small retailer o2
increases, the profit of the developer E[mp‘] increases in the equilibrium. In other
words, from the lemma, we show that when the degree of demand uncertainty of small
retailers increases, the profit of the developer E[mp‘] increases more in our model.

By differentiating the profit of the developer with respect to the intercept of the

inverse demand function of the small retailer, we obtain the following lemma.
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Lemma 4 (Effect of competitiveness on the profit of developer)

As the intercept of the inverse demand function of the small retailer a increases, we

show that the profit of the developer E|rtp'] increases:
JE[np] a—c—y(1—o)

9a 20—y Y

(4-26)

Proof. Given the assumption a — ¢ > y(1 — ¢), the inequalities are satisfied. O

We differentiate the equilibria of the profit of the developer E[mp"] with respect
to a. Then, we show that the numerator of this equation dE[m},']/da is positive and
the denominator of this equation JE[m}"]/da is also positive in the equilibrium. That
is, we obtain the inequality dE[m}"]/da > 0. Therefore, we find that as the value of
a increases, the profit of the developer E[mp’] increases in the equilibrium.

By differentiating the profit of the developer with respect to the degree of demand

uncertainty for the whole SC, we obtain the following lemma.

Lemma 5 (Effect of demand uncertainty for SC on the profit of developer)
As the degree of demand uncertainty for the whole SC (an increase in o) increases, we
show that the profit of the developer E|rty’] increases:

0E[np]  4(4+vy*)o

do (4 —1y?2)2 > 0.

(4-27)

Proof. Given the assumption a — ¢ > y(1 — ¢), the inequalities are satisfied. O

For our later discussion, we consider the demand uncertainty for the whole SC.
As a simplification, we assume that ¢ = g, = g5. We differentiate the equilibria of the
profit of the developer E[mp"] with respect to the demand uncertainty for the whole
SC o. Then, we obtain the inequality 0F[m},"]/dc > 0. Therefore, we find that as the
demand uncertainty for the whole SC o increases, the profit of the developer E|[mp*
increases at the equilibrium. In other words, when the demand uncertainty for the whole

SC increases, the profit of the developer E[mp‘] increases more in our model.
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By differentiating the profit of the developer with respect to the degree of product
substitutability, we obtain the following proposition. We consider the demand

uncertainty for the whole SC, that is, we assume that 0 = g, = as.

Proposition 9 (Effect of tougher competition on the profit of developer)

The condition under which increasing the degree of product substitutability and
tougher competition (an increase in Yy ) increases or decreases the profit of the
developer E[rt}'] is as follows. If ¢ is large enough to satisfy § < o2, then E[m}]

is increasing in y. Otherwise, E[rnp'] is decreasing in y. That is,

( 0E[mp ] o
oy >0 if g<o
0E[np] o
k oy <0 if g>o
where (4-28), (4-29)

, la—y=cQ-PIA-ay) -cQ-PIG-y>*
7" 8y (1— )12 + %) —

(4-30)
Proof. Given the assumption a — ¢ > y(1 — ¢), the inequalities are satisfied. By
differentiating the profit of the developer E[mp‘] in the equilibrium with respect to the
degree of product substitutability y, we gain the expression dE[my]/dy:
0E[ny]  la—y—c(Q =PI -ay)—c(1-y)]  4y(12+y?)o?

oy 2(1—-y?)? (4—-vy2)3

(4-31)
Then, we solve OE[m}]/dy =0 for 62 and obtain the equality 2 = §. In our
model, when the inequality is satisfied § < o2, we obtain the inequality
OE[r}]/dy > 0. On the contrary, when the inequality is satisfied § > o2, we obtain
the inequality dE[mp’]/dy < 0. To keep positive outcomes, we assume the

inequalities are satisfied a — ¢ > y(1 — c). Therefore, we obtain the proposition. O

From the proposition, the intuition is as follows. First, if the retailers in SCs
become even more competitive, it could decrease the profit of the developer. In the

benchmark model, we found that when the degree of product substitutability increases,
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the profit of the developer decreases. In other words, we discovered that the retailers in
SCs become even more competitive, which decreases the profit of the developer.
Therefore, the benchmark model confirmed that the profit of the developer would
decline as previously when approaching homogeneous products, it reduces the profit
of the developer at the equilibrium. This is a general result. However, from this
proposition, in our extended model, we revealed the surprising phenomenon that this
conclusion would be reversed in the situation with demand uncertainty. In other words,
we discovered a counterintuitive result that the profit of the developer would increase
under demand uncertainty. Specifically, when the degree of product substitutability
increases and similar retail tenants carry similar products in an SC, there is an increase
in the profit of the developer. Then, as we discuss later, when the degree of the demand
uncertainty of the whole SC increases, the profit of the developer increases more. This
is one of the most interesting results in our extended model.

Next, to simplify the discussion of our model, we gradually expand the difference
in the degree of the demand uncertainty of the retailers by means of assigning a definite
numerical value to the parameter. In this proposition, since we analyze the profit of the
developer, we consider the degree of demand uncertainty for the whole SC. We assume
that o is the degree of demand uncertainty for the whole SC. That is, we describe
concrete values of o, which are the degrees of the demand uncertainty for retailers as
shown graphically in Figure 13. Then, we assume that ¢ is fixed to a small value close
to zero, which has no effect on the result. We depict the result of this proposition in
Figure 13. As shown in the figure, the gray area is dE[m"]/dy > 0. We find the region
in which the profit of the developer E[mp‘] increases with the degree of product
substitutability and the index of competition y.

As shown in this figure, to give clear and detailed explanations about the effect of
demand uncertainty for the whole SC, we assume that o = g;, = gs. Specifically, when
considering the actual SC, we consider that the whole SC faces demand uncertainty. In
other words, we assume that the degree of the demand uncertainty of the whole SC
grows progressively larger. Since the benchmark model is the case when the degree of

uncertainty is zero, the extended model overlaps the benchmark in a certain area.
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Figure 13. Profit of the developer

However, from this proposition, in our extended model, we revealed the surprising
phenomenon that this conclusion would be reversed in the situation with demand
uncertainty. That is, in our extended model, we discovered a counterintuitive result that
the profit of the developer would increase under demand uncertainty in SCs. In other
words, when the degree of product substitutability increases and similar retail tenants
carry similar products in an SC, there is an increase in the profit of the developer.

Moreover, from a managerial perspective, we found that the developer should
attract the retailer with the demand uncertainty in the whole SC and similar retail
tenants (e.g., tenants that sell similar quality products) to the SC. Furthermore, this
paper makes a major contribution to the better management of the SC by indicating that
when a developer opens an SC in areas where demand uncertainty is relatively high, it
may be profitable for developers to attract retailers that produce a similar product to
other retailers, have a similar consumer need, or sell a product that has a similar quality

or value.
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By differentiating these equilibrium outcomes with respect to variance as the
degree of demand uncertainty for the whole SC (a?) increases, we obtain the following

proposition.

Proposition 10 (Effect of tougher competition on the outcomes)

When the variance as the degree of demand uncertainty for the whole SC (an increase
in 0?) increase, the fixed fee rent of the large retailer f;™, the fixed fee rent of the
small retailer fs~, consumer surplus E[CS™*], social welfare E[SW™*], and the profit

of the developer E[my,’] increase in the equilibrium:

afy” _ 2c(1=y)A+y)(E+v? >0

do2  (A4—-y)yla-p)+c-yA+py)]~ "~

afs” _ 2c(1-y)A+y)(4+v?) >0

do?2  (A-y)lyA—-ap)+c-y)A+y)]"~
OE[CS™]  4—3y? IE[SW*™] 12 —y?

do2  (4—-y?)2 > do?2  (4—y?)2 >0,

0E[np]  2(4+v%)
do?2 (4 —y?)2
(4-32), (4-33), (4-34), (4-35), (4-36)

> 0.

Proof. Given the assumption a — ¢ > y(1 — c), the inequalities are satisfied. O

In this proposition, we also consider the demand uncertainty for the whole SC. As
a simplification, we assume that 0 = g, = o5. We differentiate these equilibrium
outcomes with respect to the variance of demand uncertainty for the whole SC 6. Then,
we find that as the variance of the demand uncertainty for the whole SC o2 increases,
some of the outcomes increase in the equilibrium. In other words, from the proposition,
we show that increasing demand uncertainty for the whole SC is desirable for the
developer, consumer, and whole SC in our model. Moreover, our analysis confirms that
each retailer has a contrasting movement with respect to the rent at the equilibrium in
the benchmark model. However, as the extent of the demand uncertainty of both

retailers increases, both take the same action at the equilibrium.
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4.5. Concluding remarks

In our extended model, we revealed the surprising phenomenon that this
conclusion would be reversed in the situation with demand uncertainty. Specifically,
although we found that the proportion of the fixed fee rent is higher for the large retailer
than the small retailer in our benchmark model, the extended model found that the
proportion of the fixed fee rent becomes greater for the small retailer. Moreover,
regarding important factors such as the relation of the fixed fee rent between large and
small retailers, we consider that a conclusion that some region are reversed is worth
discussing in the paper. In this way, we obtained the amazing results that the
benchmarks and results change with a simple comparison. Moreover, in our model,
when the degree of demand uncertainty is the same in each retailer, the result obtained
is consistent with the benchmark model. In other words, we found that the fixed fee
rent increases only if a factor widens the difference in the degree of demand uncertainty
between large and small retailers.

Furthermore, by using the comparative static analysis, we analyzed what would
happen when differentiated products become homogeneous products and the
competition between large and small retailers becomes more intense in SCs. Then, if
the retailers in SCs become even more competitive, it could decrease the profit of the
developer. The benchmark model confirmed that the profit of the developer would
decline as previously when approaching homogeneous products, it reduces the profit
of the developer at the equilibrium. This is a general result. However, in our extended
model, we discovered a counterintuitive result that the profit of the developer would
increase under demand uncertainty in SCs. In other words, when the degree of product
substitutability increases and similar retail tenants carry similar products in an SC, there
is an increase in the profit of the developer. Then, amazingly, when the degree of
demand uncertainty in the whole SC increases, the profit of the developer increases
more at the equilibrium. Furthermore, we obtain similar results for social welfare under
uncertainty at the equilibrium. This is one of the most interesting results in our extended
model. In other words, we found that increasing demand uncertainty for the whole SC

is desirable for the developer in our model.
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Interestingly, our analysis shows that when uncertainty is expanded in SCs, that
is, when a developer attracts a retailer with a high degree of demand uncertainty such
as opening a new tenant or rolling out new products, selling a new product for new
customers in SCs, it would be better for the developer to increase the proportion of the
fixed fee rent. Moreover, from a managerial perspective, we found that the developer
should attract the retailer with the demand uncertainty in the whole SC and similar
retail tenants (e.g., tenants that sell similar quality products) to the SC. Furthermore,
this paper makes a major contribution to the better management of the SC by indicating
that when a developer opens an SC in areas where uncertainty is relatively high, it may
be profitable for developers to attract retailers that produce a similar product to other
retailers, have a similar consumer need, or sell a product that has a similar quality or

value.
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Chapter 5 Conclusion

This paper considers a vertical relationship in SCs with a developer and two types of
retailers: a large retailer and small retailer. First, a developer decides the rent for each
retailer. Then, each retailer decides the sales volume. There are two types of rent
payments: one type is a fixed rent for a certain period of time and the other type is a
rent determined by the sales of the retailer. We provide a game-theoretic model to
discuss whether a developer gives preferential treatment to large or small retailers by
assigning a higher percentage of the royalty rent or fixed fee rent to them.

The main findings of this research are summarized as follows. First, when there
are both large retailers and small retailers in one SC, the developer may attempt to make
the competitive advantage of the small retailer stronger by improving the quantity of
products, thereby intensifying the competition between the large and small retailers in
the SC. However, in our model, the developer gives preferential treatment to large
retailers rather than intensifying the competition among retailers by strengthening the
competitive advantage of the small retailer at the equilibrium. In other words, we found
that the developer chooses to make the large retailer even stronger and increase the
sales volume of the large retailer by decreasing the royalty of rent of the large retailer
in order to increase the profits of the developer. Then, the developer collects the rents
with a greater ratio of the fixed fee rent from the large retailer and the rents with a
greater ratio of the ad valorem royalty rent from the small retailer in SCs. Therefore,
we explain the observed relationship in real-world SCs by using our theoretical model.

Furthermore, in our extended model, we revealed the surprising phenomenon that
this conclusion would be reversed in the situation with demand uncertainty. Specifically,
although we found that the proportion of the fixed fee rent is higher for large retailers
than for small retailers in our benchmark model, the extended model found that the
proportion of the fixed fee rent becomes greater for the small retailer. Moreover,
regarding important factors such as the relation of the fixed fee rent between large and
small retailers, we consider that a conclusion that one region is reversed is worth

discussing in the paper. In this way, we obtained the amazing results that the
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benchmarks and results change with a simple comparison. Moreover, in our model,
when the degree of demand uncertainty is the same in each retailer, we found that the
result is consistent with the benchmark model. In other words, we found that the fixed
fee rent increases only if a factor widens the difference in the degree of demand
uncertainty between the large retailer and small retailer.

In addition, under uncertainty, we found that when the demand uncertainty in the
whole SC increases and market competition gradually becomes intense and approaches
the competition of homogeneous products using the degree of product substitutability,
the developer would increase the proportion of the fixed fee rent for both large and
small retailers. Our analysis in the benchmark model confirmed that large and small
retailers have a contrasting movement with respect to the proportion of the rent at the
equilibrium. However, in the situation where the extent of the demand uncertainty of
both retailers increases, we found that both large and small retailers take the same
action in terms of the fixed fee rent of retailers at the equilibrium.

Furthermore, by using the comparative static analysis, we analyzed what would
happen when differentiated products become homogeneous products and the
competition between retailers becomes more intense in SCs. Then, if the retailers in
SCs become even more competitive, it could decrease the profit of the developer. The
benchmark model confirmed that the profit of the developer would decline as
previously when approaching homogeneous products, it reduces the profit of the
developer at the equilibrium. This is a general result. However, in our extended model,
we discovered a counterintuitive result that the profit of the developer would increase
under uncertainty in SCs. In other words, when the degree of product substitutability
increases and similar retail tenants carry similar products in an SC, there is an increase
in the profit of the developer. Then, when the degree of demand uncertainty in the
whole SC increases, the profit of the developer increases more at the equilibrium. In
other words, from the proposition, surprisingly, we found that increasing demand
uncertainty for the whole SC is desirable for the developer in our model. Furthermore,
we obtained similar results for social welfare under uncertainty at the equilibrium. This

is one of the most interesting results in our extended model.
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The contribution of this research is that we clarified the relationships among the
variables that can be observed in reality in an SC by using the theoretical model. In
addition, we obtained theoretical evidence that confirms the findings of previous
empirical studies. In previous studies, the developer gives preferential treatment to
large retailers (Benjamin et al. 1992; Brueckner 1993; Eppli and Shilling 1996; Gould
et al. 2005; Miceli et al. 1998; Pashigian and Gould 1998; Wheaton 2000). Much of
this previous literature has focused on the rent system of the per unit royalty, and hence
studies of the ad valorem royalty with two-part tariffs have received relatively less
attention. The result of our paper is novel for building a theoretical model using revenue
sharing, called the ad valorem royalty rent system, which is commonly used in practice
in SCs.

Furthermore, in the context of SCs, prior research has paid insufficient attention
to the theoretical relationship between the proportion of the two rent systems (ad
valorem royalty and fixed fee rent) for large and small retailers and the profits of
developers. In addition, insufficient discussion has been carried out on the changes in
the proportion of the fixed fee rent and ad valorem royalty rent between large and small
retailers and in the profits of developers by considering the degree of product
substitutability and demand uncertainty in the context of SCs. Additionally, no
argument has been made on the degree of the difference in uncertainty between the two
types of retailers at the same time. Therefore, this paper can explain the observed
relationship in reality by using factors not used in previous studies. This paper
contributes to the literature by pointing out the importance of considering competitive
relations due to the change in the degree of product substitutability between large and
small retailers and of considering the uncertainty of customer demand in SCs in the real
world.

Interestingly, our analysis showed that when uncertainty is expanded in SCs, that
is, when a developer attracts a retailer with a high degree of demand uncertainty such
as opening a new tenant or rolling out new products, selling a new product for new
customers in SCs, it would be better for the developer to increase the proportion of the

fixed fee rent. Moreover, from a managerial perspective, we found that the developer
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should attract the retailer with the demand uncertainty in the whole SC and similar
retail tenants (e.g., tenants that sell similar quality products) to the SC. Furthermore,
this paper makes a major contribution to the better management of SCs by indicating
that when a developer opens an SC in areas where demand uncertainty is relatively
high, it may be profitable for developers to attract retailers that produce a similar
product to other retailers, have a similar consumer need, or sell a product that has a
similar quality or value.

In this study, since we assume a duopoly market and have not addressed the
general number of companies, these extensions—that appear to be possible in the case
of maintaining the linear assumption—will be important. In addition, we consider the
situation where the marginal costs of retailers are the same in our model. Specifically,
we explain what kind of situation this assumes. We consider the situation that the
willingness to pay of consumers changes depending on the differences in retail brands
and brand image. In that case, it is a natural setting to assume little difference between
the goods used by retailers and there is no difference in the marginal cost. We
considered the situation where the marginal costs of retailers are the same in our model.
However, once we consider the results may change if the marginal cost of each retailer
is different. From the model, as the large retailer sells goods with a higher willingness
to pay than the small retailer, it can be considered to be sufficient to assume that the
large retailer has a higher marginal cost than the small retailer.

For example, when the marginal cost of the large retailer rises, the developer may
not increase this marginal cost of the large retailer anymore, so the royalty of the large
retailer at the equilibrium may be lowered. Then, as the marginal cost of the large
retailer increases, the sales volume of large retailer may decrease, while the sales
volume of the small retailer may increase because of the strategic substitution effect.
Then, the developer will increase the marginal cost of the small retailer. As a result,
considering the relationship of the royalties of both large and small retailers, we can
infer that the difference in royalties between these retailers will expand more than in
our model. In other words, since the proposition of the relationship of royalties in this

model is maintained without dividing the marginal cost, the proposition in our model
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is a robust conclusion in that sense. However, as it may be possible to analyze by
reversing the assumption of the relation of the marginal cost, we would like to make
this a future subject.

Moreover, in our model, we assumed two retailers competing in a market as
Cournot duopolists with horizontally differentiated products. First, since Cournot
competition was analyzed by Martin and Saracho (2016) and Creane and Miyagiwa
(2008), we adopted Cournot competition. As mentioned earlier, in the field of two-part
tariffs underlying the theory of our model, it is a novelty that we adopt the ad valorem
royalty instead of the per unit royalty. Since quantities are important in the per unit
royalty, we analyze Cournot competition in this research to compare it with previous
research. However, it is also a future research direction to analyze Bertrand competition.

Hence, the model constructed in this study could be developed in future research.

72



Acknowledgments

I would like to express my cordial gratitude to Professor Katsuyoshi Takashima,
Professor Kenji Matsui, and Associate Professor Yusuke Zennyo at Kobe University
for their support and encouragement, helpful and constructive comments on an earlier
version of our paper. I also deeply grateful for invaluable discussion during the various
stages of preparation. Moreover, I would like to express my sincere appreciation to my
supervisor, Professor Katsuyoshi Takashima for providing me this opportunity of
precious theoretical study in the field of marketing. Needless to say, responsibility for

all remaining errors lies with the authors.

Finally—it has been seven years since the Great East Japan Earthquake.

My deepest appreciation goes to my family, for their support, encouragement, and
fight together over the years throughout my academic life for my graduate research.

Furthermore, I would like to express the heartfelt gratitude to all the people who

supported and cheered me.

73



References

Arentze, Theo A., Harmen Oppenwal, and Harry J. P. Timmermans (2005), “A
Multipurpose Shopping Trip Model to Assess Retail Agglomeration Effects”,
Journal of Marketing Research, 42(1), pp.109-115.

Arrow, Kenneth J. (1962), “Economic Welfare and the Allocation of Resources for
Inventions”, in R. R. Nelson (ed.), The Rate and Direction of Inventive Activity,

Princeton: Princeton University Press.

Benjamin, John D., Glenn W. Boyle, and C. F. Sirmans (1990), “Retail Leasing: The
Determinants of Shopping Center Rents”, Real Estate Economics, 18(3), pp.302-
312.

Benjamin, John D., Glenn W. Boyle, and C. F. Sirmans (1992), “Price Discrimination
in Shopping Center Leases”, Journal of Urban Economics, 32(3), pp.299-317.

Brown, S. (1989), “Retail Location Theory: The Legacy of Harold Hotelling”, Journal
of Retailing, 65(4), pp.450-470.

Brown, S. (1992), “Tenant Mix, Tenant Placement, and Shopper Behavior in a Planned

Shopping Centre”, The Services Industries Journal, 12(3), pp.384-403.

Brueckner, Jan K. (1993), “Inter-store Externalities and Space Allocation in Shopping
Centers”, The Journal of Real Estate Finance and Economics, 7(1), pp.5-16.

Chun, Gregory H., Mark J. Eppli, and James D. Shilling (2001), “A Simulation

Analysis of the Relationship between Retail Sales and Shopping Center Rents”,
Journal of Real Estate Research, 21(3), pp.163-186.

74



Chun, Gregory H., Mark J. Eppli, and James D. Shilling (2003), “The Effect of Firm
Characteristics on the Use of Percentage Retail Leases”, The Journal of Real

Estate Finance and Economics, 27(1), pp.25-37.

Colwell, P. F. and H. J. Munneke (1998), “Percentage Lease and the Advantages of
Regional Malls”, Journal of Real Estate Research, 15(3), pp.239-252.

Creane, Anthony and Kaz Miyagiwa (2008), “Information and Disclosure in Strategic
Trade Policy”, Journal of International Economics, 75(1), pp.229-244.

d’Aspremont, Claude, J. Jaskold Gabszewicz, and J. F. Thisse (1979), “On Hotelling’s
‘Stability in Competition’ ”, Econometrica, 47(5), pp.1145-1150.

Des Rosiers, Frangois, Marius Thériault, and U. Ozdilek (2002), “Shopping Centre
Rents and Agglomeration Economies: Preliminary Findings from Empirical

Evidence”, Working Paper, Faculty of Business Administration, Laval University.

Des Rosiers, Francois, Marius Thériault, and Laurent Menetrier (2005), “Spatial Versus
Non-Spatial Determinants of Shopping Center Rents: Modeling Location and
Neighborhood-Related Factors”, Journal of Real Estate Research, 27(3), pp.293-
320.

Ebina, Takeshi, Noriaki Matsushima, and Daisuke Shimizu (2015), “Product
Differentiation and Entry Timing in a Continuous Time Spatial Competition

Model”, European Journal of Operational Research, 247(3), pp.904-913.
Eppli, Mark J. and John D. Benjamin (1994), “The Evolution of Shopping Center

Research: A Review and Analysis”, Journal of Real Estate Research, 9(1), pp.5-
32.

75



Eppli, Mark J. and James D. Shilling (1996), “How Ceritical is a Good Location to a
Regional Shopping Center?”, Journal of Real Estate Research, 12(3), pp.459-468.

Fauli-Oller, Ramon and Joel Sandonis (2002), “Welfare Reducing Licensing”, Games
and Economic Behavior, 41(2), pp.192-205.

Gallini, Nancy T. and R. A. Winter (1985), “Licensing in the Theory of Innovation”,
The RAND Journal of Economics, 16(2), pp. 237-252.

Gao, Ming (2017), “Multi-Seller Membership Pricing”, Available at SSRN.

Gatzlaff, Dean H., G. Stacy Sirmans, and Barry A. Diskin (1994), “The Effect of
Anchor Tenant Loss on Shopping Center Rents”, Journal of Real Estate Research,
9(1), pp.99-110.

Gerbich, Marcus (1998), “Shopping Center Rentals: An Empirical Analysis of the
Retail Tenant Mix”, Journal of Real Estate Research, 15(3), pp.283-296.

Gould, Eric D., B. Peter Pashigian, and Canice J. Prendergast (2005), “Contracts,
Externalities, and Incentives in Shopping Malls”, The Review of Economics and

Statistics, 87(3), pp.411-422.

Grewal, Dhruv R., R. Krishnan, Julie Baker, and Norm Borin (1998), “The Effect of
Store Name, Brand Name and Price Discounts on Consumers’ Evaluations and

Purchase Intentions”, Journal of Retailing, 74(3), pp.331-352.
Griva, Krina and Nikolaos Vettas (2015), “On Two-part Tariff Competition in a

Homogeneous Product Duopoly”, [International Journal of Industrial

Organization, 41, pp.30-41.

76



Grossman, Gene M. and Carl Shapiro (1987), “Dynamic R&D Competition”, The
Economic Journal, 97(386), pp.372-387.

Hardin, William G., Marvin L. Wolverton, and Jon Carr (2002), “An Empirical
Analysis of Community Center Rents”, Journal of Real Estate Research, 23(1-2),
pp.163-178.

Hartzell, David J., David G. Shulman, and Charles H. Wurtzebach (1987), “Refining
the Analysis of Regional Diversification for Income-Producing Real Estate”,

Journal of Real Estate Research, 2(2), pp.85-95.

Heywood, John S., Jianpei Li, and Guangliang Ye (2014), “Per unit vs. Ad valorem
Royalties under Asymmetric Information”, International Journal of Industrial

Organization, 37, pp.38-46.

Ingene, Charles A. and Avijit Ghosh (1990), “Consumer and Producer Behavior in a
Multipurpose Shopping Environment”, Geographic Analysis, 22(1), pp.70-93.

Kamien, Morton I. and Yair Tauman (1986), “Fees versus Royalties and the Private

Value of a Patent”, The Quarterly Journal of Economics, 101(3), pp.471-491.

Kamien, Morton I. and Yair Tauman (2002), “Patent Licensing: The Inside Story”, The
Manchester School, 70(1), pp.7-15.

Katz, Michael L. and Carl Shapiro (1985), “On the Licensing of Innovations”, The
RAND Journal of Economics, 16(4), pp.504-520.

Kirkup, Malcolm and Mohammed Rafiq (1994), “Managing Tenant Mix in New

Shopping Centers”, International Journal of Retail & Distribution Management,

22(6), pp.29-37.

77



Kitagawa, T., Y. Masuda, and M. Umezawa (2014),” Patent Strength and Optimal Two-
Part Tariff Licensing with a Potential Rival”, Economics Letters, 123(2), pp.227-
231.

Konishi, Hideo and Michael T. Sandfort (2003), “Anchor Stores”, Journal of Urban
Economics, 53(3), pp.413-435.

Lancaster, Kelvin (1990), “The Economics of Product Variety: A Survey”, Marketing
Science, 9(3), pp.189-206.

Martin, Marta San and Ana I. Saracho (2010), “Royalty Licensing”, Economics Letters,
107(2), pp.284-287.

Martin, Marta San and Ana 1. Saracho (2015), “Optimal Two-part Tariff Licensing
Mechanisms”, The Manchester School, 83(3), pp.288-306.

Martin, Marta San and Ana I. Saracho (2016), “Patent Strength and Optimal Two-part
Tariff Licensing with a Potential Rival Incorporating Ad valorem Royalties”,

Economics Letters, 143, pp.28-31.

Mazursky, David and Jacob Jacoby (1986), “Exploring the Development of Store
Images”, Journal of Retailing, 62(2), pp.145-165.

Mejia, Luis C., Mark J. Eppli, and John D. Benjamin (2001), “Retail Tenant Rents in a
Market with Shopping Mall Image Differentiation”, Working Paper.

Mejia, Luis C., and John D. Benjamin (2002), “What Do We Know about the

Determinants of Shopping Center Sales? Spatial vs. Non-Spatial Factors”, Journal

of Real Estate Literature, 10(1), pp.1-26.

78



Miceli, Thomas, C. F. Sirmans, and Denise Stake (1998), “Optimal Competition and
Allocation of Space in Shopping Centers”, Journal of Real Estate Research, 16(1),
pp-113-126.

Mukherjee, Arijit and N. Balasubramanian (2001), “Technology Transfer in a
Horizontally Differentiated Product Market”, Research in Economics, 55(3),
pp.257-274.

Niu, Shuai (2013), “The Equivalence of Profit-sharing Licensing and Per-unit Royalty
Licensing”, Economic Modelling, 32, pp.10-14.

Pashigian, B. Peter and Eric D. Gould (1998), “Internalizing Externalities: The Pricing
of Space in Shopping Malls”, The Journal of Law and Economics, 41(1), pp.115-
142.

Ratchford, Brian T. (1990), “Commentary on ‘Marketing Applications of the
Economics of Product Variety’ ”, Marketing Science, 9(3), pp.207-211.

Saggi, Kamal and Nikolaos Vettas (2002), “On Intrabrand and Interbrand Competition:
The Strategic Role of Fees and Royalties”, European Economic Review, 46(1),
pp-189-200.

Shanmugam, Ravi (2013), “Anchor-store Quality in Malls: An Economic Analysis”,
International Journal of Retail & Distribution Management, 41(2), pp.90-112.

Vitorino, Maria Ana (2012), “Empirical Entry Games with Complementarities: An

Application to the Shopping Centre Industry”, Journal of Marketing Research,
49(2), pp-175-191.

79



Wang, X. Henry (1998), “Fee versus Royalty Licensing in a Cournot Duopoly Model”,
Economics Letters, 60(1), pp.55-62.

Wang, X. Henry and Bill Z. Yang (1999), “On Licensing under Bertrand Competition”,
Australian Economic Papers, 38(2), pp.106-119.

Wang, X. Henry (2002), “Fee versus Royalty Licensing in a Differentiated Cournot
Duopoly”, Journal of Economics and Business, 54(2), pp.253-266.

Wheaton, William C. (2000), “Percentage Rent in Retail Leasing: The Alignment of
Landlord-Tenant Interests”, Real Estate Economics, 28(2), pp.185-204.

AEON MALL Co., LTD. (2016), Annual Report.

80



