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Abstract

This thesis investigates the optimal design and implementation of customer incen-
tive programs, including coalition loyalty programs (CLPs) and take-back programs
(TBPs), as tools to enhance customer engagement and build firm competitiveness.
Both program types are intended to shape customer behavior beyond a single trans-

action, thereby generating long-term value for both firms and their customers.

The first study explores CLPs, where firms partner with other brands to offer joint
loyalty initiatives. Despite their increasing popularity, CLPs remain understudied in
comparison to proprietary loyalty programs (PLPs) managed by individual firms.
We investigate CLPs and compare them to PLPs using an analytical framework. In
an infinite time horizon setting, n firms within a CLP offer nondurable products
to a continuum of heterogeneous customers. We analyze the design of CLPs and
show that CLPs can significantly expand the range of market conditions under which
offering reward programs is desirable. That is, firms have incentives to join CLPs
even when PLPs are ineffective since the price discrimination can be executed more
efficiently. The study also reveals the pivotal role of market composition, customer
discounting, and coalition size in the effectiveness of CLPs. In a market with high
heterogeneity in customers’ valuations, larger CLPs are not always preferred, offering
one explanation for the struggles of some CLPs in their expansion. Conversely, in
a market where customer valuations are more homogeneous, the per-firm profit may

increase or decrease monotonically with coalition size, or exhibit a non-monotonic



relationship, indicating the existence of an optimal intermediate coalition size.

The second study examines in-store TBPs, in which firms incentivize customers to
return used products or packaging at retail locations. Although TBPs are increasingly
adopted by environmentally conscious firms, their implementation remains optional
and presents operational and financial challenges. In this study, we investigate the
strategic implementation and economic implications of TBPs in competitive markets
by comparing three scenarios: no TBP implementation, partial TBP implementation,
and full TBP implementation. Customers derive psychological satisfaction from re-
cycling, but also incur hassle costs from the return process. Our analysis reveals that
partial TBP implementation can emerge as an equilibrium. Notably, even asymmet-
ric adoption of TBPs can result in win-win outcomes, allowing firms to differentiate
themselves by appealing to either environmentally conscious or price-sensitive cus-
tomers. This, in turn, enhances overall profitability while advancing sustainability

goals.

Collectively, these studies provide strategic insights into the design and imple-
mentation of customer incentive programs. By uncovering key trade-offs and market
dynamics associated with CLPs and TBPs, this thesis offers actionable guidance for
firms seeking to leverage such programs to remain competitive and responsive to

evolving societal expectations.

Keywords: customer incentive, program design, customer heterogeneity, price

discrimination, profit foci.
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Chapter 1

Introduction

1.1 Research Background

In today’s increasingly competitive and sustainability-conscious marketplace, firms
are turning to innovative customer incentive programs such as coalition loyalty pro-
grams (CLPs) and take-back programs (TBPs) to encourage repeat behavior, foster
customer loyalty, and achieve strategic differentiation. While these programs differ in
form and objectives, they share a core purpose: influencing customer behavior beyond

individual transactions to generate long-term value for both firms and customers.

CLPs involve collaboration among multiple firms, providing customers with the
opportunity to collect and redeem rewards throughout a network of partner brands.
This multi-brand structure accelerates reward redemption and enhances customer
convenience, contributing to the growing popularity of CLPs in industries such as
retail, travel, and dining. However, despite their increasing prevalence, CLPs remain
relatively understudied in contrast to proprietary loyalty programs (PLPs), which are
offered by individual firms. In particular, little is known about how coalition size,
customer heterogeneity, and customer discounting interact with the effectiveness of

CLPs. Key questions about optimal CLP design and the conditions under which
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CLPs outperform PLPs remain largely unanswered.

TBPs, on the other hand, are sustainability-driven initiatives that encourage cus-
tomers to return used products or packaging. These programs support circular econ-
omy practices and have been adopted by prominent retailers such as H&M, Marks
& Spencer, and L’Occitane. By offering TBPs, firms not only encourage green con-
sumption but also boost in-store traffic and reinforce their environmentally responsi-
ble images. However, the implementation of TBPs poses several challenges, including
recycling-related operational costs and the heterogeneity in customer participation
stemming from return hassle sensitivity. Given their relatively limited adoption and
potential strategic implications, a deeper understanding of TBPs in competitive mar-

ket settings is both timely and necessary.

While distinct in operational design, CLPs focus on multi-brand loyalty and TBPs
on incentivized recycling. Both programs engage in strategic reward design to in-
fluence customer decision-making over time. Both face trade-offs between customer
inclusion and exclusion, and require careful incentive design to balance profitabil-
ity and effectiveness. Both CLPs and TBPs influence market dynamics by altering
customer behavior and competitive interactions. CLPs affect how customers per-
ceive the value of rewards across multiple brands, while TBPs shape environmentally
driven purchasing behavior. Moreover, both programs exhibit structural similarities
in how customer heterogeneity impacts program profitability and effectiveness. No-
tably, both studies highlight that customer incentive programs may yield win-win
outcomes for firms and customers, but can also lead to lose-lose outcomes if ineffec-

tively executed.

This thesis aims to deepen the understanding of customer incentive programs
through rigorous analytical modeling. The first study models a CLP with n firms,
each selling a nondurable product to heterogeneous customers in an infinite-horizon
setting. We analyze the design of CLPs and show that CLPs can significantly expand

the range of market conditions under which offering reward programs is desirable.



1.1. Research Background

That is, firms have incentives to join CLPs even when PLPs are ineffective since
the price discrimination can be executed more efficiently. The study also reveals the
pivotal role of market composition, customer discounting, and coalition size in the
effectiveness of CLPs. In a market with high heterogeneity in customers’ valuations,
larger CLPs are not always preferred, offering one explanation for the struggles of
some CLPs in their expansion. In contrast, in a market where customer valuations
are more homogeneous, the per-firm profit may either increase or decrease monoton-
ically in the coalition size n. Additionally, it is possible for the per-firm profit to first
increase and then decrease in n, implying the existence of an optimal intermediate

coalition size n.

The second study investigates the strategic implementation and economic impli-
cations of TBPs in competitive markets. We model in-store TBPs using a standard
circular spatial competition framework, featuring two firms located on a unit circle.
Customers who choose to recycle a used product must physically return the item to
the nearest store, gaining psychological satisfaction from recycling, but also incur-
ring hassle costs associated with the return process. Customers make recycling and
purchasing decisions by maximizing their individual utilities. We compare three sce-
narios: no TBP implementation (NN case), partial TBP implementation (YN case,
which is equivalent to NY case due to symmetry), and full TBP implementation (Y'Y
case). Our findings indicate that all three scenarios can arise as equilibrium outcomes.
Notably, even the asymmetric implementation of TBPs can create a win-win outcome
for competing firms. By differentiating themselves to appeal to either environmen-
tally conscious or price-sensitive customers, firms can enhance overall profitability

while simultaneously advancing sustainability goals.

Through this thesis, we offer practical insights for firms considering the design or
adoption of customer incentive programs. By examining the nuanced trade-offs and
market dynamics associated with CLPs and TBPs, we contribute to a richer under-

standing of how such programs can be leveraged effectively, ensuring they remain
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competitive and responsive to both market and societal changes.

1.2 The Layout of the Thesis

The remainder of the thesis is organized as follows. Chapter [2| develops an analytical
model of CLPs and provides a foundational analysis on comparing the performance
and effectiveness of CLPs with PLPs. Chapter 3| focuses on in-store TBPs. By
comparing firm profits across scenarios of no TBP implementation, partial TBP im-
plementation, and full TBP implementation, we identify the equilibrium outcomes
and the value of TBPs in the competitive markets. Chapter 4| concludes this thesis
and highlights potential avenues for future research. All proofs are provided in the

appendix.



Chapter 2

On the Value of Coalition Loyalty

Programs

2.1 Introduction

Coalition loyalty programs (CLPs) bring multiple firms into a partnership, whereby
customers earn rewards from purchases made at any participating firm and can re-
deem these rewards for future purchases across all coalition partners. The concept
of CLPs is not novel; its roots can be traced to the launch of AAdvantage, the first
frequent flyer program by American Airlines in 1981 (Walsman and Dixon [2020).
In response to rapidly intensifying competition among proprietary loyalty programs
(PLPs), AAdvantage expanded by forming partnerships with hotels and rental car
companies, marking the early stages of CLP development (InsideFlyer|[2006). Since
then, CLPs have gained significant momentum across various industries, including
hospitality, dining, and retail. The recent surge in digital marketing has further fu-
eled their growth. As an example, the Air Miles program in Canada allows customers
to earn or redeem rewards while booking flights or hotels, shopping for groceries,

fueling their cars, or making online purchases. Similarly, the Payback program in-
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cludes partners that enable customers to earn or redeem rewards on travel bookings,
movie tickets, and financial services. In these examples, customers benefit from the

convenience of using a single loyalty card or app that works across multiple brands.

CLPs stand in contrast to PLPs, where customers earn and redeem rewards solely
with a single firm. Compared to PLPs, CLPs offer customers a faster path to earn
and redeem rewards, potentially enhancing customer engagement and boosting sales
for participating firms. It is perhaps not surprising that a customer survey conducted
by Salesforce reveals that 55 percent of customers prefer CLPs over PLPs (Antavo
2024). However, CLPs remain significantly understudied compared to PLPs, which

are the focus of most existing research on customer reward programs.

There is a small strand of research on CLPs, much of which is empirical studies.
However, as pointed out by [Dorotic et al,| (2021), “the empirical work cannot make
causal claims about the impact of joining the partnership relative to not being part
of it (i.e., whether firms should join CLPs and cease sole PLPs).” [Taylor and Dong
(2023) also acknowledge that “estimating the effectiveness of a CLP is challenging
when the network of participating retailers is larger and changes over time”. Addition-
ally, Ngwe et al. (2022) highlight a key limitation, namely, the lack of data available to
firms before joining the program. Even with access to rich data sets, observations are
typically limited to transactions within a specific CLP and to a certain period. These
constraints leave significant gaps in understanding the relative effectiveness of CLPs
compared to PLPs and the trade-offs involved in CLP design. Addressing these gaps
is crucial for business practitioners who are interested in launching or joining a CLP.
Yet, to the best of our knowledge, no analytical studies have thoroughly investigated

these issues.

Although firms typically introduce loyalty programs to increase purchase frequency,
expand basket size, and strengthen customer loyalty, their mixed performance in re-
cent years suggests that many programs have struggled to deliver sustained behavioral

loyalty. For example, the discontinuation of the Plenti loyalty program by American
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Express in 2018 illustrates this broader challenge, after most participating firms, such
as Macy’s, Chili’s, and AT&T, reverted to PLPs (Forbes|2018). Similar difficulties
faced by Aeroplan in Canada (Global News 2017) and Nectar in the UK (Evolve Pol-
itics|2017) further reinforce the concern that loyalty programs often fail to maintain
long-term customer engagement. Consequently, marketers continue to debate the rel-
ative performance of CLPs and PLPs in terms of engaging customers and boosting
profit, which affects firms’ strategic choices between these two types of programs (The

Wise Marketer [2021).

Empirical studies also suggest that many loyalty programs are not particularly
effective in cultivating customer loyalty. For instance, Sharp and Sharp (1997) find no
evidence that reward programs increase customers’ average purchase frequency, while
Liu (2007) indicates that such programs have no significant impact on heavy buyers
regarding purchase frequencies and transaction sizes. These findings indicate that the
primary benefit of loyalty programs may lie in their ability to help firms discriminate
among customers with different valuations and purchasing behaviors, rather than in
enhancing loyalty itself. Supporting this view, Biyalogorsky et al. (2001) show that
loyalty programs can improve profitability even without increasing repeat purchases
by enabling differential pricing, and |Caminal and Claici (2007) demonstrate their
effectiveness in segmenting customers for price discrimination. By optimally designing
the reward programs, firms can extract greater surplus from high-valuation segments
without necessarily increasing purchase frequency. Consequently, the profitability of
loyalty programs may derive more from facilitating price discrimination than from
fostering customer loyalty. Motivated by this perspective, this study abstracts from
loyalty-enhancing effects and focuses exclusively on the price discrimination role of

loyalty programs.

Building on this foundation, we develop an analytical model of CLPs and compare
their performance with PLPs under exogenous customer arrival rates. Specifically,

we investigate the following research questions:
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1. How do CLPs facilitate price discrimination through the optimal design of price,

reward amount, and coalition size?

2. What is the value of CLPs in enabling price discrimination relative to PLPs
and no-reward programs? Under what market conditions do CLPs enable more

effective price discrimination than PLPs?

3. How do factors such as market composition, customer discounting, and coalition

size affect the ability of CLPs to implement price discrimination?

To address this, we consider a CLP comprising n independent firms, each offering
a nondurable product to heterogeneous customers in an infinite-horizon setting. Cus-
tomers differ in their shopping intensity and valuation toward the product, aiming
to maximize their total discounted surplus. The arrival of customers at each firm is
modeled as an independent Poisson process, so the total shopping intensity for the
coalition is the sum of the intensities at each firm. When a customer purchases from
any coalition member without redeeming a reward, she earns a reward that can be
redeemed at any participating firm prior to expiration; otherwise, expired rewards are
forfeited. We assume that the CLP’s objective is to maximize the long-run average

profit rate per firm (hereafter “per-firm profit”).

We begin by analyzing customer purchasing behavior under a given CLP and
demonstrate that a customer will make a purchase from the coalition whenever the
sum of her product valuation and the expected value of the reward exceeds the price.
Building on the customers’ purchase decision problem, we derive the optimal price
and reward decisions to maximize the per-firm profit. Furthermore, we investigate

the performance of CLPs relative to no-reward programs or only offering PLPs.

Our analysis reveals several insights regarding the optimal design and operation of
CLPs. First, an optimally designed CLP excludes low-valuation-infrequent customers;
otherwise, joining the CLP does not improve the profit of participating firms. Second,

a CLP facilitates price discrimination based on customers’ shopping intensity rather
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than their valuation. Third, the coalition size n (i.e., the number of firms in the
coalition) significantly impacts the effectiveness of price discrimination in CLPs. An

improperly sized CLP can perform worse than no-reward programs at all.

Market composition plays a critical role in the effectiveness of CLPs. On the
one hand, as the coalition size n increases, each customer visits the coalition more
often and thus is more likely to make a purchase. This helps reduce the reward
breakage rate and alleviate the effect of customer discounting. On the other hand, this
might also reduce the effectiveness of discriminating against customers based on their
shopping intensity, because both frequent and high-valuation-infrequent customers
purchase intensively when the coalition is large. These countervailing forces drive the
following results as the coalition size increases. In a market with high heterogeneity in
customers’ valuations, expanding a CLP does not necessarily lead to a higher per-firm
profit. Conversely, in a market where customer valuations are more homogeneous,
the per-firm profit may either increase or decrease monotonically in the coalition size
n. Moreover, the per-firm profit may first increase and then decrease in n, implying
the existence of an optimal intermediate coalition size n. These results highlight the

crucial importance of market composition.

To examine the value of CLPs, we first compare them with no-reward programs
(either CLPs or PLPs). We demonstrate that participation in a CLP does not enhance
a firm’s profit when customers’ product valuations are positively correlated with their
shopping intensities. Only when the correlation is negative can a properly designed
CLP benefit the firm. Moreover, under certain conditions, joining a CLP not only
helps a firm boost its profit but also improves the aggregate customer surplus, leading
to a win-win outcome for both the firm and customers. A lose-lose outcome, however,
can also occur when a CLP is inappropriately sized, highlighting the importance of

proper CLP sizing.

We further investigate the performance of CLPs relative to PLPs. Our analysis

shows that CLPs can significantly expand the range of market conditions under which
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offering reward programs (either CLPs or PLPs) is more desirable than not offering
them. A firm’s capability to benefit from reward programs, however, is rather limited
if only PLPs are considered. More importantly, firms have incentives to join CLPs
even when their PLPs are ineffective, providing one explanation for the observed
popularity of CLPs in practice. However, we also show that CLPs can perform worse

than PLPs under certain conditions.

Note that our base model assumes customers’ arrival rates are exogenous and do
not depend on the attractiveness of CLPs. This assumption may be appropriate for
coalitions centered around non-discretionary products and services, where consump-
tion is necessity-driven. However, for discretionary products and services, customer
arrival rates may be influenced by CLP participation. For such a situation, we provide
a comprehensive discussion regarding the impact of endogenous arrival rates on our
main result{!] We find that the profit structure remains the same as the base model
because CLPs still attract frequent and high-valuation-infrequent customers while ex-
cluding low-valuation-infrequent customers. However, the comparison between CLPs
and no-reward programs hinges on the extent of changes in the arrival rates in CLPs.
Furthermore, CLPs can still be used to price discriminate between frequent and infre-
quent customers, although the discrimination power may be weakened under certain

conditions.

It is also worth noting that our base model does not consider point accumulation.
This setup aligns with the practice of The Guestbook, which offers customers up to
15% cash rewards redeemable for a future stay at any participating hotel within 60
days. However, we acknowledge that point accumulation is also common in practice,
and thus, we also discuss how incorporating point accumulation into our model may

affect the main results. We find that point accumulation makes CLPs more attrac-

I'Note that the model does not capture potential changes in customers’ price sensitivity or pur-
chase frequency, possible competition among coalition members, or nonlinear reward structures (e.g.,

tiered memberships) commonly used in practice.

10
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tive and reinforces their advantages over PLPs, because a CLP allows customers to
accumulate points more quickly by shopping across multiple participating brands,
whereas in a PLP, points must be earned through repeated purchases at a single
brand. Although CLPs become more appealing in this context, the negative corre-
lation between valuation and shopping intensity remains a necessary condition for

CLPs to outperform no-reward programs.

Finally, we consider several model extensions to check the robustness of our results.
First, we consider a scenario in which a new reward is allowed to be earned upon
redemption, which affects the reward’s effectiveness at differentiating frequent and
infrequent customers. Second, we consider an extension where customers do not
discount their future surplus and show that there exists a flat region in which the
per-firm profit remains constant. This result implies that whether or not customers
discount their future surplus critically affects CLPs’ design and effectiveness. Third,
we extend our analytical framework to a situation in which customers’ arrival rates

are asymmetric across firms. We show that several key results still hold.

Before proceeding, we note that our model does not consider certain spillover
effects, such as cross-purchase among partner firms in CLPs, which received consider-
able attention in the empirical literature (Lemon and Wangenheim 2009, Schumann
et al. 2014, Stourm and Bradlow 2023). While the literature offers mixed results on
the impact of such spillover effects, we note that many of those effects considered in
the literature strengthen the advantage of CLPs compared with PLPs. One of our
key results is that CLPs tend to perform better than PLPs, explicitly modeling these
effects would further strengthen the positive result. Of course, our model also ignores
elements that may negatively impact CLPs. One such element is the cost of oper-
ating CLPs, which conceivably would be more expensive than operating PLPs, since
operating CLPs requires coordination across firm boundaries. From this perspective,
our results are best viewed as a baseline subject to adjustments based on practical

considerations.

11
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The rest of the study is organized as follows. Section reviews the related
literature on customer reward programs. Section introduces the model setup and
analyzes the customers’ purchase decision problem under a given CLP. Building on
this, Section derives the coalition’s decisions regarding price, reward amount,
and coalition size to maximize the per-firm profit. Moreover, we study how model
parameters influence the effectiveness of CLPs. Section investigates the value of
CLPs by comparing them to no-reward programs or only offering PLPs. Several model

extensions are presented in Section [2.6] Section [2.7] provides concluding remarks.

2.2 Literature Review

Our work is closely related to the research on customer reward programs, much of
which focuses on PLPs offered by individual firms. There is also a growing but mostly

empirical research stream on CLPs.

The design and implementation of reward programs have attracted considerable
interest in marketing and operations management, with particular focus on reward
types (e.g., Kim et al.|2001, Chun and Ovchinnikov |2019, Walsman and Dixon 2020,
Shirai| 2023), referral rewards (e.g., Biyalogorsky et al. 2001, [Kornish and Li 2010,
Wolters et al.|2020), redemption hurdles (e.g., Breugelmans and Liu-Thompkins|2017,
Sun and Zhang 2019, [Liu et al. [2021), and point currencies (e.g., Chun et al. 2020,
Chung et al. 2022, Lim et al. |2024). For instance, Kim et al. (2001) examine the
optimal choice between cash rewards and free products, while Chun and Ovchinnikov
(2019) explore the design of quantity-based, spending-based, and combined rewards.
Kornish and Li (2010) investigate the role of recommendations and determine the
optimal reward amount for referral reward programs. In the context of point reward
programs, (Chun et al.| (2020) examine the optimal policy for adjusting the exchange
rate between cash prices and points, and |Chung et al.| (2022) further investigate the

redemption availability and point requirements. Different from the current paper, the

12



2.2. Literature Review

aforementioned studies focus on PLPs.

Naturally, much of the literature on PLPs investigates the effects of reward pro-
grams on firms and customers, where the comparison baseline is not offering PLPs
(see, e.g., Kim et al.|2004, Singh et al. 2008, Liu and Yang|2009, Caillaud and De Nijs|
2014, |Qiu and Rao 2020, |Kuksov and Zia 2021, Rossi and Chintagunta 2023, Lei et al.

2024). Kim et al. (2004) demonstrate that reward programs can enhance profitabil-

ity by providing the flexibility to adjust capacities in response to fluctuating market

demand. [Singh et al.| (2008) show that a firm offering a reward program can remain

profitable even when a competitor adopts a low-pricing strategy, owing to differenti-

ated market positions. Rossi and Chintagunta (2023) reveal how firms in the gasoline

industry strategically increase prices in later periods of a reward program, follow-
ing an initial period of lower pricing aimed at capturing market share. Overall, the
literature provides many mechanisms through which PLPs can benefit firms. Our
work further shows that CLPs often dominate PLPs by allowing customers to earn
and redeem the reward more frequently, thereby reducing reward breakage rate and

alleviating customer discounting.

The literature presents mixed results on the impact of PLPs on customers (see,
e.g., [Kivetz 2003, [Liu 2007, Kopalle et al. 2012, Wang et al. [2016, Rossi| 2018, [Liu
land Ansari [2020, [Son et al. 2020, |Gopalakrishnan et al. 2021, |Orhun et al.|[2022,
Kadiyala et al|[2024). For instance, [Liu finds that light buyers change their

behavior more than heavy buyers in reward programs regarding purchase frequencies

and transaction sizes. Kopalle et al| (2012) uncover that price-sensitive customers

value frequency rewards, whereas service-sensitive customers prioritize higher reward
tiers. shows that most customers’ purchase behavior is unaffected by
reward points, but a small group of frequent customers is more sensitive to rewards
than price changes. In line with these works, our model explicitly considers customer
heterogeneity in shopping intensity and product valuation and shows that market

composition critically affects the effectiveness of CLPs. Moreover, following the pre-
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vious literature (e.g., Kopalle et al. 2012, Rossi| 2018, |Gopalakrishnan et al. 2021,
Orhun et al. 2022), we incorporate customer discounting to capture the customer

tradeoff between the future surplus and present value.

Our study contributes to the small but growing stream of research on CLPs, much
of which is empirical studies. Few studies analytically examine cross-market dis-
counts. For instance, Gans and King (2006) consider two markets with two competing
firms in each market and demonstrate that coalitions are not more profitable. Building
on this, |Goi¢ et al.| (2011) examine a monopolist selling both groceries and gasoline,
showing that cross-market discounts can increase profits by extracting greater cus-
tomer surplus from the two markets. Similarly, in the context of bundled discounts
of groceries and gasoline, Brito and Vasconcelos (2015) analyze a scenario where the
differentiation with respect to groceries is more vertical than horizontal. They find
that only a coalition of high-quality firms is more profitable in a competitive context.
Expanding the same setting as (Gans and King (2006), |Gardete and Lattin (2018)
introduce customer segments loyal to specific firms and allow for endogenous pricing
and discount decisions. They show that cross-market coalitions unambiguously lead
to increased profits. In contrast to these studies, our work considers a CLP with
n firms and an infinite horizon model, in which customers make repeated purchases
across coalition partners, and a reward can be redeemed in a future purchase across
all participating firms. This unique setup enables us to investigate how coalition
size impacts the performance of CLPs. The studies on CLPs face unique challenges
due to the participation of multiple firms, including potential cross-vendor effects
and ongoing debates regarding their effectiveness compared to PLPs. [Lemon and
Wangenheim (2009) identify a positive cross-buy effect between a firm and a comple-
mentary coalition partner. Schumann et al.| (2014) investigate the negative impact of
a service failure by one coalition partner on customer responses to other firms in the
CLP. |Dorotic et al. (2021) study both cross-purchase effects and the cannibalization

of sales among 33 coalition partners from 16 industry sectors. Additionally, Stourm
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and Bradlow (2023) examine how rewards offered by one firm influence customers’
purchases at other coalition partners, factoring in product category overlap and ge-
ographic distance. Although we do not consider the cross-over effect by assuming n
independent firms, our results imply that the cross-over effect can probably further
enhance the profitability of CLPs. On the other hand, Dorotic et al. (2011) find no
evidence that the joint promotions in CLPs outperform those offered by individual
firms, while Shirai (2023) demonstrates through online experiments that customers
prefer CLPs over PLPs, particularly when a utilitarian-dominant firm offers the pro-
gram. Despite these insights, as noted by [Dorotic et al.| (2021), empirical studies are
often limited in their ability to make causal claims about whether firms should switch
from PLPs to CLPs. This is because even with extensive data sets, observations are
typically confined to transactions within a specific CLP and limited to a given time
frame. Our study addresses this gap by developing an analytical model that com-
pares the performance of CLPs with PLPs. We show that firms have incentives to
join CLPs even when PLPs are ineffective, corroborating the increasing popularity of

CLPs in recent years.

A critical element of our analysis is how the entry of a new partner affects cus-
tomer spending at existing firms within a CLP. This question is examined empirically
in the recent literature. Using difference-in-differences and Bayesian structural time
series approaches, Ngwe et al.| (2022) find that the addition of a new partner ben-
efits pre-existing firms by increasing transactions, basket sizes, and aggregate sales.
Conversely, Taylor and Dong (2023) observe that the individual marginal effects on
customer spending are largely negligible when most coalition partners join or leave.
Our analysis shows that the impact of adding more firms to a CLP depends critically
on the market composition. In a market with high heterogeneity in customers’ valua-
tions, expanding a CLP does not necessarily lead to a higher per-firm profit. However,
in a market where customer valuations are more homogeneous, the per-firm profit may

either increase or decrease monotonically in the coalition size n. Furthermore, the
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per-firm profit may first increase and then decrease in n, implying the existence of an
optimal intermediate coalition size n. Therefore, it is possible to reconcile our results

with the results in the aforementioned papers.

2.3 Model Setup

We consider a CLP with n independent firms, each selling a nondurable product to
a continuum of infinitesimal customers in an infinite-horizon setting. The market
size is normalized to 1, and the product’s marginal cost is set to zero for simplicity.
Time is continuous. Customer arrivals at each firm follow an independent Poisson
process, and we refer to the arrival rate as customers’ shopping intensity. Thus, the
total shopping intensity for a customer visiting firms in the coalition is the sum of the
shopping intensity across all individual firms. Customers are heterogeneous in two
dimensions: product valuation and shopping intensity. Specifically, a fraction « of
customers are high-valuation types with valuation vy, while the remaining fraction
1 — a are low-valuation types with valuation v, < vy. Regarding shopping intensity,
a fraction ( are frequent shoppers with intensity Ap, and the remaining fraction
1 — (8 are infrequent shoppers with intensity A\; < Ag. To account for the correlation
between valuation and shopping intensity, we assume that a fraction v of customers
are high-valuation-frequent (HF) customers. Accordingly, o — « are high-valuation-
infrequent (HI) customers, 8 — 7 are low-valuation-frequent (LF) customers, and
the remaining 1 — o — 5 + v are low-valuation-infrequent (LI) customers. Table [2.1
summarizes these customer segments. The value of v relative to af indicates the
nature of the correlation: v < «f implies a negative correlation, v > «f indicates
a positive correlation, and v = a8 reflects no correlation between product valuation

and shopping intensity.

A CLP is defined by a quartet (p,r, u,n), where p is the price, r is the reward
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Table 2.1: The Four Customer Segments

Ar () Ar(1 - B)
vi(a) HF(v) HI(a — )
vi(l—a) LF(f—v) LI(l1-a-{+7)

amount, u is the expiration rate of the rewards, and n is the coalition size. Price
p is assumed to be constant over time, and size n is an integer. For analytical
tractability, we assume the reward’s expiration time is exponentially distributed with
rate ;Y| Each purchase from any coalition member, provided no existing rewards are
redeemed, grants the customer a reward of value r, which can be redeemed at any
participating firm before it expires. Our model setup is consistent with the practice
of many CLPs. For example, customers booking hotel rooms on The Guestbook
(https://theguestbook.com/) can earn up to 15% cash rewards redeemable for a
future stay at any participating hotel within 60 days. We naturally assume r < p,
meaning the reward cannot exceed the price paid for the product. Additionally, our
model does not incorporate reward accumulation or redemption thresholds, aligning
with the operational practices of programs such as The Guestbook. An investigation
of reward accumulation or the redemption threshold for CLPs is an important topic

that deserves a separate study.

2Here, we do not explicitly model the price competition among firms in the coalition. However,

it can be shown that firms in the coalition have no incentive to deviate from an optimally set price

.
3In practice, reward expiration terms are usually deterministic. Our treatment here uses an

exponentially distributed quantity to approximate a deterministic quantity within a continuous-
time model. Such an approximation is widely adopted in the queuing literature. For example, an
M/M/1 queue is often used to approximate an M/D/1 queue, where a deterministic service time is
approximated by an exponentially distributed service time. An exponentially distributed expiration
date can also reflect customers’ forgetfulness, as there is a certain chance that a customer may forget

to use the reward on any purchase occasion.
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2.3.1 Customers’ Purchase Decision

Customers are heterogeneous in their shopping intensity and product valuation. When
analyzing customers’ purchase decision problem, we consider a generic customer with
product valuation v and shopping intensity A. For brevity, we refer to such a cus-
tomer as a (v, A)-customer. The customer visits the coalition with rate n\ over time.
Our model here implicitly assumes the n firms are symmetric in terms of customers’
product valuation and shopping intensity. We consider an extension with asymmetric
firms in Section [2.6.2. Upon arrival, the customer decides whether or not to make a
purchase. The customer discounts the future surplus with a continuous-time discount
rate 6 > 0. We also consider the case in which customers do not discount the future
surplus (i.e., § = 0) in Section @to investigate the impact of customer discounting

on our results.

The customer’s decision problem can be modeled as a continuous-time infinite-
horizon discounted reward dynamic program. Let i € {0, 1} denote the state, where
i = 0 (1) denotes that the customer does not (does) hold a valid reward when she

visits a firm in the coalition [

Let u(-) denote the value function representing the customer’s maximum total

discounted surplus. The optimality equations are then given by

nA 1
)= ——— — 0 1 ——u(0 2.1
w(l) = s e v - e ) i), (2
nA 1
0)= ——— — 1 0 —u(0). 2.2
w(0) = e {v = e u(),u(0) o+ S ul) (2:2)
In state 1, if the customer arrives before the reward expires (with probability %)

and chooses to make a purchase using the reward, she pays a net price of p— r.ﬂ Upon

4Due to the memoryless property of the exponential distribution, we do not need to track the
time until reward expiration in the continuous-time model; therefore, it is sufficient to use {0,1} to

denote the customer’s state.
5We also consider a scenario in which a new reward is earned upon redemption in Section w
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redeeming the reward, she transitions to state 0, as she cannot earn a new reward
in the same transaction, resulting in a surplus of v — p + r + «(0). If no purchase is
made, she remains in state 1. If the reward expires before her arrival (with probability
m), then she moves to state 0. Similarly, in state 0, if the customer makes a
purchase upon her arrival, she pays the full price p, earns a new reward, and moves
to state 1, yielding a surplus of v — p 4+ u(1); otherwise, she remains in state 0. The

second term on the right-hand side of equation ({2.2)) is a fictitious transition that

returns to state 0[]

By solving the optimality equations, we demonstrate that a customer will always

make a purchase whenever she visits a firm in the coalition if the sum of her product

_onA

valuation v and the expected value of her reward 5 TS ww

—2—7 exceeds price pl Other—
wise, the customer will not remain in the market over the long run and therefore does
not contribute to the per-firm profit. In summary, holding a valid reward in a CLP
increases a customer’s willingness to pay, thereby raising her probability of making a

purchase.

2.4 The Optimal Design of CLPs

Building on the customers’ purchase decision problem, we derive the coalition’s de-
cisions regarding price, reward amount, and coalition size to maximize the per-firm
profit. Because the firms are symmetric, the coalition’s total profit is distributed
equally among all members. In practice, the reward expiration term is often exoge-
nous due to competitive pressure or industry norms. It is also undesirable for a CLP

to adjust the expiration term frequently, which will lead to customer confusion and

SHere, we add the fictitious transition to make the total transition rates in the two states the

same.
“We provide a detailed analysis of the customers’ decision-making process, including explicit

solutions to the optimality equations (2.1)—(2.2) on page [73|in Online Appendix.
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discourage their engagement. Moreover, rewards that expire very quickly may also be
viewed unfavorably by customers, making the adoption of an extremely short expira-
tion term impractical. Overall, the idea of adjusting the reward expiration term as a
CLP grows in size may not be desirable in practice. Therefore, we focus on analyzing

the situation in which the expiration term is exogenous with rate pu.

A CLP will not be sustainable if each firm’s profit in the coalition is lower than
that with no-reward programs. When no-reward programs are adopted, each firm can
implement one of the following two strategies: a full market coverage strategy with

price vy, or a partial market coverage strategy with price vy.

e Full market coverage with price vy: The price is vy, at which all arriving cus-

tomers make a purchase. The per-firm profit is m; = (BAr + (1 — B)A7)vr.

e Partial market coverage with price vgy: The price is vy, at which only high-

valuation customers make a purchase. The per-firm profit is mo = (YAp + (@ —

V)AL vE-

In the following, we first characterize the optimal price, reward amount, and per-
firm profit of the CLP by assuming that the coalition size n is given. We then
determine the optimal size for the coalition. Along the way, we derive a necessary
condition for a firm to participate in the CLP by comparing the per-firm profit under
the CLP with that of no-reward programsf]

Lemma 2.1. A CLP with size n improves the per-firm profit relative to no-reward

programs only if

(@ —7)As (Apu e u)) (20Ap + 1) > BAZS(20A; + ). (2.3)

8We note that it is also possible for each firm to offer a PLP. We compare joining a CLP with
offering a PLP in Section W
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When condition holds, the optimal per-firm profit in the CLP are

n)\p « n)\F
r* _
0+ 2nAp + 1 2nAp + 1

nAp N nAs *)

T BAF(vr + 5+2n)\p+ur 2n>\1+ur

r*) + (= 7)A; (vL +

profit from HF and LF customers profit from HI customers

(2.4)

We highlight three key observations regarding the optimal design of CLPs. First,
an optimally structured CLP excludes LI customers; otherwise, the CLP is less prof-
itable than no-reward programs with a full market coverage strategy and price vy,.
Since the highest effective price (i.e., the price net of the expected value of the re-
ward) that LI customers can afford does not exceed vy, the profit contribution from
each customer segment cannot surpass vy, if LI customers are included. Consequently,
under the optimal CLP, all frequent customers (HF and LF) and HI customers make
purchases, while LI customers do not participate. The profit expression 7*(n) in ([2.4)
reflects this, with the first term representing profit from frequent customers and the

second from HI customers.

Second, the CLP discriminates against customers based on their shopping intensity
rather than their valuation. Customers who shop more frequently have a greater
likelihood of earning and redeeming rewards, resulting in a lower effective price over
time. Both HF and LF customers pay the same effective price in the long run, which

is less than that paid by HI customers.

Third, the CLP should be adopted only when condition (2.3)) holds, which can be

rewritten as

n)\p n/\[
O+2nAp+pu  2nAr+p

n)\F n)\p
0+2nAp+pu  2nAp+p

mF( ) 4 (a— WI( ) >0. (2.5)

The terms on the left-hand side correspond to the coefficients of reward r in the
per-firm profit 7* in (2.4]). Only when this coefficient is positive will the firm have the
incentive to offer reward r; otherwise, r* = 0 and the CLP should not be adopted,

as 7* is less than the profit m earned from the full market coverage with price vy,.

Since +27:3\1; = < 2n7;\>F+u> the first term in (2.4) indicates that the effective price for
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HF and LF customers is below vy, while the effective price for HI customers can
exceed vy. Therefore, for a CLP to outperform no-reward programs, the proportion
of frequent customers § must not be excessively large relative to the proportion of
HI customers o — . This balance is necessary because the CLP must offset the cost
of rewards redeemed by frequent customers with the additional profit generated from

HI customers.

Lemma builds the foundation for us to analyze the optimal sizing for the

coalition. Before moving forward, we define the following critical threshold on size:
( M \/ (a—v)[AFu—Az(Mu)])
_ AF Bartm A JH
- (a—)Dru=2G+w] _ 1)
2M (\/ EEVCEnES Y 1)

Proposition 2.1 (The Optimal Sizing).

the per-firm profit m*(n) does not increase

(6+nAr+p) (6+2nAp+p) vE
(a) When (0+nAp+p)(0+2nA1+p) < oy

monotonically in the coalition size n. In particular, 7" (n) decreases in n when

n 1s sufficiently large.

(b) When Egigi;ﬁ‘:};&fﬁ’t@jg > i under different conditions, the per-firm profit

7 (n) can increase monotonically, decrease monotonically, or first increase and

then decrease in the coalition size n, respectively. Specifically, the profit 7 (n)

increases monotonically in the coalition size n if mg&ﬁgﬁ;ﬁg:}“” < 1; conse-

: (a=)Arp=Ar(0+u)]
quently, larger CLPs lead to a higher per-firm profit. If 1 < G <

(i—f){ the profit m*(n) first increases in n for n < n and then decreases in n;
the optimal size n* = |n| is [n], where |-| and [-] are the floor and ceiling
functions, respectively. Otherwise, the profit 7" (n) decreases monotonically in

the coalition size n; consequently, larger CLPs lead to a lower per-firm profit.

Intuitively, as more firms join the coalition, the likelihood that customers will
redeem their rewards before expiration increases, thereby enhancing customer surplus.

This allows the coalition to extract greater profit from customers by adjusting the
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price p and the reward r. Additionally, a larger coalition size n raises the probability
that customers will visit and make purchases within the coalition, meaning that repeat
purchases occur sooner and rewards are less affected by discounting. Therefore, one

might expect that the per-firm profit increases in the coalition size n.

However, Proposition[2.1]shows that this intuition is not completely correct. Specif-
ically, Proposition (b) shows that the approach of “the more the merrier” works

(= Prp=A1(5+p)] 0 (o= Arp—Ar(6+p)] AR
B (rmA < L Moreover, if SR in s = (57

a CLP actually reduces per-firm profit. The key underlying reason lies in the price

)2, expanding

well only if

discrimination role of the CLP.

Note that the optimal price takes the minimum value between the highest prices
acceptable to HI and LF customers. The optimal reward r is chosen to bring the
two prices as close as possible. Ideally, r is set so that both HI and LF customers
pay their respective highest acceptable prices, achieving perfect price discrimination.
However, in a market with high heterogeneity in customers’ valuations (i.e., vy is

much smaller than vy ), or in a market with high heterogeneity in shopping intensity

(a=NArp—A1(6+up)]
BIAF (0+p)=Arp]

below that for HI customers for any reward r less than price p. This leaves an

< ()‘—F)Q ), the highest acceptable price for LF customers is

(i.e., 3

uncollected surplus from HI customers, implying that price discrimination is carried
out imperfectly. As the coalition size n increases, the highest acceptable price for LF
customers increases faster than that for HI customers, because LF customers visit
the coalition and redeem the reward more frequently, and thus their utility increases
faster than that of HI customers. That is, the gap between the two acceptable prices
shrinks, and the CLP can extract more surplus from HI customers and achieve better
price discrimination. This explains why the profit increases in the coalition size n in

these scenarios.

However, when the coalition becomes sufficiently large, the optimal reward r can
be set so that the effective prices for LF and HI customers are equal, meaning both

customer segments pay their highest acceptable prices and perfect price discrimi-
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nation is realized. As a result, the difference in effective prices between these two
customer segments diminishes, weakening the price discrimination power of the CLP.

Consequently, the per-firm profit decreases as the coalition size n increases.
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Figure 2.1: Coalition’s Optimal Per-firm Profit Across Size n (Parameters

(v, v, Ar, A, @, 8,7, 8) = (1,0.45, 0.1, 0.03, 0.6, 0.2, 0.06, 0.005))

Figure illustrates how the per-firm profit 7* changes with the coalition size n
under different reward expiration rates p. The values of all other parameters are fixed.
Note that when n = 1, a CLP reduces to a PLP. Recall that a larger u corresponds
to a shorter expiration term. Accordingly, the larger the value of u, the stronger the
positive effect of reducing the reward breakage rate as the coalition size n increases.

When p = 0.75, Figure 2.1(a) shows that the per-firm profit keeps increasing in the
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coalition size n for n < 10. Figure 2.1(b) shows that the negative effect of a larger
coalition size n (i.e., eroding the firm’s discrimination power) emerges once n > 7
when p = 0.5. However, the negative effect is mild, and the profit decreases slowly
as the coalition size n keeps increasing. Figure (C) shows that the negative effect
dominates for n > 4 when p = 0.3. Figure [2.1(d) shows that the maximum per-firm
profit is reached at n = 1 when g = 0.1, meaning that forming a CLP is undesirable
compared to offering PLPs. When 1 = 0.1, the expiration term is long enough that
the positive effect of reducing the reward breakage rate cannot fully compensate for

the negative effect of eroding the firms’ price discrimination power, even for a small

CLP.

2.5 The Value of CLPs

In this section, we examine the value of CLPs by comparing them with no-reward
programs (Section and PLPs (Section [2.5.2), in terms of both the firm profit

and customer surplus.

2.5.1 Comparison with No-Reward Programs

Recall that when a firm does not offer a reward program, the full market coverage
strategy with price vy, yields a profit of m = (8Ap + (1 — 8)A;) v, while the partial
market coverage strategy with price vy yields a profit of my = (7/\F + (o — 7)/\I)UH.

Proposition 2.2. By comparing a CLP and no-reward programs, we have the fol-

lowing results:

(a) When customers’ product valuation and shopping intensity are positively corre-
lated, a CLP, regardless of its size, always yields a lower profit for the firm than

no-reward programs.
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(b) The aggregate customer surplus increases when firms switch from a partial mar-
ket coverage strategy with price vy to forming a CLP, while the aggregate cus-
tomer surplus decreases when firms switch from a full market coverage strategy

with price vy to forming a CLP.

Table 2.2: Effective Prices Paid by the Four Customer Segments

No-Reward Programs
CLP
Full Market Coverage | Partial Market Coverage
HF <w L vr, (%2
LF S vy, vy, -
HI | <wvgy v, VH
LI - vy, -

Proposition [2.2(a) states that a negative correlation between customers’ product
valuation and shopping intensity (i.e., v > «af3) is necessary for firms to have the
incentive to join a CLP compared to opting for no-reward programs. ﬂ To understand
the rationale, we need to recall the effective prices paid by each customer segment in
Table 2.2] Relative to a full market coverage strategy at price vy, the coalition can
charge HI customers a higher effective price, though LI customers are excluded from

making purchases. Compared to a partial market coverage strategy with price vy,

9The correlation between customer valuation and shopping intensity has been explored in both
industry surveys and academic research. For instance, a 2017 survey of 1,455 primary household
grocery shoppers in the U.S. found that households with annual incomes above $150,000 (a proxy for
higher customer valuation) tend to shop less frequently, with 60% of this group buying groceries once
a week or less (Source: Statista). Academic studies also support this negative correlation: [Kim and
Rossi| (1994) and |Anslie and Rossi| (1997) report that frequent grocery shoppers are generally more
price-sensitive, while Bell and Lattin| (1998)) find that high-valuation customers prefer infrequent but

well-researched purchases.
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the coalition is able to retain LF customers, but HF customers pay a lower effective
price. As a result, for the CLP to outperform scenarios with no-reward programs, the
HI and LF customer segments must be sufficiently large, which suggests a negative

correlation between product valuation and shopping intensity.

Proposition [2.2|b) discusses the implications of CLPs on customer surplus. Under
the partial market coverage strategy with price vy, only high-valuation customers
purchase, and the aggregate customer surplus is 0, which is less than the aggregate
customer surplus under a CLP. Under a CLP, the effective price paid by HF and
LF customers does not exceed vy, m which means these customers enjoy a greater
surplus compared to the full market coverage strategy with price vy. Conversely,
HI customers in a CLP always pay an effective price above vy, E resulting in a
lower surplus for HI customers. LI customers do not make purchases under the CLP,
so their surplus remains zero, the same as in the full market coverage strategy with
price vy. Proposition (b) reveals that the CLP leads to a lower aggregate customer
surplus than that in the full market coverage strategy with price vy. This is because
the adoption of a CLP requires a small fraction of frequent customers (who redeem
the rewards frequently and thus hurt the firm) and a large fraction of HI customers
(who pay a higher effective price and contribute to the firm’s profit), as indicated
by condition . In this situation, the surplus increment of frequent customers in
the CLP cannot compensate for the surplus loss of HI customers, resulting in a lower

aggregate customer surplus.

Proposition [2.2)indicates that transitioning from no-reward programs to a CLP can

hurt both the firm and customers if there is a positive correlation between product

10T fact, the effective price for LF customers cannot exceed vr; otherwise, they would opt not
to purchase, resulting in lower per-firm profit for the CLP compared to that of no-reward programs

with the partial market coverage strategy.
HThe effective price for HI customers must be above vy ; otherwise, all three segments contribute

no more than vy, making the CLP’s per-firm profit no greater than that of no-reward programs with

the full market coverage strategy.
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valuation and shopping intensity (or negative, but the coalition size is inappropriate),
resulting in a lose-lose outcome. A win-win outcome is possible only when there is
a negative correlation and the coalition size is optimally set. This underscores the
critical role of customer composition in determining the success of CLPs, highlighting
its significance not just for firms, but also for social welfare (i.e., the sum of the firms’

profits and the aggregate customer surplus).

2.5.2 Comparison with PLPs

This section examines the value of joining a CLP compared with offering a PLP.
To facilitate the discussion, let 7, denote the optimal profit of a PLP, and 7*(n*)
denote the CLP’s optimal per-firm profit under the optimally chosen coalition size
n*. Additionally, for a meaningful comparison, we require that the CLP consist of at
least two firms, i.e., n > 2. If not, 7*(n*) will always be (weakly) greater than ,,

since a PLP is simply a CLP with n = 1.

Similar to the condition (2.3) required for the adoption of a CLP, if
(0= DAr (Ap = A6+ 1) ) (20p + 1) > BXFO(2As + o). (2.6)

does not hold, then adopting a PLP is no more profitable than offering no-reward
programs. It can be verified that condition is less stringent than condition ([2.6]).
Therefore, when offering a PLP cannot lead to a higher profit than that of no-reward
programs (i.e., condition is not satisfied), firms still have incentives to join a
CLP to boost their profits. Hereafter, for comparison purposes, we assume that the

conditions stated in (2.3)) and (2.6)) both hold.

The relative performance of a PLP versus a CLP depends on how the CLP’s per-
firm profit changes with coalition size n. If the per-firm profit increases as the size n
expands from 1 to 2, then a CLP with the optimal size n* will perform better than a

PLP. In other words, only when the per-firm profit decreases in the coalition size n

28



2.5. The Value of CLPs

in the very beginning can a PLP outperform a CLP.

By utilizing the results stated in Proposition we derive the following results
in Proposition [2.3]

Proposition 2.3. By comparing a CLP and a PLP, we have the following results:

(O+nAr+p) (+2nAp+p) vE
(a) When ) G2 )~ oL

lead to a higher per-firm profit than a PLP.

an optimally sized CLP does not necessarily

(b) When Egig:\\;ﬂﬁ%ﬁéﬁ\iizg > . a PLP yields a higher per-firm profit than an

optimally sized CLP when either of the following conditions holds:

. (a—7) Arpp—A1(6+p)] AF\2 ~ .
(i) 1< B&F(gﬁﬂ)jAIN}M < (/\—f) and n < 1;

- a=)Arp—Ai (6 . . .
(i) 1< ¢ 5[’;\)1[“(?5#)1)(\[:}”)} < (f\—f)Q, 1 <n<2, and 7*(1) > 7*(2);

(a A Ar (o
i) i > (e

Proposition [2.3|a) shows that a larger coalition does not necessarily benefit the
participating firms. Recall that there may exist two countervailing effects as the
coalition size n increases. On one hand, higher shopping intensity in a CLP leads to
a lower reward breakage rate and less discounting of customer surplus, allowing the
firm to extract more surplus from customers. On the other hand, as the difference in
shopping intensity between frequent and HI customers diminishes, the CLP’s ability
to price discriminate is weakened. If the reward expiration period is long enough
(i.e., o is very small) and the discount rate ¢ is also small, the negative impact may
outweigh the positive, making the PLP potentially more profitable than a CLP of
optimal size. Proposition 2.3(b) characterizes the conditions under which such a
situation arises. Even when the conditions are not satisfied, a CLP may still perform
worse than the PLP if it is not properly sized. Recall that the per-firm profit may
first increase and then decrease in the coalition size n. Therefore, there may be a

threshold n’ such that when n > n/; the per-firm profit under the CLP, 7*(n), falls
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below that of the PLP, 7,. This again highlights the critical role of coalition size in

determining the effectiveness of CLPs.

As expected, PLPs and CLPs generate the same social welfare, since all customer
segments except LI customers make purchases under both programs. Consequently,

higher profits in each program are offset by lower customer surplus, and vice versa.

These findings provide useful guidelines for managers to understand and design
reward programs. First, CLPs can significantly expand the range of market condi-
tions under which offering reward programs is more desirable than not offering them.
Firms’ capability to benefit from reward programs is rather limited if only PLPs are
considered. There exists a broad range of parameter space in which PLPs cannot
improve a firm’s profit, but CLPs can. This is because binding different participating
firms together through the CLP helps reduce the reward breakage rate and alleviate
customer discounting. The effectiveness of CLPs is evident in the case of Sainsbury’s
(Sky News [2023). Struggling with its PLP, Sainsbury’s Rewards (which faces dif-
ficulty competing with Tesco’s Clubcard and other more versatile programs in the
UK market), Sainsbury’s made a strategic shift to join the Nectar program, which
includes a wide range of partners such as British Airways, eBay, and Esso. This move
not only broadens the appeal of their loyalty offerings but also leverages the collec-
tive strength of multiple brands, creating a more compelling value proposition and
enhancing profitability. Second, the market composition and the sizing decision for
CLPs are crucial for their success. In particular, larger CLPs are not necessarily pre-
ferred. Third, reward programs are most effective when the customer heterogeneity
in product valuation is moderate. Otherwise, pricing alone is sufficient to extract the
most value from the market. For example, when the variation in customers’ product
valuation is sufficiently small (i.e., vy, is very close to vy), pricing at vy, can bring the
firm a higher profit than adopting reward programs. Likewise, when the variation in
customers’ product valuation is sufficiently large (i.e., vy, is very small), pricing at vy

is more effective. Last but not least, reward programs benefit from heterogeneity in
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customers’ shopping intensity. As expected, reward programs help firms discriminate
against customers based on their shopping intensity. Consider an extreme situation
where A\; = Ap, under which there is no customer heterogeneity in shopping inten-
sity. Then, the reward programs lose their price discrimination capability and are not

profitable.

2.6 Model Extensions

In this section, we consider three extensions of the base model to check the robustness
of our results. Section [2.6.1 considers a scenario in which a new reward is allowed
to be earned upon redemption. Section [2.6.2 extends the base model to asymmetric
firms. Section [2.6.3 considers the situation in which customers do not discount the

future surplus.

2.6.1 A New Reward is Earned upon Redemption

In the base model, customers cannot earn a reward upon redemption. In this section,
we assume that customers are allowed to earn a new reward with each purchase, even

when they redeem an existing reward. The optimality equations are given by

nA 14
u(1) = 5y {o=ptr+u)um}+ s e (MM X
u(0) = % max {v — p+u(1),u(0) } + %um). (2.8)

Following a similar analysis as in the base model, we first derive the customer’s
optimal purchasing decision and then analyze the coalition’s pricing and reward de-
cisions. The detailed analysis is relegated to the appendix. We find that the general

structure of the optimal price, reward, and per-firm profit closely resembles that of
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the base model. More importantly, the comparison between CLPs and no-reward
programs yields the same result as in the base model, demonstrating the robustness
of our result in Proposition Before moving forward, we note that the two ratios
’f\—f and Z—’L{ measure the degree of customer heterogeneity in shopping intensity and
product valuation, respectively. When ’;—f > ’\A—‘j, the valuation heterogeneity is more
pronounced, and accordingly, we call the market a wvaluation-driven (VD) market;

otherwise, we call the market an intensity-driven (ID) market.

Proposition 2.4. Suppose that customers are allowed to earn a new reward during

the redemption of an existing one.

(a) In a VD Market, the profit T increases in the coalition size n. That is, larger

CLPs lead to a higher per-firm profit.

(b) In an ID Market, the profit ™ increases monotonically in the coalition size n
if T < 1; consequently, larger CLPs lead to a higher per-firm profit. Otherwise,
the profit ™ first increases in n for n < n and then decreases in n; the optimal
size n* = |n| or [n], where |-] and [-| are the floor and ceiling functions,

respectively.@

Unlike Proposition (a), which suggests that a larger coalition does not neces-
sarily benefit the participating firms, Proposition (a) reveals that, when a new
reward is allowed to be earned upon redemption, a larger CLP is always preferred
in a VD market. The left of Figure 2.2(a)-(b) shows that profit decreases when n
is sufficiently large in the base model, while the right panel illustrates that profit
increases with size n in the VD market in the new setting. In particular, the left
panel of Figure (b) indicates that the PLP can outperform the CLP, which is not
possible in the VD market in the new setting. Proposition (b) aligns with Propo-
sition [2.3|(b): an optimally sized CLP can lead to a higher per-firm profit than a PLP

12Please refer to the detailed expressions of T and # in the Proof of Propositionin the appendix.
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in many cases, but there do exist conditions under which a PLP yields a higher profit
than an optimally sized CLP. One difference is that the optimal coalition size is larger
in the new setting. For instance, the optimal coalition size in this context is 8 (see
the right panel of Figure ), compared to 4 in the base model (see the left panel of
Figure ) This suggests that the optimal coalition size tends to be larger in the

ID market compared to the base model.
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Figure 2.2: Coalition’s Optimal Per-firm Profit Across Size n. The left panel illus-
trates the scenario in the base model, while the right panel depicts the situation

where a new reward is earned upon redemption (Parameters (vy, Ap, A, a, 5,7) =

(1.6,0.1,0.03,0.6,0.2,0.06))
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In the new setting, the reward is more effective at differentiating frequent and
infrequent customers since rewards can be applied to every purchase. This allows the
CLP greater capacity to differentiate the two customer groups, meaning that only
a sufficiently large n can diminish the CLP’s differentiation power. In contrast, the
reward in the base model is less effective at differentiating customers, as the fraction
of purchases using a reward cannot exceed % Consequently, the new setting provides
a relatively greater capacity for the CLP to differentiate the two customer groups,
under which the negative effect of a larger coalition size n (i.e., eroding the coalition’s
discrimination power) emerges more slowly. This explains why profit cannot decrease

in Proposition [2.4|a) and why the optimal coalition size is larger in Proposition[2.4(b).

2.6.2 Asymmetric Firms

The firms in the base model are assumed to be symmetric in terms of customers’
product valuation and shopping intensity in the interest of analytical tractability. We
now relax this assumption to check the robustness of our main results. Regardless of
whether the firms are symmetric, as more firms join the coalition, each customer visits
the coalition more frequently. This leads to the positive effect of reducing the reward
breakage rate and alleviating customer discounting. In the meantime, both frequent
and infrequent customers have more opportunities to redeem earned rewards in a
larger CLP, weakening the power of shopping-intensity-based price discrimination.
These effects persist even if firms are asymmetric. Therefore, we expect our main

results to hold qualitatively even when firms are asymmetric.

To illustrate this point in a concrete setting, consider a CLP consisting of two
independent firms (firms 1 and 2) with asymmetric shopping intensities. In particular,
we assume that frequent and infrequent customers visit firm ¢ with shopping intensity
n;Ar and n; A\, respectively, where i = 1,2 and n; # no are two positive integers. We

find that for such a CLP, the total profit is equal to that of a CLP with n; 4+ no
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symmetric firms, where frequent and infrequent customers’ shopping intensities for

each symmetric firm are \p and Ay, respectively, as in the base model. The following

proposition summarizes this result.

Proposition 2.5. The total profit of a CLP consisting of the above two asymmetric
firms 1 and 2 is equal to that of a CLP with nq + ny symmetric firms in the base

model.
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(1,0.45,0.1,0.03,0.6,0.2,0.06,0.3,0.005,1, 1,2, 3,3))

Proposition can be easily extended to a setting with M (M > 2) asymmet-
ric firms. Then, the results of the base model can be applied to examine the value
of CLPs in this asymmetric setting. Here, we define the coalition’s average profit
as the coalition’s total profit divided by Zf\il ni. Consider an example with five
asymmetric firms where (nq,n9,n3,n4,n5) = (1,1,2,3,3), and the other parameters
have the same value as those in Figure (C) The relationship between the average

profit and size can be derived from Figure (C) For ease of comparison, we replicate

13We acknowledge that the profit allocation among asymmetric firms is an interesting but non-

trivial topic, which apparently deserves a separate study.
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Figure [2.1](c) in Figure 2.3|a). Figure [2.3(b) depicts how the average profit changes

as the five asymmetric firms join the CLP sequentially from firm 1 to firm 5. Un-
surprisingly, a closer look at Figures [2.3|a) and (b) reveals that the average profit of
the asymmetric CLP with M = 2 (3,4, 5) equals the per-firm profit of the symmetric
CLP with n = Zf\il n; = 2 (4,7,10). In Figure (b), the CLP comprising firms
1 and 2 achieves a higher average profit than both PLPs and no-reward programs.
However, when firm 3 joins the CLP, the average profit drops below that of no-reward
programs, although it remains higher than that of PLPs. When firm 4 joins, the CLP
is outperformed by both no-reward programs and PLPs. This figure illustrates that
while an optimally designed CLP can surpass the performance of PLPs and no-reward
programs, a non-optimally designed CLP may end up performing worse than both.
It confirms that the main driving forces in our base model continue to carry over;

thus, the main results continue to be valid in an asymmetric setting.

2.6.3 No Customer Discounting

In the base model, customers discount the future surplus with rate 6 > 0. To examine
the impact of customer discounting on the value of CLPs, this section analyzes the
scenario where customers do not discount future surplus (6 = 0), aiming to maximize
the long-run average customer surplus. The decision problem for a generic (v, \)-
customer can be formulated as an infinite-horizon average-reward dynamic program.
Let g* denote the optimal average customer surplus and h(:) represent the bias func-

tion. The optimality equations are given by

g+ h(1) = M”iu max {v—p+r +h(0).h(1)} + o), )
G+ h(0) = M”i —max {v=p b0 HO} + —h(0) (2.10)

Following a similar approach to that for the base model, we first solve the cus-

tomer’s purchase decision problem and then analyze the coalition’s pricing and reward
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decisions@ The following proposition mirrors the result in Proposition .

Proposition 2.6. Suppose that customers do not discount the future surplus. For

any fized coalition size n, the optimal price, reward amount, and per-firm profit in

the CLP are, respectively,

n)\p
— 7T
2nAp + 1

*
Y

pr=uvr+

. , {(UH—UL)(Zn)\F+u)(2n/\I+u) L+ 2nAp }
T = min ) UL (5
n,u()\p —)\1) u—l—n)\F

™ = BApvr + (@ — )\ min {UH, E;Zij:/ﬁ)(?;‘; i Z; UL}- (2.11)

Moreover, if A > 0 and ny > 0, the per-firm profit m* first increases in the coalition
size n for n < ny and remains a constant for ny < n < ng and then decreases in the

coalition size n for n > nZEL if A > 0,ny <0 or A <0, the per-firm profit ™ first

) . . . L .
increases in the coalition size n when n < Tho and then decreases in n.
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Figure 2.4: Coalition’s Optimal Per-firm Profit Across Size n without Customer Dis-
counting (Parameters (vg, Ap, A1, o, 8,7, 1) = (1,0.1,0.03,0.6,0.2,0.06,0.5))

14Please refer to the details on page @ in the appendix.

15For detailed expressions of the thresholds A, n;, and ng, please see the proof of Proposition
in the appendix.

37



Chapter 2. On the Value of Coalition Loyalty Programs

Proposition shows that when customers do not discount the future surplus,
there exists a flat region (i.e., the per-firm profit remains constant) when 5 < n < 9, as
illustrated by Figure[2.4{b). This is in sharp contrast to that when customers discount

the further surplus, in which the per-firm profit never flattens out (see Proposition

and Figure .

To understand why the per-firm profit without customer discounting exists in a

n\

snxi (without discounting) and — A (with

S+2nA+pu
discounting). According to a customer’s profit contribution stated in (A2]), the first

flat region, we consider two terms:

term represents the probability of a customer redeeming the reward before expiration.

n\

s due to the rewards offered
NA+1

Accordingly, the expected firm profit is reduced by

to customers. However, the expected value of the reward to a generic customer is

r rather than —22

TL)\ . . .
G ww S due to customer discounting. Hence, the highest accept-

able price to a generic customer is v + %r, and the effective price paid by her is

nA . nA : : nAp _ _mAp
(el ward s e One can verify that the difference between T T IoeTh
niy ni\r

and decreases in the coalition size n when n becomes sufficiently

S+2nAr+u 2nArtp
large. It implies that the CLP’s price discrimination power decreases when the coali-
tion size n exceeds a certain threshold. This explains why the firm’s profit may only
decrease in size n when n exceeds a threshold, when customers discount the future
surplus. In contrast, without customer discounting, there is no discrepancy between
the expected firm profit deduction and the expected value of the reward to the cus-
tomer. Thus, the effective price paid by a generic customer is simply v. A closer
look at the optimal per-firm profit 7* in shows that, when customers do not

discount, the CLP enables the firm to collect the maximum profit from frequent cus-

tomers, whose highest acceptable effective price is vy,. The firm charges an effective

2nAp+p) (RAT+1)

price min {UH, (@i ) (nAp +M)?}L} to HI customers, which increases until it reaches

the maximum vy (the highest effective price acceptable to HI customers) and thus

creates a flat region.

This result reveals the critical impact of customer discounting on a CLP’s sizing
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decision and its effectiveness. Without customer discounting, the sizing decision could
be taken without worrying about the immediate erosion of price discrimination power
across a broader range. In contrast, in the presence of customer discounting, a larger-
sized CLP may have a weaker price discrimination power, leading to an earlier decline

in per-firm profit.

2.7 Discussion

CLPs have witnessed considerable growth in recent years, yet there remains a signif-
icant gap in research that thoroughly explains the drivers behind their widespread
adoption. Much of the research on customer reward programs focuses on PLPs, with
a growing but primarily empirical body of work on CLPs. Our study advances the
field by offering an analytical framework. Rather than merely supplementing exist-
ing empirical findings, we provide a rigorous theoretical analysis that deepens our
understanding of CLPs. Moreover, there is a lack of clear understanding among mar-
keters regarding the relative merit of CLPs and PLPs in terms of boosting profit and
engaging customers, which hinders their ability to choose between the two types of
programs. In this work, we examine the value of CLPs and compare them to PLPs
and no-reward programs (either CLPs or PLPs). We show that firms often have in-
centives to join CLPs even when PLPs are ineffective, corroborating the increasing
popularity of CLPs in recent years. Under certain conditions, joining a CLP not only
helps a firm boost its profit but also improves the aggregate customer surplus, leading
to a win-win outcome for both the firm and its customers. A lose-lose outcome, how-
ever, can also occur when a CLP is inappropriately designed. To our knowledge, we
are the first to build an analytical model to examine the popularity and value of CLPs
compared to PLPs. Our work sheds light on the rationale for adopting CLPs and

provides useful guidelines for their optimal design and implementation in practice.
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Chapter 3

On the Value of In-Store

Take-Back Programs

3.1 Introduction

In response to the growing environmental awareness among customers, many firms are
incorporating sustainability into their business strategies by incentivizing customers
to return used products or packaging. One widely adopted initiative is the take-back
program (TBP), in which firms offer rewards to customers for returning end-of-life
items. These programs aim to support circular economy practices by facilitating

responsible product disposal and encouraging sustainable customer behavior.

Leading retailers such as H&M, Marks & Spencer, and L’Occitane have instituted
TBPs that encourage customers to return unwanted clothes, cosmetic containers,
and other packaging materials directly to the nearest store. These initiatives not
only foster recycling participation but also reinforce the brand image as environ-
mentally responsible. For instance, H&M’s Garment Collecting program encourages
customers to return unwanted clothes, which are then sorted for reuse, recycling into

new garments, or industrial downcycling (H&M) 2025). Similarly, Marks & Spencer’s

40



3.1. Introduction

Shwopping initiative invites customers to drop off used clothing regardless of brand
at the Shwop box in M&S clothing stores. The returned items are sorted for resale,
reuse, or recycling. Besides, L’Occitane offers an in-store TBP that allows customers
to return cleaned and dried beauty empties, including those from other brands, to col-
lection bins located in its retail stores. The returned packaging is then processed and
recycled into new materials, reinforcing the brand’s commitment to sustainability and
responsible consumption. By making recycling easy and rewarding, L’Occitane ap-
peals to environmentally conscious customers and promotes sustainable consumption

patterns.

Figure 3.1: H&M'’s In-Store Take-Back Program

Despite the prevalence of such programs, the adoption and implementation of
TBPs as a standard business practice remains optional for many firms worldwide. In

countries like the UK, many firms still do not participate in recycling initiatives (EU

Business School 2021). This inconsistency is partly due to the operational challenges
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and financial burdens associated with recycling, including collection, transportation,
storage, and processing costs. However, as recycling volumes increase, firms can
benefit from economies of scale, reducing the total recycling costs. Moreover, these
costs can be offset by the potential revenue from the recycled units. For example,
recycled units can be resold, transformed into raw materials for new products, or
used in industrial applications. Hence, while recycling entails upfront costs, revenue
generation and potential economies of scale contribute to the long-term financial

sustainability of recycling efforts.

This study focuses on in-store TBPs, where returns must be made physically at
firm-operated locations. This TBP encourages customers to visit stores and thus
does not include a mailing component. We examine the strategic implementation
and economic implications of TBPs in competitive markets, addressing the following

research questions:

1. How do customers make recycling and purchasing decisions?
2. What are the optimal pricing strategies for competing firms?

3. What is the optimal TBP implementation strategy?

To answer these questions, we model in-store TBPs using a standard circular spa-
tial competition framework, with two firms located on a unit circle. Customers who
choose to recycle a used product must physically return the item to the store, gain-
ing psychological satisfaction from recycling but also incurring hassle costs associated
with the return process. Customers make both recycling and purchasing decisions by

maximizing their individual utilities.

We compare three scenarios: no TBP implementation (NN case, where neither
firm adopts TBPs), partial TBP implementation (YN case, which is equivalent to the
NY case due to symmetry, where only one firm implements a universal TBP), and

full TBP implementation (Y'Y case, where both firms adopt TBPs). Our findings

42



3.1. Introduction

indicate that all three scenarios can emerge as equilibrium outcomes. Notably, even
asymmetric implementation of TBPs can lead to win-win outcomes for competing
firms. By differentiating themselves to appeal to either environmentally conscious or
price-sensitive customers, firms can enhance overall profitability while simultaneously

advancing sustainability goals.

We begin by deriving the equilibrium results for each scenario using backward
induction. First, we analyze customer recycling and purchasing decisions by char-
acterizing their utility-maximizing behavior and determining the resulting market
segmentation. Next, we determine the optimal pricing decisions and firm profits. Fi-
nally, we identify the conditions under which both firms have incentives to choose no

TBP implementation, partial TBP implementation, or full TBP implementation.

Our key findings are as follows. First, all three TBP implementation strategies
can arise as equilibrium outcomes. Second, customer segmentation is driven by the
interplay between the recycling inclination effect (measured by customer sensitivity
to the return hassle cost) and the recycling economic effect (measured by the net unit
cost or benefit of processing returned items). When hassle sensitivity is low, all cus-
tomers choose to recycle. As sensitivity increases, however, some customers perceive
recycling as burdensome. Customers begin to split between the recycling decisions
depending on their location and the incentives offered. Third, even with asymmet-
ric TBP implementation, both firms can achieve a win-win outcome by facilitating
strategic market segmentation. Firms can differentiate themselves by targeting en-
vironmentally conscious or price-sensitive customers, thereby enhancing overall prof-

itability and advancing sustainability goals.

The remainder of this study proceeds as follows. Section provides an overview
of the relevant literature on TBPs and environmentally conscious customers. Sec-
tion introduces the sequence of events, focusing on the partial TBP implementa-
tion scenario, with all relevant modeling, customer decision-making process, and firm

pricing strategy analysis. In Section [3.4] we introduce the no TBP implementation
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scenario as a benchmark to identify the possible win-win region. We also analyze the
full TBP implementation scenario, enabling a comparative analysis across all three
scenarios to derive the equilibrium implications of TBPs and highlight the value of
TBPs. In Section [3.5] we summarize this study and explore potential avenues for

future research in this area.

3.2 Literature Review

Our study is related to the research on TBPs and environmentally conscious cus-
tomers. Section |3.2.1 provides an overview of TBPs and the role of recycling regula-
tions in shaping recycling initiatives. Section |3.2.2 explores research on environmen-

tally conscious customer behavior and their decision-making process.

3.2.1 Literature on Take-Back Programs

Recent operations management studies with a similar emphasis on TBPs have ex-
plored several important topics, including: (i) The impact of recycling cost structures
and competition on the efficiency of TBPs; (ii) The cost allocation mechanisms among
stakeholders involved in TBPs; and (iii) The effects of TBPs on sustainable product

design and innovation.

Prior research has explored various aspects of TBP operations and their impact
on stakeholders, including manufacturers, recyclers, and customers. For instance,
Toyasaki et al. (2011) compare the competitive and monopolistic take-back schemes,
examining the role of recycling fees set by contracted recyclers or non-profit collec-
tion organizations. Their findings reveal a win-win situation for all stakeholders and
emphasize the value of recycler consolidation due to the scale economies. In their
seminal work, |Atasu and VanWassenhove| (2012) provide a comprehensive framework

of TBPs, highlighting the critical interplay between policy choices, producer opera-
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tional choices, and economic impacts on different stakeholders. They offer insights
drawn from diverse industries and identify practical research needs to optimize TBP
efficiency. |Atasu et al. (2013) further explore the distinctions between manufacturer-
operated TBP (where manufacturers are responsible for collection, recycling, and
related costs) and state-operated TBP (where the state collects funds from manufac-
turers to oversee collection and recycling activities). They show the misaligned incen-
tives between the welfare-maximizing tax model and the benefits of manufacturers,
customers, and the environment. (Tian et al.| (2019) address product heterogeneity and
(dis)economies of scale in multiproduct markets, analyzing stable recycling structures
under various models, including all-inclusive, market-based, firm-based, and product-
based structures, and their suitability for different market contexts. Our work con-
tributes to this branch of literature by examining how recycling cost structures and

market competition affect the efficiency of TBPs.

The allocation of recycling costs has become a focal point of research, particu-
larly in light of Extended Producer Responsibility (EPR) legislation. Scholars have
investigated strategies to enhance the efficiency and distribution of recycling costs
within cooperative networks, aiming to improve both environmental sustainability
and operational performance. |Gui et al. (2016) refine recycling cost allocation mech-
anisms within a cooperative collection and recycling network. Their work aims to
enhance the efficacy of collective EPR legislation by streamlining the distribution of
recycling costs among stakeholders. This approach seeks to improve the overall per-
formance of TBPs while balancing the economic interests of producers, recyclers, and
customers. Building on this foundation, (Gui et al. (2018) integrate non-cooperative
design decision-making with a cooperative recycling network framework. They pro-
vide further insights into recycling cost allocation mechanisms, placing particular em-
phasis on product design incentives and group incentive compatibility. While much of
the existing research has focused on cooperative networks, there remains a gap in the

exploration of retailer-operated TBPs, where the primary interaction occurs directly
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between the retailer and the customer. In such cases, the retailer typically takes on
responsibility for the collection and management of returned products, which in turn

influences its strategic decisions and those of its competitors.

In recent years, researchers have increasingly emphasized the complex relationship
between product design, including attributes such as durability and recyclability, and
the implementation of TBPs. Huang et al. (2019) examine the balance between prod-
uct durability and recyclability in the design process, demonstrating that strict EPR
legislative requirements can lead to reductions in either durability or recyclability
when these attributes are in conflict. Similarly, Alev et al. (2020) analyze the effects
of stringent legislative targets on durable goods, particularly within the context of
producers’ secondary markets. They reveal that these targets tend to focus on durable
products rather than nondurable ones, given the potential for product lifespan ex-
tension through secondary markets. While these studies shed light on the influence
of TBPs on sustainable product design and innovation, our research adopts a more
targeted approach by examining the firms’ optimal TBP implementation strategies
and pricing decisions to maximize the value of a TBP in a competitive business en-

vironment.

3.2.2 Literature on Green Customers

Customers’ environmental consciousness significantly influences their decision-making
process, making it a primary focus for customer-oriented businesses (Yang and Thggersen
2022). A growing body of operations management research examines how the presence
of green (or environmentally conscious) customers affects product pricing and mar-
keting strategies. For instance, (Chen| (2001) reveals that green customers are willing
to pay a premium for products with positive environmental attributes. |Agrawal et al.
(2012) compare customers’ willingness to pay for new products with their willing-

ness to pay for old (off-lease or used) products, revealing key differences in perceived
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value. Similarly, Sheu and Li| (2014) explore how customers’ green attitudes towards
green-service value affect their willingness to pay for environmentally conscious trans-

portation services offered by airlines.

Other studies emphasize customer heterogeneity in environmental preferences.
Atasu et al. (2008) identify the marketing potential of green customers for remanufac-
turers, acknowledging the presence of a secondary market segment of customers who
do not discount remanufactured products, while |Shi et al.| (2020) find that customers
generally have a lower willingness to pay for remanufactured products compared to
new ones. |Guo et al. (2016) investigate a heterogeneous customer population, includ-
ing individuals who are willing to pay for social responsibility initiatives and those
who are not. The diversity of customers’ sustainability concerns has also been em-
pirically validated, as supported by Bhattacharya and Sen (2004) and |Galbreth and
Ghosh (2013). Yang and Chen (2018) examine how different retail contracts impact
manufacturers’ carbon reduction efforts and profitability under carbon taxation and
varying degrees of customer environmental awareness. Similarly, (Guo et al. (2023)
categorize customers into ordinary and green segments when studying customer be-

havior in express packaging recycling.

Building on these works, we integrate both the psychological benefits and the
perceived hassle cost of returning used products into customers’ utility functions.
While most prior studies focus on one-dimensional customer heterogeneity and assume
symmetric competition, we introduce an asymmetric setting in which only one firm
adopts a TBP. This allows us to capture the competitive dynamics that emerge when
firms strategically respond to heterogeneous customer inclinations for sustainability

and the operational costs associated with recycling initiatives.
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3.3 Model Setup

We begin our analysis of in-store TBPs using a standard circular spatial competition
framework (Salop [1979), featuring two firms located on a unit circle. Specifically,
Firm A is located at x4 = 0 and Firm B is located at x5 = % This framework effec-
tively captures horizontal differentiation in retail markets. We abstract from vertical
differentiation and focus on a setting where both firms sell non-durable products that
are symmetric in terms of product Valuation For simplicity, we set the marginal

production cost for both firms to zero.

3.3.1 Sequence of Events

Figure outlines the sequence of events. In Stage 1, the two firms choose among
three TBP implementation options: No TBP Implementation, Partial TBP Imple-
mentation, and Full TBP Implementation. In Stage 2, we determine the equilibrium
prices, demands, and profits corresponding to each TBP scenario. Drawing upon prior
literature (e.g., [Huang et al. (2001), Agrawal et al. (2012), and |Alev et al. (2020)), we
assume both firms commit to stationary strategies and thus focus on the steady-state
version of the problem. In each period, both firms simultaneously set their product
prices p; > 0, where j € {A, B}, aiming to maximize their average per-period profits.
Given the possible recycled option and the prices set by both firms, customers then
decide whether to return their used product and from which firm to purchase a new

one.

16The assumption of symmetric product valuation is widely adopted in the literature, e.g., Gal-
breth and Ghosh| (2013), |(Chen and Guo| (2014]), [Li| (2021)), |Sharma and Mehra (2021)), Kim et al.
(2025), and facilitates analytical tractability.
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Stage 1: The Two Firms’ Proposals on the Implementation of TBPs

A

a]
Firm B Firm B Firm B
No TBP implementation Partial TBP implementation Full TBP implementation
(NN Case) (YN Case) (YY Case)

Stage 2: Firms’ Pricing Strategies and Customers’ Recycle and Purchase Decisions

Firms: Customers:
* Set py, pp simutanenouly *  Whether to return used products to the nearest firm offering a TBP ?
* Purchase from Firm A or B?

Figure 3.2: Sequence of Events

3.3.2 Analysis of Partial TBP Implementation

We first investigate the YN Case in which Firm A implements a universal TBP,
while Firm B does not. This asymmetry mirrors common industry practice, where
only a subset of firms adopt recycling initiatives. By examining this setting, we
aim to capture not only the direct impact of the TBP on the implementing firm
but also its competitive spillover effects on the rival. Firm A’s TBP is universal in
the sense that it accepts any used products made of the same recyclable material,
including those originally sold by Firm B. As a result, customers’ recycling decisions
are independent of their previous purchase choices. This assumption is consistent
with observed practice and ensures that recycling behavior is primarily driven by

incentive structures rather than brand loyalty.
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3.3.2.1 Customers’ Decision Problem

Customers are uniformly distributed along a circle with a circumference of 1. Each
customer is indexed by her location x € [0, 1]. Owing to the symmetry of the spatial
model, we focus without loss of generality on customers located in the segment x €
[0, 2] for the subsequent analysis. Customers derive the value v from consuming either
firm’s product, with vy = vg = v, where v > 0 ensures positive net utility and market

participation.m

Customers who choose to recycle a used product at Firm A must physically return
the item to the store. On one hand, these customers receive intrinsic psychological
satisfaction from engaging in environmentally responsible behavior, which we model
as a fixed utility gain of ¢ = 1. On the other hand, they incur a return hassle
cost that is proportional to the distance traveled during the recycling process. For
example, carrying used or bulky items, such as bags of worn clothing, electronics,
or packaging, can be physically inconvenient, particularly for customers relying on
walking, biking, or public transportation. The total return hassle cost is denoted
by B|lx — x|, where § > 1 is a cost sensitivity parameter reflecting the customer’s
aversion to the distance of the recycling point, and |z — x 4| represents the (shortest)

distance from the customer’s location to the collection point in the store["]

Importantly, the return hassle cost reflects not only spatial distance but also the
broader marginal effort per unit distance associated with recycling. For instance,
recycling may require a dedicated trip to the store, which imposes an opportunity
cost, especially for customers who are not planning to shop. The parameter S can

also serve as a behavioral proxy for a customer’s sensitivity to recycling-related ef-

1"The assumption v >> 0 is standard in spatial competition models to guarantee an interior solution
for customer choices. A similar assumption can be found in |Gao and Su| (2017)), Mehra et al.| (2018)),

and |Gao et al. (2022).
I8Tf multiple collection points exist (e.g., n evenly spaced drop-off locations), the return hassle

cost is given by min{|z|, 8]z — L[}.
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forts. Customers with lower values of 5 are typically more environmentally conscious
and perceive the marginal effort per unit distance as less burdensome, and are conse-
quently more inclined to participate in the TBP. In contrast, customers with higher
values of 3 are more effort-averse and may perceive even small logistical barriers as

significant deterrents.

Customers make their decisions regarding recycling and purchasing by maximizing
their individual utilities. Following [Singh et al.| (2008), Subramaniam and Gal-Or
(2009), Shin and Sudhir| (2010), |Adner et al. (2020), and Tang et al. (2023), we
make the full market coverage assumption. That is, every customer purchases at
most one unit of the product from either Firm A or Firm B. Given this, customers
engage in one of the four possible behaviors: (1) Recycling and purchasing from
Firm A; (2) Recycling and purchasing from Firm B; (3) Not recycling and purchasing
from Firm A; and (4) Not recycling and purchasing from Firm B. The corresponding
customer utility function, denoted by U ;, depends on whether the customer recycles
(1 € {R, N}, where R represents recycling and N represents not recycling) and from
which firm they make a purchase (j € {A, B}, where A represents Firm A and B
represents Firm B), is given in Table

Table 3.1: Customer Utilities Based on Recycling and Purchasing Behavior in the
YN Case

Firm A Firm B

Return to A Ul(x) = 1-Blr—xa|+v—pa UE(z) = 1-Blr—zs|4+v—pp—|r—25]

Not Return to A U¥(z) =v —pa— |z —24] UL(z)=v—pp—|v — 23]

The utility for a customer who returns a used product to Firm A and purchases
from the same firm, U¥, comprises five components: the psychological satisfaction
from recycling (g = 1), the hassle cost incurred when returning the used product to

Firm A (5|2 — z4]), the value derived from Firm A’s product (v), and the price paid
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for the product (pa). The utility for a customer who returns the used products to
Firm A but purchases from Firm B, UZ, includes the psychological satisfaction from
recycling (¢ = 1) and the hassle cost incurred when returning the used product to
Firm A (B|x — x4|). However, the customer derives product value from Firm B (v),
pays Firm B’s price (pg), and incurs an additional transportation cost |x — zg| to
travel from her location to Firm B’s store. This captures the disutility from making
two separate trips.@ For customers who opt not to recycle, the utility of purchasing
from Firm j, U JN , is simply the value derived from Firm j’s product, minus the price

paid (p;), and the transportation cost (|z — z;|) to reach the store.

Given these utility specifications, customers choose the behavior-recycling or not,
and from which firm to purchase-that yields the highest utility. Let d;; denote the
demand associated with behavior (i,7) € {R, N} x {A, B}, defined as the measure
of customers z € [0, §] who satisfy maz{U(x), Uf(x), U (z),Ug (z)} = Ui(x). To
characterize the boundaries between customer segments, we identify the indifference

points at which the utility from two behaviors is equal. Since each pair of utilities

19Tn-store recycling entices customers to make an immediate purchase from Firm A after recycling,
leveraging the convenience of a single trip. In contrast, customers who recycle at Firm A but
subsequently purchase from Firm B incur both the hassle cost of recycling and the additional cost
of traveling to a different location for the purchase. As interpurchase timing is assumed irrelevant,

we omit the cost of returning home after the recycling trip.
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can be equated, there are a total of six distinct indifference points to consider:

US(e) = U(2) <= orans = 5~ pa+ s, 3.)
UX () = U () = owans = 3 - 2222, (3.2)
Ui(z) = Uy () <= Tpana = % (3.3)
Ui(z) = Uy (z) <= zranp = k _22((511)])3), (3.4)
UR(z) = U (2) <= wrpxa = 2(1’;(5 fj%* L (35)
Uli(z) = U (2) <= zppnn = % (3.6)

These indifference points segment customer behavior across the circular city and form
the basis for determining equilibrium market shares and firm profits. We analyze
customers’ recycling and purchasing decisions according to their position on the circle.
Let xra,rp denote the location of the recycling indifferent customer. That is, recycling
customers located to the left of x4 rp strictly prefer to purchase from Firm A, while
those located to the right prefer Firm B. Similarly, let xy4 np denote the location of
the non-recycling indifferent customer. That is, non-recycling customers to the left
of xya np prefer to purchase from Firm A, while those to the right prefer Firm B.

Based on these indifference points, we identify eight distinct cases, as summarized in

Table [3.2/

20We verify that these cases are mutually exclusive and collectively exhaustive with respect to

both firms’ prices and customers’ sensitivity to hassle costs, as shown in Table E in the appendix.
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Table 3.2: Market Composition under Eight Cases in the YN Case

Market Composition Constraints Based on Indifference Point Orderings Demand Functions

(1.1) zRA,RB > 3,0 < TNA,NB < 3, TRA,NA > TNA,NB>TRA,NB > 3 dra =1

1
Case 1: Only RA 2’
1 1 1

(1.2) zRA,RB = 5+TNA,NB = 5:TRA,NA = 3

Case 2: Only RB (2.1) zrA,RB < 0,2NA,NB < 0, TRB,NB > 3 drp =1

Case 3: RA+NA (3.1) TRA,RB > %, oNA,NB > 1,2RA,NA < % draA = 2TRA NA-dNA =1 —
2TRA,NA

Case 4: RB+NB (4.1) zra,RB < 0, zNA,NB < 0, zRB,NB < % drp = 2zrB,NB-dNB = 1 —
2CRB,NB

Case 5-1: RA+NB (5.1.1) 0 < zraRB < 2,0 < =zNaNB < 3,ZRANA > | dra =2aNya NB,dNp =1—
TNA,NB)»ZRA,NB < TNA,NB 2ZNA,NB

1 1
(5.1.2) zRARB 2> 5,0 < NANB < 3,TRA,NA = TNA,NB;ZRA,NB <

INA,NB
Case 5-2: RA+NB (5.2.1) 0 < =zRA,RB < %,0 < aNANB < %va,A,NA > draA = 2xRA,NB,AdNB = 1 —
ZNA,NB> NA,NB < TRA,NB < ZRA,RB 2TZRA,NB

1 1

(5.2.2) TRARB > 5,0 < NA,NB < 3,TRA,NA = TNA,NB;ZNA,NB <
1

TRA,NB < 3

Case 5-3: RA+NB (53) 0 < zraARB < 3,0 < zNANB < %,TRANA > | dra = 2xpa rB.dNp =1 —
TNA,NB)»ZRA,NB = TRA,RB> ZRB,NB < TRA,RB 2TRA,RB
Case 6: RA+RB (6.1) 0 < xrare < 3,0 < zNanNB < 3,%rRA,NA > | dpa = 22raA RB,drB = 1 —
TNA,NB> TRA,NB = TRA,RB> TRB,NB > % 2CRA,RB
Case 7: RA+NA+NB (7.1) 0 < zrA,RB < %»0 < ZNA,NB < %NERA,NA < TNA,NB drAa = 2@RA,NA.ANA =
2(xNaA,NB
TRA,NA)ANB = 1 -
2TNA,NB

(7.2) TRARB = 5,0 < oNA,NB < 3, TRA,NA < TNA,NB

Case 8: RA+RB+NB (81) 0 < ararB < 30 < @NANB < 3,PRANA > | dra = 22RA.RB,dRB =
1 _
2

TNA,NB)> TRA,NB = TRA,RB> TRA,RB < ZRB,NB < 2(xRB,NB—TRA,RB);ANB

1—-2zrB ,NB

3.3.2.2 Recycling Structure

We first introduce the recycling structure of Firm A and then formulate the profit
functions for both firms. Firm A encourages customers to return used products, re-
gardless of brand, to its store. For each unit of returned product or packaging, Firm
A incurs a unit processing cost denoted by ¢ > 0. However, as the total volume of
collected items increases, Firm A can benefit from economies of scale in recycling
operations. To capture this feature, we adopt a quadratic cost adjustment function,

following (Gui et al. (2016) and Tian et al. (2019). Specifically, the total cost ad-
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justment is modeled as (dra + drp)?, where drs and dgp denote the quantities of
recycled customers who purchase from Firms A and B, respectively. We normalize
the coefficient of the quadratic term to unity for simplicity. Accordingly, the to-
tal recycling cost borne by Firm A is é(dgra + drp) — (dra + drp)*FY Meanwhile,
Firm A retrieves a unit recovery value s € (0,p) when recycled items are reused in
manufacturing. Therefore, the net unit economic impact of recycling, denoted by
c = c—s € R, captures the trade-off between recycling management costs and poten-
tial revenue streams. If ¢ > s, then ¢ > 0, indicating that Firm A incurs a net cost
per unit of recycling. Conversely, if ¢ < s, then ¢ < 0, suggesting a net gain from

recycling activities.

The profit functions of the two firms are as follows.

A =paldra +dya) _[\é(dRA + dRB)J_ (dra + dRB)QJ] + f(dRA + dRB)/

-

product revenues processing cost economies of scale recovery value
= pa(dra + dna) — c(dra + drp) + (dra + dgp)?, (3.7)
7 = pp(drs +dnB). (3.8)

We substitute the relevant demand functions into the profit equations (3.7)—(3.8)
and derive the corresponding profit functions. Under each case, the two firms choose
their optimal prices simultaneously that satisfy the inequality constraints to maximize

their respective profits.

3.3.2.3 Illustrative Example

Case 5 provides an illustrative example. If the indifference points satisfy the condi-

: 1 1
tions 0 < zrarB < 3,0 < ZNANB < 5,TRANA = TNANB, TNANB < TRANB < TRARB;

the market is segmented into two customer types: (i) RA customers who recycle and

2INote that ¢ > 1 to ensure that the overall recycling costs ¢(dra + drp) — (dra + drp)? are

nonpositive when 0 < dr4 + drp < 1.
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purchase from Firm A, and (ii) NB customers who do not recycle and purchase from

Firm B. The demand functions are

3—2(PA—pB)
g+1 7

B —2+2(pa—ps)
B+1 ‘

dra = 2xpANB =

dyg =1 —2xpaNnB =

Substituting the demands into the profit functions (3.7)—(3.8) yields the simulta-

neous optimal problems for two firms.

(2pa — 2pp — 3) (—(B8 — 1)pa — 2pp + fc+c — 3)
(B+ 1) ’

pB (2pa+ B —2pp — 2)
B+1 '

max Tas(pa,pp) =

max 7ps(pp,pa) =

They are subject to the shared constraints:
( 11
0<pa—pp<35;—3

B_
PA = PB > 353-1)

KpA > OapB > 076 > 17

The following proposition summarizes the optimal prices that satisfy all KKT

conditions and the corresponding customer demands and firm profits.

Proposition 3.1. If the market consists of RA and NB customer segments, the

equilibrium results are as follows.

(a) When B > 5 and ¢ < 52_3’3_2, the optimal prices, demands, and firm profits are

28—2
. —PH+B+8 . P +26+3
pA_ 2_25 7pB_ 2_25 )
RA:ﬁdeB:ﬁ7

e B-1p T a(E—1p

L _BP-B-28-De—4 ., (B-3P(B+1)
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metry between the two firms’ profit foci.

(b) When2 < <5 andc < & —ABET  the optimal prices, demands, and firm profits

23+2

are
Pa TypB o
RA_B_i_l? NB_6+17
B3P -G Newd) (B2
o 2(8+1)2 (B )

(¢) When (i) 2 < <5 and52ﬁf;7 <c< 2 25”; or (i) B >5 andﬁzﬁ <
c< 2 22§+2 the optimal prices, demands, and firm profits are

. B+ B+4(B+1)c—12
Pa= 65 — 2

. g —2c+4

o _(B-DE-2tap

3
p2=—3+c+1,p}‘9=

e 28+ 2c—5

(B+1)(28 +2c—5)
63 — 2 ’

b

_(B+1(2B+2c—-5)

2(1—-3p)2

(d) When B > 2 and ¢ > i 22/36” the optimal prices, demands, and firm profits are

2 1

27

27

_ (B3 +26c—4)

252

Several key observations emerge from these equilibrium results. First, the market
exhibits clear customer segmentation. The introduction of TBP amplifies the asym-
Specifically, all customers who choose to
recycle purchase from Firm A, while all non-recycling customers purchase from Firm
B. Second, the two firms adopt distinct pricing strategies that depend on both the
net recycling cost ¢ and the hassle sensitivity parameter 5. As illustrated in Fig-

ure [3.4)(a), the parameter ¢ captures the direct economic impact of recycling cost on
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22;9 225

”PA—PB—
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N/A

Figure 3.3: Pricing Strategies When the Market Consists of RA and NB Segments

the firms’ pricing decisions. As ¢ increases, Firm A’s marginal cost rises above that of
Firm B. To maintain profitability, Firm A must raise its price p%, passing a portion
of the increased cost onto its customers. This creates a strategic tension for Firm A,
which must balance the need to cover higher costs with the necessity of keeping its
TBP attractive to customers. Firm B, by contrast, does not offer recycling but com-
petes for non-recycled customers. In contrast, Firm B, which does not offer recycling,
competes solely for non-recycling customers. This dynamic can lead to a competitive
spillover, whereby Firm B benefits when Firm A’s TBP becomes less effective, such
as when recycling costs are high or recycling benefits are insufficient to offset the
associated hassle. Consequently, Firm B must strategically set its price pg to attract
customers who are not fully “locked in” by Firm A’s TBP. Since the incremental cost
of recycling is largely passed on to both segments in a comparable way, the price
gap between p4 and pp remains relatively stable as ¢ increases. Figure (b) high-
lights the role of the hassle sensitivity parameter 3, which captures how customers’
perceived inconvenience of recycling affects their behavior. As [ increases, fewer cus-

tomers find it worthwhile to engage in recycling, as the inconvenience outweighs the

o8



3.3. Model Setup
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Figure 3.4: Pricing Strategies of Both Firms Across the Parameters ¢ and

psychological benefit. This leads to a contraction of the RA segment and an expan-
sion of the NB segment. However, the remaining RA customers are those who place
a high value on recycling despite the inconvenience, making them less price-sensitive
and more willing to pay a premium for TBP. Firm A can exploit this by charging a
premium. Meanwhile, Firm B, facing reduced competition for the NB segment, can
also raise its price. Notably, the price gap between p, and pp first widens as Firm A
can charge a premium to a shrinking but motivated RA segment, but then narrows as
the segment becomes too small and costly to serve, and Firm B’s price also increases

due to reduced competition.

3.3.2.4 Firms’ Profit Maximization

Following the same logic as in the illustrative example, we determine the optimal
prices and corresponding profits across eight cases.@ By comparing the optimal
profits of two firms in each case, we identify the optimal customer segmentation in

the following proposition.

Proposition 3.2. Among the eight possible customer segmentations, i.e., RA, RB,

22We summarize the equilibrium results of eight cases in Table E in the appendix.
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RA+RB, RA+NA, RB+NB, RA+NB, RA+RB+NB, and RA+NA+NB, the optimal
segmentation that yields the highest profits for both firms necessarily involves the
coezistence of both firms in the market. Specifically, only the segmentations RA+RB,
RA+NB, RA+RB+NB, and RA+NA+NB can be optimal.

Proposition highlights that market dominance by a single firm (e.g., RA, RB,
RA+NA, or RB4+NB segmentation) cannot maximize joint profits. Instead, both
firms can sustain profitable operations by focusing on their respective customer seg-
ments. This coexistence arises because each firm is able to specialize and cater to the
distinct preferences of different customer groups, making it unprofitable for either
firm to serve all segments alone. Thus, the market structure remains robust, and
competitive dynamics ensure that both firms maintain a presence across the optimal

segmentations identified.

Figure 3.5: The Optimal Customer Segmentations in the YN Case

Figure demonstrates how the interaction between the net unit impact of re-
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cycling ¢ and the recycling hassle sensitivity [ shapes the optimal customer segmen-
tations. When [ is low, recycling is perceived as convenient and all customers are
incentivized to recycle, leading to a straightforward RA+RB segmentation. As we
move to intermediate values of 3, the market supports more nuanced segmentation.
Both firms can attract a broader mix of customer types, resulting in “Mixed” segmen-
tations, where firms might probabilistically choose between all feasible segmentations.
Three distinct customer segments can coexist, such as RA+RB+NB or RA+NA+NB.
These segmentations arise only within narrow parameter ranges, where neither the
recycling cost nor the hassle is extreme. As f increases further, recycling becomes
increasingly burdensome for customers. In this regime, the RA+NB segmentation
prevails: only the most motivated customers (RA) choose to recycle, while the ma-
jority (NB) opt not to recycle. Firm A captures all recycling customers, potentially
charging a premium for their commitment, while Firm B attracts all non-recycling
customers by offering a lower price, specifically those who are not fully “locked in”
by Firm A’s TBP. This leads to a clear and distinct market segmentation, with each

firm specializing in serving a particular customer segment.

3.4 Comparative Analysis and the Value of TBPs

In this section, we begin by analyzing the NN case as a benchmark to assess the
strategic implications of TBP implementation. By comparing the equilibrium results
in the YN case with this benchmark, we identify the conditions under which both firms
achieve mutual benefit (win-win) or where one firm gains at the expense of the other
(win-lose). Then, we incorporate the YY case and compare the equilibrium profits
across the NN, YN/NY, and YY cases to determine the optimal TBP implementation

strategies for both firms.
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3.4.1 Analysis of No TBP Implementation

In the absence of either firm adopting TBPs, the profit functions of the two profit-

maximizing firms follow a straightforward structure.
T4 = pada,
g = ppdp.

By solving the first-order conditions for both firms, we obtain the optimal prices,

demands, and profits, which are summarized in the following lemma.

Lemma 3.1. When neither firm adopts a TBP, the optimal prices for both firms are

1.

Py = pPp = %; the optimal demands are dy = dy = 5; and the optimal profits are

1

* ok 1
Ty =T =7

In the NN case, the equilibrium results reflect a state of perfect competition. This
equilibrium is characterized by homogeneous prices, with both Firm A and Firm B
setting their prices at p = pj = % Consequently, customers are indifferent between
purchasing from either firm, leading to equal demands for both firms. Thus, the
equilibrium demands are d = dp = %, signifying a symmetric distribution of market
share. As a result of this equilibrium configuration, both firms achieve identical

profits, with 7% = 7§ = 1.

N

3.4.2 Comparison with the Benchmark

In the NN case, each firm earns a profit of }1. By comparing the optimal profits of two

firms in the YN case with this benchmark, we establish the following proposition.

Proposition 3.3. Compared with the benchmark, the asymmetric adoption of TBP
leads to two possible outcomes ]

23The thresholds 3; through Bi¢ are defined in the appendix.
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(a)

(b)

Win- Win Region: Both firms benefit from the asymmetric adoption of TBP

when the following conditions on beta and c are satisfied: (1) py < B <

11 —9B83+43624+55+25 463 -19624-266+1 . 11 —9B34435%2455+25
3 Tt S C< Tagmagpe o (2) 3 <B < By Tmiapara S

—32428+31 | 384—983+532—-598—4 —52428+31 .
¢ < s (8) B < B < B, omiopaiiio. S €< Tsgas s (4) B3 <

38%—-963+58%-598—4 483 -198%+268+1 . 3-682+8—4
B <4, ﬂ253f10/326—25+160 <c< %, (5) 1< p< 647% <

483 -19824268+1 . 3-68%+5—4 4 .
C<%; (6)ﬁ4<6§5,%<6<m, (7)5<ﬁ<2\/§+4,

/982 —6p+1
(8)2vV2+4<B<9c< L 22 (9)9< B < Bse< L2 (10)

22 88—8

3-108%-38+4 38%2—-2p—17
65<B<66;C§107%§6<%; (11) B > Be,c < 1.

Win-Lose Region: Firm A benefits from its TBP, but Firm B is worse off,
2 a2
when: (1)1 < B < 2,¢ <33 (2)2 < p < fr, 97;2_1%% <c< 14;42[36 ;(3)

2334-353%+3232 144372 144-p5% 2_4B+7
B? < ﬁ < ﬁS: 5 18[3,83_18,362_3613/8 <c< 7255 ’ (4) ﬁB < ﬁ < 597 ,82/3_52 <

it 73236 144-p2 109437
< M (5) By < 8 < 8VOT 27, Sl < o < M () YT < <

5— 24647 . —B%+25+31 |
3’2ﬂ_+ﬁ230<ﬁ2ﬂf2 P (7)3< B < Pl << ZHEEE(8) By < B <

11 483-1982+268+1 —B2+2B+31
30 2ptapr2 . <~ C< T gz -

Figure [3.6| characterizes how the asymmetric adoption of a TBP influences the

profits of both firms, compared to the benchmark where neither firm implements

TBPs. The outcomes are driven by two key factors: (1) the recycling economic

effect, measured by the net unit cost or benefit of recycling ¢, and (2) the recycling

inclination effect, captured by the hassle sensitivity parameter 5. The interaction of

these two forces determines whether TBP implementation results in mutual gains or

unilateral benefits.

First, the win—win region primarily corresponds to the RA+NB segmentation,

where market segmentation is highly efficient: Firm A serves recycling customers,

while Firm B targets price-sensitive, non-recycling customers. The introduction of a

TBP by Firm A enables both firms to better segment the market, allowing Firm A

to capture the recycling premium and Firm B to focus on non-recyclers. As a result,

both firms achieve higher profits compared to the benchmark. Second, the win-lose
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Win-Win

6
Mixed

2 T T Win-Win

Figure 3.6: Comparison with the Benchmark

region mainly aligns with the RA4+RB segmentation, which occurs when both 5 and
¢ are low, making recycling attractive and convenient for all customers. In this case,
Firm A benefits by capturing the segment of motivated recyclers, while Firm B is left
with the less profitable non-recycling segment, resulting in a profit gain for Firm A
but a loss for Firm B relative to the benchmark. Third, the mixed region corresponds
to the mixed segmentation, where the market structure is more complex and may
involve unstable customer segmentation. In these intermediate regions, small changes
in # and ¢ can shift the market structure, leading to unpredictable or sensitive profit

outcomes.

3.4.3 Analysis of Full TBP Implementation

In the competitive retail landscape, both firms can adopt in-store TBPs. In this case,

the maximum distance from any customer to her nearest collection point is i. The
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customer utility function U ;, where i € {R, N} represents recycling or not recycling,

Jj € {A, B} indicates the firm from which the purchase is made, is given as follows.
R : 1
UF =1~ Bminflz — x| | — 1} +v .

Ujvzv—pj—\x—xﬂ.

The profit function for each profit-maximizing firm j is:

7Tj = pj(de + de) — deRj ‘I— d2R]

To simplify the analysis, we assume c4 = cg = ¢. The demand functions d;; are
derived based on customers selecting the option that provides them with the highest
utility from the set {UX, U, UY U5}, By solving the first-order conditions for each
firm’s profit maximization problem, we obtain the equilibrium prices, demands, and

profits, as detailed in the following lemma.

Lemma 3.2. Suppose both firms adopt TBPs with the same net unit economic impact

of recycling c. Then,

B+2c=2,

55 the equilibrium

demands are dp, = dpp = %; and the equilibrium profits are T = 15 = %.

o If1 < B <5, the equilibrium prices are p%y = py =

o If B > b, the equilibrium prices are py = pp = %; the equilibrium demands are

dpy = dpp = % and dy, = dyp = % %; and the equilibrium profits are

* * 4-2(B—1)c
TTpy=Tp = —(5881)2) + zll

In the YY case, the profit structures of the two firms are identical due to symmetry,

which leads to coinciding optimal pricing decisions. When 1 < < 5, the equilibrium

prices for both firms are equal and are determined by the parameters ¢ and . In

this regime, all customers are incentivized to recycle, and each firm captures exactly

half of the market demand. The equilibrium profit increases with the return hassle
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sensitivity parameter (3, as firms can charge a recycling premium. However, when

£ > 5, some customers become reluctant to recycle. The equilibrium prices drop to

1

5, and the demand of recycle customers per firm decreases to -2 Overall, as the

B—1
return hassle sensitivity [ increases, the market dynamics shift from a symmetric
split of recycled customers at higher prices to more aggressive price competition and

a reallocation of demand between recycled and non-recycled customers.

3.4.4 Equilibrium Outcomes

Now, we compare the equilibrium profits in the NN, YN/ NY, and YY cases in Stage

2 to determine the equilibrium outcomes in Stage 1.

Proposition 3.4. The equilibrium outcomes are as follows.

e No TBP Implementation is an equilibrium when 7™ > 7N gV > gAY 7N >

YY NN YY
Ty ,Tg 2 Tg .

e Partial TBP Implementation is an equilibrium when w4~ > 7V gt > rbY

or 7TIJXY > WXY,WgY > WgN.

e Full TBP Implementation is an equilibrium when %Y > 7Y 7t¥ > 7bN 1Y >

oV gBY > g N,

The conditions for the YN equilibrium ensure that neither firm has an incentive
to deviate to either the NN or YY equilibrium. Analogous reasoning applies to the
conditions governing other equilibrium outcomes. Figure illustrates the parame-
ter space in which the NN, YN/NY, and YY equilibria described in Proposition
can arise. As shown in Figure partial TBP implementation can constitute an
equilibrium when  and ¢ are both small, or when § is sufficiently large. This ob-
servation further confirms the existence of the win-win region depicted in Figure [3.6]

The underlying intuition is that, under asymmetric adoption, both firms benefit from
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improved customer segmentation: Firm A is able to capture the recycling premium,

while Firm B can target non-recyclers more effectively.

Mixed

No TBP Implementation

e

3

A

Partial TBP Implementation

%
£

Full TBP Implementation

o

Figure 3.7: Equilibrium Outcomes

3.5 Discussion

This study examines the strategic implementation and economic impact of TBPs in a
competitive retail environment. Customers who choose to recycle their used products
are required to physically return them to the store, which provides psychological
satisfaction but also imposes hassle costs associated with the return process. We
model customers’ recycling and purchasing decisions as utility-maximizing choices,
and analyze three distinct TBP implementation strategies: no TBP implementation,
partial TBP implementation, and full TBP implementation. For each case, we derive

the optimal pricing decisions and firm profits.

Our analysis demonstrates that any of these TBP implementation strategies can

serve as an equilibrium, contingent on customers’ sensitivity to the return hassle cost
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and the net unit cost or benefit of processing returned items. This result helps explain
the diversity of TBP implementation observed in practice, where some firms fully em-
brace recycling initiatives, others implement them selectively, and some choose not to
adopt them at all. We further identify the parameter regions in which each equilibrium
is sustainable, offering practical guidance for managers evaluating TBP implementa-
tion. Importantly, our results show that even partial TBP implementation can lead
to win-win outcomes for competing firms. Essentially, TBPs function as a strategic
tool for strategic market segmentation. They enable firms to cater to environmentally
conscious or price-sensitive customers without engaging in price wars. By leveraging
TBPs, firms can effectively differentiate themselves and increase profitability while

promoting circular economy goals.
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Conclusions

This thesis offers a comprehensive exploration of how customer incentive programs,
especially CLPs and TBPs, can serve as strategic tools for enhancing customer engage-
ment, driving competitive advantage, and informing optimal program design across

varying market conditions.

The first study makes three key contributions. First, to our knowledge, we are
among the first to analytically study CLPs and examine their price discrimination
role based on customers’ shopping intensity. This perspective provides a novel ra-
tionale for offering CLPs and sheds light on the optimal design of such programs in
practice. Second, our work compares the performance of CLPs and PLPs, identifying
the market conditions under which CLPs enable more effective price discrimination.
Third, we demonstrate how factors such as customer composition, customer discount-
ing, and the number of firms in the coalition affect the ability of CLPs to differentiate

among customers and extract surplus.

This study represents a first step in understanding CLPs for many industries.
While CLPs may be theoretically optimal under certain conditions, real-world chal-
lenges can make PLPs a more viable choice in some scenarios. First, forming a

coalition requires significant coordination among partner firms, particularly in de-
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signing the rules of earning and redeeming rewards. Disagreements or misaligned
priorities can weaken the coalition’s effectiveness or deter firms from joining. Second,
firms often consider customer data a strategic asset and may be reluctant to share
it with coalition partners, making CLPs less appealing for firms that prioritize data
protection. Third, concerns about brand dilution may discourage firms from partic-
ipating in a CLP, as they may prefer to maintain a distinct brand identity within a
PLP. Fourth, customers often earn points from everyday purchases (e.g., groceries,
gas) but redeem them for discretionary or aspirational products (e.g., travel, enter-
tainment). This redemption asymmetry can create tension among coalition partners,

making CLPs less attractive to some firms.

This study opens several promising avenues for future research. First, our work
focuses on reward programs where the reward can be earned on every purchase, and
customers do not need to accumulate reward points over time. An important fu-
ture direction is to consider reward accumulation and redemption thresholds in point
reward programs. On one hand, empirical studies have documented the point pres-
sure phenomenon (also known as point acceleration behavior), where a customer’s
likelihood of making a purchase rises as their reward points near the redemption
threshold or expiration (Inman and McAlister |1994, Lewis 2004, Kivetz et al. 2000,
Hartmann and Viard 2008, Kopalle et al. [2012). On the other hand, determining
the optimal redemption threshold requires the coalition manager to balance the ef-
fective price customers pay with their probability of making a purchase. In addition,
customers who are able to successfully earn and redeem rewards may also alter their
purchase behavior, warranting further investigation. Second, our work assumes that
customer visits are non-strategic. An important direction for future research is to
examine scenarios in which customers strategically decide when to visit and make
purchases. For example, introducing randomness into the arrival process or assuming
that each customer faces a stochastic outside option in each period could result in

customer behavior that is influenced by the reward expiration and the realization
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of the outside option. Third, our model assumes that the product’s price remains
constant regardless of the customer’s state. Exploring customized pricing strategies
would be an interesting extension to our work. Fourth, the increasing digitalization
of loyalty programs presents a fertile area for study. Future research could examine
how technologies such as mobile apps, digital wallets, and blockchain platforms affect
customer engagement, reward tracking, redemption behavior, and coalition manage-
ment. Finally, CLPs are often managed by specialized program administrators who
might be rewarded by sales-based commissions and hence may always have an in-
centive to enlist more firms. This creates an incentive misalignment issue between
program administrators and participating firms. Such misalignment of incentives is
sometimes offered as a reason for the struggles some CLPs face in their expansion. In
our work, we do not explicitly model program administrators. Designing appropriate

incentives for program administrators is another important topic for future research.

The second study contributes by analyzing the strategic implementation and eco-
nomic implications of in-store TBPs in competitive markets. We are among the first
to develop an analytical model that integrates customer recycling behavior, hassle
sensitivity, and competitive firm strategy. By explicitly capturing both the psy-
chological satisfaction and the hassle costs associated with recycling, our framework
provides firms with actionable guidance on optimal pricing and TBP implementation.
Furthermore, we highlight the dual role of TBPs as both a sustainability initiative
and a strategic differentiation tool, enabling firms to optimize customer targeting and

maximize returns from circular practices.

This study also opens new directions for future research. One promising direction
is to examine the role of regulatory frameworks and policy interventions in shaping
TBP adoption. Governments and industry bodies can play a pivotal role in promoting
environmental stewardship, and understanding their influence is critical for designing
effective policies. Incorporating product differentiation represents another important

direction, as it can provide deeper insights into how firms balance profitability, en-
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vironmental objectives, and competitive positioning in markets with heterogeneous
customer preferences. For example, a high-quality firm may prefer an in-store TBP
that reinforces its brand image, enhances perceived value, and appeals to environmen-
tally conscious consumers, whereas a lower-tier firm may pursue alternative strategies
to attract price-sensitive customers. Finally, future research could explore alternative
recycling incentive mechanisms. Firms might offer loyalty points or tiered rewards to
customers who participate in recycling initiatives, thereby encouraging environmen-
tally responsible behavior while simultaneously enhancing customer engagement and

long-term loyalty.

In sum, this thesis highlights the strategic potential of customer incentive pro-
grams that extend beyond transactional rewards. Despite their growing real-world
adoption, CLPs and TBPs remain understudied in the academic literature. By de-
veloping rigorous analytical models and offering practical implications, the thesis lays
the foundation for deeper inquiry into these increasingly relevant mechanisms. We
hope this thesis inspires continued research into the dynamic interplay between cus-
tomer behavior, firm strategy, and broader societal goals in the evolving landscape of

incentive-based marketing.
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Appendix A

Appendix for Chapter 2

The online appendices provide supplemental materials for Chapter 2 and include four

sections:

e Section A.1 provides proofs of propositions and lemmas in the base model.

e Section A.2 provides a detailed analysis of the model extension in which a new

reward is earned upon redemption.

e Section A.3 provides the proof of Proposition in the case with asymmetric

firms.

e Section A.4 provides a detailed analysis of the model extension without customer

discounting.

A.1 Proofs of Propositions and Lemmas in the

Base Model

Lemma provides a condition under which it is optimal for the customer to always

make a purchase in state 0 when visiting a firm in the coalition. If this condition is
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not met, the customer will eventually exit the market and will not contribute to the
per-firm profit in the long run. The optimality equations yield an explicit solution,

as stated in Lemma [A1l

Lemma Al. If

n

o+ — >0
! p+5+2n)\+/f_ ’

(A1)

then it is optimal for a (v, \)-customer to make a purchase at every visit to a firm in

the coalition, and the solution to the optimality equations (2.1)—(2.2)) is:

(0)_”_)‘ M (1)_71_)\ g 0tnA
B R N R WP R A S G L Sy SRy

Note that the term %r can be interpreted as the perceived value of the re-
ward, accounting for both reward expiration and discounting effects. Condition (A1)
thus requires that the sum of the customer’s product valuation v and the perceived
value of the reward exceeds the price p. When this condition holds, the customer will

always make a purchase upon each visit.

nl+u
v

<I=

Figure A.1: Diagram of State Transitions

The state of a customer who makes a purchase whenever she visits a firm in the
coalition follows a Markov chain, as illustrated in Figure Let gy and ¢; denote

the stationary probabilities of states 0 and 1, respectively. By solving the balance

nAtu
2nA+p

n\
2nA+p”

equations, we find that ¢y = and ¢ = Recall that when a customer
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makes a purchase, she pays price p — r in state 1 and price p in state 0. Accordingly,
when condition (A1) is satisfied, the customer contributes a profit to the coalition at

rate

n\ <q0p +aq(p — T)) =nA (p - %7’) (A2)

Proof of Lemma [AT

We first show that if v—p+u(1) > u(0), then it must also be true that v—p+r+u(0) >
u(1). Suppose, for the sake of contradiction, that v — p +r + u(0) < u(1). Then,

nA nA

1) — -7 lu)—[v— b= (_
u(1) = u(0) = gt () = o= pu] = e () > 0,
which implies v < p. Now, consider,
nA O+ p
— 1) — — v — 7 (- = TP (=
v—p+u(l)—u(0)=v p—|—5+n)\+u( v+ p) 5+n)\+u(v p) <0,

which contradicts our initial assumption that v — p + u(1) > u(0). Therefore, our
assumption must be false, and it follows that v — p +r 4+ «(0) > u(1). Next, under
the condition v — p + u(1) > u(0), equations ((2.1)) and (2.2)) reduce to

nA 1

)= —— v — =
u(l) 5+n)\—|—,u[v p+r+u(0)]+6+n)\+'uu(0),
nA I
= v )] + —————(0).

u(0) (5+n)\—|—,u[v ptul >]+(5+n}\+uu(0)

Solving these equations yields

(1)_n_)‘ g 0tnA nd (0)_”_)‘ M
B I R A ey W e A G A sy ey

Substituting these expressions into the condition v — p 4+ u(1) > u(0) gives

n >0,

v_p+5+2n)\+/f_

which guarantees that the customer will choose to purchase each time she visits a

firm within the coalition. This completes the proof.
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Proof of Lemma 2.1

To calculate the per-firm profit in the CLP, aggregated across the four customer

segments, we examine how the price p compares to the values vy + (H;;\TZWT‘,

nAp

nAz . .
VH + S W?‘ UL+ s = r. This comparison allows us

nir
r, and vy + Py pera

to characterize customer purchasing decisions within each segment. It can be ver-

nAy nAp n\y
ified that vy + ! < min {UL + —6+2n/\F+uT vy + —5+2m1+#r} < max {UL +

r, v+ < vg+ mr. Based on the relative value of the price

TV oy,
0+2nAp+p 0+2nA+p

p, we distinguish six possible cases:

. niy . nAgp nir
Case 1: p <wvp + STamy T < min {’UL + STamea " VH + —6+2n>\1+ur} < max {UL +
nAg n\r nAp
(5+2n)\F+M71’ UH + 5+2n>\[+ur} <vm+ 5+2nz\F+M7n.

All customers will make a purchase. The optimization problem is thus reduced to

max  [SAp (p - AT) + (1= B)Ar (p o 7’)

p>r>0 QTL)\F + H 271)\[ + 2
fop <o DN
S.T. v P u— A
b=t 0+ 2nA;+ p

Clearly,
(p*v T*) - (ULa O)a
™ = BArvp + (1 — B)Arvg,

Hence, in this case, adopting the CLP is never optimal.

. _nA __mAr _nAr
Case 2: vy, + st < p < min {UL + sTampe i VH + 5+2n}\1+#r} < max {UL +

TL)\F n)\[ TL)\F

5+2n)\p+ur’ Vg + 6+2n>\1+ur <vyg+ 5+2n)\F+p,r'

All customers except the LI segment will make a purchase. The optimization

problem is thus reduced to:

max SAp (p - &T> + (0 = 7)1 (p o 7‘)

p>r>0 2nAp + 1 2nAr + p
" 4 n)\] p< . { X n)\p 4 TL)\[ }
s.t. v — min q v — T, —
L O+ 2nA;+ p P= g 5+2n>\F+M7H O+ 2nA;+ p
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Clearly, p* = min {UL + H;ﬁ—/\’;wr, vy + %r}. We then have the following two

subcases.

Subcase 1: Suppose

n)\p n/\[

<vg+-——777—7-—r.
5+ 20X +

e S e

It follows that p* = v + M;ﬁﬁr. Reorganizing the supposition yields r <

Moreover, p > r gives r < ot2mAptity)  So, the opti-

(v —vp)(0+2nAp+p) (6+2nA [ +4)
: d+nAp+p

n(Ap—Ar)(d+p)
mization problem can be rewritten as

nA\p nAy

TL)\F n)\F _ )7“
d+2nAp+p  2nAr+p

S+2nAp+p 2nAp + p

(v —vp) (0 +2nAp + p) (0 + 2nAr + p) 5+2n)\p+uv }
n(/\F—)\])(5+,U) ’ 0+ nAp + p .

Illzaéc BAF [UL + ( )|+ (=) |vp + (

st.r< min{

Note that if and only if

nAp B nAr
04+2nArp+p  2nAr+p

nAp nAp

— >0 A3
O+ 2nAp+p  2nAp + ) ’ (A3)

BAR( )+ (=) Ar(

the coefficient for r above is non-negative. Therefore, at optimality, we have

(vg —vL)(0 +2nAp 4+ p)(6 +2n A + 1) 4+ 2nAp + p }

" :mm{ O — A0 + 1) TS W

Reorganizing inequality (A3) gives condition (2.3)) in Lemma [2.1]

Subcase 2: Suppose

+ n)\p > i n)\[
v T v 7.
L O+ 2nA\p+p  — " 0+ 2nAr+p

It follows that p* = vy + 57 "M Reorganizing the supposition yields r >

2nArtp "
(vg—vr)(0+2nAp+p)(0+2nAr+p)
n(Ar—=Ar)(0+p) '

mization problem can be rewritten as

. d+nir+u :
Moreover, p > r gives r < i VH- So, the opti-

nAy nAp nAg nA
_ — A\ _
max SAr [”H MY vy vyl Il Clattd I[”H YT v +M)T]
ot (v —vp)(0 + 2nAp + p) (0 + 2nAr + p) <r< §+nAr + B

nOvr — A1)(6 + 1) 5+ h
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n)\I TL)\] TL)\F s
Note that ; ot < o < Toei 50 the profit decreases in r, and thus

. (vg — )0+ 2nAp 4+ 1) (6 + 2nA; + 1)
n()\F—/\[)<(5+/J) ’

under which

TL/\F % i n/\[ %
— "= —_—r
0+ 2nAp + p a 0+ 2nA;+p
Hence, the profit in Subcase 2 is strictly less than that in Subcase 1.

vy, +

. nAr
Case 3: vy, + pa

nAp
Py v < v+ 5T

niy
2n)\F+,ur <p<uvg-+ pn

nAp
Py v < vg+ F

2n>\F+MT'

Only high-valuation customers will make a purchase. The optimization problem

is thus reduced to

n)\p TL)\[
o ) o= - )
2, P g ) T M e T
t + nAr <p< + nAr r
S.U. VU 7T v P e— A
L 0+ 2nAp + p b=t 0+ 2nA; +p

Clearly,
(p*,7%) = (vm, 0),
™ =y pvg + (@ — ) A\jvp,
Hence, in this case, adopting the CLP is never optimal.

r<p§vL+5+")‘F

nAgp
Py p——y < vg+ 5

. nAyr nAr L
Case 4 v + 557 <vn + 57 2nApia

2nAr+p

Only frequent customers will make a purchase. The optimization problem is thus

reduced to
7L>\F
(o= 5
Igl?"azxo ﬁ r 2n)\p+,ur
Loy + —" cp<u 4 —TAE
s.t. v _—r ) B
" 5—1—271)\]—1—# b=t 5+27’L)\F+,U
Clearly,
% n)\F «
p =

UL+5—|—2n)\F—|—,ur’

n/\p 7L>\F
5"‘277/)\F+N 277)\1:4‘,11

W*:ﬁ)\F[UL—l-( )T*] < BApvp < my.
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Hence, in this case, adopting the CLP is never optimal.

. n\y : n\p niy
Case 5: v, + STamuTs” < min {UL + Sramega Ve Tt —6+2n>\1+uT} < max{v/; +

__nA\p _nAr __nAr
sremein VE T smmagal [ <P SV T s

Only high-valuation frequent customers will make a purchase. The optimization

problem is thus reduced to

\ ( nAp )
max -
perso PP T o 1
bp< o 4 —2F
s.t. v —_—
p=tnTs +2nAp +
Clearly,
= _7r
L T VAL
TZ/\F 7’L>\F

™ = YAp [UH + ( )r*] < YApvg < mo.

5+2nx\p+u_ 2nAp + 1
Hence, in this case, adopting the CLP is never optimal.

. nAr
Case 6: vy, + pa

: nAp nir
e tal < min {UL + o ta 0 VH + P 7"} < max{vL +

2nAr+p

__mAr _nAr __nAp
5+2nAF+MT’ vh + 5+2n/\1+ur} <vh + 5+2n)\p+ﬂr <P

No customers will make a purchase. Clearly, in this case, adopting the CLP is

never optimal.

Taking the above six cases into consideration, we can see that only Subcase 1 in

Case 2 is possibly optimal. This completes the proof.

Proof of Proposition [2.1

Ot A1) (3+2nAptpr) ’Z_IZ holds,

Part (a): One can show that when §5+HAF+#)(5+2MI+#)

5+2n)\p+,uv - (v —vL)(0 + 2nAp + 1) (6 + 2\ + 1)
S+ndp+p nr — A1)(6 + 1)
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Hence, according to Lemma [2.1

. O0+2nAp+p
ry=-——-"—""—"0

nAp 0+2nAp+p 0+ 2nAp+p

L,

O X Y R VR R W
nA\p nAr 0+ 2nAp + p
= | _ |
T, 6FUL+(5+2H)\F+M Qn)\F—{—pJ (5+n)\p+,l£v
o _ ]
+(a—7) f“L+(5+2nAF+u 2n)\f+ﬂ)5+n/\F+'uvL

TL)\F5 VL
2n)\F—|—u§—|—n)\p—|—u

= BApvr + (v — y)A\jvp, — BAF

n[App — Ar(6 + )] L

—7)A :
+la=7N 2nAr +p 0+ nAp+ i

Taking the derivative of 7} with respect to n yields

n
(2nAp + ) (6 +nAp + p

*
dm}

dn

= —apu )+ o= DM = M5+ o . )

(2nAr + p) (6 +nAp + 1

2nAp + p)(6 +nAp 4+ 1) —n2Ap (0 + nAp + 1) + Ar(2nAp + p)]
(2nAp + p)2(0 + nAp + p)?

= —BAZduy,

(2nA; + p1)(6 +nAp + ) — n201(6 +nAp + p) + Ap(2nA; + p)]
(2nA1 + 1)2(8 + nAp + p)?

+ (@ = VA1 Arp — A1(6 + p)]vr

— 2 — 2
_ —BA%&ULM(6+n)\F+M> nAR(2n\p + 1) N (Ot—W))\I[AF,U—)\1(5+M)]ULM(6+W\F+M> nAF(2nAr + p)

(2nAp + )2 (0 + nAp + p)? (2nAr + )26 + nAp + p)?

_ L ((04 —DAAFs = Ar(0 + p)][p(0 + nAp + p) — nAR(2nAr + @)](20AF + p)?
(64 nAp A+ p)? (2nAF + p)2(2nA1 + )

 BARO[(3 + nAr + ) — nAp(2nAp + p)](2nAr + H)z)
(2nAp + )2 (2N + p)?

VL ((a — A Arp — Ar(6 + )] [ + nAp + p) — nAp(2nAp + p)](2nAp + 1)
0+ nAp + )2 (2nAp + p)(2nA1 + p)?

(A4)

1

BAZO[1(0 + nAp + 1) — nAp(2nAp + )] (20A1 + 1) 2RIt )
(2nAp + p)(2nA; + p)?

(@ = NAArp = Ar(8 + p)](2nAr + p) — BATS(2nAL + p)
(2nAp + p)(2nA1 + p)?

v
g mw +nAp + 1) = nAR(2nAp + )]

>0,

where the first inequality holds since 2nA; + p < 2nAp + p, the second inequality
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holds since 222/’\\;1‘; < 1 and pu(d + nAp + u) — nAp(2nAp + @) > 0, and the last
inequality holds due to condition (2.3) and p(04+nAp+ p) —nAp(2nAp+ 1) > 0 when
n < —w. This establishes that when n is smaller than a threshold, the profit 7}

is increasing in size n.

On the other hand, by (A4), we have

dr B (0= DM A O+ e ) = (2 )Gk + 1)

dn (0 +nip + p)? (2nAp + )220 + p)?

 BALO[u(0 + nAp + 1) — nAp(2nAp + p)](2nA; + u)Q)
2nAp + p)2(2nAr + p)?

vL, " ((a —PA[Arp = Ar(0 + p)][p(6 + nAr + 1) — nAp(2nA1 + p)]
(0 +nAip + /L)z (2?7)\[ + ,U)2

_ BARI[1(0 + nAr + p) — nAp(2nAp + u)])
(2nAp + p)?

N I ((a — A Arpp — Ar(6 + w)(

AF 1
(0 + nAp + p)2 ) [as n — oq]

—5) = BARO(—5)

UL

= s (- @Dl = M+ ) + 23)

<0,
where the last inequality holds since as n — oo, condition ({2.3) becomes

(@ —7)As ()\F,u EpWe u)) (2nAp + 1) > BAZS(20A; + 1)

2nAp + %
271)\[ + 1%

(@ =7)As ()\F,LL —Ar(0+ M)) //\\_j

(@ =) <)\F,U« —Ar(d + N)) > BARS
> BALS
(@ —7)Ar <>\F,u — Ar(6 + M)) > BALS

This implies that when n is sufficiently large, the profit 7 decreases in n. Therefore,

the profit does not increase monotonically in the coalition size n.

0+nA 0+2nA v
Part (b): One can show that when E ;n/\; 1’2)(( 61271/\1?1 IZ ; > 2L hold,

d+2nAp + p (vg — )0+ 2nAp 4+ 1) (0 + 2nA; + 1)
I A
5+n)\p+,u n(/\F—)\[)(5+/L>
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Hence, according to Lemma [2.1

(vg —vp)(0+2nAp + ) (0 4+ 2nAr + p)

*_

o = ’n()\p—)\[)(é—f',u) ’
oy nAg (va —vL)(6 4+ 2nAp + 1) (0 + 2nAr + 1)
Y TS P nOr — A0 + )
_ Ar(0 4+ 2nAr + p)vg — Ar(0 4 2nAp + p)or
(Ar = Ar)(0 + ) ’
. nAg nAr (v —op)(8 4 2nAp + ) (6 + 2nA; + )
— B\ _
=8 F{UL+((5+2’I7)\F+M ZTL)\F-FM) n()\p—/\f)(é—&-u) ]

nAp n\y )(UH—vL)((5+2n)\F+M)(5+2n)\1+M)}

+(O‘_7)A’[“L+(5+2nAF+u_ 201 + p nOve — A1) (0 + p)

0+ 2nAr +p )\F(s(UH — UL)
20 + 1 (6 +p)(Ar — A1)

= BArvr + (@ —y)ArvL — BAr

Arp—Ar(6+ p)](vg —vp) 6+ 2nAr + p

— YA
RS Sy a5 A + 1
Taking the derivative of m; with respect to n yields
@7_ Vg — VL 9 5+2n)\1+u,_ B B 04 2nAr + u,,
R Wi oIy F) = 0= M g = A5 )l

_ VH — VL o A —Ar(0+p) o _ —Ard

_ 2(vg —vp)o 9 /\F(5+M)—)\1u_ o g AR — A1(6+ 1)
_()\F—AI)(5+M){ﬁ/\F Py el Gl Ao ws ynne b

Let

( A \/m—w[w—xz(w)})
e\ Bt ) H
(aNDPraArE+m)] 1)

2A1 (\/ B G+ A1) 1)

(i) Consider the case where (ag&)F[’\(aF J’:;))‘_’/(\i:}“ U < 1. This implies that

n =

(a@ =) [Arp = Ar(6 + 1)) < BAR(S + 1) — Arp).

Observe that
i v [4nArAr + pAr + Arlln(Ar — Ar]] _

(2nA; +p)2  (2nAp +p)? (2nA; + p)2(2nAp + 1)?

which leads to

) g AR(0 4+ 1) — Arpt
< BXp (2nAp + p)?

82



A.1. Proofs of Propositions and Lemmas in the Base Model

d *
Therefore, % > 0 for any n.

(ii) Now suppose 1 < (a;a\)i’\(gf;)’\_li‘j:]“ IS (%)2 In this case, the definition of 7

ensures that n is positive. It can be verified that ddinb = 0 when n = n; ‘% > ( for
n < n; and %’ < 0 for n > n. Thus, the profit m; increases with coalition size n up

to n = 1 and decreases thereafter.

oy T ¢ (a—y)[App—Ar(5+p)] Ar )2
(iii) Finally, if 5&F(5pﬁu)j>\m]u = (—f) , then

(0 = V)N = Ar(8 + 1)) > BNEAR(S + 1) — Ayl

Since ( R it follows that

1 > 1
2nAr+p)? (2nAp+u

2 AR(0+ 1) — A

F

o 2
(OZ IV)AI (271/)\[ 4 ,U>2

Therefore, % < 0 for all n, meaning that the profit m; decreases as the coalition size

n increases.

if (@=NAru-Ar(3+p)]
BIAF(0+p)=Arp]

_ _ 2 . . . _
1< 5&)&? fu)’\fg:]“ I < (%) , T increases with n for n < n and decreases for n > 7,

so the optimal size n* = |n] or [n]; otherwise, 7} decreases monotonically as n

In summary, < 1, then 7} increases monotonically in n; if

increases. This completes the proof.

Proof of Proposition

The profit 7*(n) in (2.4)) consists of the profit collected from frequent customers and

HI customers. Observe that 5 +27;>/‘\f; 7 < QTLT;\)}!\«“Z-M’ which means that the effective price

paid by HF and LF customers is less than vy;. On the other hand, the effective price
for HI customers can exceed vy, but remains below vg. This leads to the upper bound

on the per-firm profit that 7* < SApvr, + (¢ — ¥)A\jvg.
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Part (a): Now, we show 7* < max{m, m} when v > af. We can show that

" —m <BApvr + (@ — V) Avg — [BAr + (1 — B)Af]vr = [(a — v)vg — (1 — B)vg]As

<[a(1 — ﬁ)UH — (1 — ﬁ)vL]/\[ = (1 — 5)(0&1}}] — UL))\].

We can also show that

T — Ty < 5)\FUL + (OZ — ’}/))\]UH — [’7)\}7 + (CY — ’7))\]]21[{ = [/B’UL — ’YUH])\F < /B(UL — OéUH))\F.

Observe that if avy > wvp, then 7 < my; otherwise, 7 < my.

max{my, m2}.

Hence, m <

Part (b): Table presents customer welfare in each segment under CLPs, and

compares them with that under the full market coverage strategy with price vy,.

(Y EINICEP IR )
OLP (GG rnxptm) (51205 +40)

o
<)

Vvs.

Full Market Coverage

Vvs.

GCFnr TG I2nxp i) < Vi
CLP (Grmap+m Gr2nar+m) = vp )

HF

LF

HI

LI

A E T (T 2n A g T1)

YH = @axpt+u)Gtnrptp) L
(AR (3+2nAptp)
YL T @aaptm)GFnapte) VL

_ (nAr+p)(6+2nAptp)
YH T @ tm) (Fnxptm) UL

0

VH — VL

0

VH — VL

— SF2nx;Fh Apd
(v vL)[lJr IOy Em (tHu)(*F**I)}

B S+2nAptu Aps
(H =L)X T BT OF =)

S+2nAr+p Appu—XAr(8+p) ]

(vavL)[lf 2nXy+tu GFr)(Ap—A1)

0

Table Al: Customer Welfare Comparison in Each Customer Segment Between CLP

and Full Market Coverage with No Reward

When the firm implements the partial market coverage strategy with price vy,

the aggregate customer surplus is 0. It is important to emphasize that, under CLPs,

the customer surplus for each purchasing segment is nonnegative; otherwise, those

customers would not make a purchase. Indeed, Table shows that the aggregate

customer surplus under CLPs is strictly positive. Consequently, CLPs yield a higher

aggregate customer surplus than the partial market coverage strategy with price vy.

Next, we compare the total customer surplus under CLPs with that under the full

market coverage strategy with price v;. We consider the following two cases.

Case 1: Suppose

(0+nAr+p) (0+2nAp+p) _ vy

(6+nAp—+u)(6+2nir+p) vr,
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By Table the aggregate customer surplus associated with CLPs in this case

minus that associated with the full market coverage strategy with price vy equals

(nAp 4+ 1) (6 + 2nAp + p)
(2nAp 4+ p)(0 + nAp + p)

’Y>\F{UH— UL—(UH—UL)}

nAp + p) (0 + 2nAp + 1) }

— A\ _
+(B-7) F{”L 2nAp + ) (0 + A+ p1) ¢

nAr + p1)(8 + 2nAp + 1)
2nAr + ,u)((s +nAp + M)

+(a77))\1{vH7 UL*(UH*UL)}

|~ — ]~

(nAp + 1)(6 4+ 2nAp + 1) (A1 + 1) (0 + 2nAp + 1)
p F{vL (2n/\F+M)(5+nAF—|—u)UL} (=) I{vL (Zn)\I—I—,u)(é—l—n)\F—l—u)vL}
nuvy, )\Fé )\F/J,—)\[((S-i-u)
5—|—TL/\F—|-/J{5 Fonr + (=7 2nAr + p }
<0,

where the last inequality holds due to condition ({2.3)).

(0+nAr+p) (64+2nXp+up) VH

Case 2: Suppose o0 e ST = or

By Table the aggregate customer surplus associated with CLPs in this case

minus that associated with the full market coverage strategy with price vy equals

542\ + Apd
2nAp +p (64 p)(Ar — A1)

’y)\F{(UH—vL)[l-F } —('UH_'UL)}

S+ 2nAr+p Apo }

(8= {(vm —vr) 20Ap 0 (64 p)(Ar = Ar)

042+ p App— Ar(0+ p)
2o +u (64 p)(Ar — A1)

+ (@ = Ac{ (o i) 1 | = (o — 1)}

_ 0+ 2nAr+p AFO 0+ 2nAr+p )\Fu—)\l(éJru)
_BAF{(UH o) 2ndp+p (0 4+ p)(Ar — Ar) } (a ’Y)/\I{(UH vL) 2 r+p (0 +p)(Ap — )\1)}
0+ 2nAr+p AFO )\prx\]((er,LL)
= - — (a—7v)A
(v UL)((S—&—M)()\F—)\I){ F2n)\p+u ( A 2nAr + }

<0,

where the last inequality holds due to condition (2.3]). This completes the proof.
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Proof of Proposition 2.3

Part (a): Suppose giz:\\; J::L))((‘s 61222’\/\’7[ iz g < #Z. By Proposition 2.1 (a), we have

oy nA\pd vy n[App— Ar(0 4+ p)] wvp
’/T(n)—B/\F’UL—F(Oé—’}/))\[’UL—ﬁ)\Fn)\F_i_lu(s_i_lu+(a—’y)/\[ n)\[—l—,u 5+lu,
)\F(S Uy, )\F[L—)\[(5+,u) vy,
= 5\ — YA — BA — YA .
T, = BApvL + (0 — 7)Arvg BF)\F+M5+M+(Q Y)A1 Y 5t 4

\/ 20(5+p)

and decreases
p

Note that m, = 7°(1). Since 7°(n) increases in n when n <
in n when n is sufficiently large, it follows that an optimally sized CLP does not

necessarily lead to a higher per-firm profit than a PLP.

d+nA d+2nA v ..
Part (b): Suppose géin/\;ilg)((ﬁtMAiiZ; > & By Proposmon (b),

: (=) Prp—=Ar(6+p)
(i) If B[/\F(gw)f/\m]

size n. It follows immediately that a PLP always leads to a lower per-firm profit

than a CLP.

| <1, the profit 7¢(n) increases monotonically in the coalition

(i) If 1 < (QE&)LA((SF ﬁ;))‘_’g:]“ I < (i—f)Q, the profit 7¢(n) first increases in n for n < n

and then decreases in n. It follows immediately that m, > 7¢(n*) for any

exogenous g if either 7 <1or 1 <n <2 and 7°(1) > 7¢(2).

(a=7)Appu—=Ar(5+)]
(i) TF S T

coalition size n. It follows immediately that a PLP always leads to a higher

> (%)2, the profit 7¢(n) decreases monotonically in the

per-firm profit than a CLP.

This completes the proof.

A.2 A New Reward is Earned upon Redemption

Following a similar process as in the base model, we first derive the customer’s optimal
purchasing decision and then analyze the coalition’s pricing and reward decisions, by

assuming that the coalition size n is given.
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Lemma A2. [f

A
- >0, (A5)

U_p+—5+n/\—|—ur_

then it is optimal for a (v, \)-customer to make a purchase whenever she visits a firm

in the coalition, and the solution to the optimality equations (2.7)—(2.8]) is given by

B n _ U
u<0)_(5+n)\+u[v p+u(1)]+(5+n)\+’uu(0),
B nA _ 1
Proof of Lemma [A2]

We first show that if v—p-+u(1) > u(0), then it must also be true that v—p+r-+u(l) >
u(1). Suppose, for contradiction, that v — p+r + u(1) < u(1). Then,

nA nA
1) — =7 Ju(l)—[v— Nl=e_—"2 (_
(1) = u(0) = 55— {ul) — [0 = p+ u()]} = (v 1) > 0
which implies v < p. Now, consider
nA o+ p
— 1) — -y — 7 (= S LY A Y
v—p+u(l) —u0)=v p+5+m+ﬂ( v+p) 5+M+u( p) <0,

which contradicts our initial assumption that v — p + u(1) > u(0). Therefore, our
assumption must be false, and it follows that v — p + r + u(1) > u(1). Next, under
the condition v — p + u(1) > u(0), equations (2.7)) and (2.8) reduce to

nA L
N=—" |1y e
u(l) 5+n)\—|—,u[v ][H—T—i_u()]—i_(S—i-n)\—l—,uu(o)7
nA I
0))= —F|v— 1 ——u(0).
u(0) (5+n)\—|—,u[v p+u(>]+6+n)\+uu()
Solving these equations yields:
n d 4+ nA nA nA
1)=—(w-— _— du(0) =—(v— —).
ul) = Fw=—pt i) adwl0) = ZFv=—pt s
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Substituting these expressions into the condition v — p 4+ u(1) > u(0) gives:

nA

et — >
v p+5+n/\+u7‘_

which guarantees that the customer will choose to purchase each time she visits a

firm within the coalition. This completes the proof.

By solving the balance equations qO% = and ¢ + ¢ = 1, we find

_u
8wy vy

that gy = nA“—Jm and ¢ = n/@# Accordingly, when condition (A5) is satisfied, the

customer contributes a profit to the coalition at rate

nA(Qoerql(p— 7")) = n/\<p— mniur) (A6)

To determine the per-firm profit in the CLP across the four customer segments, we

- : A A A
examine how the price p compares to vy + Mz/\—gﬂr, vy + MZLT;WT’ vr, + M—Fiwr,

and vy, + r, which allows us to characterize customer purchasing behavior in

5+n /\ +i
each segment. Lemma provides a summary of the optimal price, reward amount,

and per-firm profit.

Lemma A3. A CLP with size n improves the per-firm profit relative to no-reward

programs only if
(@ — )\t </\Fu e u)) (MAp + 1) > BAZS(nA; + p). (A7)

When condition (A7) is satisfied, the optimal price, reward amount, and per-firm
profit in the CLP are as follows:

(a) When either 21 > % or L < AF but n < Wﬂ holds, the optimal price,

reward amount, and per—ﬁrm pmﬁt in the CLP are

b =r WL;

n/\F(5 Vr,

7T* = B)\FUL + (Oé — ’Y))\[UL — ﬁ)\p

+ («
n/\p+u5+u
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(b) When 22 < i{‘; and n > % hold, the optimal price, reward amount,

and per-firm profit in the CLP are

_ AF(5 + u+ Tl)\[)UH — )\[((5 +u+ n)\F)vL
- O — A + 1) /
- (v — o) (0 +nAp 4+ p)(6 +nAr + p)
n()\F—)\[)((S-i-M) ’
d+nAr+p Arpd(vg —vr)
nAp+p (04 p)(Ar — A1)

p

7T* = 5AFUL + (Oé — 'Y))\IUL — 6/\F

Arp—Ar(0+ p)l(vg —vL) d+nAr+p

S Gt 7 ST s W nAL+

Proof of Lemma [A3

The proof of Lemma [A3]is very similar to that of Lemma To avoid repetition,
we omit the analysis of the non-optimal cases (one can verify that the profits in the
non-optimal cases are dominated by those with no-reward programs). Below, we just

present the details of the optimal case. Suppose

NAp nAr

v+ ———r<vgt+—"—r.
L d+nAp+p — i 0+ nAr+

It follows that p* = vy, + 5+Z/’\\§+#T.

Reorganizing condition (AB) gives r < War=ve)@0emdrt)OnArty) - \oregver, p > r

n(Ap—Ar)(6+n)
yields r < 6+§j‘f oy, So,

. (g —v)(0+nAp +p)(0+nAr+p) d+nAp+p
< )
"= mm{ nOe — A1) (6 + p) T L} (A8)
The profit in this case becomes
nAp nAp nAp nAy
B[ G~ e ] O N G ] 49
Note that if and only if
A A A A
BAR (s )+ (@ = DA ) >0, (A10)

S+nAp+p  nAp+p S+nAp+pu nA+p

r* 2 0. Therefore, if condition (A10) holds, by inequality (AS)),

(vg —vp) (0 +nAp+ ) (0 +nAr+p) d+nip+p }
L .

7" = min n(\r — An)(6 + ) T tm
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Reorganizing inequality (A10)) yields condition (A7)). Comparing the two terms in
r* gives the two cases in Lemma [A3]

We next compare CLPs with no-reward programs in terms of per-firm profit and
customer surplus. Lemma shows that the comparison result between CLPs and
no-reward programs in the base model still holds when a new reward is earned upon

redemption.

Lemma A4. By comparing a CLP and no-reward programs, we have the following:

(a) When customers’ product valuation and shopping intensity are positively corre-
lated, i.e., v > af, a CLP, regardless of its size, always yields a lower profit
for the firm than no-reward programs; that is, 7*(n) < max{my,me} for any

coalition size n.

(b) The aggregate customer surplus increases when firms switch from a partial mar-
ket coverage strategy with price vy to forming a CLP, while the aggregate cus-
tomer surplus decreases when firms switch from a full market coverage strategy

with price vy, to forming a CLP.

Proof of Lemma [A4

Part (a): The profit 7*(n) in (A9)) consists of the profit collected from frequent cus-
tomers and HI customers. Note that the effective price paid by HF and LF customers
is smaller than vy, while the effective price paid by HI customers cannot exceed vg.
This leads to an upper bound on the per-firm profit, 7*(n) < SApvp + (o — ) A\jvg,
which is the same as that in the base model. Similar to the proof of Proposition [2.2fa),

one can show that 7*(n) < max{m, 7} when v > af.

Part (b): Table presents customer welfare in each segment under CLPs, and

compares them with that under the full market coverage strategy with price vy.
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CLP (Z—’L’ > i{—f) vs. | Full Market Coverage | vs. CLP (Z—’Z < ’/\\—f)
HF | vy — %m > vV — UL < | (vg —vr) [1 + ‘Sﬁ;\ﬁ“ (HM)’\&‘;/\I)}
LE | or = %” = 0 < (i — v1) S5 Gt =
HL | vn — fsmean e | < v = v > | (o —vn) |1 - St G|
LI 0 = 0 = 0

Table A2: Customer Welfare Comparison in Each Customer Segment Between CLP
and Full Market Coverage when A New Reward is Earned upon Redemption

When the firm implements the partial market coverage strategy with price vy, the
aggregate customer surplus is 0. In contrast, under CLPs, the surplus for each pur-
chasing segment is nonnegative, since customers would otherwise choose not to buy.
As shown in Table the aggregate customer surplus in CLPs is strictly positive.
This means that CLPs generate a greater aggregate customer surplus compared to
the partial market coverage strategy with price vgy. Next, we compare the aggregate
customer surplus under CLPs with that under the full market coverage strategy with

price vy, considering the following two cases.

A
Case 1: Suppose z—;’ > 55

By Table[A2] the aggregate customer surplus associated with CLPs in a VD market

minus that associated with the full market coverage strategy with price vy, equals

(8 +nAp + p)
nAp + p) (6 + 1)

vr — (vE — UL)} + (8 — ’Y))\F{UL -

(8 +nAp + )
r{on = CYEmCEamEd
(6 +nAp + p)
(nAr + ) (0 + )

+ (= V)AI{UH - vy — (vg — 'UL)}

w(d +nAp + p)
(nAp + p) (6 + p)

w(d +nAp + p) }
L

=Ar{os YETICEN

UL} + (= ’Y))\I{UL -

_nug Apd /\F,u—)\](5+,u)
_5—|-,u{’8/\Fn)\F+/¢ (@ = nAT + }

<0,
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where the last inequality holds due to condition (A7).
. v A
Case 2: Suppose o< 5E

By Table[A2] the aggregate customer surplus associated with CLPs in an ID market

minus that associated with the full market coverage strategy with price vy equals

d+nAp+p Apo
nArp +p (6 + ) (Ar — A1)

VAF{(vavL)[lJr } *(UH*UL)}

+(5—7)/\F{(UH—UL)6+n)\I+M AFO )}

nAp + p (5 Jr,u)(/\p — Az

0 nA 4 p App — Ar(6 + p)
nir + p (5+u)(>\p — )\1)

+(a—'y))\1{(vH—vL)[1 } —(’UH—’UL)}

d+nir+p AFo §+nAr+p App— (6 +p)

p F{(UH ve) nAp + 1 (5+u)(>\F—/\1)} (=) I{(UH vr) nAr + i (5+/L)()\F—)\1)}
S+nA+p Apd )\F,LL—A[(5+M)
= —_— —_— —_— A—
(vn UL)(5+u)(AF—AI){ Fndp + (=7 nA;r + }

<0,

where the last inequality holds due to condition (A7)). This completes the proof.

Proof of Proposition [2.4
Similar to the condition (A7) required for the adoption of a CLP, if
(@ =N (A = A0+ 1)) (Ar + 1) > BARS(Ar + p) (Al1)
does not hold, then adopting a PLP is no more profitable than offering no-reward
programs.
Part (a): In a VD market where £ > ))‘\—f Recall from Part (a) in Lemma@that

TL[)\F,LL — )\[((5 + M)] vr,
nAr + i 5+M'

n/\F6 vVr,
nAp + /Lé +u

" :B)\FUL+(CV_'Y))\IUL_B)\F +(Oé—")/))\[
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Taking the derivative of 7* with respect to n yields

Apop WARH — Ar(6 + p)]
(nAr +p)? (e =7)r (nAr + p)? }

dr* vr,

%:_6+u{ﬁ/\F

vpp BARO (AL 4 1)* — (o — VArArp — Ar(6 + )] (nAr + p)*

0+ p (nAp + w)2(nAr + p)?

_opp (@ = NArArp — Ar(d + p)](nAp + w2 — BALS(nAr + p)?

5+ p (nAp + u)2(nAp + p)?
g (@ = DA AR = Ar(8+ @) (AF + ) — BAFS(nAr + ) ZAEE
S d+p (nAp + p)(nAr + p)?
o owp (@ = PMPArp = A0 + p)(nAr + 1) = BARS (AL + 1)

o+ p (nAp + p)(nAr + p)?
>0,

where the last inequality holds due to condition (A7)). Hence, the profit 7* increases

in the coalition size n in this case.

Part (b): In an ID market where % < AL When n < @a=tL)OH) the profit s

A7 VLAFR—VH AL

the same as that in Part (a), otherwise, recall from Part (b) in Lemma [A3| that

0+ Tl)\] +u )\Fé(vH — UL>
n)\p +n (5 + /L)()\F — )\1)

’/T>k = ﬁ)\FUL + (Oé — ’Y))\[UL — BAF

[App = A1(6+ )] (v —wvr) 0 +nAr + p
(0 + p)(Ar = Ar) Ve

Taking the derivative of 7* with respect to n yields

+ (@ = 7)Ar

dn - (A=A +p

dm* UH — UL ){5 o A= Ar(0+p) (a0 = NAr[Arp — A1(6 + )]

i —)\15 }
T (nAp + p)?

(nAr+p)?

_ (vm—wg)d 2 AP0+ p) =i o Ari— A0+ p)
R v v} i v el Rl iy vy vl

Let

_ 2 fle=Arp=A1(6+p)]
Ar B+ —Aru) JH

(a=V) D rp=Ar(d+p)]
Ar ( lbvaCeenEs vy el 1)

n=

We define the following critical threshold on size:

A (=) PArpu=Ar(5+p)]
(v —vp)(0 + w) ( - ﬁ\/ /3[/\F(§+M)—I>\m] )M

VAR —vgAr A (—)Drp—Ai(+p] _ 4
I BIAF (6+1)—Arp]

7N 1= max
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: (=) Prp=Ar(+p)]
(i) Suppose 6[/\F(§+M)_’/\M < 1. Then,

(@ =) [Arp = Ar(6 + 1)) < BAR(S + 1) — Arpl.

Note that
(A + )2 (nAp+ p)? (nAr + )2 (nAp + p)? 7
S0,
App = Ar(0 + p) Ar(0+p) — /\IM
LY < BA}
N 'y W7 E R A (F Ve

Hence, % > 0 for any n. Recall from Part (a) that 7* increases in n when Z—’L{ < )/‘\—F

(v —vL)(0+p)

and n < Ty

. Therefore, in an ID market, 7* always increases in n in this

case.

(QE&)P(? j:;))f/(\f:}“ I < (/\—F) then, by the definition of 7, it follows

that n is positive. One can check that Cizin = 0 when n = n; % > (0 when n < n; and

(ii) Suppose 1 <

% < 0 when n > n. Therefore, the profit 7* first increases in the coalition size n

when n < 7 and then decreases in n in an ID market when n > % Recall
(va—vr)(5+p)

. To summarize, in an ID
UL>\F_7JH>\I

from Part (a) that 7* increases in n when n <

(va—vr)(04p)

} = n and then decreases in
VUL AR—UHAT

market, 7* first increases when n < max{n

this case.

a—7)[Appu—Ar(d
(iii) Suppose ( B[VA)IL((SFJ/:M)_I/(\I:}M)} > ()\_F) . Then,

(@ = NN Aep = Ar(8 + )] > BALAR(S + ) — Arpa].

Note that (n/\11+u)2 > (n/\F1+M)2’ S0
App— Ar(0 + p) 2 Ar(0+ 1) — Aipt.
a— )\ > BA
S S v 7 VS

Hence, ‘Zr—* < 0 for any n. That is, the profit 7* decreases in the coalition size n when

(va—vr)(0+p)

(v —vp)(d+np)
nz VLAF—vgAL

> i .- Recall from Part (a) that 7 increases in n when n <
LAF—VH

. —vp)(
To summarize, in an ID market, 7* first increases when n < % and then
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(v —vp)(0+np)

> n, so it can be rewritten
VLAF—VHAT

decreases in this case. Note that in this case,

(ve—vr)(0+p)

} = n and then decreases.
) UL AR—URAT

as m* first increases when n < max{n

_ (a=)[Arp=Ar(6+p)]
Let T = 55 e —Arud

in the coalition size n. Then, the optimal size n* is as large as possible; otherwise,

. In short, if T < 1, the profit 7* increases monotonically

7* first increases in n for n < n and then decreases in n. Therefore, the optimal size
n* = |n| or [n|, where |-] and [-] are the floor and ceiling functions, respectively.

This completes the proof.

A.3 Asymmetric Firms

A generic customer visits firms 1 and 2 with shopping intensities n1 A and noA, where
ny # ny are positive integers, respectively. Since firms 1 and 2 are independent, the
total shopping intensity for the two firms in the coalition is thus nyA + noA. Hence,

the optimality equations can be written as

A + noA 7
1) = — 0 1 0 Al12
u(l) 6—|—n1)\—|—n2)\—|—umax{v P+ u(0),u )}+5+n1)\+n2)\+uu( ) (A12)
NI + N I
0) = - 1 0 0). Al3
u(0) 5+n1”n2“umax{v p+u<>,u<>}+5+n1Hn2A+ﬂu<> (A13)

By following the same approach as in the base model, we can derive explicit solutions

to the optimality equations above. Specifically, if

(n1 +TL2)>\
>0, Al4
5+2(n1+n2))\—|—,ur_ (Al4)

v—p+

then it is optimal for a customer to make a purchase whenever she visits a firm in
the coalition. In this case, the optimality equations (A12))—(A13]) have the following

solutions:

a(t) = Lt S )y

5 5+ 20ny + A+ p
. (TLl + ng))\ (n1 + TZQ))\
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Given the customer’s purchasing behavior, we can now determine the optimal
price, the optimal reward amount, and the coalition’s total profit as follows. Let
7 and 74 denote the respective optimal profits of firm 1 and firm 2. Given any
exogenous expiration rate pu, offering a CLP makes the two asymmetric firms better

off only if

(0 — )As (MF (6 + u)) (21 + n2)Ap + 1) > BAZS(2(n1 + o) Ar + 1),

under which the optimal price, reward amount, and the coalition’s profit are

(it n2)Ap
§+2(n1 +n2)Ap + p

. {(UH —vr)(6 +2(n1 +n2)Ap 4+ p)(8 +2(m +n2)Ar +p) (64 p+2(na +n2)Ar) }
r* = min , VL py
(n1+n2)(Ar — Ar)(0 + ) 0+ p+ (n1+n2)Ap
(A16)
A A (n1 4+ n2)Ap - (n1 +n2)Ap *
m +my = Bln + n2))\F('UL + TPy w— /~LT T pe— /ir )
(n1 +7’L2)>\F . (n1 —|—n2))\1 "
— A — .
+ (a =) (n1 + n2) I(’UL + 5T 20n1 + na)Ar ‘*‘MT CTET)Y —|-,ur )

Otherwise, a CLP should not be offered.

According to Lemma [2.1], for a CLP consisting of n; 4+ ny symmetric firms, the
price and reward are the same as those stated in (A15) and (A16]), and the per-firm
profit is

(n1 + ng)Ap (n1 + n2)Ap
* — )\ Y — "
T +ng) =6 F(”L+ 5+ 2(m + na)he + it 2(n1+”2)AF+“T>

(n1 -+ ’n,g)/\F (nl + n2))\l
+ (o — A(v + r* — r*).
( MAr(ve d+2(ny +no)Ap + 1 2(ny +no) A\ +p
Clearly, 7*(ny + ng) = % This completes the proof.

A.4 No Customer Discounting

It is important to note that the solution for h(:) is not unique. By normalizing with

h(0) = 0, we can solve the customer’s dynamic programming equations ([2.9)—(2.10)
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to obtain explicit expressions for the optimal average customer surplus g* and the
bias function h(1). The results are summarized as follows. If

n

—p+—L >
Y p+2n)\+,ur_

Y

then it is optimal for a (v, A)-customer to make a purchase whenever she visits a firm

in the coalition, and a solution to the optimality equations (2.9)—(2.10)) is given by

nA n nA

“ Cp+ ) R(0)=0, h(l)=—"p
g n)\—l—,u(v p+2n)\—|—ur>’ (0)=0, A1) Qn)\+ur

Proof of Proposition

To determine the per-firm profit in the CLP across the four customer segments, we

nAg
examine how the price p compares to vy + zn)\ +M7" UVH + 5% Wr vL + 3, /\ Wr and

vr, + 52—, which allows us to characterize customer purchasing behavior in each

2n ,\ =
segment. This analysis closely parallels the proof of Lemma Therefore, to avoid
repetition, we omit the analysis of the non-optimal cases (one can verify that the
profits in the non-optimal cases are dominated by those with no-reward programs).
Below, we just present the details of the optimal case.

Suppose

i TL)\F < i TZ)\[
(% —Y—— T v — QY TI.
L 2nAp +p 2nAr + 1

It follows that p* = vy + 273\/;1 7.

(v —vL)(nAp+p) (nAr+u)
nu(Ap—Ar)

Reorganizing the supposition gives r < . Moreover, p > r yields

r< ”’\F%UL. Hence,

(A17)

» < min { (v —vL)(2nAp + 1) (2nA; +,u) 2nAp + 1 L}.

np(Ar — Ar) " AR+

The profit in this case becomes

nAp nAs ) ]

A - )\[ -
B FUL+(a Fy) ! UL+<2H)\F—|—,M 271)\]+/L "
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Note that

n/\F 7’L>\]
QnAF—i—u 2n/\1+,u

so, by inequality (A17), we have

>0,

(v —vL)(2nAp + @) (2nA; + 1) 2nAp + ,uUL}

" :mln{ nu()\p—)\[) ’ n)\p—l—u

Plugging r* into the profit function yields

* _ 2nAr + p)(RA1 +
7 = BArvr + (@ — 7)A; min {UH’ EQZ)\j—i- [%)(ZLA; + Z; UL}

(nA1+1)(2nAFp+p) v
(1) When —(n/\;ﬁ)@n;#) < ¥ holds,

2nAp + oy < (vg —vr)(2nAp + 1) (21 + 1)

nAp + p np(Ar — Ar) '
Hence,
" 2nAp + 1
= ————r,
“ nAp + [ g

nAF  2nAp+p 2nAp+p

w =L+ v, = v =1,
b L 2n/\p+;zn)\p+,uL n)\FJr,uL
n\p nA\p 2nAp +

= BA [v + - v}

Ak v (2an+u 2nAF+u) nAp+p -

NAp nA\s 2nAp + 1
+ (=) [v + - v]
( A <27L)\F+,u 2nAr + 17 nAp+p k

(2nAp + 1) (nAr + p)
(2nAr + p)(nAr + p)

= ﬁ)\F’UL —+ (Oé — V)AIUL

Taking the derivative of 7 with respect to n yields

I _ (o )Ap [(2nAF + 1) (RAr + w20 + @) (nAp + 1) — (201 + ) (nAp + W)]/(20\p + ) (A + 1)
dn Y)AIVL (2,”)\1 + ﬂ)2(n)\F + M)Q
— (@ — A [(4nArAr + p(2Ar + ADI2nA1 + ) (RAF + 1) — [(4nArAT + p(Ar + 200)](20AF + p) (RAT + 1)
o (2nA1 + p)?(RAF + p)?
— (@ — )AL pOr = M) (12 = 23 pAin?)

(2nAr + p)*(nAr + p)?
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drg ' b dmg ; _n *
Then, Z¢ > 0if n < NYIVE and 7+ < 0ifn > T Therefore, the profit 7

first increases in the coalition size n when n < ﬁ and then decreases in n.
(2) When (AELEMAREL > v 6],

(RAP+p)(2nAr+p) = vr

2nAp + Yy s (vg —vp)(2nAr + @) (2nA; + 1)

nAp + np(Ar — Ar)
Hence,
o (vg —vr)(2nAp + 1) (20X + 1)
’ np(Ar — Ar) ’
=g+ nAr  (vg —vp)(2nAp + @) (2nAr + p)
b L 2nAp + npu(Ap — Ap)
_ )\F(Qn)\] + ,LL)UH — )\](QTL)\F + [IJ)UL
(Ar = Anp ’
. nAg nAr  \ (veg —vr)(2nAp + 1) (2nAr + p)
T _BAF[ULjL (Zn)\F+u 2n)\p+u> nu(Ap — Ap) }
nAp nA;r\ (vg —vr)(2nAp + p) (20 + p)
— ) _
+la—7) I[UL+ (Zn)\p—i—u 2n)\1+u) nu(Ap — Ap) }

= ﬂ)\FUL + (Oé - ’}/))\[UH.

Clearly, the profit 7} remains a constant for any n.

Then, note that 7* = min {71'2, W,;k} Let

- (vir —vr)(2rAp + ) (2RA1 + 1) 2nAp + P
@ TL,U,()\F—/\[) n)\p+u

= A 2nA — (nX M\
nM(AF—AI)(n)\F+M) [(TL F‘f’#)( n 1+u)vH (n I—l—,u)( n F+M)UL}

2
_ (2nAp + p)vg [QAFAI(U—H — 1)n2—|—u<(2>\1+/\F)U_H - (2)\F+)‘1)>n

L

nu(Ar — A1) (nAp + ) vy v
2, VH
v _ g
+ p (UL )]

For the quadratic equation with respect to n

A (L~ 1)n? + u<(2)\1 ) (2 + /\1)>n (P 1) =0,
VL VL UL
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A= QAF)\[(Z—IZ — 1) > 0,

B = u((2Ar+ Ap) 2 — QA+ A1) > 0if 2 > BE and B < 0if 22 < Bebd
_ ,,2(v
C=p (3t —1)>0.
2
Then, A = B? — 4AC = ,ﬁ((zAI +AR)YL — (200 + /\1)) — BARA (2 — )22,

(i) If A > 0. Let ny = _B2_A‘/Z and ny = %. One can verify that ny < 0,n9 > 0

cannot happen. Whenny > 0, 7* = 7} if n <nj orn > ngand 7* = 7 if ny < n < no.

When ny < 0, 7* =7 if n < ng and 7* = 7} it n > no.
(i) If A <0, A, > 0 for any n, then 7* = 7.

In summary, if A > 0 and n; > 0, One can verify that n; < ﬁ < ngy. Thus,
the profit first increases in the coalition size n for n < n; and remains a constant

for n; < n < ny and then decreases in the coalition size n for n > no; if A > 0 and

ny < 0 or A < 0, the profit first increases in the coalition size n when n < \/2;7&

and then decreases in n. This completes the proof.
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Appendix for Chapter 3

B.1 Proofs of Propositions and Lemmas in the Base

Model

To analyze customer decisions, we first examine the relative positions of the key
points: 0,Zra rB, Tna,NB, and % Note that zrarp = 22nyanB, as derived from
equations and . Given this structural relationship, the possible orderings
of these points yield four mutually exclusive base scenarios. Building on these base
scenarios, we incorporate additional indifferent points xpa na, TrBNB, TRANB and

Trp,nA to further refine the characterization of customer choices.

Consider, for example, Scenario 1, in which both zrarp < 0 and zyanp < 0.
Under this condition, we have UY¥ < U and UY < UX for all customers in the interval
x € [0, %] Thus, all customers prefer Firm B, regardless of whether they choose to
recycle. To determine actual behavior, we further compare U and UY, and identify

the relevant indifference point xrp ng = % This leads to two sub-scenarios:

e Scenario 1.1: If zrpnp < %, customers to the left of xrp nyp prefer recycling

and purchasing from Firm B, while those to the right prefer not recycling and
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purchasing from Firm B.

e Scenario 1.2: If xpp yp > %, then all customers in the interval x € [0, %] prefer

to recycle and purchase from Firm B.

By systematically applying this logic across all scenarios and comparing all relevant
indifferent points, we distinguish fourteen sub-scenarios, as illustrated in Figure [B.1.
The full set of relevant constraints on the orderings of these indifference points arises
from the utilities of the four customer segments, which depend on both firms’ prices
In each scenario, these constraints

and the customers’ sensitivity to hassle costs.

determine the demand for each customer segment (RA, RB, NA, NB).

Sub-scenario 1 Sub-scenario 2 Sub-scenario 3 Sub-scenario 4 Sub-scenario 5 Sub-scenario 6

- 1 1
Scenario 1 XgeNE <7 XpoNE 2 5.
Xpare <0,
xnane <0, drp = 2Xgp,NB) dgp = 1.
1
dnp = 2(5 ~ *rB,NB)-
Scenario 2 XpanNa < XNANB- XRaNA 2 XNANB) XRaNA 2 XNANB) XRaNA 2 XNANB) XRaANA 2 XNANB) XRANA 2 XNANB)

0 < xparp < %,

1
0 <xnang <3

XRANB < XNANB-

XNANB < XRANB < XRARB-

XRaNB Z XRARB:
XRrp,NB < XRARB-

XRANB = XRARB/
1
XrarB < XrBNB < 3

XRANB = XRARB/
1
XRpNB 2 5-

dra = 2XpaNas

dyy = Z(XNA,NB - xRA,NA):

dyp = 2(% — XNaNB)-

dpa = 2XNaNB)

dyp = 2(%_ XNANB)-

dra = 2Xpa,Ng,
1
dyp = 2(; — XRaNB)-

dra = 2XRaRB,

dyp = Z(% — XRARB)-

dry = 2XpaRe:
dpp = Z(XRB,NH - XRA,RE):
1
dyp = 2(; — Xgp,NB)-

dpa = 2XpaRe,
1
dgp = 2(; — XRaRB)-

Scenario 3
1
XRaRB Z 3

1
0 <xnang <3

XraANA < XNANB-

XRaNA Z XNANB)
XRaNB = XNANB-

XRaNA 2 XNANB)
1
XNaNB < XRaNB < 3:

XRANA Z XNANB)
XRANB 2 3

dra = 2XpaNas

dna = Z(XNA,NB - xRA,NA)v

1
dyp = 2(; = XNanNB)-

dra = 2XNanB)

1
dyp = 2(; = XNaNB)-

dpa = 12xRA,NH:
dyp = 2(; — XRaNB)-

dpa=1.

Scenario 4

1
XRaNA <3

1
XRaNA 2 7

dpa = 2XpaNas

1
dyg = 2(5 — XRana)-

dpa = 1.

Figure B.1: Fourteen Scenarios Based on Indifference Point Orderings

We group the same market composition and identify eight cases in Table [3.2]

We verify that these cases are mutually exclusive and collectively exhaustive if they

are segmented based on the price gap between ps and pg and the hassle sensitivity

parameter [3, as summarized in Table BI1.
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Table B1: Eight Cases Divided by the Price Gap and the Hassle Cost

(1) Region 1: 1 < <2

(2) Region 2: 2 < <3

(3) Region 3: 8>3

pa —pp <0 (Case 1)

0<pA—pB< (Case 6) B

pa—pp < L (Case 1)

<pa-pp<Z? (Case 5-2)

PA —PB 2 % (Case 2) pPA —DPB = BT_; (Case 5-3)
- B 2 < ps—pp <1 (Case8)
) pa—pp > 3 (Case 4)

pa—pp < —3% (Case 3)

—% <pa—pB< % (Case 7)

Case 5-1)

PA —PB = 2([3 1) (

2(6 1) <pa—pB < 213 (Case 5-2)
pA —pp = 62—;2 (Case 5-3)
B—2
2

—ﬁ<pA—pB<%(Case8)

pPA —PB > % (Case 4)

Proof of Proposition

Case 5: dra = 2xpa NB,dNB

=1—-2xranNB

The profit maximization problems for two firms are as follows.

(2pa —2pp — 3) (—(B — 1)pa — 2pp + fc+c — 3)

max 7as(pa,pp) =

PB

(6+1)2

max 7ps5(Pp,Pa) =

(2pa+ B —2pp —2)
B+1 '

They are subject to the shared constraints:

Y

0 <zrars < 5 0 <anans < 57 TRANA > TNANB; TNANB < TRANB < TRA,RB;

which can be simplified as:

pa—pB > 0,pa

1 1

—PB<g5— 7 Pa—DPB>
B

2
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Denote the constraint functions as

91(pa,pB) = —(pa — ) <0,

1 1

—pa—pp—(=—2)<0

92(pa,pB) = pa — PB (2 ﬁ) <0,
-5
93(pa,pB) = =75~ — (pa —pB) <0,
94(pAaPB) = —pA < 07
95(pa,pp) = —pp < 0.
Note that 2 _”Af’ = (éil)l) > 0 and & _”36 = ﬁ > 0. —7as(pa,pp) is strictly

convex in py and —7736(p3,pA) is strictly convex in pp.

5
Firm A’s Lagrangian is La(pa,\) £ —7as(pa,pp) + > \igi, where \; > 0 and
i=1
i€ {1,5}.
5
Firm B’s Lagrangian is Lg(pg,n) £ —ms(ps) + > 1n:gi;, where n; > 0 and i €
i=1
{1,5}.

We solve by writing down the Karush-Kuhn-Tucker (KKT) conditions for both
firms simultaneously, and find the equilibrium point satisfying each firm’s optimality

under shared constraints.

e Stationarity Conditions: We take derivatives of each Lagrangian with respect

to each firm’s decision variables and set them to zero.

8LA — 87FA5 +Z/\ 0gi io

Opa Opa "Opa
8LB 87TB5 agz
s~ Ops + Z Migps = = 0.

e Primal feasibility: g;(pa,pp) <0,i=1,---,5.

e Dual feasibility: \; > 0,m7;, >0,e=1,---,5.
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e Complementary slackness: For each i: \;g;(pa,pg) = 0,1:9:(pa,p5) = 0.

By inspecting all possible solutions, we find the following solutions that satisfy all

KKT conditions.

(i)The interior candidate (i.e., \; = n; = 0).

Solve Zmas — (), 9785 — (). We derive the optimal solutions:
dpa Ops
P4 B+4AB+1)e—12  (B+1)(26+2c—5)
One can check all g; < 0,i € {1,5} when 2 < § < 5 and 625%5;7 <cc< B 22ﬂ[3+27
orﬂ>5and5 <c<ﬁ_25ﬁ+2.

(ii) The boundary candidates with the active constraint g; = 0.

For each possible subset S C {1,---,5} of active constraints, set
gi=0,i€S;\>0 and for 1, >0,i€S;\=n=0,0¢5,
and resolve the reduced system of stationarity plus those equalities.

Solve g; = 0 with stationarity conditions. We derive the optimal solutions:

p—2 p—2
2 — PB= —(— 9 .

ba =
One can check that the solution satisfies all KK'T conditions when 2 < 3 < 5 and

—48+7
26+2

c< & . In particular, for primal feasibility, g; = 0 and all other constraints are

satisfied with slack (i.e., g; < 0,9 = 2,4,5) at the interior of the admissible region.
For dual feasibility, Ay = 2<5+1>pf4(§f1)§<5+””9 > 0 and all other \; = 0,7, = 0. For
complementary slackness, all \;g; = 0 and n;g; = 0.

(iii) The boundary candidates with the active constraint g, = 0.

Solve go = 0 with stationarity conditions. We derive the optimal solutions:

S et P
pa=—_+tc+lpp=——+c+s.
g g 2
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One can check that the solution satisfies all KKT conditions when 5 > 2 and

B2—28+2

c> 23

(iv) The boundary candidates with the active constraint gs = 0.

Solve g3 = 0 with stationarity conditions. We derive the optimal solutions:

B+ pB+8  —p*+2843
T 993 PPT o 93

One can check that the solution satisfies all KKT conditions when 5 > 5 and

B2-38-2
c < 3B-3 -

Therefore, the optimal equilibrium results in Case 5 are

(1)When()2<5<5and525‘f;7<c<5 Qﬁﬂ” (11)B>53nd5 <<
BQ%;”, the optimal prices and firm profits are
. 4B+ )12 . (B+1)(2842c—5)
Pa = yPp = )
65 — 2 60 — 2
L _(B=1B-2c+4)? , _ (B+1)(28+2c—5)
Tas = »T'Bs = ;
21— 35)° 21— 35)°
(2) when 2 < f <5 and ¢ < B 22_/84f; T the optimal prices and firm profits are
Pa 2 yPB 2 )
0 ( 1)? BT (B )

(3) when 8 > 2 and ¢ > g Qﬁf}“ the optimal prices and firm profits are

. 3 . 2 1
pA:_B—i_C—i_lJpB:_B—i_c—i_éa

Tas = BQ y Ty = 2ﬁ2 :
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(4) when 5 > 5 and ¢ < B2=36-2 the optimal prices and firm profits are

28—2
. —B+p+8 . —p*4+28+3
pA_W7pB_—2_2B ’
o P 2A-e—d . (5-37(F+1)
S CEN L CES L

This completes the proof.

Following the same logic as in the above-mentioned illustrative example, we deter-

mine the optimal prices and corresponding profits across eight cases as follows.
Case 1: dra =1
The profit maximization problems for two firms are given by
max ma1(pa,pp) =pa—c+1,

max WBl(pB7pA) = 07

subject to the following shared constraints:
pA_pBS()) 1f1<ﬂ§27

2_
pA—pBgTﬁ, if2<p<3.

(1.1) When 1 < g < 2, Firm A’s best response is to choose ps = pg. Firm B has

an incentive to limit the competitor’s profits and choose pg = 0;

(1.2) When 2 < 8 < 3, Firm A’s best response is to choose p4 = pp + # Firm

B has an incentive to limit the competitor’s profits and choose pp = %

Therefore, the optimal equilibrium results in Case 1 are:

(1.1) when 1 < 8 < 2, the optimal prices and firm profits are
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(1.2) when 2 < § < 3, the optimal prices and firm profits are

Case 2: drp =1

The profit maximization problems for two firms are given by

max 7TAQ(pAapB) =1- C,

max 7TB2(pB,pA) = PB,

subject to the following shared constraints:

1

Firm B’s best response is to choose pg = ps4 — % Firm A has an incentive to

limit the competitor’s profits and choose py4 = % Therefore, the optimal equilibrium

results in Case 2 are:
(2.1) when 1 < 8 < 2, the optimal prices and firm profits are
1
ko - o 0’
Pa 9 P
Ty =1—c¢,mpy =0.

Case 3: dra = 2xpana,dnva =1 —2Tpana

The profit maximization problems for two firms are given by
4—-2(8-1)c
max 7a3(pa,pp) =pa+ —— 5
(B—1)?

max 7TB3(pBapA) = 07

108



B.1. Proofs of Propositions and Lemmas in the Base Model

subject to the following shared constraints:
1.
pa—DpB < —§,1fﬁ > 3.

Firm A’s best response is to choose py = pg — % Firm B has an incentive to
limit the competitor’s profits and choose pp = % Therefore, the optimal equilibrium

results in Case 3 are

(3.1) when > 3, the optimal prices and firm profits are

* * 1
Py = OupB = 57
4—-2(6—-1)c
Ty = ————————, Ty = 0.
A3 (6_1)2 B3

Case 4: drp = 20rB,NB,dNB = 1 — 2ZRB NB

The profit maximization problems for two firms are as follows.

4 —20c
g

max ma4(pa,pp) =
max 7TB4(pBapA) = DB,
subject to the following shared constraints:
L.
PA —PB Z §7lf/6 > 2.

Firm B’s best response is to choose pgp = ps — % Firm A has an incentive to
limit the competitor’s profits and choose py4 = % Therefore, the optimal equilibrium

results in Case 4 are

(4.1) when 8 > 2, the optimal prices and firm profits are

pj:l = §7p*B = Oa
. 4—-2Bc
a4 = 32 ;Mg =0
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Case 5-1: dRA = 2'1:NA,NBadNB =1- QxNA,NB

The profit maximization problems for two firms are as follows.

max 7Tas—1(pa,ps) = — (2pa —2pp — 1) (—2pp +2c¢— 1),

max 7ps—1(pp,pa) = =pp (2pa —2pp +1),

DO — | =

subject to the following shared constraints:

=5 .
—pB = f 3.

Then, for each firm, we now solve the one-dimensional constrained problem with

the binding constraint enforced by substitution ps — pg = %

For Firm A, solving 5410 87”“ =0 and pp = ps— derlves pa = %’pB - %
Thus, ma5.1 = 0, 751 = %

For Firm B, solving < 87”310 =0 and pa =pp + 26 2 derives pa = 121 2355’193 5_?'
Thus, mas.1 = % TB5-1 = gg:?gz

Therefore, the optimal equilibrium results in Case 5-1 are

(5.1.1) when 5 > 3 and ¢ < 25 2, the optimal prices and firm profits are

. 11-38 ” _B-3 3

L _38-2B-De-T . (53
A5—-1 = (B — 1) »TBs—1 — (B—1)2

(5.1.2) when 5 > 3 and ¢ > 25 2, the optimal prices and firm profits are

pA:C_—B_lapB 20—57
. . (B—=3)(2c—1)
Tas_1 = 0,Tp5 2<5 )
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Case 5-2: dRA = Q'IRA,NBadNB =1- 2$RA,NB

The profit maximization problems for two firms are given by

(2pa —2pp — 3) (—(B — 1)pa — 2pp + Bc+c — 3)
(B+1) ’

pB (2pa+ B —2pp — 2)
B+1 ’

max maAs—2 (PA7 pB) =

max WBs—z(pB; pA) =

subject to the following shared constraints:
¥<pA_pB<52527 1f2<5§37

) .
sis <pa—pp <57, ifB>3

(5.2.1) When 2 < 5 < 3:

Denote the constraint functions as

B
91(pa,pB) = 5 (pa —pB) <0,

£ —2
92(pa,PB) = Pa — DB 25

93(pa, ) = —pa <0,

94(pa,ps) = —pp < 0.

0% —Ta5_ 1 9?2 5 .
Note that *=r2e=2 = (éﬁl)’ > 0 and 2582 = b > 0. —7a5 o(pa,pp) is

strictly convex in p4 and —mgs_o(pp,pa) is Strlctly convex in pg.

4
Firm A’s Lagrangian is La(pa, \) = —mas_2(pa, p8) + > Aigi, where A; > 0 and
i=1

i€ {1,4}.

Firm B’s Lagrangian is Lp(pp,n) = —7ps_2(pp) + ngl, where 7; > 0 and

i € {1,4}. We solve by writing down the Karush— Kuhn Tucker (KKT) conditions

for both firms simultaneously, and find the equilibrium point satisfying each firm’s

optimality under shared constraints.
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e Stationarity Conditions: We take derivatives of each Lagrangian with respect

to each firm’s decision variables and set them to zero.

OLa _ aﬂ'A52+Z)\ 9gi _0

Opa Opa v Opa

OLp _ _ Omps_2 + 277 8gi __
; =

ps ~ opp OpB
e Primal feasibility: g;(pa,pp) <0,i=1,--- 4.
e Dual feasibility: \; > 0,m, >0,i=1,--- ,4.
e Complementary slackness: For each i: \;g;(pa, ps) = 0,1m:9:(pa,ps) = 0.

By inspecting all possible solutions, we find the following solutions that satisfy all

KKT conditions.
(i) The interior candidate (i.e., \; =n; = 0).

Solve % =0, % = 0. We derive the optimal solutions:

B4 B+4AB+1)e—12 (B4 1)(28+2c—5)
pba = PB

65 — 2 e 65 — 2

One can check all g; < 0,7 € {1,4} when 2 < § < 3 and % <c< & 225[”2.

(ii) The boundary candidates with the active constraint go = 0.

Solve g, = 0 with stationarity conditions. We derive the optimal solutions: ps =

—%+c+1,p3———+c+ vvhelr12<ﬁ<3amdc>'B*Zﬁ’g+2

(5.2.2) When 5 > 3:
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Denote the constraint functions as

28 — 2

g1(pa, pB) = — (pa —pB) <0,

p-2

92(pa;PB) = Pa — PB — 25
g3(pa,pB) = —pa <0,

94(pa,pB) = —pB < 0.

By inspecting all possible solutions, we find the following solutions that satisfy all

KKT conditions.

(i) The interior candidate (i.e., A; = n; = 0).

Solve 8%;1’2 =0, 873;“:2 = 0. We derive the optimal solutions:
B+ B44B+1)ec—12  (B+1)(28+2c—5)

66— 2 bB = 66 — 2

One can check all g; < 0,7 € {1,4} when 3 < 8 < $(V33+1) and —2£-0+12

43+4
¢ < B25+2 2;” or6> (\/33—1— )andﬁ 3ﬁ2<c<B72§+2.

(ii) The boundary candidates with the active constraint g; = 0.

We derive the optimal solutions: py = 7522_;2%%,]73 = % when > % (\/ 33 + 1)
B%—38-2

and ¢ < 52

(iii) The boundary candidates with the active constraint g, = 0.

We derive the optimal solutions: py = —% —|— c+1,pg=—= + c+ 5 L when 8 > 3

B2—28+2
and ¢ > T

Therefore, the optimal equilibrium results in Case 5-2 are

(5.2.1) when (i) 2 < 8 < 5 (V33+1) and % <ec< £ _225’3+2, or (ii) g >
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% (\/_ + 1) and B 2 o< B 22; *2 the optimal prices and firm profits are
. _62+6+4<6+1)c—12 . (B+1)(28+2—-5)
o _(B=DB-2+4? . (B+1)(26+20—5)
ST ) S (S O

(5.2.2) when > 2 and ¢ > B2-25+2 , the optimal prices and firm profits are

28
. 3 . 2 1
Pa = _B+C+1ap3 = _B+C+§7
TAs—2 = Tﬂﬁ%—z = 25° ;

(5.2.3) when g > % (\/ 33+ 1) and ¢ < 622_;’_@_2, the optimal prices and firm profits are

. —BP+p+8 . —p24238+3

o _FoB-2f-le—d (B3t
SR S RO

Case 5-3: dRA = 2$RA,RB; dNB =1- Q-TRA,RB
The profit maximization problems for two firms are as follows.
max mas—3(pa,pp) = (2pa — 2pp — 1) (pa — 2pp + ¢ — 1),

max 7TB5—3<pB>pA) = —2pp (pB - pA) )

subject to the following shared constraints:

B—2 .
—pp=——,if > 2.
Then, for each firm, we now solve the one-dimensional constrained problem with

the binding constraint enforced by substitution p4 — pp = ’32—_52

For Firm A, solving am]‘)ﬁ = 0 and pg = pa — Z2 derives py = ¢ — %,pg =
——+C—- Thus, Tas5.3 = 52,7TB53—%-
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For Firm B, solving 7r35 2 =0and py = pp + 822 derives pa = BﬁQ’pB - % %
— —92)2
Thus, ma5.3 = TZ,WB5-3 = (ﬁzﬁz) .
: — —2)2 —2)(B(2c—1)—4
By comparison, 2526 > —%, (5252) > O )('82(528 =) when B >2and c < %

Therefore, the optimal equilibrium results in Case 5-3 are

(5.3.1) when 8> 2 and ¢ < kel +1 , the optimal prices and firm profits are

Py = 67]93_ /8 27
2 —2 2c—1)—14
772573:_6277%573: e )(55/362 ) )

In summary, the market consists of RA and NB customer segments in Cases 5-1,
5-2, and 5-3. For each subcase, the conditions are disjoint. Next, we need to find, for
each (53, ¢) in the overlapping regions, which subcase gives the highest profit for both

firms simultaneously. We show the detailed steps in Table B2. Note that the key

—B*—f+12 _ =382 _ 38— B2-28+2 _ B+l
pa 2= "5 8T 35 2704_ 28 %= 5

boundaries in ¢ are: ¢; =

Bi2 is the third root of the polynomial equation 2% — 522 — 22 4+ 2 = 0.
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Table B2: The Feasible Sub-Cases in Each Sub-Region of Case 5

Region Sub-region Condition Feasible Sub-cases
2<B<3 1.1 c< ey 5.3.1
1.2 c1 <e<eyq 5.2.1, 5.3.1
1.3 cyp <c<es 5.2.2, 5.3.1
1.4 c>cp 5.2.2, 5.3.2
3<p<i (\/ﬁ+ 1) 2.1 c<er 5.1.1, 5.3.1
2.2 c1 <c<es 5.1.1, 5.2.1, 5.3.1
2.3 c3 <c<ey 5.1.2, 5.2.1, 5.3.1
2.4 cyg <c<es 5.1.2, 5.2.2, 5.3.1
2.5 ¢ > cs 5.1.2, 5.2.2, 5.3.2
1 (\/%4- 1) <B<4 3.1 e < eo 5.1.1, 5.2.3, 5.3.1
3.2 ca <ec<eg 5.1.1, 5.2.1, 5.3.1
3.3 c3 <c<eyq 5.1.2, 5.2.1, 5.3.1
3.4 cy <c<es 5.1.2, 5.2.2, 5.3.1
3.5 c>cp 5.1.2, 5.2.2, 5.3.2
4<pB<5 4.1 c < co 5.1.1, 5.2.3, 5.3.1
4.2 cag <c<es 5.1.1, 5.2.1, 5.3.1
4.3 cg <c<ecs 5.1.2, 5.2.1, 5.3.1
4.4 cs <c<ey 5.1.2, 5.2.1, 5.3.2
4.5 c>cy 5.1.2, 5.2.2, 5.3.2
5 < B < B2 5.1 c<c3 5.1.1, 5.2.3, 5.3.1
5.2 c3<c<en 5.1.2, 5.2.3, 5.3.1
5.3 cg <c<ecs 5.1.2, 5.2.1, 5.3.1
5.4 cs < c< ey 5.1.2, 5.2.1, 5.3.2
5.5 c>cy 5.1.2, 5.2.2, 5.3.2
Brz<B< i (\/H+ 7) 6.1 c<ecs 5.1.1, 5.2.3, 5.3.1
6.2 cg3 <c<ecs 5.1.2, 5.2.3, 5.3.1
6.3 cs < e< e 5.1.2, 5.2.3, 5.3.2
6.4 co <c< ey 5.1.2, 5.2.1, 5.3.2
6.5 c>cy 5.1.2, 5.2.2, 5.3.2
8> %(\/H+7) 7.1 c < cs 5.1.1, 5.2.3, 5.3.1
7.2 csg <c<es 5.1.1, 5.2.3, 5.3.2
7.3 c3 <c<cy 5.1.2, 5.2.3, 5.3.2
7.4 cpg <c<cy 5.1.2, 5.2.1, 5.3.2
7.5 c>cy 5.1.2, 5.2.2, 5.3.2

Lemma B1. The optimal equilibrium results in Case 5 are as follows@

24Note that B3 is the fourth root of the polynomial equation z* — 623 + 522 + 122 — 4 = 0. B4

116



B.1. Proofs of Propositions and Lemmas in the Base Model

(a) Subcase 5.1.1 is optimal for both firms when (i) f13 < 5 <5 and ¢ < 23— 2.

252
(z'z')5>5cmdc<2—_

(b) Subcase 5.1.2 is optimal for both firms when (i) 3 < f <5 and ¢ > 62*2;*2;
(i) 5 < B <3 (\/_+7)and357< <52ﬁ2 (i) 5 < B < L (VA1 +7)

and ¢ > B=28+2 25+2 (iv) 2 (VA1 +7) < B < By and ¢ > B2-26+2 25+2 (v) B > B

B82—2p+2 563 —18324238—2 93%—-16835+51484— 684ﬁ3+633ﬁ2 2608436 .
and B <c< YIRS ) R \/ B2(B+1)2 (UZ)
583—1832+235—2 936 —1683°+51434—68433+63332— 2606+36
B2 B andc> —pEy— + 31 \/ T

(¢) Subcase 5.2.1 is optimal for both firms when (i) 2 < 8 < 3 and l\/9ﬁ4742’6§;(ﬂ6f$728’6+4+

15-28) <c< B2—26+2 25+2 ; (i) 3 < B < Pug and \/954 —4233+6182— 28,3+4+2<5_

B2(6+1)
26)<c<25 5 (m)615<ﬁ<5cmd'3 3~ 2<c<2§

(d) Subcase 5.3.1 is optimal for both ﬁrms when (i) 2 < <3 and ¢ < =B p12 .

p+a
(i) 3<p<1i(V3 —i—)andﬂ <c<%.

(e) Subcase 5.3.2 is optimal for both firms when 2 < < 3 and ¢ > %

(f) A mized strategy emerges as a solution where firms might probabilistically choose

between other feasible subcases in the remaining region.
Case 6: dpa = 20rA,RB,drB = 1 — 2TRA RB
The profit maximization problems for two firms are given by
_ 2
max 7a6(pa,pr) =pa(2pp +1) —2py —c+ 1,
max 7pe(PB,Pa) = 205 (Pa — PB)
subject to the following shared constraints:

1
0<pA—pB<§,if1<6§2.

is the first root of the polynomial equation x> — 1622 4+ 13z — 18 = 0. ;5 is the third root of the

polynomial equation z° — 62* 4 923 — 422 + 122 — 4 = 0.
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Denote the constraint functions as

g1(pa,ps) = — (pa —pB) <0,

1
92(pa,PB) = Pa — DB — 3 <0,

g3<pA7pB) = —PA S 07

94(pa,pB) = —pp < 0.

Note that —ma6(pa, pg) is strictly convex in p4 and —mgg(pp, pa) is strictly convex

in pg.
4
Firm A’s Lagrangian is La(pa, \) £ —7as(pa,pp) + Y. \igs, where \; > 0 and

=1
ie{1,4}.

4
Firm B’s Lagrangian is Lg(pg,n) = —mpe(p) + 3. 1:9;, where n; > 0 and i €

(1,4}, -

By inspecting all possible solutions, we find the following solutions that satisfy all

KKT conditions.

(i) The interior candidate (i.e., \; = n; = 0).

Solve 9748 — (), 9786 — (). We derive the optimal solutions:
Opa OpB

_1 _1
pA_gapB_G-

One can check all g; < 0,7 € {1,4} when 1 < § < 2.

Therefore, the optimal equilibrium results in Case 6 are:

(6.1) when 1 < 8 < 2, the optimal prices and firm profits are

1

pjl: 7p*B:6a
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Case 7: dpa = 20pana, dNa = 2(xNaNB — TrANA), ANB =1 —2TNaNB

The profit maximization problems for two firms are as follows.

max ma7(pa,PB) = Pa <pB + %) —ph+ 4_(62%%21)07

1
max 7p7(pp,pa) = SPB (2pa —2pp+1),

subject to the following shared constraints:

1< B <ﬁ—5
92 ba PB 25_27

if 5> 3.

Denote the constraint functions as

1

91(pa,pp) = =5 = (pa —pp) <0,
8—5

— DA — Dr — <0

92(Pa, pB) = Pa — DB 25 3 =0

g3<pA7pB) = —Pa S 07

94(pa,ps) = —pp < 0.

Note that —m47(pa, pp) is strictly convex in p4 and —mwg7(pp, pa) is strictly convex

in pg.
4
Firm A’s Lagrangian is La(pa,\) £ —ma7(pa,ps) + > \igs, where \; > 0 and

i=1
i€ {1,4}.
4
Firm B’s Lagrangian is Lg(pg,n) = —mp7(ps) + Y. 1:g;, where n; > 0 and i €

(1,4}, .

By inspecting all possible solutions, we find the following solutions that satisfy all

KKT conditions.

(i) The boundary candidates with the active constraint g, = 0.

119



Appendix B. Appendix for Chapter 3

Solve g9 = 0 with stationarity conditions. We derive the optimal solutions:

One can check that the solution satisfies all KKT conditions when 3 < g < 5.

Therefore, the optimal equilibrium results in Case 7 are

(7.1) when 3 < 8 < 5, the optimal prices and firm profits are

. _8=2F-De , _(9-A)B-3)
AT (5_1)2 » " B7 2(5_1)2 :

(7.2) when > 5, the optimal prices and firm profits are

pA_2 _27
4281 1 . 1
Ta7 = ( ) +177TB7:Z_1'

Case 8: dra = 22ra rB,drE = 2(XRBNB — TRARB), AN = 1 — 2TRB NB

The profit maximization problems for two firms are as follows.

— 250

max mag(pa,pp) = pa (205 + 1) — 2p% + 52

max 7ps(pp,pa) = 2ps (P4 —pB),

subject to the following shared constraints:

2
B—<pA—pB< Jif > 2.

2p
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Denote the constraint functions as

91(pa,pB) = b-2_ (pa —pB) <0,

1
92(pa,PB) = pa — PB — 5 <0,

93(pa,pB) = —pa <0,

94(pa,ps) = —pp < 0.

Note that —mag(pa, pg) is strictly convex in p4 and —mgs(pp, pa) is strictly convex
in pg.
4
Firm A’s Lagrangian is La(pa, \) £ —mas(pa,ps) + Y. \igs, where \; > 0 and

=1
i€ {1,4}.

4
Firm B’s Lagrangian is Lg(pg,n) = —mps(p) + Y. 1:9;, where n; > 0 and i €
i=1
{1,4}.

By inspecting all possible solutions, we find the following solutions that satisfy all

KKT conditions.
(i) The interior candidate (i.e., \; = n; = 0).

Solve %7;18 =0, 887;? = 0. We derive the optimal solutions:
1 1

pPaA = gapB = 6

One can check all g; < 0,7 € {1,4} when 2 < < 3.
(ii) The boundary candidates with the active constraint g; = 0.

Solve g1 = 0 with stationarity conditions. We derive the optimal solutions:

B—2 11

PA=——Z—PB=5 " =
p 2 B

One can check that the solution satisfies all KKT conditions when £ > 3.

Therefore, the optimal equilibrium results in Case 8 are
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(8.1) when 2 < 8 < 3, the optimal prices and firm profits are

pA_37pB_67
4-28c 2 . 1
T A8 = 52 §’7TBSZ 187

(8.2) when 8 > 3, the optimal prices and firm profits are

The optimal profits in the eight cases mentioned above are summarized in Table[B3.
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Table B3: The Optimal Profits in the Eight Cases

Case 1 (Only RA): (1.1))1<p<2: pjl = O,pj‘3 =0 7(1‘4171 =1-c, 7T*3171 =0;
(12) 2 < B <3:phy =0,p = 252 T o =1—c,mh_o=0.
Case 2 (Only RB): (21)1<B <2 ph=131,p5=0 The =1—c,mhy = 0.
* 4—-2(B—1)c *
Case 3 (RA+NA): (3.1) B> 3: p% =0,p = % Thg = (/3<—[1> )(‘17\'53 =0.
Case 4 (RB+NB): (4.1) B>2: ph = 5,05 =0 T, = 4}22527”*34 —o0.
2
Case 5-1 (RA+NB): (5.1.1) B > 3 and ¢ < gg:;: ph = | Ths_1_1 = w,ﬂ%ilil - (Bj)z%
11-38 * _ B—3 B ) # )
2—25 'PB = =1
38—-7 * * * —3)(2c—1
(5.1.2) 8 > 3 and ¢ > 22_2: Py = ¢ — ThA5—1-2=0,Ths_1_9 = %
2 * 1
F-i'PB=C¢— 3 )
. —1 —2c+4
Case 5-2 (RA-NB): (5.21) () 2 < B8 < %(\/33+1) and | 7hs 5 4 - %,@5727] -
—B2_p8+12 B2 2842 . 1)(28+2c—5)2
T E < ¢ < ZT or (ii) B+ 2)((16;[3)1‘ 5) ;
1 —38—2
B > 5(\/33+1) and 23822 < o <
B2-28+2 . _ B24B+4(B4lc—12 . _
28 S Pa = 65 —2 »Pp =
(B+1)(28+2c—5)
68—2 5
— 2 —1 —2 2 —4
(56.2.2) B > 2 and ¢ > %: ph = Ths_o_o = %2—),77}*357272 = %&M;
—f+c+lpp=—F+ct;
2 2
1 . —38-2, * _ B2—B—2(B—1)c—4 _
(52.3) 8> 3 (V33 +1)ande < B58022 | oy, = #, e o3 =
a2 52 2
* _ =B +B+8 x _ —B°+2B+43 B—3)2(B+1
Pa = —3=28 'PB T 2-283 W
2
1 * * 2—2c¢ * —2
Case 5-3 (RA+NB): (5.3.1) B > 2 and ¢ < ﬁ%;; Ph = | Ths_g—1 = 25, mhs g1 = <5252> .
3—2 1 1
[TJ’E =23
* 3—2)(B(2c¢—1)—4
(632) B > 2and ¢ > B p = ¢ — | 7% 5 5= 76%,7#357372 = %”#
%717?3 = —% +c—3
Case 6 (RA+RB): (6.1)1<B <2 ph=3%p5=2% The = 2 — ¢, The = 13-
] . v _ 2 * _ B—9 P — 8-2(B—Dc _= — (9-A)(B-3).
Case 7 (RA+NA+NB): (7.1)3 < B < 5: PA = =1 PB = ~3(F-1) TAT-1= T (5o1) TBT-1= S 552
* 1, % 1 * 4-2(B—-1)c 1 _* 1
(7.2) 6> 5: p4y = 5,5 = 3 “A7—2:#+Z*WB7—2:Z'
Case 8 (RA+RB+NB): | (8.1)2<p8<3: ph =1,p5 =1 e 1 = 47322136 + 2,755 1 = 1
* -2« 11 * 2-2¢ B—2)2
®2) 8>3 ph =32 pp=§ % TAs—2 = BC*”Bs—zz(zaz) :

Proof of Proposition |3.2

Next, we compare all feasible scenarios in each sub-region. We need to find, for each
(B,¢) in the overlapping regions, which case gives the highest profit for both firms
simultaneously. We show the details in Table [B4. 9]

25Note that Bi6 is the second root of the polynomial equation 4x* — 1923 + 2222 — 72 — 4 = 0.
Bi7 is the first root of the polynomial equation x> — 4x? + 32z — 4 = 0. Big is the second root of

the polynomial equation 4z* — 2323 + 4122 — 332z — 5 = 0. By is the first root of the polynomial
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Table B4: The Optimal Customer Segmentation in Each Sub-Region

Region Sub-region Condition Feasible Customer Segment
1<B<2 1.1 c<1 1,2,6
1.2 1<e< i 6
2
2<pB<3 2.1 c< % 1, 4, 5-1-1, 8-1
2
2.2 BT <c< 2 1,4, 81
2.4 l<e< 2+ 8 8-1
P 38T —158°4+2382% —58+26 B2 —4B+7
3< B < Bis 3.1 255 c105% —apr10 . << Tapie 3,4, 5-1-1, 7, 8-2
B2—48+7 4p3 19524 266+1 3. .
3.2 i <c< LR 3,4, 5-3-1, 7, 8-2
483 —19824268+1 2 )
3.3 PR <e< 3 3,4,7, 82
3.4 %<c§% 3,7, 82
3.5 % <e<1 7, 8-2
4
3.6 l<e< g3 7
1 387 —158542382 58426 BZ—4B+7 1. )
fro<B< 3 (V3B+1) 4.1 SE st e < e < Pt 3,4, 5-1-1, 7, 8-2
2
4.2 % <e< 2 3,4, 5-3-1, 7, 8-2
2 483 -1982+266+1 5 ’
4.3 2 <e< Sy 3, 5-3-1, 7, 8-2
483 —19824268+1 2 g
4.4 T rists  <c< g 3,7, 8-2
4.5 ﬁ%l <ec<1 7, 8-2
4
4.6 1<e< g2 7
1 ( B3—6p2+5-4 B2 —45+7
3 \/33+1) < B < Bir 5.1 AT <e< P 3,4, 5-1-1, 7, 8-2
2
5.2 % <e< 2 3,4, 5-3-1, 7, 8-2
2 4831982 +266+1 3 }
5.3 2 <e< Ty 3, 5-3-1, 7, 8-2
483 -1982+268+1 g
>4 T eetiasr2 S CSFT ST
5.5 % <ec<1 7, 8-2
4
5.6 1<e< 54 7
B3—6p%+8—4 2
B17 < B < Bis 6.1 Tazos o <° <z 3, 4, 5-1-1, 7, 8-2
2_4
6.2 Z<ce< % 3, 4, 5-1-1, 7, 8-2
B2_4p+7 453 -19824268+1
6.3 spis~ <c< LRy 3, 5-3-1, 7, 8-2
483 -1982+268+1 g
6.4 T << g 3,7, 82
6.5 % <ec<1 7, 8-2
4
6.6 1<e< 54 7
B3—6p%+5—4 2
Bis < B < P11 7.1 By <c< 5 3, 4, 5-1-1, 7, 8-2
2 B2—4p+7
7.2 2 <e< BHE 3, 5-1-1, 7, 8-2
2
73 BEABHT o< 520 3, 5-3-1, 7, 8-2
3 2
7.4 2 << 4B°—19B87+265+1 5-3-1, 7, 8-2

B—1 28244842

equation 3 — 522 + 7 — 11 = 0.
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Region Sub-region Condition Feasible Customer Segment
4831982 4268+1 -
7.5 LRy <c<1 7, 8-2
4
7.6 1<e< g3 7
352 —
B11 < B < Bio 8.1 % <e< 2 3,4, 5-1-1, 7, 8-2
2_4p
8.2 % <c< % 3, 5-1-1, 7, 8-2
2
8.3 % <e< g2 3, 5-3-1, 7, 8-2
8.4 ﬁ <e<1 5-3-1, 7, 8-2
4831982 4268+1 .
8.5 l1<e< ST ribis 5-3-1, 7
4531982 +265+1 4
8.6 252+4p12 <c< B—1 7
VYA
B1o < B < Ba 9.1 o <e< 3 3,4, 5-1-1, 7, 8-2
9.2 2<e< 52 3, 5-1-1, 7, 8-2
2_
9.3 iy < o< EAAHT 5-1-1, 7, 8-2
2
9.4 % <ec<1 5-3-1, 7, 8-2
5 4831982 +268+1 3
9.5 1<e< Ty 5-3-1, 7
4319524 266+1 4
9.6 ST ribis <e< gty 7
3 2
L < B<VB+2 10.1 BE-6874+B-4 o< 2 3,4, 5-1-1, 7, 8-2
282 2 B
10.2 % <ec< % 3, 5-1-1, 7, 8-2
2
10.3 gL << BAAHT 5-1-1, 7, 8-2
2
10.4 BT c o<1 5-3-1, 7, 8-2
10.5 1<e< ﬁ 5-3-1, 7
4 4p3-19824+266+1 3
10.6 Fag <e< AT iie s 5-3-1
3 2
VE+2<B8<5 11.1 %<c§% 3,4, 5-1-1, 7, 8-2
11.2 % <e< % 3, 5-1-1, 7, 8-2
2
11.3 gL << BAAHT 5-1-1, 7, 8-2
2_4B+7
11.4 % <e<1 5-3-1, 7, 8-2
11.5 1<e< ﬁ 5-3-1, 7
4 28378247844 3.
11.6 Fag <e< SR 5-3-1
B>5 12.1 c < /% 3,4, 5-2-3, 8-2
12.2 % <ec< % 3, 5-2-3, 8-2
12.3 % <e<1 5-2-3, 8-2
2_ -
12.4 1<c< % 5-2-1, 5-2-3
2 2
12.5 B850 coq B2p42 5-2-1
B2—28+2
12.6 o> £52042 5-2-2

By comparing the optimal profits of two firms in eight cases with the respective

feasible regions, we identify the optimal customer segmentation as follows@

26Note that Bgg is the first root of the polynomial equation 3x° — 924 4+ 23 — 3922 — 20 = 0. 3o,
is the second root of the polynomial equation 2z* + 23 — 3122 + 3z — 39 = 0. 325 is the first root of

the polynomial equation 2 — 522 + 7z — 11 = 0. Ba3 is the third root of the polynomial equation
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(a)

(b)

RA+RB is the optimal customer segmentation when 1 < 5 < 2.

RA+NB is the optimal customer segmentation when any of the following conditions are

1
satisfied: (1) 8 > 5,¢ > 239822, (2)g(VI0I +37) < § < 3,555 < e < BEAB4T. (3)

12642 = 26+2
38%-98%+58%—596—4 2. 3_68%2+8—4 2.
Bao < B < 4, 62ﬁ3f10ﬁ2ﬁ,2ﬁ+f0 S c <3 (4) 4 <pB < 57% <c< 3 (5)

38%*—9B°+58%—598—4 24847, —48+7 .
/821 < /6 < 6207 6263_61052'8_25-&-?0 <c< %a ( ) ﬁ20 < ﬁ < 5 <c< : 26-52 ) (7)

2_38-2 3-108%—-38+4 —38—2
5<5§523,C<%5 ()5>523,%<0<%» (9) B > Pag,c < 14

—9834+4382+58+25 4847
(10) Boa < B < Bas, ot iB0 420425 < o < 2200 (11) By < B < Ban, BB < o < 52

—98°%+43 2 3_19824+268+1
(12)626<ﬁ<ﬁ247W§0<% (13) Boa < B < Por, 523 < ¢ <

3_ 2 _
WS ERHL (14) Bor < B < Pag, 579 < C<10@ﬂm<6<55¢ﬁ” ¢ < 1; (16)

527<ﬂ§52871<0<w (17) g < B < 5,1 <c<

232 +453+2 B

RA+RB+NB is the optimal customer segmentation when any of the following conditions are

. 732 _ 4_ 3 2_ 48—
satisfied: (1) 2 < 8 < Bag,c > g,ﬁ‘fﬁg%; (2) Bag < B < B3o,c > 28 1%%%;%%@,31656 2. (3)

—4847. 78%—36
B30 < B < B31,¢ > ’ngf; ;(4) B2 < B <32 9,352_186~

RA+NA+NB is the optimal customer segmentation when any of the following conditions are

satisfied: (1) 3 < 8 < Bs3,¢> 1; (2) B33 < 5 < Sa.

A mixed strategy emerges as a solution where firms might probabilistically choose among

feasible customer segmentation options in the remaining region.

This completes the proof.

23 — 1222 + 2 +2 = 0. Bay is the first root of the polynomial equation 923 — 3522 + 112 — 17 = 0.

Bos is the second root of the polynomial equation 2z% + 23 — 3122 + 32 — 3 = 0. fa6 is the second

root of the polynomial equation 8z* — 3723 + 4722 — 552 — 27 = 0. a7 is the third root of the

polynomial equation 422 — 2122 + 22z — 1 = 0. [ is the second root of the polynomial equation

4% —2323 43722 —41x—9 = 0. Bag is the first root of the polynomial equation 232> —4922+18x—72 =

0. f330 is the second root of the polynomial equation 14x* + 1923 — 10322 — 182z — 72 = 0. f3 is

the first root of the polynomial equation 9z* — 6823 4 12122 — 54x 4 72 = 0. f335 is the first root of

the polynomial equation 9z* — 683 + 12122 — 54z + 72 = 0. B33 is the first root of the polynomial

equation z* — 923 + 2022 — 62 +2 = 0.
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Proof of Lemma [3.1]

In the benchmark scenario, neither firms adopt TBPs. The customer utility function,
denoted by Uj;, where j € A, B represents which firm they make a purchase from.

The utility functions are given by:

Ua(x) =v —pa— |z — 24,
Ug(x) =v—pp — | —xp|.

Ua(z) = Up(z) yields x4p = %— PAZPE " That is, the demand functions are dy = 2w4p

and dg = 1 — 2z45. We substitute them into the profit equations and derive the

corresponding profit functions as follows.

o (L _pa—ps
A ba 2 9 )

1 —

To obtain the optimal decisions, we solve the first-order conditions: fl’;—i =0, Zlﬁ =0.

Solving these equations yields py = %,pB = % The resulting demands are dy =

_ 1
77TB—Z-

=

$,dp = 3. Therefore, the optimal profits are 74 =

This completes the proof.

Proof of Proposition |3.3

Comparing the optimal firm profits under the YN case with the NN case, we derive

the following outcomes. [

2"Note that f3; is the second root of the polynomial equation 8z% — 3723 +472% — 552 —27 = 0; The
roots are ordered by increasing real part; if two roots have the same real part, then by increasing
imaginary part. B is the second root of the polynomial equation 2z* + 22 — 3122 + 3z — 39 = 0.
B3 is the second root of the polynomial equation 172* — 9223 + 14622 — 164z — 35 = 0. B4 is the
second root of the polynomial equation 4x* — 2323 + 3722 — 41z — 9 = 0. f is the third root of
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(a)

The win-win region occurs (i.e., both firms benefit from TBP) when any of the following
.. . _9B3 3_ 2
conditions are satisfied: (1) 8y < 8 < &, W <ec < %, (2)

11 —983+438°+56+25 —B%2+268+431 . 38*—98°+58%2—596—4
5 < B < P, —iprapr—ip—1 = ¢ < —gg-g (3) B2 < B < Bs, 33 —1032 —35 110 =

—B2+23+31 . 38*—98%+53%—595—4 48%-198%4268+1 .
c < T 88—8 ( ) 63 < /8 < 47 2B85—-1082—253+10 <c< T 28244542 (5) 4 < ﬁ <

3_ 2 _ 3_ 2 3 2 _
54,5 26[362;%26 4<C<%;(6)B4<B§5,w<c<%;(7)5<5<

2B2+45+2 232 -2
/982 —68+1
2V2+4; (8)2V2+4< B <9 c< B2 Y 0 (9)9gﬁg55,c<%; (10)
p— 2 p—
55<5<567C§101"W<0<3B;¢ (11) 8 > Bs,c < 1.

The win-lose region occurs (i.e., Firm A benefits from its TBP, but Firm B hurts) when any

of the following conditions are satisfied: (1) 1 < 8<2,¢< 32;(2)2< 8 < 3, H <c<

144— 2384 -358%+328%—1448-72 144 —4B+7
725 7()ﬂ7<6<687 ﬁlgﬂﬁs 18,8@" 366ﬂ <c<7()58<ﬁ<69; 25_52 <

¢ < Mi-p ;()59<5<3\ﬁ o7 18 —36<C<144,62 (6)\/10+37<5<355S

728 ) 9B2_183 728 3512
—4B+7 —B2+28+31 48%—1982+268+1
C<%;(7)3<B<510,1<C<B'§7B+()ﬂ0<ﬁ<11 %<C<
—B8°+28+31
85-8 -

The YN case is infeasible (i.e., Firm A hurts) when any of the following conditions are

/982 —68+1
satisfied: (1 )1<B<2c>36,(2)2(ﬂ+2)<5§9,#7+<c< ﬂiﬁ”; (3)

B> 9, Bo802 o< F20H2,4)5 5 2 (v2 4 2) e > B2 (5) 9 < < s, 2T
_ 3 2 .
¢ < B2 (6)55<5—56’%<0<%7()5>5&%
2_ag_ _
e < B2 (8) 2 < B < froe > M (9)8s < B < fy,e > P (10) By < B

3V97 — 27,¢ > 14?2& (11) 397 — 27 < B < 3,¢ > 28236, (12) By < B < fBs,c > 140"

IN A

VAN

932—188" 728
(13) 3 < B < Bro, ¢ > W (14)B10 < B < Bi, ¢ > w (15)B11 < B < B3, >
- 28431 483 -19824268+1
68‘27@ (16)6 <B<B4,C> %

A mixed strategy emerges as a solution where firms might probabilistically choose among
feasible customer segmentation options in the remaining region of the YN case, making direct

comparisons with the NN case challenging.

This completes the proof.

the polynomial equation x® — 1222 + x + 2 = 0. fg is the first root of the polynomial equation

2 — 3522 4+ 3x — 1 = 0. B7 is the first root of the polynomial equation 23z3 — 4922 + 18z — 72 = 0.

Bg is the second root of the polynomial equation 14z* + 1923 — 10322 — 18z — 72 = 0. fg is the

first root of the polynomial equation 9z* — 6823 + 12122 — 54z + 72 = 0. By is the first root of the

polynomial equation 2* — 923 4 2022 — 62 4+ 2 = 0. $1; is the third root of the polynomial equation
4a® — 212 + 222 — 1 = 0.
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Proof of Lemma [3.2]

In the YY case, both firms can adopt in-store TBPs. In this case, the maximum
distance from any customer to her nearest collection point is }1. The customer utility
function U}, where i € {R, N} represents recycling or not recycling, j € {A, B}

indicates the firm from which the purchase is made, is given as follows.
R . 1
Uit =1-Bmin{|z — a4, |z = 7|} + v = pj,

U]‘-N:v—pj—|a:—xj|.

The profit function for each profit-maximizing firm j is:

7Tj = pj<de + de) — deRj + d%]

To simplify the analysis, we assume c4 = cg = ¢. Then, the profit structures of
the two firms are identical due to symmetry, which leads to coinciding optimal pricing

decisions.
(i) If zgjN; > %1, that is, 1 < 8 < 5, all customers are incentivized to recycle.

UR(z) = UB(z) yields xgrarp = W. The demand functions are dgg =
2z 4p and drp = 1 — 2x 45. We substitute them into the profit equations and derive

the corresponding profit functions as follows.

(=2pa+ B+ 2pp) (—2(8 — 1)pa — 2pp + B(2¢ — 1))

A = — ’

432
_ (2pa+ B —2pp) (2pa+ B +2(6 —1)pp — 25c)
TR = .
432
To obtain the optimal decisions, we solve the first-order conditions: Z;—j =0, le;—g =

0. Solving these equations yields py = pp = %(ﬁ + 2¢ — 2). The resulting demands

are dpga = drp = % Therefore, the optimal profits are 74 = 7 = %.

(ii) If zrjn; < }l, that is, # > 5, the market consists of recycled and non-recycled

customers.
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The demand functions are dga = 22rana,dNa = 2(TNaNB — TraNA), ANB =
2(zrNB—2NaANB),dr = 1 —22xrp np. We substitute them into the profit equations

and derive the corresponding profit functions as follows.

1 4-9(8-1
TA = DA (p3+5) —Piﬁrﬁa

1 4-2(8-1
TR = (pA+§)pB—sz+<5(fl>2)c-

To obtain the optimal decisions, we solve the first-order conditions: ‘(Z—: =0, Z;:—g =
0. Solving these equations yields py = pp = % The resulting demands are drs =

ﬂ’dNA = % — %,dNB = % — %,dRB = % Therefore, the optimal profits are

4-2(8—1)c
TA=TR = W+Z’

This completes the proof.

Proof of Proposition

Comparing the optimal firm profits under the NN, YN, and YY cases, we derive the

following equilibrium outcomes.@

(i) NN is an equilibrium when 7YV > g¥ N 7N > 7Y 7NN > 7p¥¥ 78N > 7YY That is,

9[326[-]+1
(1)1<5<2c>36,(2)2(\/§+2)<5<9@—7V2[’[<c<5iﬁﬁ+2 (3) B >

9 et <o < B (1) 52 2 (VE+2) o> B (5) 9 < 6 < g PR <

38—2 3 28—17 38—2 3_-108%—-38+4
C<Bg[3_62 a()ﬁ34<ﬁ<ﬁ35a%<c<ﬁ25ﬁ2 7(7)ﬁ>ﬁ35,%§0<
B%2-38—2

23—2

(ii) YN is an equilibrium when 74 > 7l/N 7¥N > 7¥Y or 70V > 7YY 78V > 78N That is,

M1<p<e<B2)5<p<2v2+4, % (- 2ﬁ2+9ﬁ+1)<c<5_ﬁw 2. 3)5<f<

28Note that B34 is the third root of the polynomial equation z3—12224+z+2 = 0. B35 is the first root
of the polynomial equation 23 — 3522 432z —1 = 0. B¢ is the second root of the polynomial equation
204423 —3122+32—39 = 0. Ba7 is the first root of the polynomial equation 2323 —492%+182—72 = 0.
Bsg is the first root of the polynomial equation 92* — 6823 4 12122 — 54z + 72 = 0. 339 is the second
root of the polynomial equation 14x* 4+ 1923 — 10322 — 182 — 72 = 0. P40 is the first root of the
polynomial equation z#* — 923 4 2022 — 62 + 2 = 0.
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(iii)

982 -68+1

2f+4c>62_53622,()2f+4<5<91( 282 +98+1) <c< -V 20— (5)9
B < Bsa, & (—28° +98+1) < o < 22BN (6) By < B < flgs, & (—282+98+1) <e <1

3 2
(7) B3a < B < PBss, 2 égﬂwj'gHS < 38 ﬂQﬁ I (8) B> B35, 2 (—282+98+1) <c< L.

IN

YY is an equilibrium When oy Y > alY g¥Y > YN 3V > g NN g ¥Y > 7NN That is, (1)

“p s

V109 4 37) < 8 < 3, ; < B < B2 < o< BB

( 9+437) < B 2/84_270 242 (2) Bao < B < Pz, 2 < c TR
4 2 _ 7. 2_4B+7

) Bas < B < Bao, 362539615%52[3 Qﬁ‘rffo 1<e<? 2544?; ; (4) B2 < B <5, ﬂ <e<?t Qﬁf; ;

4_op3 2 53—6524-5—4 2
5) oo < B < 4, IR0 < < 2 (6) 4 < B <5, 557 2 <c< =

(

(

(7) B2z < B < 5,2 << 5275 (8) 5 < B < Pagye < g(=262+98+1); (9) B> Pz, <
1287 + 98+ 1); (10) foa < B < Pay, Gt EID < 0 < 200 (11) o < B <

Bar, 327 < ¢ < SR (1) B < 8 < B, SHEHEREE < 0 < Uy
(13) B3s < B < ng,ﬁg—ﬁf < e < g (14) B < B < 5, ﬁ2—54fQ+7 << 1 (15)
527<5S528,1<c<%; (16) Bar < B < Baz, 527 < ¢ < 1; (I17) Bas <
B <51<c< gy (18) 2 < B < Barye > gy (19) Bos < B < 3,0 > ghs

4_ar 3 2 7 _
(20) B37 < B < Bag,c > 28 135% +13825Bz 316%/3 2, (21) B39 < B < Bas,c > ﬁwi%”, (22)

3_
3< B < Bao,e>1;(23) Pao < B < Pas, e > %-

This completes the proof.

131



References

R. Adner, J. Chen, and F. Zhu. Frenemies in platform markets: heterogeneous profit foci

as drivers of compatibility decisions. Management Science, 66(6):2432-2451, 2020.

V. V. Agrawal, M. Ferguson, L. B. Toktay, and V. M. Thomas. Is leasing greener than
selling? Management Science, 58(3):523-533, 2012.

I. Alev, V. V. Agrawal, and A. Atasu. Extended producer responsibility for durable prod-
ucts. Manufacturing €& Service Operations Management, 22(2):364-382, 2020.

A. Anslie and P. Rossi. Similarities in choice behaviour across multiple categories. Marketing

Science, 17(2):91-106, 1997.

Antavo. The top 215 customer loyalty statistics for 2024 and beyond, 2024. https://

antavo.com/blog/customer-loyalty-statistics/.

A. Atasu and L. N. VanWassenhove. An operations perspective on product take-back leg-
islation for e-waste: Theory, practice, and research needs. Production and Operations

Management, 21(3):407-422, 2012.

A. Atasu, M. Sarvary, and L. N. Van Wassenhove. Remanufacturing as a marketing strategy.

Management Science, 54(10):1731-1746, 2008.

A. Atasu, O. Ozdemir, and L. N. Van Wassenhove. Stakeholder perspectives on e-waste

take-back legislation. Production and Operations Management, 22(2):382-396, 2013.

D. R. Bell and J. M. Lattin. Shopping behavior and consumer preference for store price
format: Why “large basket” shoppers prefer edlp. Marketing Science, 17(1):66-88,
1998.

C. B. Bhattacharya and S. Sen. Doing better at doing good: When, why, and how consumers

132


https://antavo.com/blog/customer-loyalty-statistics/
https://antavo.com/blog/customer-loyalty-statistics/

References

respond to corporate social initiatives. California Management Review, 47(1):9-24,

2004.

E. Biyalogorsky, E. Gerstner, and B. Libai. Customer referral management: Optimal reward

programs. Marketing Science, 20(1):82-95, 2001.

E. Breugelmans and Y. Liu-Thompkins. The effect of loyalty program expiration policy on
consumer behavior. Marketing Letters, 28:537-550, 2017.

D. Brito and H. Vasconcelos. Interfirm bundling and vertical product differentiation. The

Scandinavian Journal of Economics, 117(1):1-27, 2015.

B. Caillaud and R. De Nijs. Strategic loyalty reward in dynamic price discrimination.

Marketing Science, 33(5):725-742, 2014.

R. Caminal and A. Claici. Are loyalty-rewarding pricing schemes anti-competitive? Inter-

national Journal of Industrial Organization, 25(4):657-674, 2007.

C. Chen. Design for the environment: A quality-based model for green product development.

Management Science, 47(2):250-263, 2001.

J. Chen and Z. Guo. Strategic sourcing in the presence of uncertain supply and retail

competition. Production and Operations Management, 23(10):1748-1760, 2014.

S. Y. Chun and A. Ovchinnikov. Strategic consumers, revenue management, and the design

of loyalty programs. Management Science, 65(9):3969-3987, 2019.

S. Y. Chun, D. A. Tancu, and N. Trichakis. Loyalty program liabilities and point values.
Manufacturing & Service Operations Management, 22(2):257-272, 2020.

H. Chung, H.-S. Ahn, and S. Y. Chun. Dynamic pricing with point redemption. Manufac-
turing € Service Operations Management, 24(4):2134-2149, 2022.

M. Dorotic, D. Fok, P. C. Verhoef, and T. H. A. Bijmolt. Do vendors benefit from promotions
in a multi-vendor loyalty program? Marketing Letters, 22(4):341-356, 2011.

M. Dorotic, D. Fok, P. C. Verhoef, and T. H. A. Bijmolt. Synergistic and cannibalization
effects in a partnership loyalty program. Journal of the Academy of Marketing Science,
49(5):1021-1042, 2021.

EU Business School. Why are companies not recycling?, 2021. https://www.euruni.edu/

blog/why-are-companies-not-recycling/|

133


https://www.euruni.edu/blog/why-are-companies-not-recycling/
https://www.euruni.edu/blog/why-are-companies-not-recycling/

References

Evolve Politics.  Nectar loses huge numbers of customers after announcing part-
nership deal with the daily mail, 2017. https://evolvepolitics.com/

nectar-loses-customers-the-daily-mail/.

Forbes. Plenti customer loyalty program to end in july: What went wrong?,
2018. https://www.forbes.com/sites/warrenshoulberg/2018/05/01/
no-good-and-plenti-as-the-customer-loyalty-program-winds-down/?sh=
cfee2e4156d0.

M. R. Galbreth and B. Ghosh. Competition and sustainability: The impact of consumer
awareness. Decision Sciences, 44(1):127-159, 2013.

J. S. Gans and S. P. King. Paying for loyalty: Product bundling in oligopoly. The Journal
of Industrial Economics, 54(1):43-62, 2006.

F. Gao and X. Su. Online and offline information for omnichannel retailing. Manufacturing

& Service Operations Management, 19(1):84-98, 2017.

F. Gao, V. V. Agrawal, and S. Cui. The effect of multichannel and omnichannel retailing

on physical stores. Management Science, 68(2):809-826, 2022.

P. M. Gardete and J. M. Lattin. Coalition loyalty program not working? Maybe you're
doing it wrong. Awailable at SSRN 3137583, 2018.

Global News. Aeroplan no more? Air Canada to launch own loyalty program, 2017. https:

//globalnews.ca/news/3443417/air-canada-aeroplan-loyalty-program/.

M. Goi¢, K. Jerath, and K. Srinivasan. Cross-market discounts. Marketing Science, 30(1):
134-148, 2011.

A. Gopalakrishnan, Z. Jiang, Y. Nevskaya, and R. Thomadsen. Can non-tiered customer

loyalty programs be profitable? Marketing Science, 40(3):508-526, 2021.

L. Gui, A. Atasu, O. Ergun, and L. B. Toktay. Efficient implementation of collective
extended producer responsibility legislation. Management Science, 62(4):1098-1123,
2016.

L. Gui, A. Atasu, O. Ergun, and L. B. Toktay. Design incentives under collective extended
producer responsibility: A network perspective. Management Science, 64(11):5083—
5104, 2018.

134


https://evolvepolitics.com/nectar-loses-customers-the-daily-mail/
https://evolvepolitics.com/nectar-loses-customers-the-daily-mail/
https://www.forbes.com/sites/warrenshoulberg/2018/05/01/no-good-and-plenti-as-the-customer-loyalty-program-winds-down/?sh=cfee2e4156d0
https://www.forbes.com/sites/warrenshoulberg/2018/05/01/no-good-and-plenti-as-the-customer-loyalty-program-winds-down/?sh=cfee2e4156d0
https://www.forbes.com/sites/warrenshoulberg/2018/05/01/no-good-and-plenti-as-the-customer-loyalty-program-winds-down/?sh=cfee2e4156d0
https://globalnews.ca/news/3443417/air-canada-aeroplan-loyalty-program/
https://globalnews.ca/news/3443417/air-canada-aeroplan-loyalty-program/

References

R. Guo, H. L. Lee, and R. Swinney. Responsible sourcing in supply chains. Management

Science, 62(9):2722-2744, 2016.

X. Guo, X. Li, J. Bian, and C. Yang. Deposit or reward: Express packaging recycling for
online retailing platforms. Omega, 117:102828, 2023.

W. R. Hartmann and V. B. Viard. Do frequency reward programs create switching costs? A
dynamic structural analysis of demand in a reward program. Quantitative Marketing

and Economics, 6(2):109-137, 2008.
H&M. Get rewarded for the choices you make, 2025. https://www2.hm.

com/en_gb/sustainability-at-hm/our-work/earn-points.html?srsltid=

AfmBOormmKB1FfHfFAO6kTwY67in8-e7GJH_MNz_4uelmJc8zhb5SFdQt.

S. Huang, Y. Yang, and K. Anderson. A theory of finitely durable goods monopoly with
used-goods market and transaction costs. Management Science, 47(11):1515-1532,
2001.

X. Huang, A. Atasu, and L. B. Toktay. Design implications of extended producer respon-

sibility for durable products. Management Science, 65(6):2573-2590, 2019.

J. J. Inman and L. McAlister. Do coupon expiration dates affect consumer behavior?
Journal of Marketing Research, 31(3):423-428, 1994.

InsideFlyer. The big 2-5 —  celebrating 25 years of frequent
flyer programs, 2006. https://insideflyer.com/2006/05/12/
the-big-2-5-celebrating-25-years-of-frequent-flyer-programs/.

B. Kadiyala, O. Ozer, and A. S. Simsek. Dual value of delayed incentives: An empirical in-
vestigation of gift card promotions. Manufacturing & Service Operations Management,

2024.

B.-D. Kim and P. E. Rossi. Purchase frequency, sample selection, and price sensitivity: The

heavy-user bias. Marketing Letters, 5(1):57-67, 1994.

B.-D. Kim, M. Shi, and K. Srinivasan. Reward programs and tacit collusion. Marketing

Science, 20(2):99-120, 2001.

B.-D. Kim, M. Shi, and K. Srinivasan. Managing capacity through reward programs. Man-
agement Science, 50(4):503-520, 2004.

135


https://www2.hm.com/en_gb/sustainability-at-hm/our-work/earn-points.html?srsltid=AfmBOormmKBlFfHfFdO6kTwY67in8-e7GJH_MNz_4ue1mJc8zh5SFdQt
https://www2.hm.com/en_gb/sustainability-at-hm/our-work/earn-points.html?srsltid=AfmBOormmKBlFfHfFdO6kTwY67in8-e7GJH_MNz_4ue1mJc8zh5SFdQt
https://www2.hm.com/en_gb/sustainability-at-hm/our-work/earn-points.html?srsltid=AfmBOormmKBlFfHfFdO6kTwY67in8-e7GJH_MNz_4ue1mJc8zh5SFdQt
https://insideflyer.com/2006/05/12/the-big-2-5-celebrating-25-years-of-frequent-flyer-programs/
https://insideflyer.com/2006/05/12/the-big-2-5-celebrating-25-years-of-frequent-flyer-programs/

References

Y. Kim, H. Cui, and Y. Zhu. Behavior-based pricing under informed privacy consent:
Unraveling autonomy paradox. Marketing Science, 2025.

R. Kivetz. The effects of effort and intrinsic motivation on risky choice. Marketing Science,
22(4):477-502, 2003.

R. Kivetz, O. Urminsky, and Y. Zheng. The goal-gradient hypothesis resurrected: Purchase
acceleration, illusionary goal progress, and customer retention. Journal of Marketing
Research, 43(1):39-58, 2006.

P. K. Kopalle, Y. Sun, S. A. Neslin, B. Sun, and V. Swaminathan. The joint sales impact
of frequency reward and customer tier components of loyalty programs. Marketing
Science, 31(2):216-235, 2012.

L. J. Kornish and Q. Li. Optimal referral bonuses with asymmetric information: Firm-
offered and interpersonal incentives. Marketing Science, 29(1):108-121, 2010.

D. Kuksov and M. Zia. Benefits of customer loyalty in markets with endogenous search
costs. Management Science, 67(4):2171-2190, 2021.

Y. Lei, J. Shen, E. Yang, and X. Zhai. On the profitability of loyalty. Marketing Science,
2024.

K. N. Lemon and F. V. Wangenheim. The reinforcing effects of loyalty program partnerships
and core service usage: A longitudinal analysis. Journal of Service Research, 11(4):

357-370, 2009.

M. Lewis. The influence of loyalty programs and short-term promotions on customer reten-

tion. Journal of Marketing Research, 41(3):281-292, 2004.

K. J. Li. Behavior-based quality discrimination. Manufacturing € Service Operations Man-

agement, 23(2):425-436, 2021.

F.Lim, S. Y. Chun, and V. Satop&a. Loyalty currency and mental accounting: Do consumers

treat points like money? Manufacturing € Service Operations Management, 2024.

J. Liu and A. Ansari. Understanding consumer dynamic decision making under competing

loyalty programs. Journal of Marketing Research, 57(3):422-444, 2020.

Y. Liu. The long-term impact of loyalty programs on consumer purchase behavior and

loyalty. Journal of Marketing, 71(4):19-35, 2007.

136



References

Y. Liu and R. Yang. Competing loyalty programs: Impact of market saturation, market

share, and category expandability. Journal of Marketing, 73(1):93—-108, 2009.

Y. Liu, Y. Sun, and D. Zhang. An analysis of “buy X, get one free” reward programs.
Operations Research, 69(6):1823-1841, 2021.

A. Mehra, S. Kumar, and J. S. Raju. Competitive strategies for brick-and-mortar stores to
counter “showrooming”. Management Science, 64(7):3076-3090, 2018.

D. Ngwe, M. Els, D. Schwam, and S. Gupta. Cross-merchant spillovers in coalition loyalty
programs. Available at SSRN 4094153, 2022.

A.Y. Orhun, T. Guo, and A. Hagemann. Reaching for gold: Frequent-flyer status incentives
and moral hazard. Marketing Science, 41(3):548-574, 2022.

Y. Qiu and R. C. Rao. Increasing retailer loyalty through the use of cash back rebate sites.
Marketing Science, 39(4):743-762, 2020.

F. Rossi. Lower price or higher reward? Measuring the effect of consumers’ preferences on
reward programs. Management Science, 64(9):4451-4470, 2018.

F. Rossi and P. K. Chintagunta. Consumer loyalty programs and retail prices: Evidence
from gasoline markets. Marketing Science, 42(4):794-818, 2023.

S. C. Salop. Monopolistic competition with outside goods. The Bell Journal of Economics,
pages 141-156, 1979.

J. H. Schumann, N. V. Wiinderlich, and H. Evanschitzky. Spillover effects of service failures
in coalition loyalty programs: The buffering effect of special treatment benefits. Journal
of Retailing, 90(1):111-118, 2014.

S. Sharma and A. Mehra. Entry of platforms into complementary hardware access product
markets. Marketing Science, 40(2):325-343, 2021.

B. Sharp and A. Sharp. Loyalty programs and their impact on repeat-purchase loyalty

patterns. International Journal of Research in Marketing, 14(5):473-486, 1997.

J.-B. Sheu and F. Li. Market competition and greening transportation of airlines under the
emission trading scheme: A case of duopoly market. Transportation Science, 48(4):

684-694, 2014.

T. Shi, D. Chhajed, Z. Wan, and Y. Liu. Distribution channel choice and divisional conflict

137



References

in remanufacturing operations. Production and Operations Management, 29(7):1702—

1719, 2020.

J. Shin and K. Sudhir. A customer management dilemma: When is it profitable to reward

one’s own customers? Marketing Science, 29(4):671-689, 2010.

M. Shirai. Which loyalty program do customers prefer: a coalition program or a single-firm

program? Journal of Services Marketing, 37(5):563-573, 2023.

S. S. Singh, D. C. Jain, and T. V. Krishnan. Research note—customer loyalty programs:
Are they profitable? Management science, 54(6):1205-1211, 2008.

Sky News. Sainsbury’s in nectar card shake-up to ri-
val tesco clubcard, 2023. https://news.sky.com/story/

sainsburys-in-nectar-card-shake-up-to-rival-tesco-clubcard-12854951.

Y. Son, W. Oh, S. P. Han, and S. Park. When loyalty goes mobile: Effects of mobile loyalty
apps on purchase, redemption, and competition. Information Systems Research, 31

(3):835-847, 2020.

V. Stourm and E. T. Bradlow. Cross-reward effects in a coalition loyalty program: The im-
pact of a point currency devaluation. International Journal of Research in Marketing,

40(2):276-293, 2023.

R. Subramaniam and E. Gal-Or. Research note—quantity discounts in differentiated con-

sumer product markets. Marketing Science, 28(1):180-192, 20009.

Y. Sun and D. Zhang. A model of customer reward programs with finite expiration terms.

Management Science, 8(65):3889-3903, 2019.

C. S. Tang, O. S. Yoo, and Y. Huang. Peak-hour pricing under negative externality: Impact

of customer flexibility and competitive asymmetry. Service Science, 15(2):92-106, 2023.

W. Taylor and X. Dong. Controlling for retailer synergies when evaluating coalition loyalty

programs. Awailable at SSRN 8505587, 2023.

The Wise Marketer. Coalition Vs proprietary loyalty pro-
grams, 2021. https://thewisemarketer.com/loyalty-strategy/

coalition-vs-proprietary-loyalty-programs.

138


https://news.sky.com/story/sainsburys-in-nectar-card-shake-up-to-rival-tesco-clubcard-12854951
https://news.sky.com/story/sainsburys-in-nectar-card-shake-up-to-rival-tesco-clubcard-12854951
https://thewisemarketer.com/loyalty-strategy/coalition-vs-proprietary-loyalty-programs
https://thewisemarketer.com/loyalty-strategy/coalition-vs-proprietary-loyalty-programs

References

F. Tian, G. So8i¢, and L. Debo. Manufacturers’ competition and cooperation in sustain-

ability: Stable recycling alliances. Management Science, 65(10):4733-4753, 2019.

F. Toyasaki, T. Boyact, and V. Verter. An analysis of monopolistic and competitive take-
back schemes for weee recycling. Production and Operations Management, 20(6):805—

823, 2011.

M. C. Walsman and M. J. Dixon. Fee-based loyalty programs: An empirical investigation
of benefit redemption behavior and its effects on loyalty. Service Science, 12(2-3):

100-118, 2020.

Y. Wang, M. Lewis, C. Cryder, and J. Sprigg. Enduring effects of goal achievement and
failure within customer loyalty programs: A large-scale field experiment. Marketing
Science, 35(4):565-575, 2016.

H. M. Wolters, C. Schulze, and K. Gedenk. Referral reward size and new customer prof-

itability. Marketing Science, 39(6):1166—-1180, 2020.

H. Yang and W. Chen. Retailer-driven carbon emission abatement with consumer environ-
mental awareness and carbon tax: Revenue-sharing versus cost-sharing. Omega, 78:

179-191, 2018.

X. Yang and J. Thggersen. When people are green and greedy: A new perspective of
recycling rewards and crowding-out in germany, the usa and china. Journal of Business

Research, 144:217-235, 2022.

139



	Abstract
	Publications Arising from the Thesis
	Acknowledgments
	List of Figures
	List of Tables
	Introduction
	Research Background
	The Layout of the Thesis

	On the Value of Coalition Loyalty Programs
	Introduction
	Literature Review
	Model Setup
	Customers' Purchase Decision

	The Optimal Design of CLPs
	The Value of CLPs
	Comparison with No-Reward Programs
	Comparison with PLPs

	Model Extensions
	A New Reward is Earned upon Redemption
	Asymmetric Firms
	No Customer Discounting

	Discussion

	On the Value of In-Store Take-Back Programs
	Introduction
	Literature Review
	Literature on Take-Back Programs
	Literature on Green Customers

	Model Setup
	Sequence of Events
	Analysis of Partial TBP Implementation

	Comparative Analysis and the Value of TBPs
	Analysis of No TBP Implementation
	Comparison with the Benchmark
	Analysis of Full TBP Implementation
	Equilibrium Outcomes

	Discussion

	Conclusions
	Appendices
	Appendix for Chapter 2
	Proofs of Propositions and Lemmas in the Base Model
	A New Reward is Earned upon Redemption
	Asymmetric Firms
	No Customer Discounting

	Appendix for Chapter 3
	Proofs of Propositions and Lemmas in the Base Model

	Reference



