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We study the impacts of social interactions on competing firms” quality differentiation, pricing decisions, and
profit performance. Two forms of social interactions are identified and analyzed: 1) market expansion effect
(MEE) - the total market expands as a result of both firms’ sales; and 2) value enhancement effect (VEE) — a
consumer gains additional utility of purchasing from one firm based on this firm’s previous and/or current
sales volume. We consider a two-stage duopoly competition framework, in which both firms select quality levels
in the first stage simultaneously and engage in a two-period price competition in the second stage. In the main
model, we assume that each firm sets a single price and commits to it across two selling periods. We find that
both forms of social interactions tend to lower prices and intensify price competition for given quality levels.
However, MEE weakens the product quality differentiation and is benign to both high-quality and low-quality
firms. It also benefits consumers and improves social welfare. By contrast, VEE enlarges the quality differentia-
tion and only benefits high-quality firm, but is particularly malignant to the low-quality firm. It further reduces
the consumers’ monetary surplus. Such impact is consistent regardless of whether the VEE interactions involve
previous or current consumers. We further discuss several model extensions including dynamic pricing, com-
bined social effects, and various cost structures, and verify that the aforementioned impacts of MEE and VEE
are qualitatively robust to those extensions. Our results provide important managerial insights for firms in
competitive markets and suggest that they need to not only be aware of the consumers’ social interactions, but
also, more importantly, distinguish the predominant form of the interactions so as to apply proper marketing

strategies.
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1. Introduction

The proliferation of social interactions among consumers nowadays has been unprecedented in
both breadth and depth. Almost every product can be discussed and recommended by people via
various kinds of social activities, especially through internet. Consumers” awareness and valuation
concerning a product are thus constantly influenced by those social interactions. Due to their sig-

nificant impacts on consumer behavior, social interactions should be taken into account by firms
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when making important managerial decisions such as product design and pricing, especially by
those whose products heavily rely on the social activities.

While social interactions in general affect the market diffusion process in certain aspects, the
exact underlying mechanism depends on the particular form of the interactions. In this paper, we
focus on two major forms of social interactions that are commonly observed in practice and exhibit
different ways of influencing the consumer behavior and market dynamics. First, the consumer-
to-consumer interactions may be simply informative, bringing certain things to people’s attention
and expand the product awareness. For instance, newly released products are often introduced to
potential consumers by the existing consumers through social contagions such as word-of-mouth
communications (Libai et al. 2009). It is noteworthy that these interpersonal communications are
not necessarily brand specific. As a result, the whole potential market of a certain kind of products
could be enlarged with more informed consumers. We refer to this form of social interactions as
the market expansion effect.

Second, interacting with other consumers may improve a consumer’s utility towards a certain
product. Various behavioral and psychological factors could contribute to the positive effect of
such interactions. The well-documented network effect (Economides 1996), which enhances con-
sumers’ utility through the cascade of positive externalities when they consume social goods,
serves as a good example. For another example, consumers of a specific product may derive addi-
tional utility from the purchase if many others have already purchased/used the same product.
After all, the crowd’s behavior imposes a considerable impact on consumers’ preferences (Laja
2019). We remark that, depending on the context, consumers may gain the extra utility by inter-
acting with those who are purchasing the product currently and/or have purchased previously'.
This form of social interactions is referred to as the value enhancement effect.

An illustrating example is the so-called MOBAs (multiplayer online battle arena games) in the
video game industry. The MOBAs belong to the genre of real-time strategy games, where two
teams (multiple players each) battle against each other with every player controlling one character.
The hottest MOBAs include Heroes Evolved, DOTA 2 and League of Legends, etc. Abundant social
interactions are present in the community of game players. On the one hand, by the spread of
the words on the gaming forums (NeoGAF, etc.), more people become aware of MOBAs and join

in as potential players everyday. Since most MOBAs have similar settings, potential players can

1 This phenomenon is prevalent in practice. When consumers shop online, they observe past sales, which is usually
provided by the e-commerce platforms such as Taobao and eBay. When consumers visit a physical store/restaurant,

the present crowd size is a direct indication of current sales. In both cases, the consumers’ utility is enhanced by the
popularity (despite possible time lag) of the product.
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communicate with players of one MOBA but eventually choose to play another. Due to this word-
of-mouth spillover (Peres and Van den Bulte 2014), the potential market of all MOBA publishers
could be expanded by the informative social interactions, which exemplifies the market expansion
effect. On the other hand, players of a MOBA can derive enhanced utility from interacting with
peer players of the same game. Such value enhancement effect is generally achieved in two ways:
Players find it more fun to play with more people in the real time; they can also gain a sense of
belonging to a larger community, which includes the previous players, when exchanging game
experiences with peers on the forum. No matter how the players derive the additional utility, the
enhanced value originates mainly from playing the same MOBA game.

It is worth noting that which form of social interactions is prevailing depends on the specific
characteristics of the industry. In a mature industry where market potential remains stable, the
market expansion effect may be weak and the value enhancement e ffect is more prominent. By
contrast, for an emerging industry where product awareness is limited, market growth could be
significant due to the market expansion effect in the early stage. For example, when firms material-
ize an innovative idea into business (e.g., sharing platforms, cloud services, etc.), they first devote
efforts to the awareness expansion among consumers and then take advantage of the grown mar-
ket. Given the profound impacts of social interactions on market dynamic and consumer behavior,
competing firms should exploit them in effective ways when making management and marketing
decisions, such as product quality design and pricing. Motivated by the above discussions, our
research aims to address the following questions: How should competing firms select their quality
levels and prices in the market that is influenced by social interactions? How do different forms of
social interactions affect the firms” quality differentiation, profits, and consumers’ surplus?

To address the above questions, we build a two-stage duopoly competition model with the con-
sideration of social interactions. In Stage 1, the two firms simultaneously choose product quality
levels with an exogenous upper bound determined by the current technology capacity. In Stage
2, two firms make price decisions and sell products through two periods. We consider that each
firm sets and commits to a single price throughout both periods in our main model, and examine
the inter-temporal pricing scheme as a model extension in which firms can dynamically set prices
in each period. Moreover, we consider two forms of social interactions: (1) Market expansion effect
(MEE), which enlarges the total market size for both firms through informative interactions that
expand product awareness; and (2) value enhancement effect (VEE), which exclusively improves the

consumer utility towards one particular product via dedicated social interactions with consumers
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of the same product. We further categorize VEE into two types: VEE via social interactions with
consumers in current period (VEE-C) and with consumers in previous period (VEE-P).

We investigate the above forms of social interactions separately to distill their individual impacts.
In each scenario, we solve for the unique pure-strategy sub-game perfect equilibrium, in which
one firm selects a high quality level (high-quality firm) and the other selects a lower quality level
(low-quality firm). In a monopolistic setting, both MEE and VEE seem to favor the firm via differ-
ent mechanisms. Yet, in a competitive environment, questions regarding whether they can truly
benefit firms and how they affect firms” product quality differentiation and profits remain unclear.
As such, the main purpose of our research is to provide a systematic investigation on this matter.
Interestingly, our study reveals that although both MEE and VEE intensify the price competition,
they have completely distinct impacts on the firms” quality differentiation and profits, as well as
the consumer surplus and the overall social welfare. We elaborate these findings as follows.

Under the market expansion effect, the equilibrium quality differentiation level is smaller than
the benchmark case without social interactions, and decreases in the strength of MEE. In this
case, the low-quality firm would increase quality and better utilize the informative social inter-
actions to generate higher sales, even though doing so may lead to smaller differentiation and
more intense competition. Moreover, due to the demand spillover induced by MEE, both firms’
profits are improved. Hence, MEE is benign to the duopoly despite the intensified competition. In
addition, we find that MEE also benefits consumers and can improve the social welfare.

By contrast, under the value enhancement effect, quality differentiation is enlarged and increases
in the strength of VEE, because the competition becomes so fierce and the low-quality firm prefers
to further differentiate by choosing lower quality and focus on lower-end market, rather than
increasing quality to boost the impact of VEE. Moreover, VEE reduces the low-quality firm’s profit
but improves the high-quality firm’s profit, and the profit gap between the two firms is increas-
ing as VEE becomes stronger, positing the Matthew effect of accumulated advantage. After all, a
consumer’s utility towards one product can be enhanced only by the interactions with consumers
of the same product, and the high-quality firm can gain more advantages from VEE while low-
quality firm loses competitive edge. Therefore, although these social interactions always benefits
a firm in a monopoly setting, it is not necessarily true in a competitive environment. Lastly, we
find that VEE reduces consumers’ monetary surplus and may hurt the the monetary part of social
welfare. The above results remain the same regardless of the type of VEE (VEE-C or VEE-P).

Finally, we also provide further discussions on several model extensions, including models with
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dynamic pricing scheme, combined effects of both MEE and VEE, and cost considerations, respec-
tively. We not only show that the main results are qualitatively robust in different model extensions,
but also gain additional insights regarding the incorporated model ingredient.

To conclude, we summarize our main contributions and insights. Although social interactions
have been widely studied in the marketing literature, how different forms of interactions affect
competing firms’ quality differentiation and equilibrium profits remain unclear. Hence, we con-
tribute by systematically examining and contrasting two major forms of social interactions, lead-
ing to a multi-faceted analysis of the impetus for the dynamic changes in consumers’ purchasing
behaviors and the market potential. Our results suggest that, when firms consider product quality
and pricing strategies in a competitive environment, they should not only be aware of the con-
sumers’ social interactions, but also, more importantly, distinguish the predominant form of the
interactions so as to apply proper marketing strategies.

The rest of the paper is organized as follows. We position our work in the related literature
in Section 2. Section 3 describes the model setup and Section 4 discusses the results. Additional
discussions on model extensions are provided in Section 5. We conclude by summarizing the man-

agerial insights in Section 6. All proofs and additional results are relegated to the appendices.

2. Literature Review
This paper is mainly related to two streams of literature: Product differentiation and social inter-
actions. First of all, product differentiation, especially in the contexts of quality design and pricing
in competitive environments, has been studied extensively in the marketing and economics lit-
erature. In a duopoly setting, the seminal paper, Shaked and Sutton (1982), shows that product
differentiation is adopted to soften price competition. This result can be generalized to include
different cost structures (Lehmann-Grube 1997) or special functional properties of costs (Cham-
bers et al. 2006). Moreover, many studies have been conducted on this topic in various settings
with interesting features incorporated, such as multi-attribute product positioning (Vandenbosch
and Weinberg 1995), market entry decisions (Donnenfeld and Weber 1992), imperfect informa-
tion for consumers (Jing 2007), and product-line design with consumer anticipated regret (Zou
et al. 2020). In the similar vein, our paper examines the strategic implications of product differ-
entiation when firms compete in the market with different forms of social interactions. As such,
we contribute by addressing the product differentiation issue in competitive settings from a new
perspective that has been practically often observed, yet never thoroughly studied before.
Secondly, our paper also contributes to the broad stream of literature on social interactions

(Godes et al. 2005, Hartmann et al. 2008), especially their impacts on new product diffusion and
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adoption (Iyengar et al. 2011, Kuksov and Liao 2019, Katona et al. 2011). Regarding the nature of
social interactions, Van den Bulte and Lilien (2001) summarize four different underlying mecha-
nisms of social influence proposed by the existing literature. Two of those mechanisms, i.e., infor-
mation transfer and performance network effect, are considered to be most relevant to our moti-
vating settings of MEE and VEE, respectively. Moreover, Hartmann et al. (2008) discuss social
spillover and social multiplier engendered from social interactions, which underscore the afore-
mentioned two mechanisms regarding how consumers’ actions are influenced by the peers. These
papers share a common approach: The impact of social interactions on consumer behavior is stud-
ied through multiple mechanisms and the predominant mechanism is context-dependent.

Similarly, we focus on two major forms of social interactions in this paper, which are exempli-
tied by the word-of-mouth effect (e.g., Godes and Mayzlin 2004, Godes 2017) and the network
effect (e.g., Katz and Shapiro 1985, 1986, Economides 1996). Relevant to our context, the impact
of a specific form of social interactions on a firm’s competitive strategy has been studied in the
literature. For example, Xie and Sirbu (1995) investigate the impact of demand externality on com-
peting firms’ prices and profits under dynamic pricing. Chen and Xie (2007) study the strategic
implication of cross market network effect and consumer loyalty on competing firms’ profitability.
Doganoglu (2003) studies dynamic price competition with consumption externality under hori-
zontal differentiation. Zhang and Sarvary (2015) examine the horizontal differentiation between
firms with user generated content, which displays a strong network effect. Kuksov and Liao (2019)
study a firm’s optimal choice of product variety in the presence of word-of-mouth through opinion
leaders’ product evaluations. We differ from the above papers by systematically examining and,
more importantly, contrasting the impacts of different forms of social interactions on competing
firms’ vertical product differentiation and profit.

Moreover, there are studies that look at multiple forms of social interactions, but tackle different
business problems with distinct settings. For example, when exploring financial implications of
network externalities, Goldenberg et al. (2010) note the distinction and separate the network effect
from the word-of-mouth effect in their study. Kamada and Ory (2018) study the use of free contract
and referral rewards to encourage word-of-mouth about the existence of a network product. Partic-
ularly, Godes (2017) examines two types of word-of-mouth communication and their interactions
with a monopoly firm’s quality decision. Our work is in line with Godes (2017) in the rationale of
categorizing the two forms of social interactions, but is also different in several important aspects.
First, we focus on competing firms” quality differentiation decision which is not a concern in the

monopoly setting of Godes (2017). Second, we view social interactions as a dynamic factor and
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formulate a multi-period model, whereas Godes (2017) does not. Third, the value enhancement
effect in our paper not only can arise from the persuasive word-of-mouth defined in Godes (2017),
but may also capture other ways of social interactions, e.g., the network externality, that affect
consumers’ utility through interacting with either current or previous consumers.

To sum up, our paper contributes to the aforementioned streams of literature by uncovering
the profound impacts of different forms of social interactions on competing firms” product design,
price decisions, and profit, as well as the welfare implications. Our results suggest that conven-
tional wisdom on the strategic adoption of product quality differentiation should be applied with
caution. Instead, firms facing competition should identify the prevailing form of social interac-

tions, understand its impact, and adjust their product design and pricing decisions accordingly.

3. Model Preliminaries
In this section, we outline the model setup by describing the major players and game sequence in
Section 3.1, and present the benchmark model as well as its results in Section 3.2. The notations

used in this paper are summarized on the first page of the Online Appendix.

3.1. Model Setup

Firms. We consider two competing firms s elling vertically d ifferentiated pr oducts in a market
through two periods and each firm offers a single product. The firms need to decide the quality
levels of their own products. We denote the firm with higher quality level g yas firm H and lower
quality level g as firm L, respectively. Assume that 0 < g, < g5 < g, where J represents the upper
bound of the quality restricted by the overall technology level of the industry. Without loss of
generality, we normalize § to 1.

After selecting the quality levels for their products, the two firms engage in a two-period price
competition. Let p;, denote firm i’s price for period n, where n € {1,2} and i € {H, L}. We consider
two different pricing schemes, both of which are commonly seen in practice. (1) Committed pricing:
Each firm sets a single price at the beginning of the first period, and commits to it throughout
the two periods (i.e., pn = pn for i € {H,L}). (2) Dynamic pricing: Firms are allowed to set inter-
temporal prices in the beginning of each period. We focus on committed pricing as our main model
in Section 4, and then study dynamic pricing as a model extension in Section 5.1 to investigate how
the endowed pricing flexibility affects the main results. In ad dition, we assume that both firms
have zero cost in our main model for analytical brevity. We will relax this assumption as a model
extension in Section 5.3 and numerically verify that all the main results hold qualitatively when
both marginal and fixed costs are considered. As such, firm i’s total profit in two periods is given

by ;= padin + pidn, where d;, denote firm i’s demand in period 1, forn € {1,2} andi € {H, L}.
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Consumers. In period 7, each consumer in the market will purchase at most one unit of the product
from the two firms. We focus on non-durable goods in our setting where consumers with purchase
needs will buy immediately without strategic waiting. More discussions on the issue of strategic
purchase timing are provided in Section 6. The utility of purchasing from firm i is d enoted by
Uiy (0,q:, pin), where 6 represents the consumer’s willingness-to-pay for quality and is assumed to
be uniformly distributed over [0, 1], g; is the product quality of firm 7, and p ;, is the price in period
n. Consumers’ utility of outside option is normalized to zero. A consumer will purchase from firm
i in period # if and only if u;, > max{u;,, 0}, wheren € {1,2},i,j€ {H,L} and i #j.

In our model, the market diffusion process and the consumer utility structure are endogenously
affected by social interactions a cross the two p eriods. We consider two forms of social interac-
tions among consumers that have different mechanisms in influencing the potential market size
and consumer utility (cf. Van den Bulte and Lilien 2001): Market expansion effect (MEE) and value
enhancement effect (VEE). More specifically, the market ex pansion effect refers to the phenomenon
that the total potential market size could be enlarged due to the word-of-mouth effect and the
cross-brand communications among consumers (Libai et al. 2009). That is, the total market size
of the second period increases in the total sales from the first period. On the other hand, the value
enhancement effect refers to the phenomenon that consumers who purchase the product can gain
additional utility through social interactions with other consumers of the same product. In addi-
tion, we further categorize VEE into two types according to the source of the additional utility: (1)
Value enhancement effect from current consumers (VEE-C) — additional utility is gained from the
social interactions with consumers in the current period who are purchasing the same product;
and (2) value enhancement effect from previous consumers (VEE-P) — additional utility is gained
from the social interactions with consumers from the previous period who have purchased the
same product. We remark that the network externality is one common interpretation of VEE, but
our model admits broader interpretations that involve certain product-exclusive social interactions
and takes the time-lag effect of the interactions into account. Hence, VEE could be viewed as a
more general framework to capture the social interactions related impact on consumers’ utility.

Next, we capture MEE and VEE in the model setup. First, MEE affects the total market size by

expanding the product awareness. The total market size in period # is given by:

Dn = Dn + r(dH/”_l + dL/n_l),n S {1,2}

Here, D, denotes base market size in period n without MEE, r > 0 represents the strength of MEE,
and d;, is the demand of firm i in period n for i € { H, L}. Note that dyy = d;o= 0. Hence, in period
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1, the total market only consists of the base D, ie., D,=D;.In period 2, the total market consists of
the base D, and an additional group of consumers induced by the informative social interactions.
Specifically, new consumers are made aware of the products by the peers who made purchase
in period 1 and then become part of the potential market in period 2. It is noteworthy that both
firms contribute to this awareness e xpansion process with their respective e xisting consumers.
Moreover, for analytical brevity, we assume that D, =1 for n € {1,2}. Our results are qualitatively
robust when we consider D, differs in each period ( i.eD); /5),).

Second, VEE improves the consumers’ utility of purchasing from a firm. The utility of purchas-

ing product i in period 7 is given by
Uiy = 0q; — pin + tediy + tydinq, forie {H,L} and n € {1,2}.

Here, the parameters t. > 0 and t, > 0 represent the strength of VEE from current consumers
(VEE-C) and previous consumers (VEE-P), respectively. While MEE creates mutual benefits for
both firms, V EE features an e xclusive uftility b oost induced v ia s ocial interactions. Indeed, the
consumers’ utility towards a product is positively affected only by the sales of that product (in the
current period and/or the previous period).?

To recap, the two forms of social interactions influence the market dynamics from two interre-
lated dimensions: The market expansion effect enlarges the total pie for both firms, whereas the
value enhancement effect dictates the division of the pie. We remark that the parametersr, t., and
t, are assumed to be positive in our model setup. They can be relaxed to be negative to capture the

negative impacts of social interactions due to congestion. See Section 6 for more discussions.

Sequence of Events. There are two stages in our model, with detailed game sequences given below.
Stage 1 — Quality Decision. The two firms simultaneously decide their respective product quality
levels gy and g; within the feasible range [0, §]. We remark that our results in the main model are
found to be invariant whether the firms make quality decisions simultaneously or sequentially.’
Stage 2 — Price Competition. Given the selected quality levels, the two firms engage in a two-period
price competition. If committed pricing scheme is adopted, the two firms simultaneously set their
respective prices across the two periods at the beginning of period 1, i.e., pm1 = pu2 = pu and
2 A consumer who promotes a product to others might base on the overall utility derived from purchasing the product,

rather than the product quality alone (see, e.g., Kuksov and Xie 2010).

3 For the case of simultaneous quality decision, the firm choosing high quality is called firm H and the one choosing low
quality is called firm L, and the equilibrium is unique up to a role swap. For the case of sequential quality decision, in
the equilibrium, the first mover will choose to be firm H and decide gy and the follower will be firm L and decide g; .

These two cases yield the same equilibrium outcome in the main model.
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pr1 = pr2 = pr. If dynamic pricing scheme is used, the two firms simultaneously set their own
prices at the beginning of period n, i.e., py, and py,, for n € {1,2}. After observing firms’ quality

and prices, consumers make purchase decisions to maximize their utilities in each period.

3.2. Benchmark Case

To reveal the impacts of social interactions on the duopoly competition, we first analyze the bench-
mark case, where no social interaction exists (i.e., r = t. = t, = 0). In this case, the market dynam-
ics are removed as the two periods are independent and identical, and the two different pricing
schemes lead to the same equilibrium outcome. Moreover, the benchmark case is identical to the
model studied in Tirole (1988). We use superscript “b” to denote this benchmark case and solve it

via backward induction. Given quality g4 and q;, the two firms’ prices of each period are:

_ 2qu(qn —4q1)
4I]H—QL

_ 9u(qu—q1)

and  p;(qu,q1) Pr——

i (qm,q.)

Moreover, the two firms” demands and profits in period n, for n € {1,2}, are given by:

qu qu

, d
4(1H —qr 411H - l]L) an

(3, (qr,q0), 47, (q1,q1) ) = (

4q%(qu — q1) qu9.(qu —q1) )
(495 —q1)? " (490 —q0)?

(n?{n(qH’qL)/nJZn(qH/ ) = (

Lastly, we solve for the firms’ quality decisions in Stage 1 and use “ ~” over a symbol to denote
the final equilibrium outcome. In the final equilibrium, the firms” quality levels, prices, and total

profits over the two selling periods are respectively given by:

@) =(L3), (Pp)=(G15) and (R Ad) = (050

4. Equilibrium Analysis

In this section, we analyze the main model under the committed pricing scheme, i.e., pry1 = pur =
pu and pr1 = pro = pr. To single out the individual impact of various forms of social interactions,
we separately investigate the market expansion effect in Section 4.1 and the value enhancement
effect in Section 4.2. In the latter case, we further scrutinize VEE from current consumers and VEE
from previous consumers, respectively. For each scenario, we solve for the pure-strategy Sub-game
Perfect Equilibrium (SPE) of the two-stage game via backward induction and examine the respec-
tive impacts of different forms of social interactions. Finally, in Section 4.3, we compare and contrast
the results under scenarios MEE and VEE to provide managerial insights on product design and

pricing decisions in the presence of social interactions in a competitive environment.
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4.1. Market Expansion Effect

Suppose only the market expansion effect is present, i.e.,, r > 0 and t. = t, = 0. In this case, the
potential market size is expanded in period 2 as more consumers are drawn to the two products,
but the consumers’ utilities retain the same structure. Here, social interactions are informative and
contribute to awareness expansion, and thus display a spillover effect on the total market size. In
what follows, we will first solve the firms’ price decisions in Stage 2 and then the firms” quality
decisions in Stage 1 to characterize the final equilibrium. The final equilibrium outcomes are writ-
ten as functions of r, with superscript “M” referring to “market expansion effect”. Moreover, we
assume 0 < r < 1 so that the market increment never exceeds the previous total sales. This assump-
tion ensures that the market will not be fully covered with both firms having positive demands in
each period (i.e., d;j, > 0and dy, +d;, <1 fori= H,L and n = 1,2), which is not only commonly
observed in practice, but also shown by Proposition 1 as the unique equilibrium outcome in our

setting. We refer to conditions t. = ¢, =0 and 0 <r <1 as the MEE case.

Pricing Decisions. We first analyze the price competition in the second stage for given quality
levels gy and g;.

Firm H’s and firm L's demands in period n are d¥, = D,,(1 — 0¥) and d™, = D, (6} — 0M), respec-
tively, for n € {1,2}, where 0¥ = (py — p.)/ (qu — q.) represents the consumer who is indifferent
between purchasing high-quality and low-quality product, and 6™ = p, /g, represents the con-
sumer who is indifferent between purchasing low-quality product and nothing. Given g5 and g,
firm i selects its price by maximizing its total profit, i.e., solving max,, p;(dX + d%).

Lemma 1 below establishes the existence and uniqueness of the sub-game equilibrium prices,
denoted by p¥ (g, qr,7) and p}(qu, g1, 1), respectively. Moreover, let M (qy, q1, ) and 7" (g, g1, 7)
be firm i’s (i € {H,L}) corresponding total demand and profit of the two periods. Then, Lemma

1 further discusses how these equilibrium outcomes are affected by the strength of MEE, r.

Lemma 1. In the MEE case, given the firms” quality levels 0 < q; < qu < 1, the firms" sub-game equi-
librium prices are characterized by a unique pair (pM(qu,qr,7), vM(qu,qL, 7)) with detailed expressions
shown in Appendix A.1. Moreover, the following statements hold.

(a) pM(qu,qL,v) and pM(qu,qr,7) decrease in r.

(b) dM(qu,qL,v) and d¥(qu,qr,7) increase in r.

(¢) nM(qu,qu,v) and T (qu,qL,v) increase in r.

Lemma 1 reveals the critical role that MEE plays in the duopoly price competition for fixed qual-

ity levels. First, Lemma 1(a) shows that both firms decrease their prices when MEE gets stronger.
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As r increases, each firm can benefit more from a larger market coverage in period 1. Indeed, since
the total demand of the two firms in period 1 is given by (1 — p./q.), firm L tends to cut its price
pr to expand market coverage and amplify the effect of market expansion. Such a pricing strat-
egy, however, is deemed as aggressive and thus intensifies price competition to some extent. As a
response, firm H also cuts its price to maintain its own first-period demand. Second, Lemma 1(b)
shows that each firm’s total demand increases as MEE becomes stronger. On the one hand, each
firm decreases price to expand the market coverage as 7 increases; on the other hand, stronger
MEE leads to larger market size in the second period. Hence, both firms are able to capture more
total demand as r increases. Third, by Lemma 1(c), although a stronger MEE intensifies the price
competition and decreases both firms’ profit margin, it eventually benefits both firms. In fact, as r
increases, both firms suffer from profit loss in the first period due to the intensified competition,
but will enjoy a larger profit increase in the second period with the expanded market size; and, as
aresult, firms’ total profits increase in r. This indicates that MEE’s positive impact, which is mainly

manifested in the second period, outweighs the firms’ sacrifice in the first period profits.

Quality Decisions. Given the firms’ price decisions in Stage 2, we fold back to solve the firms” qual-
ity decisions in Stage 1. In this stage, firm i selects quality g; to maximize its profit 7™ (qy, q.,7) =
pM(qu,qi,7)d™(qu,qL, ), for i € {H,L}. Proposition 1 shows the existence and uniqueness of the
firms’ equilibrium quality decisions (4% (r) and 4(r)). By substituting the equilibrium quality
levels into the corresponding sub-game equilibrium, we can derive the firms’ final equilibrium
prices (pM(r)), demands (d™(r)), and profits (AM(r)), for i € {H,L}. Then, Proposition 1 further

investigates how those final equilibrium outcomes are influenced by the strength of MEE, r.

ProposiTioN 1. In the MEE case, there exists a unique equilibrium, in which firm H's quality is g% =1
and firm L's quality 0 < §Y'(r) < 1 is given in Appendix A.1. In the equilibrium, the market is partially
covered and each firm has positive demand in each period. Moreover, the following statements hold.

(a) gV (r) increases in r, and §M(r) > GM(0) = 4}.

(b) p¥(r) and p¥(r) decrease in r; pM(r) < pb, and pM(r) < ph.

(c) d¥(r) and d¥(r) increase in r.

(d) 7AM(r) and AM(r) increase in r. Moreover, AM(r) — /Y > AM(r) — &Y > 0 whereas (AN (r) —

>

L) /AL > (7 (r) — Ay) / 7t > 0.

For any given g, firm H’s profit al ways increases in g5 since a higher g4 not only improves
consumers’ utility but also enlarges quality differentiation between the firms and thereby reduces

competition. Thus, firm H’s optimal quality reaches the upper bound of the quality level (i.e.,
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4y = 1) in the equilibrium, and the degree of quality differentiation between the two firms in
this case is simply 1 — 4}/(r). One may intuit that firm L would reduce the quality and further
differentiate itself in the presence of MEE since the price competition is intensified (see Lemma
1). However, Proposition 1(a) indicates the opposite: Firm L's quality actually increases as MEE
becomes stronger and is always higher than that in the benchmark case without MEE (i.e., M (r) >
GM(0) = 4%). Such a result can be explained in the following way. Although higher g, implies lower
quality differentiation and intensifies quality competition, it also attracts more low-end consumers
and increases the total market coverage, which in turn expands the market size through MEE. As
the benefit of expanded market size outweighs the drawback of intensified quality competition,
firm L increases its quality as MEE becomes stronger. It is noteworthy that the quality change
brought by MEE is continuous in r. Hence, §¥(r) > 4™ (r = 0) = 4} holds for every r € (0, 1].

Proposition 1(b) further shows that both firms” equilibrium prices decrease in the strength of
MEE and are lower than the benchmark prices. The reason for this result is twofold. First, as shown
in Lemma 1, for given quality levels, higher 7 induces firm L to reduce price to expand the market
coverage, which intensifies price competition and forces firm H to follow suit. Second, as men-
tioned above, the equilibrium quality differentiation level decreases in r, resulting in fiercer com-
petition and lower prices from both firms. As such, the fact that firms’ prices decrease in  is driven
by both the intensified price competition and the reduced quality differentiation.

As MEE becomes stronger, firm L increases quality and both firms decrease prices to expand
the market coverage in order to fully utilize MEE, which leads to a higher total demand for each
firm (i.e., Proposition 1(c)). Hence, although the competition is intensified, both firms can benefit
from stronger MEE due to the enlarged total demand (i.e., Proposition 1(d)). It is noteworthy that,
when comparing the profits to the benchmark case, firm H's absolute increase is higher than firm

L's whereas firm L enjoys a higher relative (percentage) increase.

Welfare Implications. Finally, we conclude this section by studying how MEE affects consumers’
total surplus and the social welfare. Let DY (r) = 1 + r(d™ (r) + d¥(r)) be the equilibrium total
market size of period 2. We define the equilibrium consumer surplus of period 1 and 2 with MEE as
CSM(r) = f;ﬁ,{(e — pM(r))do + f;%%l/[((?(jﬁ/f(r) — pM(r))d6 and CSY (r) = DM(r)CSM(r), respectively,
where 0 and 6} are previously defined in the pricing decision stage. Then, CS™(r) = CSM(r) +
CSM(r) is the total consumer surplus in two periods and SWM(r) = CSM(r) + AM(r) + AM(r) is

the social welfare in the MEE case. The effect of MEE is characterized in Corollary 1 below.*

4 Note that we focus on total consumer surplus of the MEE case. Indeed, even examining consumer average surplus by
dividing the market size (i.e., CSM(r)/ P (r), n € {1,2}), we can still show all the results in Corollary 1 hold.
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Cororrary 1. The following statements hold in the MEE case.
(a) CSM(r), CSM(r), and CSM(r) all increase in r; and CSM(r) > CSY;
(b) SWM(r) increases in r; and SWM(r) > SWE.

As shown in Corollary 1, consumers always benefit from stronger MEE. In fact, the increased
quality of firm L, the reduced prices, and the enlarged market size at period 2 altogether contribute
to the positive impact of MEE. As such, it is interesting to notice that stronger MEE would benefit

both firms and their consumers, a desirable win-win outcome that improves the social welfare.

4.2. Value Enhancement Effect

In this section, we study the value enhancement effect, which is categorized into two types. VEE-
C refers to the interactions with peers who purchase the same product in the current period,
and VEE-P captures the interactions with those who purchased the same product in the previous
period. These two types of VEE share similar nature but differ in the source of social interactions.
They may or may not co-exist for different products in practice. To distill the individual impact
of each one, we analyze VEE-C and VEE-P separately. As shown in the sequel, the central results
for the VEE-C case and the VEE-P case are qualitatively similar. Hence, we devote Section 4.2.1
to a detailed investigation on VEE-C, which parallels with Section 4.1. Then we use Section 4.2.2
to briefly report the relevant findings for VEE-P and, more importantly, to discuss the similarities

and distinctions between the systematic impacts of the two types of VEE.

4.2.1. Value Enhancement Effect from Current C onsumers. Consider the scenario VEE-C, in
which r =t, = 0and t. > 0. The total market size is 1 in each period, but consumers’ utility towards
a firm’s product positively depends on that firm’s demand in the current period. We use super-
script “VC” to represent the case of value enhancement effect from current consumers. Since the
first period has no impact on the second period under VEE-C, the two periods are independent,
and each firm’s demand and profit in the two periods are identical (i.e., d}“=d%“and 75 = 75¢
fori e {H,L}).Similar to the analysis in the MEE case, we first solve the price competition in Stage
2,and then characterize firms” quality decisions in Stage 1 to obtain the final equilibrium outcomes,
which are written as functions of the strength of VEE-C, t.. Furthermore, we simplify the analysis
by assuming that f. is a small fraction, i.e. t. < t., where £, is given in Appendix A.2. This assump-
tion guarantees that the market is not fully covered and each firm has positive demand in the final
equilibrium, which is commonly observed and consistent with many practical situations. In the

following, we refer to conditions r = t,= 0 and 0 < t. < f.as the VEE-C case.
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Pricing Decisions. We analyze the duopoly price competition in the second stage for given qual-
ity levels. Note that, unlike the MEE case, the market may be fully covered and one of the firms
may have zero demand in the sub-game equilibrium for some quality levels, because consumers’
utility is changed in the VEE-C case. However, as shown later in Proposition 2, in the final equilib-
rium, the market is partially covered and each firm has positive demand. This indicates that any
quality levels that lead to a fully covered market or zero demand of either firm cannot be a final
equilibrium. Hence, for expositional brevity, we exclude the off-equilibrium cases in the following
sub-game discussion by assuming partial market coverage and positive demand for each firm.
Given firms” quality levels gy and g, it is straightforward to see that firms” demands in period
nare dyS =1 — 0}° and d}¢ = 0}€ — 6/, for n € {1,2}, where 0} = [q.(pu — p1) — (9. + pu —
t)te)/[qr(ge —q1) — (9 + qu — tc)t.] represents the consumer who is indifferent between purchas-
ing high-quality and low-quality product, and 6/¢ = [p.(qu — q1) — (pL + pu — t)t]/[gL(qu —
q.) — (. + qu — tc)t;] captures the consumer who is indifferent between purchasing low-quality
product and nothing. Hence, firm i’s problem is to maximize its total profit, i.e., max,, p;(d} +
dy©), i € {H,L}. In Lemma 2 below, we characterize the firms’ sub-game equilibrium prices
phc(qu,qu te) and p/©(qu, qu, t.) in Stage 2, and then discuss the impact of £, on firm i’s price, total

demand (dY°(qu,q1,t.)), and total profit (77/(qn,q1,t.)), forie {H,L}.

Lemma 2. In the VEE-C case, given the quality levels qy and qy, the firms’” sub-game equilibrium prices
are characterized by a unique pair (pf<(qu, g, te), v (qu, qu, te)), with the detailed expressions shown in
Appendix A.2. Moreover, the following statements hold.

(a) pl“(qu,qL, tc) decreases in t., whereas p}©(qu,qr,t.) may increase or decrease in t;

(b) d{F(qm,qr,t.) increases in t., whereas dY°(qu,qy, t.) may increase or decrease in t,;

(¢c) Both 7t} (qu,qr,t.) and 777 (qu, g1, t.) may increase or decrease in t..

There are several useful takeaways from Lemma 2 that can help us understand the important
role VEE-C plays in the price competition with fixed quality levels. With VEE-C, consumers” util-
ity improves as the product sales increase. That is, product i gains additional value via social
interactions, t.d;,, in period n, for i € {H,L} and n € {1,2}. However, since firm H has quality
advantage and can captures more demand than firm L, the high-quality product can gain higher
social value than the low-quality one. Consequently, despite the additional social value received
by the low-quality product, firm L ends up falling to a more disadvantageous position in the price
competition, as VEE-C makes firm H even more competitive. In this sense, VEE-C actually favors

the high-quality product and lets firm H gain more competitive edge. Therefore, by Lemma 2(a),
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regardless of the given quality levels, firm L has to reduce its price to compete for consumers as
VEE-C gets stronger. Firm H, by contrast, may either raise or cut its price depending on the quality
levels. Moreover, we can further show that firm H’s price decreases in . when gy = 1, implying
that a stronger VEE-C can result in a more competitive environment.

The same rationale explains the properties of firms” demands in Lemma 2(b). As firm H can
obtain more added social value via VEE-C, it has more advantage to gain higher demand. However,
although the low-quality product’s additional social value increases as VEE-C becomes stronger,
tirm L indeed becomes less competitive. Hence, its demand may be higher or lower as ¢, increases,
depending on the quality levels. Finally, Lemma 2(c) shows that both firms’ profits may increase
or decrease in t. for given quality levels. Even though VEE-C renders an exclusive positive effect
by improving consumers’ utilities for both products, the two firms may or may not benefit from a

stronger VEE-C, as it may intensify the price competition and reduce both firms’ profit margins.

Quality Decisions. Given the firms’ sub-game equilibrium price decisions, we proceed to solve
for firms” quality decisions in Stage 1. In this stage, firm i chooses quality g; to maximize its profit
7/ (qu, qu,te) = p/(qu, qu, te)d“(qu, qi,t), for i € {H, L}. Proposition 2 first establishes the exis-
tence and uniqueness of the final equilibrium, and then examines how the strength of VEE-C (#,)
influences the final equilibrium outcomes, including firm i’s equilibrium quality (47°(t.)), price
(pYC(t.)), demand (d’€(t,.)), and profit (/< (t.)), fori € {H,L}.

ProposiTioN 2. In the VEE-C case, there exists a unique equilibrium, in which firm H's quality is §1° = 1

and firm L's quality 0 < Y (t.) < 1 is given in Appendix A.2. In the equilibrium, the market is partially
covered and each firm has positive demand in each period. Moreover, the following statements hold.
(a) GYC(t.) decreases in t., and 47 (t.) < gyc(0) = 4t.
(b) prE(t.) increases in t. and pyC(t,) decreases in t.. In addition, pyC(t.) > pb and pyC(t.) < pL.
(c) dYC(t.) increases in t., and dVC(t.) may decrease or increase in t..

(d) AYC(t,) increases in t. and 7)€ (t,) decreases in t.; moreover, A} (t.) — /Y > 0> AV (t.) — AL,

As firm H's profit increases in gy for any given g, it is optimal to set gy as the upper bound (i.e.,
4iF =1). Hence, 1 — 4/ (t.) represents the quality differentiation between the two firms. Different
from the MEE case, Proposition 2(a) shows that firm L’s e quilibrium quality level decreases as
VEE-C becomes stronger and is lower than the benchmark case. As mentioned, the presence of
VEE-C provides uneven additional social values to the products and tends to intensify the price
war, leaving firm L in an undesirable situation as it loses competitiveness to firm H. To combat, firm
L has to reduce the product quality to further differentiate from firm H. In other words, with VEE-

C, firm L simply cannot effectively exploit consumers’ enhanced utility; instead, it has to reduce its
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quality to target on the lower-end consumers. Similar to the MEE case, firm L's equilibrium quality
without VEE-C coincides with the benchmark, i.e., §"(t. = 0) = 4%. Thus, §/(¢.) < 4% holds.

Compared to the sub-game results shown in Lemma 2, the impact of VEE-C on the final equilib-
rium outcomes exhibit some differences. By Lemma 2(a), for given quality levels, firm H’s price
may increase or decrease in t.. In particular, p}© decreases in t, for gy = 1 as mentioned previ-
ously. However, Proposition 2(b) shows that firm H’s final equilibrium price always increases in
t.. This seemingly contradictory finding can be understood as follows. On the one hand, for given
gw =1 and g, < 1, stronger VEE-C decreases firm H’s price; on the other hand, stronger VEE-C
decreases firm L's quality, which incentivizes firm H to increase its price. The latter impact turns
out to outweigh the former, and firm H’s equilibrium price p}(f.) increases in t, as a result.

Proposition 2(c) characterizes interesting properties of firms” equilibrium demands. Due to the
strengthened advantageous position, firm H’s equilibrium demand d}(t.) is larger than that in
the benchmark model, and always increases as VEE-C becomes stronger; but firm L's equilibrium
demand dY€(t.) could be lower than the benchmark case. It is noteworthy that, although the market
is still partially covered, the total market coverage from the two firms under VEE-C is larger than
that in benchmark case, i.e. d/(t.) +dVC(t.) > d% + db. Hence, firm H’s demand increase always
dominates firm L's demand loss, if there is any.

Finally, in contrast to the previous result that MEE induces mutual benefits, Proposition 2(d)
shows that firms cannot simultaneously benefit from a stronger VEE-C. In fact, as VEE-C becomes
stronger, firm H always enjoys an increased profit that is higher than the benchmark case, whereas
firm L's profit decreases and is lower than the benchmark case. Such Matthew effect of accumulated
advantage indicates that VEE-C is competitive in nature and is particularly detrimental to the low-
quality firm. In other words, being a high-quality firm is a persistent advantage when consumers

actively engage in value-enhancing social interactions with their peers in the current period.

Welfare Implications. Finally, we study how VEE-C affects both the consumers and the social wel-
fare. We first define consumers’ total surplus in period 7, including the additional utility caused
by VEE-C, as CS}C(t) = fyyc(6 — PYC(t0) + kb (£))d0 + [yf (61 (1) — PYC(t) + kLS (£))ao,
where 0}¢ and /€ are given previously in the pricing decision stage, for n = 1,2. Then, we
exclude the additional social utility and define consumers’ monetary surplus in each period
as CMY“(t.) = CMy“(t,) = f;}gc((? — prE(te))de + f;}y’cc(f)qz’c(tc) — prC(t:))d6. Let CMVC(t,) =
CMYC(t,) + CMY(t.) and CSV“(t.) = CS{(t.) + CSy“(t.) be the consumer monetary surplus and

total surplus of two periods, respectively.
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We further define SWVC(t.) = A} (t.) + A/ (t.) + CSVC(t,) as the social welfare under VEE-C.

Note that we can divide the social welfare into two parts:

SWYE(t,) = AyS(t) + AL (t) + CMYC(t,) + (CS"“(t.) — CM"“(t.)).

Monetary Term Social Utility Term

Let SMVC(t,) = fpf(t.) + AYC(t.) + CMVC(t.) represent the monetary term of social welfare that

excludes consumers’ additional social utility. Corollary 2 summarizes the social impacts of VEE-C.

CororLary 2. The following statements hold in the VEE-C case.
(a) CMYC(t,) decreases in t,, and CM"“(t.) < CM"<(0) = CM?;
(b) CSVE(t,) first decreases and then increases in t.;

(c) SMYC(t.) decreases in t., and SM"“(t.) < SM?;

(d) SWVE(t,) increases in t., and SWVC(t.) > SW'.

Under VEE-C, consumers’ total surplus (i.e., CSV¢(t,)) includes the monetary surplus and the
additional social utility. We find that although consumers” additional s ocial utility increases as
VEE-C becomes stronger, their monetary surplus always decreases and their total surplus could be
lower compared to the benchmark without VEE-C. The lowered quality from firm L and increased
price from firm H are the main drivers of t his result, o utweighing the fact that firm L's price
becomes lower. Similarly, social welfare contains the monetary part and consumers’ social utility
part under VEE-C. As VEE-C becomes stronger, the reduction in both firm Ls profit and consumer
monetary surplus reduces the monetary term of social welfare, despite the increased profit of firm
H, as shown in Corollary 2(c). However, the overall social welfare would increase in ¢, since con-
sumers’ additional social utility becomes higher as ¢, increases (see Corollary 2(d)). The social
impacts of VEE-C are in sharp contrast to the MEE case, which induces a win-win outcome for both
firms and consumers (see Corollary 1). As such, the distinct nature of social interactions indirectly

affects consumers via its impact on competing firms’ product design and pricing decisions.

4.2.2. Value Enhancement Effect from Previous C onsumers. Now, we turn to study the sce-
nario when only VEE-P is present, i.e., r = t. = 0 and t, > 0. Similar to VEE-C, VEE-P can also
improve consumers’ utility exclusively for the chosen product; however, in the VEE-P case, there
is a time lag between demand realization and the value-enhancing interactions, as the firm’s
tirst-period demand affects consumers’ utility in the second period. We take the same analytical
approach to solve the game. Particularly, we assume that ¢, is a small fraction, i.e. t, < f,, where

t,is given in Appendix A.3. Hereafter, the VEE-P case means r = t.=0and 0 < t,< f,, and we
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write the equilibrium outcomes with superscript “VP” referring to “value enhancement effect from
previous consumers”. We have mentioned previously that the main results in scenario VEE-P are
qualitatively similar as in VEE-C. Therefore, in what follows, we will briefly outline the study on
the VEE-P case without unnecessary reiteration. After presenting each main result, we will discuss

the similarities and, more importantly, highlight the distinctions between the two types of VEE.

Pricing Decisions. In Stage 2, firms choose prices for given gy and g, to maximize their profits.
Again, we exclude the off-equilibrium cases in the following discussion for expositional brevity by
assuming partial market coverage and positive demand for each firm. The sub-game equilibrium

outcome is examined by the following lemma, which is in parallel with Lemma 2 in Section 4.2.1.

Lemwma 3. In the VEE-P case, given the quality levels qy and q,, the firms” sub-game equilibrium prices
are characterized by a unique pair (py" (qu,qu.tp), i (qu, 9. tp)), with the detailed expressions shown in
Appendix A.3. Moreover, the following statements hold.

(a) Both p{f(qu,qu,t,) and p/*(qu,q., t,) decrease in t,;

(b) dY(qu,qu,ty) increases in t,, whereas d{* (qu,q.,t,) may increase or decrease in t,;

(c) Both (i’ (qu,qu,t,) and 7t/* (qu, q1,t,) may increase or decrease in t,,.

Consistent with the VEE-C case, the presence of VEE-P improves consumers’ utilities by provid-
ing additional social value to the product, and the high-quality product gains higher social value
and enjoys a more advantageous position whereas firm L loses its competitive edge. Thus, the
impact of VEE-P is almost identical to that of VEE-C in this regard. However, comparing Lemma 3
and Lemma 2, one distinction stands out of the overall similarities. Specifically, Lemma 3(a) states
that p/f (qu,q1,t,) decreases in t, in the VEE-P case, whereas Lemma 2(a) says that p}“ (qu,q1, )
may increase or decrease in t. in the VEE-C case. In other words, for given quality levels, different
types of VEE have different impacts on firm H’s price. Since the value enhancement is exclusive
to the chosen product, both types of VEE are favorable to firm H. As a result, firm H may actually
increase the price as VEE-C gets stronger. However, firm H is shown to always cut price as VEE-
P becomes stronger. This result reveals an important distinction between VEE-C and VEE-P: The
time lag for the value enhancement to take effect in the VEE-P case weakens firm H’s advantage.
Indeed, if additional social value is from interacting with the previous consumers, then firm H
can only enjoy the benefit in period 2, and it has to drop price for given quality levels in order to

capture sufficient first-period sales to effectively exploit value enhancement in period 2.

Quality Decisions. Given the firms’ price d ecisions in Stage 2, we now solve the first stage of

the game. The existence and uniqueness of the equilibrium quality decisions are established by
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Proposition 3, which is a counterpart of Proposition 2 in Section 4.2.1. Additionally, the impact of

the strength of VEE-P, i.e., t,, on the final equilibrium outcomes is also studied by Proposition 3.

ProrositioN 3. In the VEE-P case, there exists a unique equilibrium, in which firm H's quality is §{F =1
and firm L's quality 0 < 4} (t,) <1 is given in Appendix A.3. In the equilibrium, the market is partially
covered and each firm has positive demand in each period. Moreover, the following statements hold.

(a) 47*(t,) decreases in t,, and G} (t,) < 4/*(0) =4}.

(b) pif(t,) increases in t, and py”

(t,) decreases in t,. In addition, py;" (t,) > pY and py*(t,) < p.
(c) dyf(t,) increases in t,, and d}"(t,) may decrease or increase in t,.

(d) #yP(t,) increases in t, and 7t} (t,) decreases in t,; and A} (t,) — 7Y > 0> A} (t,) — AL

Comparing the parallel results listed in Propositions 2 and 3, it is immediate that both VEE-C and
VEE-P exhibit qualitatively identical impacts on the firms’ equilibrium decisions and outcomes.
This is because both effects unilaterally improve consumers’ utility towards a chosen product, with
the only difference that the additional utility gain is originated from interacting with current con-
sumers in VEE-C and previous consumers in VEE-P. Hence, value-enhancing social interactions,
regardless of its sources, always reduces firm L's quality and enlarges the degree of quality differ-
entiation. Besides, we again have 4}"(t,) < §"F(t, =0) = 4¢. Furthermore, both types of VEE tend
to increase firm H’s profit and reduce firm L’s profit in the final equilibrium. Hence, the Matthew
effect of accumulated advantage emerges, benefiting firm H at the expense of hurting firm L.

The above discussions indicate that the impacts of the value enhancement effect on competing
firms’ quality and price decisions and profits are consistent and robust, regardless of whether
there is a time lag between the demand realization and social interactions. Given the consistent
impacts, we conjecture that the individual impacts of VEE-C and VEE-P remain unchanged when
both effects are present. Indeed, Section 5.2 provides a comprehensive numerical study to check

and confirm our prediction with more detailed discussions.

Welfare Implications. Finally, we check the properties of consumer monetary surplus (i.e,
CM""(t,)), consumer total surplus (i.e, CS"?(t,)), social welfare (i.e., SW"?(t,)), and the mone-
tary term of social welfare (i.e., SM"” (t,)) in the VEE-P case, which are defined in a similar way

as their counterparts under VEE-C. The effects of t, are captured by Corollary 3.

Cororrary 3. The following statements hold in the VEE-P case.
(a) CM""(t,) decreases in t,; and CM""(t,) < CM"?(0) = CM;
(b) CSVP(t,) first decreases and then increases in t,;

(c) SMVF(t,) may decrease or increase in t,;
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(d) SWVE(t,) increases in t,, and SWYF(t,) > SWP.

Comparing Corollary 3 with Corollary 2, there are three interesting observations. First, both
VEE-C and VEE-P hurt consumers’ monetary surplus and could reduce their overall surplus,
because firm L lowers the quality and firm H raises the price (even though firm L cuts its price).
Second, both VEE-C and VEE-P lead to higher social welfare due to the increased consumers’ addi-
tional social utility and firm H’s profit. Finally, stronger VEE-C always reduces the monetary term
of social welfare, but stronger VEE-P may either increase or decrease it. This difference is due to
the one-period lag for the value-enhancing interactions to take effect in the VEE-P case. Therefore,
while both types of VEE hurt consumers” monetary surplus, the monetary term of social welfare

is possible to increase only under VEE-P.

4.3. Comparisons between MEE and VEE
In this section, we compare and contrast the main results obtained in Sections 4.1 and 4.2 to
shed light on the similarities and differences of the two fundamental forms of social interactions.
Although both MEE and VEE introduce positive impacts to the market, we emphasize the impor-
tance of identifying the prevailing form of social interactions. Our results can provide managerial
insights into how competing firms should leverage the social interactions to guide their product
design and pricing strategies. Among others, we highlight the following major findings.

First, a stronger MEE strengthens the level of product quality differentiation (i.e., larger q y— qr.), while
a stronger VEE weakens it (i.e., smaller gy — q.). Note that firm H always selects quality at the upper
bound under both cases and only firm L’s quality is influenced by MEE or VEE. Both effects are
more powerful with higher demands: MEE can generate a larger market size if total demand of
previous period is higher, whereas VEE can lead to higher consumer utility if demand of cur-
rent/previous period is larger. Given that a higher product quality can generate larger demand,
one may intuit that firm L will select a higher quality level to exploit social interactions. However,
based on our findings, this intuition is valid only in the MEE case. Indeed, firm L’s equilibrium
quality in the MEE case is higher than the benchmark value 4/7 and increases in the strength of
MEE (i.e., r). This shows that selecting a higher quality level to utilize MEE is more beneficial to
firm L than further differentiating itself to soften the competition. However, the opposite is true
under VEE: Firm L's quality is always lower than 4/7 and decreases in the strength of VEE (i.e.,
either f, or t,,). Different from MEE, VEE favors firm H at the expense of hurting firm L, since
it provides higher social value to high-quality product than low-quality one. To alleviate such a

disadvantage, firm L chooses to reduce its quality to further differentiate from firm H and soften



Geng et al.: Impact of Social Interactions on Duopoly Competition with Quality Considerations

22

the competition, rather than being aggressive to increase quality and exploit VEE. As such, the
effectiveness of VEE to firm L is compromised since it simply does not have enough competitive
edge to leverage VEE and has to lower the quality to survive the competition.

Second, both MEE and VEE tend to intensify the price competition. Given pre-determined quality
levels, firms are likely to reduce prices in the second stage regardless of the present effect, which
intensifies the ensuing price competition. Moreover, recall that both MEE and VEE are more effec-
tive with higher demand, which can be induced via lower prices. One may think that both MEE
and VEE should incentivize firms to reduce prices to effectively exploit the consumers’ social inter-
actions. Although our results support this intuition, we find that the underlying reasons are essen-
tially different: MEE incentivizes firm L to take an active role and aggressively reduce price to
amplify the ensuing market expansion, and firm H in turn decreases the price to retain its own
market share; whereas VEE provides more advantages to firm H and thus forces firm L to passively
reduce its price in order to keep market share under the intensified competition.

Third, both MEE and VEE benefit firm H; whereas MEE benefits, but VEE hurts, firm L. Although both
effects introduce positive factors and intensify price competition, they lead to different implications
on firms’ profit performance. The competition in MEE is benign to both firms due to the spillover
effect in market growth, and the enlarged market size benefits both firms. As such, despite the
intensified competition, both firms’ profits will increase as MEE becomes stronger. On the other
hand, the intensified competition under VEE induces the Matthew effect, where firm H is better
off but firm L is worse off; and, furthermore, their profit gap increases in the strength of VEE. Our
findings reveal that, different from the MEE’s win-win outcome, VEE makes high-quality product
more appealing but is malignant to low-quality product’s survival in the market.

Finally, MEE benefits consumers and improves social welfare, whereas VEE could hurt consumers’ mon-
etary surplus. Consumers benefit from stronger MEE due to firm L's improved quality, the reduced
prices, and the inflated market size in period 2. Therefore, consumer surplus increases as MEE
becomes stronger. As MEE leads to a win-win-win outcome, the social welfare is also improved.
This indicates that the intensified competition in MEE is benign not only to firms but also to con-
sumers. Quite the opposite, consumers” monetary surplus drops and their total surplus may also
decline under VEE since firm L’s quality decreases and firm H’s price increases. This shows that

the intensified competition caused by VEE is malignant not only to firm L but also to consumers.

5. Additional Discussions
In this section, we provide additional discussions on the key model assumptions and related issues.

Specifically, we study how dynamic pricing scheme may affect our main results in Section 5.1,
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investigate the combined effects of MEE and VEE in Section 5.2, and extend our base model to
include costs in Section 5.3. In the subsequent analysis and discussions, we will demonstrate our

main results remain qualitatively valid and also provide additional managerial insights.

5.1. Model with Dynamic Pricing Scheme

Our main model in Section 4 assumes that each firm sets a single price and commits to it across
two selling periods. In reality, however, firms in different industries may adopt different pricing
schemes, among which dynamic pricing is also commonly observed. For example, new sharing
economy platforms or new social goods producers may offer discounted prices at early stage and
then return back to the normal prices later. In this section, we examine dynamic pricing in which
both firms simultaneously decide their selling prices at the beginning of each period. Adopting
the same approach, we study MEE and VEE separately by solving the competition model with
dynamic pricing scheme. We focus on the following two aspects: (1) We replicate the investigations
on the impact of the social interactions (i.e., 7, t., and t,) on firms” equilibrium decisions; and (2)
we compare the results under different pricing schemes to examine how pricing flexibility affects
the equilibrium outcomes in the presence of social interactions. In this way, we could understand
both the qualitative and the quantitative changes of our results under dynamic pricing. We briefly
report our main findings in the following.

First, our main results in Section 4 continue to hold qualitatively when considering the model
with dynamic pricing. As such, we claim that the impacts of social interactions on competing firms’
quality and price decisions and profits are robust with respect to firms’ pricing schemes. For sim-
plicity, we do not repeat the results here; instead, we show the detailed results in Appendix B.

Second, more interesting results arise when we quantitatively compare the respective equilib-
rium outcomes under the two pricing schemes to distill the impact of pricing flexibility and its

interplay with social interactions. We elaborate our findings below.

5.1.1. Market Expansion Effect. We keep our convention in notation and use the superscript
“DM” to represent “dynamic pricing with market expansion effect”. Hence, 4°™(r), pPM(r), dPM(r),
and #APM(r) denote firm i’s equilibrium quality, price of period 7, total demand, and total profit,
respectively. First, we emphasize that the impacts of MEE on the final equilibrium under dynamic
pricing remain qualitatively unchanged as those from committed pricing. Then, by comparing
the equilibrium outcomes under the two pricing schemes, we reveal how pricing flexibility affects

firms’ decisions and profits under MEE in Proposition 4.

ProrosriTioN 4. The following statements hold in the MEE case for i € {H,L}.
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(a) g¥=45M =1and ¥ (r) > §PM(r) > 4}, i.e., firms are more differentiated under dynamic pricing.
(b) Each firm’s committed price is between its first-period and second-period dynamic prices, i.e.,
i (r) < pit(r) < pp"(r).
(¢) Each firm’s total demand is larger under dynamic pricing, i.e., d°M(r) > dM(r) > dv.
b

(d) Each firm’s profit is higher under dynamic pricing, i.e., AP (r) > AM(r) > A}

The comparison between the two pricing schemes in the MEE case, as characterized in Propo-
sition 4, has several interesting implications. Parts (a) and (b) together reveal how firms” quality
and price decisions are affected by dynamic pricing. Specifically, firm H chooses the same quality
level under both pricing schemes, whereas firm L chooses lower quality under dynamic pricing
than committed pricing; and each firm’s committed price is higher than its first-period dynamic
price, but is lower than its second-period one. This shows that, with pricing flexibility, firm L
exploits MEE with a different approach. Instead of raising quality level to attract more consumers,
it now lowers the first-period price to induce large sales, which is more effective. In period 2, the
prices are set higher under dynamic pricing due to the end-of-horizon effect, which allows firms
to maximize their profits. Moreover, since firm L does not have to increase quality too much under
dynamic pricing (compared to committed pricing), the quality differentiation is larger and the
competition is softer. Indeed, as shown in Proposition 4(c) and (d), both firms’ profits and total
demands are higher than those under committed pricing. Therefore, pricing flexibility amplifies
the overall impact of MEE and benefits both firms. However, a close look at the percentage increase
in profit shows that (APM(r) — AM(r))/AM(r) is below 0.3% for 0 <r <1and i€ {H,L}. Hence,

the difference between dynamic pricing and committed pricing is only modest.

5.1.2. Value Enhancement Effect. We first remark that all the equilibrium outcomes and
results for VEE-C remains the same regardless of the adopted pricing scheme, because social inter-
actions under VEE-C occur only within the current period, making each period independent and
identical. Thus, only VEE-P is relevant in this section. Similarly as before, we assume that the
parameter ¢, < f, so that the market is partially covered and each firm has positive demand in the
equilibrium. Moreover, all the notations are defined in the same manner, except that here we use
the superscript “DVP” to represent “dynamic pricing with value enhancement effect from previous
consumers”. Again, we remark that the impacts of VEE-P on the final equilibrium under dynamic
and committed pricing are qualitatively the same. Then, we compare the equilibrium outcomes of

the VEE-P case under the two pricing schemes in Proposition 5.

Prorosition 5. The following statements hold in the VEE-P case.
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(a) §if = gBY? =1, and there exists T such that §/*(t,) < qPVP(t,) < 4% if t, < Fand GV (¢,) <

AV P

gyt (t,) < 4t otherwise.

b) Each firm’s committed price is between its first-veriod and second-period dynamic prices, i.e.,

p p p Y p

pRvr(t,) <piP(t,) <pp'"(t,) fori=H,L.

¢) Firm H’s total demand is lower under dynamic pricing, i.e., doVP(t,) < dVF(t,), whereas firm L's is

Y p 8 Uy H \Ip

higher, i.e., d?vp(t,,) > dyp(tp).

d) Firm L’s profit is higher under dynamic pricing, i.e., AV°(t,) < APYP(t,) < AL, for firm H, there

p 8 Y p 8 L \Ip L p L

exists a threshold F such that AYF (t,) > ARVP(t,) > AY ift, < fand ADVF(t,) > ALF(t,) > RY otherwise.

Proposition 5(b) confirms the rationale mentioned in the MEE case. That is, endowed with the
pricing flexibility, firms cut the first-period prices to generate high sales and enhance consumers’
utility via VEE-P, and set higher prices in period 2 (the end period) to avoid unnecessary compe-
tition and revenue loss. In addition, Proposition 5(a) shows that when t, is sufficiently small, firm
L does not have to set a very low quality level as it does under committed pricing, since dynamic
pricing can already help firm L avoid fierce competition against firm H. By contrast, when ¢, is
relatively large, firm L has to set an even lower quality to further differentiate from firm H.

Recall that, under committed pricing, VEE-P benefits firm H at the expense of hurting firm
L, positing the Matthew effect. Although this phenomenon persists under dynamic pricing, it is
weakened to some extent. Specifically, by Proposition 5(c) and (d), firm L captures more demand
whereas firm H loses demand under dynamic pricing; moreover, firm L's profit is improved but
firm H’s profit may decline. To wit, the pricing flexibility helps firm L combat the negative impact
of VEE-P and improves its competitive edge. Thus, comparing to committed pricing under VEE-P,
dynamic pricing can either lead to a Pareto improvement for both firms, or create a more balanced
duopoly competition by alleviating the Matthew effect. Finally, we note that the percentage change
in profit between the two pricing schemes is not significant in magnitude. Particularly, for firm L,

0< (APVE(t,) — /P (t,)) /[P (t,) <3.5% and, for firm H, |7 (t,) — AL (t,)|/ AL () < 1.5%.

5.2. Model with Combined Effects of MEE and VEE

In this subsection, we investigate the situation where both MEE and VEE (including VEE-C and
VEE-P) exist. The model can be solved in the same manner as before. However, the presence of both
MEE and VEE greatly increases the complexity of the problem, making the analytical approach
intractable. Therefore, we resort to numerical analysis. In the sequel, we focus on r € [0,1], t. €
[0,0.025], and t, € [0,0.025] (recall that . and ¢, are small fractions). Our analysis particularly

focuses on the degree of product differentiation and the firms” equilibrium profits. Moreover, we
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will only discuss the analysis for committed pricing; in fact, similar numerical experiments have
been conducted for dynamic pricing, and the observations are qualitatively identical.

We conduct extensive studies with numerous instances. For each instance, we obtain firms’ equi-
librium quality levels and profits, and then compare them with their counterparts where only one
form of social interactions exists. Figure 1 below illustrates our main results on this matter. Note
that Figures 1(a)-(c) focus on the combined effects on firm L's quality level, which reflects product
differentiation between the two firms (firm H’s equilibrium quality is always 1 because there is no

cost), and Figures 1(d)-(i) show the interplay of multiple effects on firms’ profits.

Figure 1 Combined Effect of Social Interactions under Committed Pricing.
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By and large, our previous findings in Section 4 are robust. For example, in Figure 1(a), we

observe that, when VEE-C is relatively weak (i.e., t, = 0.002), the product differentiation is reduced
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as MEE becomes stronger. Hence, our result from Proposition 1(a) is qualitatively retained. Sim-
ilarly, Figures 1(b) and (c) support the robustness of our results in Propositions 2(a) and 3(a)
with respect to the possible existence of MEE. Moreover, observations drawn from the firms’ profit
curves in Figures 1(d)-(i) are also consistent with our previous results. Therefore, the combined
effect of MEE and VEE may be decomposed into the individual effects and the exact implication
hinges on their respective magnitudes.

Apart from confirming the robustness of our main results, the numerical analysis also highlights
two additional observations that complement our previous results: (1) The original impact of MEE
on quality differentiation could be distorted in the presence of relatively strong VEE. As illustrated
by the two solid curves associated with f. = 0.02 in Figure 1(a), firm L tends to decrease quality as
MEE becomes stronger. Rather than a means to facilitate the market expansion, the product quality
in this case becomes an instrument for firm L to alleviate fierce competition induced by strong
VEE (t. = 0.02). (2) VEE-C has a stronger impact on firms” quality differentiation and profits than
VEE-P. This is revealed by the comparison between the dotted and the solid curves in Figure 1.
Such an observation echoes with our previous discussion on the time-lag effect that contributes to

a weaker impact of value enhancement from interacting with previous consumers.

5.3. Model with Cost Considerations

In this subsection, we extend our main model to include cost considerations for the firms. Typically,
when firms invest in the product quality and run the production process, they incur both fixed
setup cost and per-unit marginal cost. To capture these costs, we assume that, for a firm with
product quality g and demand d, the total cost incurred is given by C(g,d) = S(9)é(d) + V(q,d),
where 6(d) equals to 1 if d > 0 and 0 otherwise. In accordance with the classic assumption that
the quality dependent set up cost S(g) is convex increasing in g, we assume S(gq) = sq*/2 for some
s > 0. In addition, V'(gq,d) represents the total production cost. We focus on the linear functional
form and assume V(q,d) = (vo + v19)d for some vy, v; > 0.° Firms are assumed to have the same
cost structure, and the same parameters apply to both firms.

Given the above specified cost function, we conduct e xtensive numerical e xperiments to test
whether the respective impacts of MEE, VEE-C and VEE-P on firms’ equilibrium product differ-
entiation and profits are robust when costs are considered. To purely focus on the cost consider-
ations, we follow the main model of committed pricing and do not involve combined effects of
social interactions. Since the results are quite consistent across different combinations of param-
eters, we only present the results for a few representative instances (vo = 0.01, v; € {0.1,0.2,0.3}

and s € {0,0.01}) in Figure 2, and highlight some major observations below.

5 We have repeated our study with other alternatives, e.g., quadratic functional form, and drawn the same conclusion.
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Figure 2  Impact of Social Interactions under Committed Pricing with Cost Considerations. (Fix vy =0.01).
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In Figures 2(a)-(c), we observe that the monotonicity of the quality differentiation 4%, — 4% (k €

{M,VC,VP}) is consistent with our previous results as described in Propositions 1(a), 2(a) and

3(a) (note that firm H'’s equilibrium quality is always 1 without cost in the main model, but may

be less than 1 with cost considerations). Specifically, the quality differentiation decreases as MEE

becomes stronger but as VEE-C/VEE-P becomes weaker. This shows the robustness of our main

result even when we consider the fixed setup cost and marginal production cost.

Second, the individual impact of each form of social interaction on firms’ profits with cost con-

siderations is the same as before, which is presented in Figures 2(d)-(i). Specifically, stronger MEE

improves both firms’ profits, whereas stronger VEE-C or VEE-P only benefits firm H but hurts firm

L. Therefore, our results are quite robust with respect to the general cost structure. In addition,

Figures 2(d)-(i) further reveal the impacts of costs on firms’ profits: (1) Both firms are negatively
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affected by the marginal cost factor, as their profits are lower for larger v;; and (2) the setup cost
factor (s) has different impacts on different firms, as larger s may benefit firm H but hurt firm L.
In sum, we extend our model to include fixed setup cost and marginal production cost, both of
which depend on the quality level. We numerically confirm that our main results are qualitatively
robust, which indicates that it is a legitimate simplification to assume zero cost in our main model.

Moreover, our findings also shed light on the impacts of cost parameters on firms’ profits.

6. Concluding Remarks

Consumers’ social interactions are commonly seen in many marketplaces. Our paper aims to
understand how different forms of social interactions affect duopoly firms” product differentiation,
pricing decisions, and profits in a competitive environment. Specifically, we focus on two forms of
commonly observed social interactions: The market expansion effect that causes the total market
size to increase for competing firms through social interactions that expand products awareness,
and the value enhancement effect that exclusively increases the consumers’ utility towards one
firm when interacting with consumers in either current or previous period.

Using a two-stage multi-period duopoly competition model, we uncover an interesting inter-
play between product quality differentiation and consumers’ social interactions. Indeed, quality
differentiation not only bears the purpose of alleviating the price competition, but also has impacts
on the effective exploitation of the consumer-to-consumer contagions. Our results reveal that it is
important for firms to distinguish the aforementioned two forms of social interactions, because
although the price competition is intensified in both cases, the strategic implications on the prod-
uct differentiation and profitability are quite different. Specifically, the quality differentiation level
between the duopoly decreases in the strength of MEE, but increases in that of VEE. Moreover,
MEE is benign to firms and makes consumers better off, fostering a healthy competitive environ-
ment (win-win situation); however, VEE (both VEE-C and VEE-P) benefits the high-quality firm
at the expense of hurting both the low-quality firm and consumers, leading to the Matthew effect
of accumulated advantage. Hence, firms” quality and price decisions as well as their profitability
eventually depend on which form of the social interactions is more prominent.

As the main managerial insights, we connect consumers’ social interactions with competing
firms’ product design and pricing decisions, and highlight the importance of distinguishing differ-
ent forms of social interactions. Our results can be applied to many industries where social inter-
actions are prevalent and product quality is a critical decision. Consider our motivating example
of the MOBAs marketplace (or video game industry in general). Here, informative social inter-

actions include players’ introducing games to the community on gaming forums. Hence, if this
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form of interactions is strong, publishers may consider selecting a relatively aggressive product
quality level to exploit MEE, such as improving the level of gaming experience, character design,
in-game purchase options and so forth. However, from the high-quality publisher’s standpoint, it
may employ various marketing strategies to actively boost the value enhancement effect, thereby
leveraging the advantageous market position endowed by VEE.

In addition, competing firms s hould a Iso p ay c lose a ttention t o t he p ossible e volution of
the prominent form of social interactions and adjust their marketing strategies accordingly. For
instance, in the infant stage of bike-sharing industry, the market expansion effectis prevalent,
because the future market growth could be potentially significant and major bike-sharing compa-
nies (such as Mobike and Ofo) aim to introduce this innovative service to potential consumers to
rapidly enlarge the overall bike-sharing market. When the industry becomes mature, the market
size remains stable as almost all potential consumers are aware of the products. Then, social inter-
actions would go through a paradigm shift such that exchanging user experiences with specific
product prevails (Ouyang 2017). In this case, the value enhancement effect could become domi-
nant, and efforts should be primarily devoted to product differentiation and branding. As Mobike
CEO, Mr. Wang Xiaofeng, commented, “without a strong differentiation from similar products, the users
will eventually abandon you” (Hu 2017). As such, firms may focus on enlarging product differentia-
tion against their opponents to leverage and benefit from the value-enhancing social interactions.

To conclude, we discuss a couple of interesting model extensions as future research directions.
In contrast to the current non-durable goods setting where consumers purchase immediately with-
out strategic waiting, we could assume the focal product is durable and consider the consumers’
strategic waiting behavior. As suggested by Coase (1972), consumers may wait for future price
reduction under dynamic pricing; moreover, under VEE-P, they may delay their purchase to join
into a potentially larger user base later so that their utility could be further strengthened. To study
the aforementioned strategic behaviors, we could incorporate consumers” heterogeneous patience
levels so that impatient ones will find it too costly to wait. As such, in each period, there will be
a group of impatient consumers who choose to purchase, and social interactions will continue to
take effect in this case. Hence, we conjecture that our main findings regarding the impacts of social
interactions will hold qualitatively. Moreover, the interaction between consumers’ strategic wait-
ing and social effects may generate new interesting insights, and we leave the thorough analysis
for this case as future research.

Second, while we focus on positive social interactions in the main paper, it is also practically pos-

sible that the strength of the social interactions may be negative, especially for the case of VEE. For
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example, when all orders or service requests are processed by a common server (e.g., the internet
bandwidth for all players in a game or the logistic provider that serves multiple online retailers),
too many current users may result in server congestion, which negatively affects consumers” util-
ity. In this case, we find that, when the parameters r, t, or t, are negative but close to zero, our
results are exactly reversed. That is, for MEE, 4 is lower than the benchmark when r is negative,
and for VEE, 4/ and ;" are higher than the benchmarks when ¢, and ¢, are negative, respectively.
When the social interactions have negative impacts, each firm may prefer a lower demand in the
tirst period, and the competition is softened, which is opposite to the findings under positive social
interactions. While we can partially extend our findings to the aforementioned situation, we leave

the comprehensive analysis for the negative social interactions as future research.
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Appendices to “Impact of Social Interactions on Duopoly
Competition with Quality Considerations”

The appendices are divided into two parts. We present the proofs for the main model under the
committed pricing scheme (Section 4) in Part A. In Part B, we present the additional findings and
proofs for the results under the dynamic pricing scheme (Section 5.1). Table 1 below summarizes

the notations used in the paper.

Table 1 Summary of Notations

Symbol Description

“M”  the scenario of committed pricing with MEE
“VC”  the scenario of VEE-C under both committed pricing and dynamic pricing strategies
“VP”  the scenario of committed pricing with VEE-P
“DM”  the scenario of dynamic pricing with MEE
“DVP” the scenario of dynamic pricing with VEE-P
“b”  benchmark case without MEE or VEE
r the strength of MEE
t. the strength of VEE-C
t, the strength of VEE-P
p; committed price of firm i/ under scenario s € {M,VP,VC}

pi,  price of firm i in period n = 1,2, under scenario s € {DM, DV P}
ds demand of firm i in period n = 1,2, under scenario s € {M,VP,VC,DM,DVP}

m

ds total demand of firm i in the two periods under scenario s € {M,VP,VC,DM,DVP}

1

e profit of firm i in period n = 1,2, under scenario s € {M,VP,VC,DM,DVP}

m

7T total profit of firm 7 in two periods under scenario s € {M,VP,VC,DM,DVP}

1

q; quality level of firm i under scenario s € {M,VP,VC,DM,DVP}

7R/ o~

over above symbols to denote the corresponding final equilibrium

A. The Committed Pricing Scheme

A.1. Market Expansion Effect (MEE)
Proof of Lemma 1: Given t, =t,=0and 0 <r <1and 0 < g, < gy <1, firm i decides its price, p;,

to maximize its total profit:

max p,-(df\f +dih, (A1)
pi=0

where i = H, L. We will show in Proposition 1 that the market is partially covered and each firm has

positive demand in the equilibrium. Consumers will purchase from firm H if uy, > max{0, ur, }

1



2

and from firm L if u;, > max{0, uy,} in period n = 1,2. Thus, the demand of each firm in each

period can be solved as

dﬁlzl—pH_pL M Pu—PL PL

qu —q.” Ll_‘iH—qL q’
M _ M M P —PL M _ M My ( PH—PL  PL
dy, = (14 rdyy; + rd}}) <1 — > , and dpy, = (1 + rdyy; + rd;)) < — > . (A2)
qeg —qL qu —4q. qL

Given the above demands, one can easily verify that firm i’s total profit p;(d} + d2') is concave in
O (pid +aih)

pi, ie., T) <0, for i = H, L. Thus, solving the two firms’ first-order-conditions together,
M | M M M

e, nmtim) — o and 2PLULHR) — ) Jeads to the the sub-game equilibrium prices:
opH apL

qr (8qy — 10rqy — g (2 — 1) — X4y) + 12rg%

M _
Pr(qn,qu,7) = Gy —a)r and
M _ qu(6rqu +8qu —q.(3r +2) — Xi)
pL (ququ 1’) - 4(3qH _ qL)r 4 (A3)

where X; = /@ (r —2)? — 4quqL (r* +2r +8) + 447, (312 + 12r + 16). Plugging Equations (A3)
into Equations (A2), the demand of each firm in each period can be written as:

M (@maLT) = gL 8qy —10rqg —qL(2—r) — X1) + 12rq%{
HIAHAL, 8(3qy —q1) (9 — qL)r ’
qL (4qg (B —1) —qL(2 —7) — X1) + 295 (X1 — 8qn)
8(3qn —qr)(qy —qL)r ,
M (a1 aL7) = (X1 —qr(r+2) +qu(6r+4)) (g0 (qu(r —2) — X4 — 10rqy + 8q) + 12rg%;) and
Ha A 32(3qy — q1)*(qu — qL)r ’
(X1 —qL(r +2) +qu(6r+4)) (gL (qL(r —2) —4rqy + 129y — X1) + 295 (X1 — 8qp))

32(3qy — q1)*(qu — qr)r

d]Lv{ (‘7Hr‘7L/”) =

’

dM(qm,qL7) = . (M%)

Moreover, the total demand of firm i is given by d™(qy,q.,7) = d¥(qu,qi,7) + d¥(qu,q1,7), and
firm i’s total profit is 7 (qu,q1,7) = pM(qu, 91, 7)d™(qu, q1,7), fori=H, L.
Note that the sub-game equilibrium prices, demands, and profits are all differentiable. For r € (0, 1]

and 0 <gq; < gy <1, taking derivative with respect to r and after simplification, one can verify that

the followings hold
8;7%(078}:%%) <0, BP%‘(L];&/LJ) <0,
oy (qu,qu,7) 0, adﬁﬂ(qai,qbr) -0,
7t (9,41, 7) 0, and I (@, 9u1) _ o
or or

This completes the proof of Lemma 1. [J

Proof of Proposition 1: We complete the proof in three steps: Step 1. Solve the potential equilib-
rium given that the market is partially covered and each firm has positive demand; Step 2. Show
the existence of the equilibrium derived in Step 1; Step 3. Show the uniqueness of the equilibrium.
Step 1. We first solve the potential equilibrium given that the market is partially covered and each
firm has positive demand. We have solved the firms’ pricing decisions for given quality levels

in



the proof of Lemma 1. Given the firms’ pricing decisions in Stage 2, we proceed to solve for firms’

quality decisions in the first stage:

max 7 (qu,q1,7) = pii (41, q1,7)d31 (q11,q1,7), and
qu€(qr1] y

max 70" (qu,q1,7) = pY (qu, 9, 1)y (Gu,qu,7),
qLE€[09H)

where p™(qu,q1,1) and dM(qu,q.,7) are given by Equations (A3) and (A4), respectively.

First, one can easily verify that 7t (qy,q;,7) increases in gy for any g, € [0,1) and r € (0,1], i.e.,

dnM(qp.q.7)

do—— > 0. Thus, firm H’s optimal quality is 4 =1 for any ¢4, € [0,1) and r € (0,1]. Given that

gu = 1, next we solve firm L's optimal quality g;,. Directly checking firm L’s profit function, we find
PrM(Lgpr)

g7
anL (1 qL r)

that it is strictly concave in g, i.e., <0, for any r € (0,1] and g, € [0,1). Moreover, one

anL 1qu

can verify that |g.—01 > 0and |g.=00 < 0. Therefore, there exists a unique 4} () €

(0.1,0.9) that can be solved from % =0 and maximizes 7t (1, g, 7).

Hence, given that the market is partially covered and each firm has positive demand, the poten-
tial equilibrium outcome is: gy = 4% =1, q. = §Y(r), pu = p¥(r) = p¥(1,4Y(r),r), and p. =
pY(r) = pM(1,4M(r),r). Let oM = (g%, 4V (r), p¥(r), pM(r)) denote this potential equilibrium, and
let dM(r) = dM(1,4¥(r),r) and AM(r) = pM(r)dM(r) denote firm i’s total demand and profit at the

potential equilibrium ™.

Step 2. To show the existence of the equilibrium o™, we will show that ¢ is a Sub-game Per-
fect Equilibrium (SPE). We just need to verify that o™ satisfies the no-deviation requirements
of SPE: (1) Given firms’ quality 0 < g; < gy <1 and firm i’s price p™(qu,q1,7), firm j’s price
decision will not deviate from p}(qu,q1,7) to other prices; and (2) given both firms’ prices
(p¥(qu, qr,7), P2 (qu, qr, 7)) in Stage 2 and firm i’s quality §M(r), firm j’s quality will not deviate
from 4} (r) to other qualities, i.e., A} (r) > max, g " (q;, ) (r),r), fori,j€ {H,L} and i # .

For requirement (1), we just need to show that

o (g r) > max  pdM(pjlam, g, p! (qu qur)) forij€ {H Ly and i#j,  (AS5)
pi#p;" (quqL.r)

where the general demand functions are given by:

M =(1- max{ipH PL pH}) , dM = (min{1, PH — pL} pL !,
qu 4L, 9H H—qL QL
d¥y = (1 +rd¥, +ra¥)dY,, and dM = (1+rdl; +rdM)all.

Firm i’s total demand of two periods is d = d} + d%. Note that the above demand functions
include all situations that market is partially covered or fully covered and both firms have positive
demands or one of them has zero demand. By straightforward but tedious algebraic analysis, we
can verify that given r € (0,1] and firm i’s price p(qu, g1, 7), firm j’s optimal price is p’]w (qu, qL )

and thus will not deviate, i.e., the inequality (A5) holds. Thus, requirement (1) is satisfied.



For requirement (2), we have already shown in Step 1 that firm H’s optimal quality is g5 = 1 for
any q; € [0,1) and that firm L's optimal quality is g, = 4" () given gy = 1. Thus, requirement (2)

holds. Hence, we have shown that ¢™ is an SPE.

Step 3. We show the uniqueness of the equilibrium ¢™. Note that in Step 1, we have derived a
unique equilibrium ¢ by backward induction under the condition that the market is partially
covered and each firm has positive demand. Thus, we just need to show that there does not exist
any equilibrium if the above condition does not hold, i.e., the market is fully covered or one of the
firms has zero demand. Note that in the case of MEE, dy, + dj, =1+ r(dm + d;1) if and only if
dm +di =1, i.e, the market is fully covered in period 2 if and only if the market is fully covered
in period 1; and dj, = 0 if and only d;; =0, i.e., firm i has zero demand in period 2 if and only if
it has zero demand in period 1. Thus, to show the uniqueness, we need to verify that: (1) Any
strategy that leads to dy; + d;; = 1 is not an equilibrium; and (2) any strategy that leads to dy; =0
or d;; = 0 is not an equilibrium.

If dyy + dip =1, it implies that the consumer with 6 = 0 makes the purchase. That is, either p;, =0
or py = 0. It is obvious that any strategy with p; =0 or py = 0 cannot be an equilibrium since one
of the firm’s profit will be zero and always has incentive to deviate to a small enough price to earn
a positive profit. Thus, (1) holds. Similarly, if d;; = 0, then firm i’s profit is zero. It is obvious that
any strategy with d;; = 0 cannot be an equilibrium outcome since firm 7 has incentive to deviate to
a lower price to get a positive demand and earn a positive profit. Thus (2) holds.

Hence, we conclude that in the equilibrium, the market is partially covered and each firm has
positive demand (i.e., dgy >0, dry >0, dyp, >0, dpp >0, and dyy + djy < 1). Combined with Steps
1 and 2, it shows that ¢ is the unique equilibrium. In what follows, we prove Parts (a)-(d). Note

that all the final equilibrium outcomes are differentiable.

Part (a): Since V() is the unique solution of A _  fop q. € [0,1), by the Implicit Function
2 o .
Theorem, we have aq%r( D2 ngqila? )/ nLaél%'“ &l |g=41(»- We have already shown that M <0

92 ”L (1qu

for any g, € [0,1) and r € (0,1]. One can also Ver1fy that > 0 for any g, € [0, 0 6) and

€ (0,1]. Moreover, we fmd that GM(r) < 0.6 forany r € (0,1] since om}! <1 qL.7)

and r € (0,1]. Therefore, “L" > 0 for r € (0, 1].

< 0forany g, € [0.6,1)

Part (b): Note that pM(r ) = pM(1,4M(r),r), for i = H, L. By the chain rule, lBr 0 _ (ale(alr’qL’r) +
M ) o6M(r .
%aq%{( >)] qr=M . In the proof of Lemma 1, we have shown that M < 0. In Part (a)

% 3PH (1 qL.r)

above, we have shown that

gr €10,1) and r € (0,1], and that apLa% < 0 for any g, € (0.55,1) and r € (0,1]. Since 4 (r)
d

) > 0. Moreover, one can also verify that < 0 for any

increases in r, we have §M(r) > §M(0) = 4" =4/7 > 0.55. Thus apyg;’:’” ) <0holds forany r €

‘1L‘7



(0,1]. Combining all the above statements, we deduce that p ——— < 0 for any r € (0,1], as desired.
Therefore, pM(r) decreases in r and pM(r) < pM(0) = p! forr € (0,1] andi=H,L.

Part (c): Note that dM(r) = d¥(1,4M(r),r), for i = H, L. By the chain rule, od(r) _ (adl-Mﬂ,qm) X

ar or
adM(1,q.,7) 3 (r) ) ‘
o, or qL=iM

. In the proof of Lemma 1, we have shown that ﬂ > 0. In Part (a)

wton) > 0. Thus, 22 > 0

above, we have shown that aqL ) > 0. Moreover, one can verify that ==

fori=H,L.

Part (d): Note that AM(r) = M (1,4M(r),r), for i = H, L. By the chain rule, aﬁé\/i(r) = (anlngL,r) +

M r) 9gM(r M r T r
7 a(ql;% ) aq%r( ))\qL su(r)- One can verify that 2 Hglr’%) + 2 H;ql e )aqL )'> 0 for any g, € [0,1) and
r € (0,1]. Thus, anH > 0.In the proof of Lemma 1, we have shown that LL WaLr) 0. In Part (a)
above, we have shown that 2L 5 Moreover, % | — =0. Thus

Next, we show that A¥(r) — AM(r) increases in r. By the chain rule: w =

(a(”%(l’“’y)a;niw(l’qu + a(nml’q“ra)%nwl’%m ‘”?ff”) IqL _ju(»)- First, the definition of 4} ( ) indicates that
M (1,q0.7) ‘
o9 qL=4M(r)
AM ()M,
[0,1) and r € (0,1]. Thus, 2200+ ( which implies 7} (r) — 2l > M (r) — 2L >0, for r € (0, 1].
AM(r) _ "%(V)
f[b

”H (1 qL.r)— T (1 qL.")) anH (Lapr) a‘h
or gL

= 0; second, one can verify that ) > 0 for any g, €

Finally, we show that increases in r. By the chain rule,

L 7TH
M) A Mg Mg (LaLr) (Lap)
a(%i% a<NL Aqu' 77H »qu’ ) a(ﬂL Aqur 7HH »qu, ) aAM
L "H _ L H + L "H ' (r) | M
] qu=4y’ (r)

r oar oL or
5 ( M apn)  mMagn > 5 <7 i (L) >
1 )y M) o g

or oqr, or

7 (LgLr)
First, "5 g
for any g, € (0.5,0.6) and r € (0,1]; third, 0.5 < §M(0) < 41(r) < 4M(1) < 0.6 for any r € (0,1].
~M ~M (.
PY (s 1)

P P
Thus, we have =——t——"~ > 0, which implies that (A}(r) — A7)/ A} > (A} (r) — /%) /A% > 0o

= 0; second, one can verify that

for all r € (0,1]. This completes the proof. [
Proof of Corollary 1: Part (a): Let CS¥(r) denote total consumer surplus of purchasing from firm

i in period 7 in the equilibrium. Thus, CS¥,(r) and CS¥ () are given by:

H

CSth() = [ (6~ pi(r)do =1~ 293(r) + ) (1 - ) /2
(

g 4 ROV =PV PO ),
- (19M ZpH (1‘) + 1 _ (7\1L\/1(r) )(1 1 _ q}L\/I(r) )/2 d

CSti(r) = [, (0811 (r) = p'(r)d0 = (31'() (@ +0Y) — 29} (r)) B} — B1') /2
ot DU = BT PO DM = M) ()
R T N 1 L s T I Ok

The total consumer surplus in each period is then given by CSY(r) = CS¥,(r) + CSM(r) and
CSM(r) = (1 + rdM, (r) 4 rd¥ (r))CSM(r), and total consumer surplus of two periods is CS™(r) =



6

dCS dCS

CSM(r) + CSM(r). We can show that ““i") > 0 and
dCS

> 0. Thus

> 0. Hence, 4CS70) 0. Therefore, CSM(r),

> (0. Moreover one

can easily verify that % > 0. Thus,
CSM(r), and CSM(r) all increase in r. Let CS” denote the total consumer surplus of two periods in
the benchmark case, i.e., CS" = CSM(0). Thus, CS™(r) > CSM(0) = CS" for r € (0,1].

Part (b): Total social welfare is defined as SWM(r) = CSM(r) + ¥ (r) + M (). We have already
shown that CSM(r) increases in r in (a), and that 71}{(r) and 7t (r) increase in r in Proposition 1.

Hence, SW™(r) increases inr. [J

A.2. Value Enhancement Effect from Current Consumers (VEE-C)
Proof of Lemma 2: Given r =t, =0 and t. >0 and 0 < g, < qy <1, firm 7 decides its price p; to
maximize its total profit:
max p;(dii© +d5°),

where i = H, L. In the VEE-C case, each period is identical; thus, each firm’s demand is the same
in each period (i.e., di§ =d}5 and d}f =d}5). If firm i has zero demand in one period, then it has
zero demand in both periods and zero total profit. Thus, it is obvious that in the equilibrium, each
firm must has positive demand in each period, i.e., d;, > 0 for i = H, L and n = 1,2. However, due
to the value enhancement effect in each period, it is not obvious that in the equilibrium whether
the market is fully covered or not. We will focus on the case where the market is partially covered
in the following proof; and we will show in the proof of Proposition 2 that there is no equilibrium
in the case where the market is fully covered and thus the market being partially covered is the
unique equilibrium outcome when t. is small enough.
Given that the market is partially covered, let 6} € (0,1) denote the consumer who is indifferent
in purchasing from firm H and firm L and 6} € (0,0}) denote the consumer who is indifferent
in purchasing from firm L and not purchasing. Then, the two firms” demands in each period are
given by d}{ =d}S =1— 0} and d/* =d]s = 6}C — 6/, respectively; and a consumer’s utility of
purchasing from firm His uy, = 0qy — py +t.(1 — G_I‘QC) and the utility of purchasing from firm L
is up, = 0qL — pr + t.(05° — 6/C) in period n = 1,2. Thus, 6}, and 0/ can be solved from:

BCqn — pr-+ 11— B) =80, — p+ L@~ 80 and

0/ q. — pr+ (01 —6/°)=0.

Hence, we have:

qve _ _PLqL + (pH —t.)(t. — qL) and 67€ — tC(pH —t) + PL(qL —qu + tc)‘ (A6)
7+ teqr + qu(te —qu) — £2 g 7+ teqr + qu(te — qu) — £2



Each firm’s demand in each period is then given as below:

4VE = qvS —1_gYC =1 — quL"‘(PH_tC)(tC_qL)Z and

7 +teqr + qulte —qu) — ¢ (A7)
4VC — gV — gyC _gyC — pL(qu —te) +qu(tc — pu)
n =diy = [ =5 5.

qL+tc‘JL+¢7H(tc_‘7L)_tc

Then, firm i’s profit is given by 2 p,d 1. Checking the second-order derivative, we find that firm i’s

a2 pr 11

total profitis concave in p;, i.e., <0,fori = H, L. Solving the two firms’ first-order conditions

a(szdHl — 0 d ZpLdLl

together, i.e., Er

= 0, we get the following prices:

2q%; (g1 — te) — 2qp (teqr — 12 +41) + teqf
4qp (qp — te) — 4teqp + 42 — qL
A8
qr (qm (te — qL) + 2teq —2i2+ﬂlL) (48)
—4qp (qr — te) + 4teq — 482 + g2

PZ{C(@HJIL/ tC) =

Pl (qm, 9 te) =

pu = piF(qu,q,t.) and pr = pY(qu,q.,t.) satisfy the conditions of this case 0 < /¢ < 0}, <1

if 0 < t. < T"(qu,qr), where TV (qu,q1) = (2qu + 91 — /4% — 4quq. + 997) /4. Plugging Equa-

tions (A8) into Equations (A7), the demand of each firm in each period can be written as:

(g0 —to) (293 (qL —t) —2qu (teqr — 2 +43) + th%) and
(—4qp (qL — te) + 4teqr — 482 + "L) (a1 (fe = qu) +teqr — 12 4 q7) (A9)
qr (9% (9L — te) — qu (3teq — 3tz +q7) + te (2teqr — 262 +47))
(—4qm (g — tc) + 4teqr — 4% + ‘h) (qu (te —qr) +teqr — 2+ 43)

Ay (qr,quote) = dgs (qu,qute) =

Ay ¥ (qu,qu te) =dfs (qu,qLte) =

Firm i’s total demand of two periods is given by d/“(qpu, g1, t.) = 45 (qu, q1, t.) + 45 (qu, q1, tc), and
its total profit is 77V (qu, g1, t.) = pY“(qu, 91, t:)dV(qu, qu, t.), fori € {H,L}.

Given that the market is partially covered and each firm has positive demand (i.e., 0 < 6}¢ <
6/ < 1), taking derivative with respect to ¢, (note that the sub-game equilibrium outcomes are all
differentiable), one can verify that, after simplification:

apYc t 9dvC t
pL (qH/qu C) <0 and H (EIHJ]L/ C)
otc ot,

L (quate) 9dYC(ararte) OmhC (quaite)
ET ’ T ’ FT™

decreases in t., d{(qu,q.,t;) increases in t; and p}©(qu,qr,tc), 4/ (qu, 9. te), 74 (qu, 91, t.), and

> 0.

o) (qpqLte)

,and 3

could be >0, =0 or < 0. Thus, p}“(qu,q1,t.)

71/“(qu,qL, t.) may increase or decrease in t.. This completes the proofs of Parts (a)-(c). O

Proof of Proposition 2: Similar to the proof of Proposition 1, we complete the proof in three steps:
Step 1. Solve the potential equilibrium given that the market is partially covered and each firm has
positive demand in each period; Step 2. Show the existence of the equilibrium derived in Step 1
when ¢, is small enough; Step 3. Show the uniqueness of the equilibrium when t. is small enough.
In the end, we will provide the upper bound for t. that guarantees f. is small enough and the

equilibrium uniquely exists.



Step 1. We first solve the potential equilibrium given that the market is partially covered and each
firm has positive demand in each period. We have solved the firms’ pricing decisions for given
quality levels in the proof of Lemma 2. Given the firms’ pricing decisions in Stage 2, we proceed
to solve firms” quality decisions in the first stage:

max (.9 te) = pS (am,qu t)dy (qu,qute)  and max 71/ (qu,qu.te) = p{ < (qu, i, te)d] < (qm, 9L te),
que(qe] 9.€[0,91)

where p!/“(qu,qL,t.) and dY°(qy,q1,t.) are given by Equations (A8) and (A9), respectively.
First, one can easily verify that given the market is partially covered and each firm has positive

demand (i.e., 0 < 0/€ < 0yF < 1), 1} (qu, g1, t.) increases in gy for any g, € [0,1) and gy > ¢, ie.,

dnfC(quaLte)
dqy

i (qu, qu te) < whE(1,q1,t) for any q; < qu < t. and q; € [0,1). Thus, firm H’s global optimal

> 0. Thus for gy > t., the optimal quality is g5 = 1. Moreover, it is easy to verify that

quality is 4y© = 1 for any g, € [0,1). Given that g5 = 1, next we solve firm L's optimal quality
q1- Directly checking firm L's profit function, we find that 71/(1,4y,.) first increases and then

23— 3W

decreases in g, if 0 < t, < ~ 0.0948. Therefore, there exists a unique 47 (#.) that can be

anL (Lgrte)

solved from 5
qrL

=0 when t. is small enough.
Hence, when t. is small enough, given that the market is partially covered and each firm

has positive demand in each period, the potential equilibrium outcome is: gy = 41 = 1,

qr = q;(t), pu = Pi-(t) = pr(L 47 (t:), ), and pr = py(t:) = p/ (1,47 (), tc). Let 0VC =
(YC,8YC (), pYE(t.), pYC(t.)) denote this potential equilibrium, and let d¥<(t.) = d/° (1,4} (t.), C)
and AYC(t.) = pYC(t.)dVC(t.) be firm i’s total demand and profit at the potential equilibrium "

Step 2. To show the existence of the equilibrium ¢V¢, we will show that ¢ is a Sub-game Per-
fect Equilibrium (SPE) when ¢, is small enough. We just need to verify that ¢"C satisfies the
no-deviation requirements of SPE: (1) Given firms’ quality 0 < g, < gy < 1 and firm i’s price
p!“(qu,qv,tc), firm j’s price decision will not deviate from p;/“(qu,q., t.) to any other price. (2)
Given both firms’ pricing strategies (py<(qu, qr, tc), pY<(qu, qi,t.)) in Stage 2 and firm i’s quality
47¢(r), firm j’s quality decision will not deviate from §/(t.) to any other quality, i.e., #{“(t.) >
MaX, v, mt/<(q;,47(t:), tc), fori,j€ {H,L} and i # j.

To show (1), we just need to show

{C@rqute) > max  pd/(pjlan, L p{ < (qu,qu.te)),forij € {H,L} and i # j, (A10)
pi#p] C(@u.aqute)

where the general demand functions in period n = 1,2 are given by:

_ pqit(pa—to)(te qL) pL(qu—tc)+qL(te—pn)
. ﬂﬁthﬁﬂH(t —qu)—t qi+Hequrqn(te—qu)— ) i (prpL) €C
( quH q;ZI 2tc ’ qp: qlil 2tc) f(PHrPL) e
PH—1c .
(@YE (a1, qu, pra, p), AV e qn propr)) = 4 & a0 #(prpr) €Gs
(1,0), f(pr,pL) € Cy
(0,1— 2=, f (pr,pL) €Cs
(0,1), f(pu,pr) €Cs




Note that the above demand functions include all the situations that market is partially or fully

covered and each firm has positive or zero demand. In the above equation, C; (i = 1,2,...,6)

te(pa—te)+pr(gr—qm+te) <
2
32 +teqr+ap (te—qp)—t2

q’ZLf L ;; T;;(tf) “;L)‘“ 7 < 1}, in which the market is partially covered and each firm has positive demand;
L c c

={0< ” H qu L ;f <1,t % > pL}, in which the market is fully covered and each firm has

is a set of conditions that defines a region for the price pair: C; = {0 <

positive demand G={0< pH N < <1, Z : 91 — pr < 0}, in which the market is partially covered
and firm L has no demand; C; = {t. > py}, in which the market is fully covered and firm L has
no demand; Cs = {0 < 52 ;C <lqu—pu<q.—pL+t(l— ZLL—:“)}, in which the market is par-
tially covered and firm H has no demand; and C¢ = {t, > p1,qu — pu < g1 — pL + t.}, in which
the market is fully covered and firm H has no demand. Firm i’s total demand of two periods is
given by dY¢ = d}© + d’, for i € {H,L}. Through straightforward yet tedious algebraic analy-
sis, we can verify that firm L will not deviate from p;“(qu,q1,t.) when . is small enough (i.e.,
0<t <T"(qu,q.) and t, < 2= 3‘ﬁ ~ 0.0948); and firm H will not deviate from p}‘(qu,qc,t.)
when t, < TY“(qy,q.), where T/(qn, q.) is the smallest root of the polynomial —16¢¢ (5q;; +2q;) +
412 (42qnq1 + 3293 — 5q7) — 8t¢ (3543,q1, — 3qma7 + 1043 — 6q7) + 12 (184391 + 613,47 — 1629147 + 1647 +9q7) +
1241 (—97q%q1 + 1534347 + quq; — 404t —17q1) + teq? (9u — ) * (33qu41L + 329%; — 547 ) + 1617 + 84145 — 2447,47 +
249397 — 8q%42 = 0. Thus, inequality (A10) holds and requirement (1) is satisfied when t .is small
enough.

For requirement (2), we have shown in Step 1 that when ¢, < 0.0948, firm H’s optimal quality is
qn =1 for any q; € [0,1) and firm L's optimal quality is g = 4§} “(t.) given q y= 1. Thus, both firms

will not deviate and requirement (2) holds. Hence, we have shown that ¢V¢ is an SPE when t. is

small enough.

Step 3. We will show the uniqueness of the equilibrium 0" when t. is small enough. Note that in
Step 1 we have derived the unique equilibrium ¢"“ by backward induction under the condition
that the market is partially covered and each firm has positive demand in each period. Thus, we
just need to show that there does not exist any equilibrium if the above condition does not hold,
i.e., the market is fully covered or one of the firms has zero demand. Since the two periods are
identical, we just need to verify that: (1) Any strategy that leads to dy; = 0 or d;; = 0 is not an
equilibrium. (2) Any strategy that leads to dy; + d;; = 1 is not an equilibrium.

If d; =0, then d;, = 0 and thus firm i’s profit is zero. It is obvious that any strategy withd;;=0
cannot be an equilibrium outcome since firm i has incentive to deviate to a lower price to get a

positive demand and earn a positive profit. Thus (1) holds.
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If dyy + dpy =1, then the market is fully covered. We will show that there does not exist any SPE
in this case by contradiction. Assume there exists an SPE in this case, then we can solve it by
backward induction. Let 0} € (0,1) denote the consumer who is indifferent in purchasing from
firm H and firm L. Since the market is fully covered by the two firms, then each firm’s demand in
each period is given by d}{ =d}5 =1 — 0}G and d[{ = d[s = 0}5. Thus, 6}, can be solved from

0V5qn — pu + t.(1 — 015) = 015q. — pr + t01G. Thus, we get 0}G = q”:q# Note that in this

case, consumer with 6 = 0 will purchase from firm L and has non-negative utility, i.e., u11]o—o =
—pr + .0} > 0. Each firm’s demand in each period is then given as below:

aif =aig =105 =1 - PR anadf —ays =gy = PR
In Stage 2, given quality levels 0 < g, < gy <1, firm i decides price p; to maximize its total profit
2pdie. Checking the derivative, we find that firm i’s total profit is concave in p;if g5 — qL — 2t >0
and increases in p; if gy — q. — 2t, <0, i.e,, (2177111 <0if gy —qL — 2t >0 and (2’7’ 3Cpidy") S0 if
gu —qL —2t.<0,fori=H,L. Whenqy — q, — 2tc > 0, solving the two firms’ ﬁrst—order condltlons

vC
together (i.e., % =0and % =0), we can get the following prices:

2qH — 2q1 — 3¢ H—4qL—3t
pz%(qH’qutC):% and pK(Fj(qHIqL/tC):%

pPH—PL—tc

However, the above prices violate the conditions of 0 < )¢ = P

< 1and I/IL1|9:0 = —PL +
t.04¢ > 0. When gy — q, — 2t <0, firm i’s profit increases in p; and thus its optimal price is on

the boundary in this case. We find that for any py, there does not exist optimal p;, for firm L that

ch_ pH—PL—tc
gy —qL—2tc

in the case of fully covered market. That is, any strategy that leads to dy; + d; = 1 cannot be an

satisfies 0 < <1and up|p—o = —pr + .05 > 0. Thus, no pricing equilibrium exists
equilibrium. Therefore, (2) holds.

Hence, we conclude that in the equilibrium, the market is partially covered and each firm has
positive demand in each period (i.e., dy; >0, d; >0, and dy; +d;; <1, fori=1,2).

Combining Steps 1-3, we show that ¢ is the unique SPE when ¢, is small enough. Moreover, in
the main body of the paper and the appendix , we define f. = 0.07 and assume 0 < t. < f. to make

sure t, is small enough which guarantees the existence and uniqueness of the equilibrium ¢¥¢

Finally, we proceed to prove parts (a)-(d) below. Note that all the final equilibrium outcomes are

differentiable.
vC
Part (a): Since 4/ (t.) is the unique solution to w = 0, by the Implicit Function Theo-
5V C 2 2 7VC
rem, we have: aqLatC(t“) =%z aqié?f f) o af:%“ o) | gu—iV<(t,)- One can verify that % < 0and

W < 0 for any ¢q; € [0.26,0.6] and 0 < t. < f,. Moreover, we find that 0.26 < 47(t.) < 0.6
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BnL 1 Arte)

holds for 0 < t, < £, since % < O0forany g, €[0.6,1) and > 0 forany g, € [0,0.26].
Therefore, < 0.
Part (b): Note that p/“(t.) = p/“(1,4/°(t.),t.), for i = H,L. By the chain rule, W)

dte
C(Lapte) IpYC (Lgpte) a‘h te)

apYC(Larte) | apYC(Lapte) 9y C (k) oY,

( ote - L £ Latc )"M ne One can Verlfy that -2 FTe F > (0 and
vc

= éi;qm) 2t a(;LqL L aqL < <0 fOl‘ any b]L € [0 26,0.6] and 0 < f. < f.. As already shown in Part

(a) above, §/“(t.) € (0.26,0.6) Therefore, 22" > 0 and apL ) < 0.Hence, pYC(t.) > pYC(0) = pt,
and pyC(t.) < pyc(0) =p} for 0 < t. <.
Part (c): Note that d¥°(t.) = d/"(1,4Y°(t.),t.), fori = H, L. By the chain rule, i

dVC(qu tc)aq (C))‘ (1’1L te) + advc(l qLte) a‘iL
L ot aL=4 otc BQL

[0.26,0.6] and 0 < . < f,. Since L?XC( .) € (0.26,0.6), we have %

L C(Lapte) adZC(LQL/tC) a’h (te)
T8 L T8

VC(t) . (ad}/c(l,qbt,:) +
e tc

vC (i) One can verify that }'> 0 for any for any q; €

) > 0,1, dVC(t) increases in f..

Moreover, one can verify that

is negative when ¢, is close to 0 and is
positive when ¢, is close to f,. Thus, d¥°(t,) may decrease or increase in t..

Part (d): Note that #Y°(t.) = 7/(1,4/ (t.),t.). By the chain rule, o) _ (M +

otc ot¢
4 sV C Ve Ve 14
or; a(qubtc) a’hatf(tc)”% <) One can verify that ang a(:/’hrfc) + ang B(qquL te) a’h (tc) > 0 and oy ;:C/’ibtc) +
orYC(Lqp te) 94Y € (te) A onrC(te
oL a(quL ) qL < 0forg; €(0.26,0.6) and 0 < t, < .. Since §/“(¢t,) € (0.26,0.6), we have H’gtc( ) >

aryCte) . A . . . . , X
0and Lat, ) <0,ie, ALE(t.) increases in t, and 71} (t.) decreases in t.. Therefore, A/ (t.) — 7Y >

0>AVE(t)— AL O

Proof of Corollary 2: Part (a): Let CM},“(.) denote consumer monetary surplus of purchasing
from firm i in period 7 in the equilibrium, which is given by:

1 - -
CMS (1) = CMES (t0) = [, (0= pHC(t0))d0 = (1= 2p{C(te) + ) (1 = 01°) /2 and
h H
G_VC

H N A N = = ” - =
CM{T (te) = CM[3 (tc) = /G—VC (047 (te) — P (tc))d0 = (4] “(tc) (B" +8Y') — 2p (1)) (BF" — 61°) /2,
L

. Ve SVC 5VC (1) (aVC (¢
ve _ LS} o)+ r0)—to) te—1} 1) ve — tpy o)t bpy Uo)@y_lo) 1) gye
where GH T AV ()2 eqV C (o) + b~V C (k) — 2 and9 TGV (k)2 ) C (be)+ (te—aY Cte)) 12 9

sumer who is indifferent in purchasing from firm H and firm L; 6} € is the consumer who is indif-

is the con-

ferent in purchasing from firm L and not purchasing. Consumer monetary surplus in period n
is then given by CM,“(t.) = CM[S (t.) + CM[f (t.), and total consumer monetary surplus of two

periods is given by CMVC(t.) = CMy“ (¢ ) + CMVC(t ).
dCMHn(t dCM

C<0and M

We can show that <0f0r0<t <t.,and n =1,2. Thus
dCMYC(

o ) 0, and "CM deEM (L) ), Therefore, CMY“(t.), CMyC(t.), and CM"“(t.) all decrease in t,.

<0,

Let CM" denote the total consumer monetary surplus of two periods in the benchmark case, i.e.,

CM? = CMV¢(0). Thus, CM"C(t.) < CMVS(0) = CM" for 0 < t. < F..
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Part (b): Let CS}'“(t,) denote consumer total surplus of purchasing from firm 7 in period 7 in the

equilibrium, which is given by:
1
Csti(t) [ (6= pEC(t) + b (t))do
GH
= 2 (1= 291 (1) + 20l (1) + O5) (1~ BF)  and

CSpy (te) = 041 (t) — P (te) + ted],; (1)) d0

2 oue
e |
= S B +81°) — 201°(1) + 26d(S (1)) (BFC — BLC), forn =1,2.

Consumer total surplus in period n is given by CS/“(t.) = CSfS () + CS/(t.), and consumer

total surplus of two periods is given by CS VC( () =CSY7C(t.) + CSyC(t.).

Given 0 < t, < f., we can show that dcs < 0if t, <O. 0128246 and L > 0 otherwise;
and % < 0, for n = 1,2. Moreover, we can also show that =% dCS ) <0 if t. < 0.0603381 and
dcsVe(

th) > 0 otherwise. Therefore, CSVC(#,) first decreases and then increases in f,.

Part (c): The monetary term of social welfare is defined as SM"(t.) = 7}(t.) + 7/“(t.) +

CMVC(t,). We have already shown that CM"“(t.) decreases in f. in part (a), and that nVC(tc)

dsmVC

i <0

increases in t. and 71/ (t.) decreases in t, in Proposition 2(d). We can verify that

indicating SM"(t.) decreases in t.. Thus, SM"“(t,) < SMV¢(0) = SM".

Part (d): The social welfare is defined as SWVC(t,) = 7/ (t.) + 7t/ (t.) + CSVC(t.). Given 0 < t, <
f., we can verify that dswi > 0, indicating SW"(t.) increases in t., Thus, SWYC(t.) > SWVC(0) =
SWt. O

A.3. Value Enhancement Effect from Previous Consumers (VEE-P)
Proof of Lemma 3: Givenr =t. =0 and t, >0 and 0 < g, < qy <1, firm 7 decides its price p; to
maximize its total profit:

r:}r\gé( p,-dxp + p,-d}ép, wherei=H, L.
1=

It is obvious that in the equilibrium py > 0 and p; > 0, which indicates that the market is partially
covered by the two firms in period 1 since a consumer with 8 = 0 always receives negative utility
of purchasing from either firm. Moreover, if firm i has zero demand in period 1, then there is no
value enhancement effect for firm i in period 2 and its demand in period 2 is also zero, which leads
to zero total profit. Thus, in the equilibrium, each firm must has positive demand in period 1, i.e.,

0< Z—t < ::Z’%Zf < 1. Thus, the demand of each firm in period 1 can be solved as below:

dgg;:1_u and dglp_u_& (A11)

qu —4qr qu—4q. Qo
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However, due to the value enhancement effect, in period 2, it is not obvious that in the equilibrium
whether the market is fully covered or not and whether each firm has zero demand or not. The

general demand of each firm in period 2 can be solved as below:

(1 _ (F’H*tpdqulj::;i%*tpdﬁ), (pu—td}? q) 7({;% tpdiT) _ pothd‘L/]P )’ f(pH/ PL) €Cy;
VP VP
(1= (=)ot () putl}), F () € Co
(dyS,dl}t) = (1= (pu - tgf;‘(z}f)fo)r if (pu,pL) € Cs; (A12)
(0,1 — L) £ (pr,pL) €Cy;
(1,0), f(pr,pL) €Cs;
(0,1), if (pr,pL) € Ce.

In the above, C; (i=1,2,---,6) is a set of conditions that defines a region for the price pair: C; =
t —tpdVPY—(pp —tpdVP tydV. t tyd

{0< PL— PL1><(pH Pqulj ;iL PL1)<1}.C2_{ Lqpu <0< (pH— plf;;j [(iFL’L PL1 <1} C3 {0<

PH—thP<pL t“l}c—{o<PL—fd < min{q.,q. — qu + (pu — t,dr5)} 5 G = {pu —

tdyf < min{0,p; — t,d}T}}; and Co = {p1 — t,d[T <min{0,q; — gu + (pu — t,diF)}}. See Figure

Al for an illustration. We will say “under Condition i” if (py, pr) € Ci. Under Condition 1, the

market is not fully covered and each firm has positive demand in period 2; under Condition 2, the
market is fully covered in period 2 and each firm has positive demand in period 2; under other

conditions, one of the firms has zero demand in period 2.

Figure Al Six Cases for Demand in Period 2 under VEE-P

05f"

04

0.3 PL_ Pu—PL
qa.  qn—4q

pL

PH

Note: in the figure, gy =1 and g = 0.5, and C; presents Condition i fori =1,2, ..., 6.

Next, we solve the firms’ pricing decisions for given quality in the equilibrium in two steps. First,
we find all the possible sub-game equilibrium candidates in each region of C;. Second, we show
when and which candidate could be an equilibrium outcome. We will show that when ¢, is small
enough, the unique equilibrium only exists in the region C; where the market is partially covered

and each firm has positive demand in each period.
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VP
L1

_4 4qVP —t.dVPY_(p; —
Under Condition 1: 0 < Y2-27i) o Pn=tedin)=(i=tliy) 9 Fach firm's profit can be written as:

qL qH—qL

pa=pL pu=pL _ PL

- (pr —tp(1 = Gi=00)) — (P — tp (5= )
o (k9L ty, PH,PL) = PH (1*%) +pH (1 = quH—qL it ), and

HXP(QHW]L/ tp, pL, PH) =
PHZPL pa—p P pH=P P
. <u - @) Bt v )l Pl i et Rl e il AL
qH —4qL 4L qH — 4L qL

2VP

One can verify that firm i’s total profit is concave in p;, ie., apl.z < 0, for i = H,L. Sup-

pose that there exists an equilibrium outcome (p}" (9w, 91, t,), 1" (91,91, t,)) under Condition 1,

Bn‘L/P |
ap \pu=rLF @ravtp)pL=p} (@uacty

VP
which satisfies 2 )y = 0. Thus,

E |pH:pZP (@uALtp)pL=rYT @mavty

>:0and

(P (qu. 91, ty), LY (qm, 91, t,)) can be solved as below:

 (qu—a) (411‘;’4 (2q +tp) +2q% <f%; - 8‘1%) +qHqL (‘2‘7Ltp +8q7 — t%) +attp (tp — 2‘1L)>
873 (291 + tp) + 3 (4qLtp — 3647 +783) +2quqr (—4qity + 1247 — £3) +q7 (—4qLtp — 447 +713)’
au (qu — au) (203 (290 +tp) +au (~2quty — 802 +£) =393 + 44}

873 (291 + tp) + 3 (4qLtp — 3647 +73) +2quqr (—4qrty + 1247 — 13) +q7 (—4qLtp — 4q7 +£%) :
13

pi (am,q0.ty)

pY P (qm i tp) =

One can verify that py = p}"(qu,q1,t,) and pr = p/"(qu,q.,t,) satisfy Condition 1 iff 0 <
t, < TV (qu,q.), where T""(gy,q1) is the third (or largest) root of the polynomial (q. +q1)* £ +
(=547 + 29007 +a390 +203) 5 + (2qna7 — 49347 +24341) tp — 44397 + 407 — 12quq7 + 12q397 = 0. Thus,

(pi(qu,q1,tp), p*(qu,q1,t,)) is a possible equilibrium candidate when 0 < t, < TV"(qy,q.).

Under Conditions 2-6: Similar as the analysis under Condition 1, we can solve the equilibrium can-
didates under each condition and verify whether this equilibrium satisfies the condition require-
ments. Through tedious but straightforward algebraic analysis, we can show that when 0 <t, <
TVP(qn, qL), there does not exist any equilibrium under Conditions 2-6. Detailed analysis is avail-
able from authors upon request.

Therefore, for any given 0 < g, < qy < 1 and 0 < t, < T""(qu,q.), the firms’ p rices are

(pi(qu,q90,tp), p* (qu,q1,t,)), under which the market is partially covered and each firm has pos-
itive demand in each period. In the proof of Proposition 3, we will further show that when ¢, is
small enough, the market is partially covered and each firm has positive demand in each period in
the SPE. Plugging Equations (A13) into Equation (A12), the demand of each firm in each period

can be written as:
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4% (290 + tp) + % (6auty — 1607 +56 ) +89u? (a1 — tp) + a3ty (3tp — 201)

dVP( H/, L/t ): ’
H1\IH L% 8% (21 + tp) + 4% (4q0ty — 3602 + 782) + 2qrqr (—4qrty + 1242 — ) + g2 (—4qrty — 42 + 782)
s . 20% (291 + tp) + a3 (200ty — 847 + 1) +2quqr (—quty + 243 + 1) + a3ty (tp —241)
H/4L, = ’
L1 H L% 8% (21 + tp) + 4% (4q1ty — 3602 + 782) + 2qmqr (—4qrty + 1242 — ) + q2 (—4qrty — 42 + 782)
- X3 — qrqL (—10q’it,, +3q113 + 843 + 2t§,) +q2t, (—3thp +242 + 2t§)
42 (9r 1 tp) = (g —qL) X2 ’
2 2 2 3 3 3 2 2
e . Xa+qua} (=8q2ty + 583 — 4q3 +£) + a3ty (quty +207 —363)
2 \gqH, 4L, tp ,

qL (9 —9) X2
(A14)

where X, = (873, (21 +t5) — a3 (3602 — 763 — 41ty ) +2quar (1203 — £ —4qrty) — a (4quty + 407 —78)), Xa =

494 (2q1 +tp) + 45 (6thp — 2447 + 7t§) + g% (—zzq{t,, — qut + 24q7 + 4t§;),

and Xy =2}, (3quty + 243 + £2) +qf; (1643, — 12 — 1267 + £) + gr (1603, — 79083 + 1247 — 363

Firm i’s total demand of two periods is given by d/”(qu,q1,t,) = d5"(qu,qu,ty) + A5 (qu, qu.ty),

and its total profit is 77" (qu, g1, t,) = p/* (g1, i tp)dY* (qu, qu.t,), fori € {H, L}.

For 0 <g; <quy <1land 0 <t, < T"?(qy,q.), taking derivative with respect to t, (note that the

sub-game equilibrium outcomes are all differentiable), one can verify that, after simplification:

oy (qu,qr,t oy (qu,qr,t odyr (qu,qu,t
Pi (ququty) o OpLquaut) o g 0 (@ auty)
ot, ot, at,
VP VP 43
However, 2L %fp’“’f”), i (gf; At) and YL (gt’;'“’t” ) could be > 0, =0 or < 0. Thus, p%* (g1, 91, ty)

and py"(qu,q1.t,) decrease in t,; d}"(qu,q1,t,) increases in t,; and d/"(qu,q1,t,), T (G, qu,tp),

and 71/"(qu, 41, t,) may increase or decrease in t,. This completes the proofs of Parts (a)-(c). O

Proof of Proposition 3: Similar to the proof of Proposition 1, we complete the proof in three steps:
Step 1. Solve the potential equilibrium given that the market is partially covered and each firm
has positive demand in each period; Step 2. Show the existence of the equilibrium derived in
Step 1 when t, is small enough; Step 3. Show the uniqueness of the equilibrium when ¢, is small
enough. In the end, we will provide the upper bound for t, guarantees t, is small enough and the
equilibrium uniquely exists.

Step 1. We first solve the potential equilibrium given that the market is partially covered and each
firm has positive demand in each period. We have solved the firms’ pricing decisions for given
quality levels in the proof of Lemma 3. Given the firms’ pricing decisions in Stage 2, we proceed

to solve firms” quality decisions in the first stage:

max 71" (qu, qu,ty) = pi’ (qu, e, tp)dy (qm,qu.t,), and
qu€(qr1]

max 7t/"(qu, qu.ty) = pl" (qu, e ty)dy " (qu,quty),
qr€[0,951)
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where p/"(qu,q1,t,) and d{"(qu,q.,t,) are given by Equations (A13) and (A14), respectively.

First, one can easily verify that 71/,"(qu,q.,t,) increases in qy for any g, € [0,1) and t, > 0, i.e.,

drfP(qpai.ty

i ) > 0. Thus, firm H’s optimal quality is 4% = 1 for any g, € [0,1) and t, > 0. Given that
gu = 1, next we solve firm L's optimal quality gq;. Directly checking firm L’s profit function, we find

that 71/ (1,q.,t,) first increases and then decreases in g, for 0 < t, < TV"(1,4q,). Therefore, there

aﬂ"L/P(l,qL,tp) — 0
9, ’

Therefore, given that the market is partially covered and each firm has positive demand in

exists a unique 4" (t,) that can be solved from
each period, the potential equilibrium outcome is: gy = 41" =1, q. = 4/"(t,), pu = P (t,) =
pi (Lal"(ty),ty), and pr = pio(t,) = pr" (1,407 (t),ty). Let 0" = (@57, 41" (), P’ (£,), L7 ()
denote this potential equilibrium, and let d/”(t,) = d/"(1,4}"(t,),t,) and /" (t,) = pYF(t,)d/" (t,)

denote firm i’s total demand and profit at the potential equilibrium o"”.

Step 2. To show the existence of the equilibrium ¢"”, we will show that ¢"" is a Sub-game Per-
fect Equilibrium (SPE) when t, is small enough. We just need to verify that ¢"" satisfies the
no-deviation requirements of SPE: (1) Given firms’ quality 0 < g, < gy <1 and firm i’s price
p/"(9u,q1,t,), firm j’s price decision will not deviate from p}*(qu,q1,t,) to any other price. (2)
Given both firms’ pricing strategies (p}” (qu,q1,t,) and p/*(qu,q1,t,)) in Stage 2 and firm i’s qual-
ity 4/ (t,), firm j’s quality decision will not deviate from 4" (t,) to any other quality, i.e., /" (t,) >
Max, 7 ,) m/"(q;, 47" (ty),tp), fori,j € {H,L} and i #j.

To show (1), we just need to show that

0/ (qu,quty) > max  pd{"(pilau,qu, p/" (Gn,qu.ty)), forije {H,L} andi#j, (A15)
pj?él”]“/P(qH/qutp)

where the general demand functions are given by:

dif = (1 - max{ PP Py gve = (minf1, P2 Ply  Prys
gu s gy oy o
(pH — t]ﬂdHl) - (PL - tdel ), P — tdel })+’ and

dfj, = (1 — max
=l { yo Ly T v
(pr — tpdi) — (pr — tpd] )} Pl )*.
qu — 4L gL
Firm i’s total demand of two periods is given by d}* = d” + d},’, for i = H,L. Note that the

dyy = (min{1,

above demand functions include all the situations that market is partially covered or fully cov-
ered and both firms have p ositive demand or zero d emand in some p eriod. Through straight-
forward yet tedious algebraic analysis, we can verify that given 0 < t, < T"?(qy,q,) and firm i’s
price p/*(qu,q1,t,), firmj’s optimal price is p]‘-’P(qH, q., t,) and thus will not deviate. That is, the

inequality (A15) holds. Thus, requirement (1) holds.
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For requirement (2), we have already shown in Step 1 that firm H’s optimal quality is g5 = 1 for
any q; € [0,1) and that firm Ls optimal quality is g, = 4/”(¢,) given gy = 1. Thus, requirement (2)

holds. Hence, we have shown that ¢"? is an SPE.

Step 3. We will show the uniqueness of the equilibrium ¢"” when ¢, is small enough. Note that
in Step 1 we have derived the unique equilibrium ¢"* by backward induction under the condition
that the market is partially covered and each firm has positive demand in each period. Thus, we
just need to show that there does not exist any equilibrium if the above condition does not hold,
i.e., the market is fully covered or one of the firms has zero demand in period 1 or 2. That is, to
show the uniqueness, we need to verify that: (1) Any strategy that leads to dy; + d; = 1is not an
equilibrium; (2) any strategy that leads to d;; = 0 or d;; = 0 is not an equilibrium; (3) any strategy
thatleads to dy, 4 d1, = 1isnot an equilibrium; and (4) any strategy thatleads tody, =0o0rd,, =0
is not an equilibrium.

If dyy + diy =1, then that means the consumer with 6 = 0 makes the purchase in period 1. That
is, either p, = 0 or py = 0. It is obvious that any strategy with p; = 0 or py = 0 cannot be an
equilibrium since one of the firm’s profit will be zero and always has incentive to deviate to a small
enough price to earn a positive profit. Thus, (1) holds.

If diy =0, then d;; = 0 since there is no value enhancement effect in period 2 and u;; = u;, for
i = H,L. Thus, firm i’s profit is zero. It is obvious that any strategy with d;; = 0 cannot be an
equilibrium outcome since firm i has incentive to deviate to a lower price to get a positive demand
in period 1 and earn a positive profit. Thus (2) holds.

If dyp +di, =1 o0r dy, =0 or di; =0, then the equilibrium is in the region C; U C; U C4 U Cs U Ce.
In the proof of Lemma 3, we have shown that there does not exist any price equilibrium of Stage 2
in region C; for given quality 0 < q; < gy <1 when ¢, is small enough. Thus, (3) and (4) hold.
Hence, we conclude that in the equilibrium, the market is partially covered and each firm has
positive demand in each period (i.e., dy; >0, d; >0, and dy; +dy; <1, fori=1,2).

Combining Steps 1-3, we show that ¢"* is the unique equilibrium when ¢, is small enough. In the
main body of the paper and the appendix, we define that f, = 0.1 and assume 0 < t, < f, to make

sure t, is small enough to guarantee the existence and uniqueness of the equilibrium ¢"”.

Finally, we proceed to prove Parts (a)-(d) below. Note that all the final equilibrium outcomes are

differentiable.
VP
Part (a): Since 4/*(t,) is the unique solution of W =0for 0 <t < T""(1,9.), by the
4V P 2 VP 2 VP
Implicit Function Theorem, we have: W =2 "Laqg’tibtp Lyt a%’“’t”) |y =4vP(t,)- One can verify
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that Pr"Cavty) <0and Py ty) < 0foranyg; €[0,0.65] and 0 < t, <%, ‘Moreover we find that

g2 oqLtp
VP
G/ (t,) <0.65 for 0 < t, < f,, since W < 0 for any g, € [0.65,1). Therefore, =L~ W) ),
VP

Part (b): Note that p/*(t,) = p/"(1,4/"(t,),t,), for i = H,L. By the Chain Rule ’at;t”) =

VP VP vp
(ap, ;:L/tl’) + Ip; ;Lﬂ Ap) 947 at; ))’% e One can verify that opyy ;m,tp) + aply S;L»u Ap) aqLat(tp >0 and

VP
& g'%tp) + i él Aty) aqL tp <0 f0f any q;, € [0,0.65] and 0 < t, < f,. As already shown in Part

p I

(a) above, lﬂ/P( ) < 0.65. Therefore % > (0and apLaTtp < 0. Hence, ﬁ[\gp( ) > ﬁlxgp( ) pH and
prr(t,) <pyt(0) =pt for0<t, <f,.

Part (c): Note that d'*(t,) = d/"(1,4/"(t,),t,), for i = H,L. By the chain rule, o) ;t”) =

(ad,vp(lr‘ibfp) + adYP(Lap.tp) 9V (tp) )|
oty L oty la=qy

VP
)- One can verify that ° él ALtp) 4 2 é;L'“ ) a'“ t” > 0 for

any for any g, € [0,0.65 and0<t St Smce G1P(t,) < 0.65, we have ° (t” >0, ie, dA"P
y y q p q p

(1 qr.tp) + advp(l qr.tp) aqL (tp)
oty L oty

increases in t,. Moreover, one can verify that 2 is negatlve when t,, is

close to 0 and is positive when ¢, is close to f,. Thus, dVP (¢t ») may decrease or increase in f,.
any' P (Laptp)

Part (d): Note that ﬁVP(t,,) = n/"(1,4/"(t,),t,). By the chain rule, ’7@) - (’T T

fp

anYP(Lap.tp) a4y (ty) amfP (L ty) | P (Laptp) 941" an/” (1qL.ty)

o P Latpr’ )’ﬂ v One can verify that Hat,, - 0L =L !> 0and L?p""
it i) < 0 fo 1 € 0,0.65] and 0.< 1, <,.Since 417() < 065, we have 8 % 0 and
arpP(ty)

5, <0 e, 7Y (t,) increases in t, and 71" (t,) decreases in t,. Therefore, 7}; (tp) -7 >0>

AYP(t) — AL O
Proof of Corollary 3: Part (a): Let CM;"(t,) denote consumer monetary surplus of purchasing

from firm i in period 7 in the equilibrium, which is given by:

CMIE () = [, (0~ pir1,))d0

H1 — -
N Y A,
P (tp) — PL"(ty) 1_ PH (tp) — PL ()

S B T ey O ey
M) = [ (061" () = pL"(1,))do
O o~ P ) —p170) _pir)
a2 e s U
CMIEy) = [ (0= i 4)ds
= (A 2p} (1) + B (1 - 050)/2, and

M) = [ (03" >— pL" (1,))do
— Q0B+ 810 — 20070, B — B 2

where 0} = (Pl )ty dyg(ﬁ ?{,jé;) ()t (1) qng 0y = W The consumer monetary sur-

plus in period n is given by CM,/*(t,) = CM}.(t,) + CM/;(t,) for n = 1,2, and total consumer
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monetary surplus of two periods is given by CM""(t,) = CM{"(t,) + CMY"(t,).

dCMHl(tp <0, tp) <0,
dCM (tp)

dCML1 ( dCMH2 ty)

<OanddCML7i7t”<OforO<t <t Thus

< 0. Therefore, CMY*(t,), CMJ*(t,), and CM""(t,) all

We can show that

dcMyP(tp
dt,

ch2

<0 <0 and

decrease in t,. Let C M? denote the total consumer monetary surplus of two periods in the bench-

mark case, i.e., CM" = CM""(0). Thus, CM""(t,) < CM"?(0) =CM" for 0 < t, <f,.

Part (b): Let CS}/"(t,) denote consumer total surplus of purchasing from firm i in period 7 in the

equilibrium, which is given by:
CSfv(ty) = CME(ty),  CSIY(t,) = CMT (),
1
CSYE (1) = /G_V,,(e pIE(ty) + tydlh (t,))do

H2

1 N _ _

L2l () +20,di8 1) + (1 - 0) and

(641" (t) — PL" (1) + tod]Y (t,))d0

= E(qu( )<0VP + 9 ) zﬁgp(tp) + thde(tp))(églg - 9_vap)/ for n=12.

Consumer total surplus in period # is given by CS/*(t,) = CS}/%(t,) + CS/F(t,), and consumer
total surplus of two periods is given by CS"P(t,) =CSY"(t,) + CSyP(t,).

Given 0 < t, < t,, we can show that % t” < 0ift, <0.0382251 and dCS

t” > ( otherwise. Thus,

CS"P(t,) first decreases and then increases in t,,.

Part (c): The monetary term of social welfare is defined as SM""(t,) = m}/"(t,) + /" (t,) +
CM""(t,). We have shown that CM""(t,) decreases in t, in (a), and that n‘é” (t,) increases in t,

“’SM ( ) could be >0 or < 0.

and 71)*(t,) decreases in t, in Proposition 3(d). We can verify that

Thus SM""(t,) may increase or decrease in f,,.

Part (d): The social welfare is defined as SW"?(t,) = ;" (t,) + /P (t,) + CSV"(t,). Given 0 <

dSW

t, <t, we can verify that t" > 0, indicating SW"”(t,) increases in t,, Thus, SW""(t,) >

SW'P(0) = SWt. [

B. The Dynamic Pricing Scheme

In this section, we analyze the model with dynamic pricing scheme, and show the equilibrium
results parallel to those in our main model. Since each period is independent and identical in the
case of VEE-C, the model and results are exactly the same under different pricing schemes. Hence,
in the sequel, we only focus on MEE in Section B.1 and VEE-P in Section B.2. Note that the following

results are proved along with Propositions 4 and 5.
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B.1. Market Expansion Effect (MEE)

We show the results and proofs of the MEE case under dynamic pricing in this section. Similar
to the analysis under committed pricing scheme, we solve the equilibrium of MEE by backward
induction. First, for given firms” quality levels 0 < q; < gy < 1, we solve the two firms’ pricing

decisions and summarize the results in Lemma B1, which is directly comparable to Lemma 1.

Lemma Bl. Suppose that firms adopt dynamic pricing strategy. In the MEE case (i.e., t. = t, = 0 and
0<r<1),forany given 0 < g, < qu <1, the firms’ sub-game equilibrium prices in period n are uniquely

given by (piy (qu,qu,7), o (G, qu,7)), for n =1,2.

Next, we proceed to solve the quality decisions in Stage 1, and summarize the final equilibrium

and the corresponding result in Proposition B1, a counterpart of Proposition 1.

ProrositioN B1. Suppose that firms adopt dynamic pricing strategy. In the MEE case (i.e., t. =t, =0
and 0 < r < 1), there exists a unique equilibrium, in which firm H's quality is §o™ = 1 and firm L's quality
0 < §PM(r) < 1. In the equilibrium, the market is not fully covered and each firm has positive demand.
Moreover, the following statements hold.

(a) GPM(r) increases in r.

(b) poM(r) decreases in r and paM(r) < poM(r) < pY, fori=H,Land n=1,2.

(c) dBM(r) and dPM(r) increase in .

(d) ABM(r) and APM(r) increase in r. Moreover, AEM(r) — Y, > APM(r) — AL > 0 while 0 <
(M (r) = AR) / 7ty < (AP (r) — A7)/ 72
Proof of Lemma B1 and Proposition B1: We remark that the proof of Lemma B1 and Proposition
B1 is very similar to that of Lemma 1 and Proposition 1, and therefore we suppress some steps for
succinct exhibition. We solve the equilibrium of the MEE case under dynamic pricing by backward
induction in three steps: Step 1. Given the quality levels and demands in period 1, we solve the
price decisions in period 2 of Stage 2. Step 2. Given the quality levels, we solve the price decisions

in period 1 of Stage 2. Step 3. We solve the quality decisions in Stage 1.

Step 1: Price Decisions in Period 2. When f. =, =0and r € (0,1], given that 0 < g, < gy <1 and

each firm’s demand in period 1, d5M and dPM, firm i decides p;, to maximize its profit of period 2:

max oM = ppdp™, fori=H,L.
2=

In the equilibrium, py, > 0 and p;, > 0 hold, and thus the market will not be fully covered by the

two firms in period 2. Moreover, in the equilibrium, each firm’s demand is positive in period 2,
4

ie., 0 <2 < P2 <1, Therefore, two firms’ demands in period 2 are given by

dOM — (1 + rdBM 4 rgPM) (1 - L:”“) and  dPM = (14 rdBM 4 ydPM) (7”"” —PLa @) :
qH —qL dH — 4L qL
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DM order-

. . a2
One can verify that 73" is concave in py, ie.,

conditions together leads to the prices in period 2 as Below

DM 295(9H5 —qL) qr(qe —q1)
, == === o B1
Prz (@r0L) = =y yra— (B1)

The corresponding demand and profit of each firm in period 2 are given as below:
) 291
4qp —q1’
) qH
4‘75{ —aq’
(1+rdOM + rd?lM)?HL;q)L), and
— 4L
14 rd M 4 pgDM) THILH —4L)
( ) (49 — 1)

and  pp(qm,91)

A2 (g, qr,7,dOM,dPMY = (1 4 rdBM + raPl

dLZ (qHILIL,T’ dLl ,dDM) (1+rdDM+Vd

(B2)

7TH2 (QH/‘?L/V dHl /dDM)

nLZ (QH/QLxr dLl 'd )

Step 2: Price Decisions in Period 1. Given the firms’ prices in period 2, firm i decides price in
period 1, i.e., pi1, to maximize its total proﬁt of two periods:

max 7r = p,ld + 7r12 Mgy, q1,7, d:l ,dDM), (B3)
pin >0

where i,j = H,L and i # j, and the demands in period 1 are given by

(1 Pk, Bl — ), i (pn, pin) GC:
(1- p;f,:sflf p::,:sfl ), f (pr1,pr1) € Co;
(dDM, gDM) _ (1-52,0), f (pu1,pi1) € Cs;
(01— E), if (pr1,pr1) € Cys
(1,0), f (pu1,p11) €Gs;
(0,1), if (pu1,p11) € Ce.

In the above, C; (i =1,2,...,6) is a set of conditions that defines a region for the price pair in period

1. More specifically, C; = {0 < ft < P <1} G = (A0 <0 < BIL <1} G = {0 < B <

qH—IL

Iy C={0<pu<qg-1+ le}; Cs = {pm < min{0,p11 }}; and Cs = {p1s <min{0,q. — g1 +
pm - We refer to (pu1, pr1) € C: simply as “under Condition i”. Under Condition 1, the market is
not fully covered and each firm has positive demand in period 1; under Condition 2, the market
is fully covered and each firm has positive demand in period 1; under other conditions, one of the

firms has zero demand in period 1.
We can apply similar approach as in the proof of Lemma 1 to show that the market is partially
covered and each firm’s demand is positive in period 1, i.e., 0 < Pq# < % < 1. Therefore, we just
focus on Condition 1. Under Condition 1, one can easily verify that firm i’s total profit is concave
in p;1; and thus the firms’ first-period prices can be solved from the first-order conditions and are
given by:
9r (90— q1) (329 + (r+2)q1 — (r+16)qmq1)

(491 —qr)° (B4)
q (qu — qu) (20 — 4)quqr — 2(r — 8)q3; + q7)

(495 —q1)° '
Therefore, the corresponding demand of each firm in period 1 is
qn (3243 + (r +2)q7 — (r +16)qmq1) and

49y —q1)3
ot 20+ 8 2 )t (57 + 8)qmar) (B5)

(495 —q1)°

le (fiHrQL/ )=

PLl (liHqu/ )=

dDM(

qH,qL,7 )

dPM(qy,q1,7) =
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Plugging Equations (B5) into Equations (B2) yields the second-period demands as functions of
(9r,q1,7):

M (—4(r +6 +2(r+24)g3 + (2r +3)g3) . 2
A5 (qu,qur) =1+ 9 (—4(r +6)qnqL +2( )95 + ( )qL)) 9 .4
(40 +6) (4%12( liL)24) f ) 490 — qL (B6)
r r+ +2(r+ 4
dPM(qp,q1,7) = (1+ 12 HAL 9k L)y au

(491 —q1)3 4qn —qr
Moreover, firm i’s total demand of two periods d”M(qy, q1,7) = d3™(qu, q1,7) + d3"(qu, g1, 7) and

its total profit 77°™(qu,q1,7) = PR (91, 91, 7)dR™ (G, 9L, 7) + P (qu, 90, 7)A0Y (G, L, 7).

Step 3. Quality Decisions. Given the firms” dynamic pricing decisions in Stage 2, we proceed to
solve firms’ quality decisions in Stage 1:

max 715" (qu,qL,7r) and max 7t7M(qu, qL,7).
quE(qr1] qr€[091)

First, one can easily verify that 75 (qy, g1, 7) increases in gy for any g, € [0,1) and r € (0,1], i.e.,

dnBM(qp.q0.7)

do > 0. Thus, firm H’s optimal quality is 45 = 1 for any g; € [0,1). Given that gy =1,

next we solve firm L's optimal quality q;. Directly checking firm L's profit function, we find that

2 DM

“LTW <0, for any g, € [0,1) and r € (0,1]. Therefore, firm
L

dnPM(1,q;r)

= 0.

nPM(1,q.,7) is concave in g, i.e.,
L's optimal quality 47" (r) is solved from
Thus, the equilibrium outcome is: gz = §iM =1, g = §PM (), pn = pAM(r) = pAM(1,42M(r), 1),
and pn = pOM(r) = pBM(1,4PM(r)), for i = H, L. Let dPM(r) = d°M(1,4PM(r),r) and APM(r) =
pPM(r)dPM(r) denote firm i’s demand and profit in period 7 for i = H, L and n = 1,2. Firm i’s total
demand and total profit are given by d°M(r) = d2M(r) 4 d5M(r) and APM(r) = ADM(r) + ADM(r).
Note that we can apply similar approach as in the proof of Proposition 1 to show the existence
and uniqueness of the above equilibrium in which the market is partially covered and each firm’s
demand is positive in each period. The detailed proof is omitted and is available from authors

upon request. The proof of Proposition Bl(a)-(d) are provided in the proof of Proposition 4. [

Proof of Proposition 4: Note that all the final equilibrium outcomes are differentiable.

Part (a): Since 4P (r) is the unique solution of % =0, by the Implicit Function Theorem,
sDM 2 DM 2 DM
we have: aqLar 0 _x aqL(;;qL’r) s aq(ZLLqL’T) |4—qpm(»)- We have already shown that ° aq(%l’q”) <0
2 DM
Besides, we can verify that an%q# > 0 for any g, € (0,0.6). Moreover, since W < 0 for

any g € [0.6,1), we deduce that 47" (r) < 0.6. Therefore, % >0, i.e. §PM(r) increases in r and
GPM(r) > g for r € (0,1].
ADM

DM
Next, we show that 4V (r) > 4~ P (LaLr) 9 (Lau)

M. .
> 0 for any g; € (0,0.4]. Since §¥(r) is the

for

(r) for any r € (0,1]. One can verify that

a7 ( ALt) BnL 1qL

any ¢, € [0.4,1]; moreover, >0 and

anL (Lgrr)
My,

we have qAL (r) >qALDM( )>”IL-

=0and §PM(r) to M = 0 (concavity of the profit functions),

unique solution to 5
qL
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) ADM(,\ _ ,,DM(1 ADM P . oppM(r) _ coppM(LaLr)
Part (b): Note that p7™(r) = pi™(1,47™(r),r), fori = H, L. By the chain rule, b = (1= +
DM r ~DM r
2y _Qawn) 32000 s—ipM()- One can verify thatL ( > 0. Moreover,

< 0. We already have 2.

aqy,
one can verify that % < 0 for any ¢, € (0,1], and that M < 0 for any ¢q; € (0.56,1).
Since 4™ (r) increases in r, we have 4P (r) > (jDM( )=4"=4/7> 0 56. Thus, W lp =My <
apn ADM

0. Based on all these facts, we show that ) <o0. Therefore, paM(r) decreases in r and pRM(r) <

pEM(0) = pt forre (0,1] and i = H, L.
Similarly, note that phM(r) = pbM(1 (jLDM( )) for i = H,L. By the chain rule, w30)

or
(r > 0. Moreover, we ver1fy that w

DM ~DM
(ap,-z (Lqr) 947 < 0 for

o)y
oL or L= q
any q;, € (0,1], and that pLZ (1 1) < 0 for any q;, € (0.56,1). Thus, p'z ) < 0. Therefore, poM(r)

)- We already have *

decreases in r and pYM(r) < pAM(0) = p? for r € (0,1].

Next, we will show that piM(r) < pM(r) < pEM(r) for any r € (0,1]. Due to concavity,
GPM(r) is the unique solution of W = 0 for g € [0,1); that is §PM(r) is the first
(or smallest) root of the polynomial g7 (11r + 14) + g7 (8> — 116r —232) + 43 (28r> 4 492r + 1472) +
7 (—96r% —1232r — 4352) + g (761> + 18561 + 5632) — 1612 — 768r — 2048 = 0. Similarly, §M(r) can be solved
as the first (or smallest) root of the polynomial 243 (r> — 92 4 20r — 28) + g} (—9r° +72r% — 76r + 480) +
2q3 (12r3 — 87r* — 232r — 884) + g3 (—11r3 4 396r> + 15967 + 2992) — 4q;, (15r° + 168r% + 520 4 640) + 361> +288r +
768r + 768 = 0. Substituting the equilibrium quality to pHi™(1,4PM(r),r) (Equation (B4)),
pEM(1,4PM(r)) (Equation (B1)), and pM(1,4Y(r),r) (Equation (A3)), and after some straightfor-

ward simplifications, we can verify that pAM (r) < pM(r) < poM(r) < p?, fori=H, L.

fDM DM (1 ADM ; dPM (r) 9dPM (1,41,7)
Part (c): Note thatdP?"(r) =dPM (1,47 (r),r), fori = H, L. By the chain rule, 'ar = (=== +

DM ~DM
& af,lL'M aqLa,< >)’qL q . We already have aqLair > 0, and can verify that & > 0 and
W > 0. Thus, ° >O i.e., d°M(r) increases in r for i = H, L.

Similar to Part (c) above, substituting 4°M () into dPM(1,4°M(r),r) and §Y(r) into dM(1,4M(r),7),
we can verify that d°(r) > dM(r) > d? for r € (0,1] and i = H, L.

~DM
Part (d): Note that APM(r) = =nPM(1,4PM(r),r), for i = H,L. By the chain rule, aniar 0 =
(22 ) P ) P
ar ks or =4y
BnH r)

. One can verify that ompM(LaLr) | dmpM(Lavr) aqL (r)
ar a‘IL

9L

> 0 for

any g, € (0,1]. Thus, > 0. One can also verify that %

qL=4PM(r) =
0, we conclude that 2" > 0. Therefore, both #0M(r) and APM(r) increase in r.

Substituting 4P (r) into 7P"(1,4PM(r),r) and §Y(r) into 7M(1,4¥(r),r), we can verify that
APM(r) > AM(r) > A for any r € (0,1] and i = H, L.

This completes the proof of Proposition 4 and Proposition Bl parts(a)-(d). U
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B.2. Value Enhancement Effect from Previous Consumers (VEE-P)

We show the results and proofs of the VEE-P case under dynamic pricing in this section. Similar
to the analysis under committed pricing scheme, we solve the equilibrium of VEE-P by backward
induction. First, for given firms” quality levels, we solve the pricing decisions and summarize the
results in Lemma B2, which is comparable to Lemma 3. Then we solve the quality decisions in
Stage 1 and show results of final equilibrium in Proposition B2, which is comparable to Proposition

3.

Lemma B2. Suppose that firms adopt dynamic pricing strateqy. In the VEE-P case, for any
given 0 < qp < quy < 1, the firms’ equilibrium prices in period n are uniquely given by

(pin"(qu quity), P2 " (qu,quty)), for n=1,2.

ProrositioN B2. Suppose that firms adopt dynamic pricing strategy. In the VEE-P case, there exists a
unique equilibrium, in which firm H's quality is §5V" = 1 and firm L's quality 0 < §PV<(t,) < 1. In the
equilibrium, the market is not fully covered and each firm has positive demand. Moreover, the following
statements hold.

(a) qPVP(t,) decreases in t,,.

ADVP

(b) pRYP(t,) first decreases in t, and then increases in t,; pPYF (t,) decreases in t,; poY* (t,) < pY and

poYR(t,) < ph; pEyT(t,) and pYP(t,) increase in t,; POy (t,) > pby and pEYT(t,) > po.
(c) dBVP(t,) increases in t,; dPVF (t,) first decreases and then increases in t,.

(d) ARVE(t,) increases in t, and APVP(t,) decreases in t,; AR P (t,) — Al > 0> APVP(t,) — AL.

Proof of Lemma B2 and Proposition B2: We remark that the proof of Lemma B2 and Proposition
B2 is very similar to that of Lemma 3 and Proposition 3, and therefore we suppress some steps
for succinct exhibition. We solve the equilibrium of the VEE-P case under dynamic pricing by
backward induction in three steps: Step 1. Given the quality levels and the demands in period 1,
we solve the price decisions in period 2 of Stage 2. Step 2. Given the quality levels, we solve the
price decisions in period 1 of Stage 2. Step 3. We solve the firms” quality decisions in Stage 1.
Step 1: Price Decisions in Period 2. When r = t. = 0 and ¢, > 0 and is small enough, given that
0 < g1 < gy <1and each firm’s demand in period 1, 45" and d7}’”, firm i decides price in period
2 to maximize its second-period profit: max,,>o 775" = ppd5"", for i=H, L.

Similar to the analysis under committed pricing, we only focus on the case that the market is

partially covered, which is true when ¢, is sufficiently small. Thus, the demands of period 2 are:

gDVP _q _ (pH2 — tpd DY P) — (pra — tpd2V'P) 4 4DovP_ (pr2 = tdRY") = (pra — tpdPV'")  pra — tpdy"
H2 = an 2 =

qH — 4L qH —qL qL
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. . . . . 2nRVP . . .
One can easily verify that 773" is concave in py, i.e., a;l;% < 0. Solving the two firms’ first-order-
2

conditions together leads to the prices in period 2 as below:

203 + (2tpqy — tpqr)dBV? — tyquadPV? —2
H 4L B7
DVP pvp pvpyy _ THIL + (2tpqm — thL)dl?lV?) —tpqudpy” —at ®7)
pr2 - u gL tp,dpy dyl ")) = :
491 —qL
The corresponding demand and profit of each firm in period 2 are as below:
dPYP (a11, 1,y dPOVP dDVP) — 295 + (2tpqm — tpqr)dpy” — tpqudD)’" — 2quq;
P 2 4#{137/1?%% +ai DVP | 2 2
00 gt aBYP ) — ot = oY~ tpgaand i+ o — g
qL(4q9% — 59uq1 + q7) (BS)

DVP pve ovey _ (tpqr = 2tpqm)dpy " + tpqud?” + 2quqL — 2q3)*
Thy " (qH L tp di Ay ) = @an — 20200 —a1)

qu((2tpqu — tpqr)dPY" — tpqrdDYY + quqr — 9% )?
(495 —q1)*(qu —91)9L

, and

DvVP DVP DVPy _
m (qu. 9Lty d A ) =

Step 2: Price Decisions in Period 1. Given the firms’ prices in period 2, firm i decides price in

period 1, i.e., p;1, to maximize its total profit of two periods:

DVP DVP DVP DVP JDVP . L
E;ni)o( o =pady 7 (qu, oty dpy,dpy "), fori,j=H,Land i # j.
i1=

Again, following the same logic as in the proof of Proposition 3, we can show that the market is
partially covered and each firm’s demand is positive in each period in the equilibrium for suf-
ficiently small #,. Thus, each firm’s demand in period 1 can be written as: djj/” =1 - Fi=l* and

- . . . 2 _ 2, 3 .
dPVP — pmn—pu _ P For sufficiently small ¢, (i.e., 0 < t, < TPVP(qy,q; ) = 24L9u—5119. 001  71DVP jg concave
L1 P P qH.9

qH—qr  q 243, ~quqL+a; i ovp
. T . . " . d
in pj;, and thus firms’ prices in period 1 can be solved from the first-order-conditions, i.e., ;;fj{ - =
dnPVP L . ,

and “L— = 0. Hence, the prices in period 1 are given as below:

= (X5 + Xe) X

2qp (X5 + X¢ L X5
Pg}/p(‘JHIQLftP) = QT and P%VP(‘?H/’]L/tp) = %f (B9)

where Xs = —quuq} (~240283 + 4q08) + 159} +4¢3) + a2 (87t — 98433 + 1291 + 87} + 16t} ) -

ar (4007t — 16833 + 4qu65 + 2450} + 2088 ) + 320, (—quty +207 — £) + 8q3 (543t + 119,63 — 3007 +383) +

aqh (6q?it,, — 3722+ qu 3+ 87q% + 6t‘;> — 2482 +48, Xo =ty (—quar, +24% +47) (quar (—3q%t,, +10q.£ — 10q7 +263 ) +
8% (291 + tp) —24% (11quty +2007 + 383 )+, (1742t — 100083 + 33¢] — 613 ) — 2433 +47), and X7 = 64q; (407 — £3) —
1643, (48q§ 70083 ) + 240}, (10633 + 3601 + ) + g, (2384713 — 20q.£5 — 46407 ) + % <7118q‘}ﬁ, + 1643t +129¢¢ ) -

29 (—133 13 + 203t} + 947 ) — 2483 + 5.
Given the firms’ prices in period 1, the corresponding demands in period 1 are as below:

dgyP(QH qL.tp) =1— pg‘l/P(QH/qutp) — pElVP(qH'qL'tp) and
DVP ; s ; DVP / (B10)
_ Pai @Hqutp) —pn @0 ty)  pr (GH.qLtp)

dDV P (ar, g tp) = p— 0 -

The corresponding price, demand, and profit of each firm in period 2 are obtained by substituting

Equations (B10) into Equations (B7) and (BS):
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PHz Pqr,qutp) = pRs " ety Ay (e qu.tp), 40 (Gr, e tp)), (Blla)
Y Grqity) = p0y (e ety DY e g ), a0V (Gu,qL0 ), (B11b)
3 (Gr,quty) = dD‘z/P(QH/‘h/tprdH (91,91, tp), A1) P(QH/‘JL/fp))/ (Bllc)
dp (QH/‘?thp)Zd (‘7H:‘7L/tpzdu (QHIQL/fp) dpy (QH/‘?L,fp)), (B11d)
iy (e ty) = 7y @ity Ay G atp), 40y (G, qu.tp)), and (Blle)
Y P (qu,qu.tp) = P(QHJIL,tpfdﬂvp(lm,lh,tp)/dﬁVP(QHIQL/tp))/ (B11f)

Moreover, firm i’s total demand is d°V"(qu, 1, t,) =d5""(qu, 9, ty) + 45" (qu,q1,t,) and its total

DVP

qu,qu.ty) = Pit

DVP(

profit is 7t (90,90, t,)d8 " (qu,qu,ty) + P2 " (qu,qu,tp)d5 " (qu, g ty)-

Step 3: Quality Decisions. Given the firms’ pricing decision in Stage 2, we proceed to solve firms’

quality decisions in Stage 1:

max ngVP(qH,qL,tp) and max wPVP(

,q1,tp).
que(q] 7.€[0,9m) TH-ALEp)

DVP(

First, one can easily verify that 7m3""(qu,q1,t,) increases in g, given that the market is partially

covered and each firm has positive demand for sufficiently small ¢,. Thus, firm H’s optimal quality

ADVP

is 4y

respect to q;, one can verify that 7PV (1,q,,t,) is concave in g, given that the market is partially

= 1. Given that gy = 1, next we solve firm L's optimal quality g,. Taking derivative with

covered and each firm has positive demand for sufficiently small t,. Therefore, firm L's optimal
quality 4

Thus, the equilibrium outcome is: gy = 45" =1, q. = 40"%(t,), and pi = pLYVI(t,) =
poM(1,4PVP(t,),t,), for i = H,L and n = 1,2. Let dDV7(t,) = dPVF(1,4PV7(t,),t,) and ALV (t,) =

ADVP (¢ dnp P (Lauty) _

p) is solved from y
qL

pPVP(t,)dPVP (t,) denote firm i’s demand and profit in period . Firm i’s total demand and total

profit are given by dPVP(t,) =dBVP(t,) + d3V"(t,) and APV(t,) = ARVP(t,) + ABVE(t,).

Note that we can apply similar approach as in the proof of Proposition 3 to show the existence
and uniqueness of the above equilibrium in which the market is partially covered and each firm’s
demand is positive in each period. The detailed proof is omitted and available from authors upon

request. The proof of Proposition B2 parts(a)-(d) are provided in proof of Proposition 5. [

Proof of Proposition 5: Note that all the final equilibrium outcomes are differentiable.

Part (a): 47" (t,) is the unique solution of # 0. By the Implicit Function Theorem, we
2 -DVP
have a‘“gtp (t”> - ¥ EaV;L(;t’fL’t” )y Prp vg;}m,t,,) — ) We have already shown MTW < 0, and can
2_DVP ’ r _ L
verify that M%TW <O0foranyq, € (0.2,0.77) and t, € (0,,]. Moreover, we find that 477" (¢t,) €

(0.2,0.77) for any t, € (0,,]. Therefore, M <0, i.e. 4PV (t,) decreasesin t, and 4PV"(t,) < 4t.

AVP

Next, we compare 47"F(t,) with g} % = 0 and 2L 0ALt)

oL
can check that 4} > 4PV (t,) > 4/*(t,) when t, < Fand gPV"(t,) < g/ (t,) < 4? when F < t, <1,

where f ~ 0.0829548.

(ty). D1rect1y solving =0, we
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Part (b): Note that pLV"(t,) = pL""(1,47V"(t,),t,), for i = H,L and n = 1,2. By the chain rule,

o (ty) _ (8p

oty

DVP(

Lap.tp) + apPVP (1,q.tp) 23PVE (1, ))|
ot

%, 30 | PREVL TS )- Similar to the previous analysis, one can

verify that: 1) ppy”(t,) first decreases and then increases in t,; 2) p\'"(t,) decreases in t,; and 3)
past(t,) and pry"(t,) increase in t,. Comparing with the benchmark prices, we can further show
that pRVP(t,) < p? and pR¥7(t,) > p?, fori=H, L.

Next, substitute 47V (t,) into p7""(1,47V"(t,),t,) ( Equations (B9)) and p3""(1,47V"(t,),t,)
(Equations (Blla) and (B11b)); and substitute 4/"(t,) into p/"(1,4/"(t,),t,) (from Equations

(A13)). After some tedious but straightforward simplifications, one can verify that ppy”(t,) <

Pl < PE"(ty) < pi”(t,) and PR77 () < pi(t,) <P < P (E)-

5 54DVP

Part (c): Note that dPV"(t,) = dPV"(1,4PV"(t,),t,), for i = H,L. By the chain rule, latp<t”> =
DVP DVP sDVP

( a(tt%tp ) 4 % af;quL ) 301 at,,(p ))qu jovr,)- Taking similar approach, we can check that: 1)

dpVP (t,) increases in t,; and 2) dPV7(t,) fII‘St decreases and then increases in t,,.

Next, substitute 47V"(t,) into dPV"(1, 47" (t,),t,) and §/"(t,) into d/"(1,4/"(t,),t,). After some
straightforward yet tedious simplifications, one can verify that d5"”(t,) < dyf (t,) and dPV7(t,) >
di’" ().

AbvP
Part (d): Note that APV’ (t,) = nPV"(1,47""(t,),t,), for i = H,L. By the chain rule, ‘atp(t”> =
DVP DVP 4
(& aii'%tp L aglL'qL't” ) %at,,( >)|% qove(,)- Again, via similar approach, we can verify that
ARV (t,) increases in t, and APY"(t,) decreases in t,,.

Substitute 47V (t,) into wPV" (1,477 (t,),t,) and 47" (t,) into 7t/ (1,4/"(t,), t,). After tedious but
straightforward simplifications, one can verify that: 1) 7 > APV?(t,) > /" (t,) forany t, € (0,F,];
and 2) Al (t,) > ALVE(t,) > Al when t, < tand AR"F(t,) > ~AYF(t,) > AL whenf < t, <f,, where
F ~0.058082.

This completes the proof of Proposition 5 and Proposition B2 parts(a)-(d). [





