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CHAPTER 1
Introduction

A search market is a market in which consumers initially have imperfect

information about the deals available, but they can obtain this information

through costly inspection. In such a frictional market, consumers cannot

directly observe important features of the product, which creates market

power for individual firms. In recent years, there is a rising interest in the

area of quality provision under search frictions. The fact that quality is not

directly observable in a search market may create perverse incentives for the

firms to invest in quality; therefore the provision of quality may be insufficient.

Nevertheless, firms may further derive market power from market frictions

and this may push firms to pursue the right investments. The outcome of

such a tension in the market can be strongly influenced by allocation rules,

information sharing requirements or precommitments of firms to specific

actions. The understanding of how these features affect incentives of players

in a given context is hence essential for market designers, antitrust authorities

and legislators. This dissertation is devoted to the question of whether in a

frictional market firms have the right incentive to price and provide quality

and how the degree of frictions affect welfare. In the following three chapters
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of this dissertation these effects are analyzed under different settings, each

intended to capture a distinct relevant market.

Product Quality and Consumer Search

In Chapter 2, we provide a first framework for studying quality provision in a

search market. Our model is based on a version of Wolinsky’s (1986) work-horse

model of search for differentiated products. In this model, a consumer’s match

value with a firm is randomly drawn from a match distribution. Consumers

only observe how well their tastes match with the products upon visiting the

firms. The novelty of our model is that firms can make costly investments to

improve the quality of their products. We assume that an increase in quality

raises the chance that consumers receive higher match utilities. To this end,

we model quality as a parameter of the match distribution, and a raise in

quality increases the match distribution in the sense of first-order stochastic

dominance. By investing in a higher quality, a firm incurs a lump sum cost that

increases in quality. Quality, same as price, is chosen by each individual firm.

We first characterize the existence and uniqueness of a symmetric equilibrium

in pure strategies. We find that given quality, consumers use a stationary

stopping rule with the reservation value increasing in quality and decreasing

in search cost. The firms’ price-investment decision in turn depends on

consumers’ optimal search rule. We give sufficient conditions under which

consumers’ search rule and firms’ decisions are consistent and therefore a

unique market equilibrium exists.

Further, we examine how quality and price vary with search cost in equilibrium.

Investment in quality may increase or decrease in search cost, depending on

the properties of the match value distribution. Our conclusion is that, when the

match value distribution is supermodular and has an increasing density, the

quality investment is unambiguously increasing in search cost. The behavior of
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the equilibrium price, however, is more complicated, as it depends on quality

investment. Even though a higher quality raises consumers’ valuations, a

higher quality may also reduce the market power of a firm by lowering the

dispersion of consumers’ valuations. We show that for distributions satisfying

the increasing hazard-ratio ordering, higher quality implies a higher price.

We also extend our analysis to study how market incentives to invest in quality

differ from the social welfare incentive. We demonstrate that, for a given

level of quality investment, consumers’ search rule is socially optimal. On the

other hand, the market may under- or over-provide quality from the opint of

view social welfare maximization. This misalignment between the private and

social incentives occurs because the social incentive to invest in an extra unit

of quality is related to the average increment in the utility of all consumers.

However, the private incentive only depends on the marginal consumers. We

provide sufficient conditions that can lead to over- or under-investment in

quality as well as examples based on various common distributions.

Our model contributes to the literature that studies a search market with a

richer choice of firm strategies. Particularly, we develop a general model that

captures quality in a search market and our findings shed light on the efficiency

of quality provision in a consumer search market.

Quality Provision and Welfare in a Search Market for services

Chapter 3 studies the provision of quality and welfare in a competitive search

market for services. We assume that the value of a service to a consumer

depends on the buyer-specific match value with the provider and the quality

of the service. Quality, same as price and the buyer-specific match value,

cannot be directly observed and will be revealed only by paying a visit to a

provider. A provider can make a costly investment to improve its level of quality,

the outcome of the investment is however stochastic and binary (high or low



4 1. Introduction

quality). We assume that a larger effort can increase the chance of a high

realization. The investment is assumed to be made on a per visit basis, as we

consider it better captures the intrinsic nature of a service market. In such a

market, the service must be tailored to each consumer by a provider to meet

the individual preferences.

The market equilibrium has two possible scenarios: in the first case both

high- and low-quality providers do sell, but the low-quality providers charge

a lower price; in the second case only the high-quality providers get demand,

consumers refuse to buy from the low-quality providers even conditional on

visiting them. The second case happens when the search cost is sufficiently

low, thus consumers always profit from continuing their search for a high-

quality provider. As the search cost increases, consumers gradually lower their

reservation value and end up accepting low-quality services.

When the search cost goes up, service providers invest more in quality to

increase the probability of a high realization of utility. The reason is that, when

the search cost increases, the profits of both types of providers increase, but it

turns out that the profit of the high-quality providers increases more. Despite

that consumers can find high-quality providers more easily, consumer surplus

drops due to the higher prices.

We next study the efficiency of the private incentives to provide service quality.

On one hand, the private providers ignore the positive externality of higher

service quality on consumers, thus they may invest too little from a social

perspective. On the other hand, when an individual provider makes its

investment decision, it does not take the expected number of visits into

account. In a symmetric equilibrium, each provider gets equal demand.

But in order to compete for consumers they are motivated to invest more,

thereby creating a channel for over-investment. We show that under- and
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over-investment are both possible, depending on which of the two effects

dominates.

This chapter contributes to the literature of service quality provision in a

frictional market by introducing a binary stochastic model to capture the

incentive to provide quality in a search market for service quality.

Search In a Market with Product Upgrades

Chapter 4 studies a search market in which the quality of the product is

improved over time. This chapter is motivated by the fact that the expectation

of future quality improvements may have an impact on consumers’ current

purchase choices. To this end, I build a two-period version of the framework of

Wolinsky (1986). In the first period, consumers search for a product that later

in the second period is upgraded in the sense that the value of the product to a

consumer becomes higher than in the first period. Consumers and firms care

about their total discounted utility/profit of the two periods. It is assumed that

the match value between a firm and a consumer is static over time, therefore in

the second period consumers are fully aware of the match values of the firms

they visited before.

Depending on the scale of upgrade, consumers may search only in the first

period or in both periods. In the first case, consumers search more in the first

period to save the trouble to search again later. In the second case, consumers

also search more in the first period compared to a single-period game to lower

the probability they have to search again in the second period. However, the

cost of reducing this probability to zero is too high so they also search in the

second period.

Firms’ pricing strategy relies on consumers’ search behavior. If there is no

search in the second period, firms set a relatively low first-period price to attract
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more consumers in that period and set a higher price in the second period.

If there is search in the second period, firms must compete for consumers in

both periods. Since the consumers they get in the first period may leave in

the second period, firms compete less fiercely in the first period and more

aggresively in the second period.

The level of the upgrade in the second period has an impact on search and

profits. The higher the quality improvement, the more consumers search

on average, since higher quality also implies that the products are more

differentiated. The impact of quality on price is two-fold: on one hand,

firms offer a better product, which allows them to charge a higher price; on

the other hand, consumers use a higher reservation value when they search,

which induces a drop in price. We show that if the density of match values is

decreasing, total profit increases in quality as well.

To the best of my knowledge, this model is the first to incorporate quality and

quality upgrading in a multi-period search game.

Policy implications and future work

The objective of this thesis is to understand the extent to which frictions

interact with the incentives firms have to offer quality in the market; this

provides valuable insights about corrective measures that could be taken to

improve social efficiency. Moreover, because frictions are supposed to make

markets less competitive, the thesis contributes to our understsanding of the

relationship between competition and investment. Surprisingly, we discover

that a lower search cost may ultimately lead to a lower supplied quality in the

market, as empirically shown by Ershov (2018).

This insight implies that per se regulations that aim at decreasing frictions need

not be the best approach in frictional markets when quality and/or safety is
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important for the regulator. Instead, our results indicate that regulators should

take into account demand characteristics before recommending policies that

reduce search costs.

The thesis also offers some useful insights for managers. In contrast to the

conventional view that firms’ profits increase in search costs we show that,

when quality is endogenous, firms may benefit from decreases in search costs.

This result may help understand why firms choose to participate in platforms

where search costs are relatively low and why platforms may improve the

search algorithms over time.

Finally, from a normative point of view, the thesis enhances our understanding

that quality may insufficiently or excessively be provided by markets. In such

cases, taxation or subsidization policies policy may be in order to improve

social welfare.

The thesis can be further extended in several ways. In Chapters 2 and 3, we

give the theoretical conditions for over- and under-investment in commodity

markets and service markets. Except for Ershov (2018), no empirical studies

have been conducted about the relationship between quality and search

costs. Clearly, more empirical work is necessary in order to understand

the relationship between product design and frictions. In Chapter 4, the

quality improvement is assumed to be exogenous. A more realistic setting

would endogenize the level of quality. Such an extension would enhance our

understanding of the relationship between repeated purchases and quality

provision in frictional markets. Finally, firms may want to discriminate

between old and new buyers. It would be interesting to comprehend if price

discrimination is welfare improving or not.





CHAPTER 2
Product Quality and Consumer

Search1

2.1 Introduction

Markets in which consumers have to incur significant search costs to inspect

products are ubiquitous, even on the Internet. While the literature has paid a lot

of attention to the influence of search costs on pricing and concluded that quite

commonly search costs confer market power to the firms, much less is known

about how frictions affect product features, in particular, product quality.2 It

is plausible that the implied market power of higher search costs enhances

firms’ incentives to invest in quality. At the same time, the fact that product

quality is costly to observe in a search market may imply that the incentives

1This chapter is based on Moraga-González and Sun (2018).
2For a recent survey of firm pricing with consumer search, see Anderson and Renault

(2018). An exception to the anti-competitive nature of search costs is when consumers engage
in search for product features but prices are readily observable; in such a case, as search costs
rise and consumers are less likely to walk away from the firms they visit, firms have a greater
incentive to try to lure them to their stores by charging a lower price (see Armstrong and Zhou
(2011); Choi et al. (2018); and Haan et al. (2018)).
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to invest in quality weaken as search costs increase. This paper performs a

positive and normative study of the provision of quality in a consumer search

market. To this end, we investigate a version of Wolinsky’s (1986) work-horse

model in which infinitely many firms selling differentiated products compete

by setting prices and investing in quality, while consumers search sequentially

until they find satisfactory products. A raise in quality increases the entire

distribution of match utilities offered by a firm (in the sense of first-order

stochastic dominance) and therefore consumers who pay it a visit are more

likely to be satisfied, stop search and buy its product. Investing in quality is of

course costly, which generates a trade-off for the firms.

Consumer optimal search is characterized by a stationary reservation value

that decreases in search cost and increases in firms’ investment in quality.

Hence, consumers become more “choosy” as search costs decrease and/or

quality increases. Despite the fact that consumers become more picky as

quality rises, the number of times the typical buyer searches in the market

may increase or decrease in quality. This is because, on the one hand, keeping

consumers’ reservation value fixed, the number of searches goes down as with

higher quality consumers find a suitable product faster; on the other hand,

because consumers become more choosy as quality increases, they tend to

discard more options while they inspect products. Either of these effects may

dominate.

A market equilibrium is a stopping rule for the consumers and a price-

investment decision for the firms that are consistent with one another. We

provide sufficient conditions under which a market equilibrium exists and

is unique. These conditions are easy to verify and we provide a variety of

examples, including some based on uniform and exponential distributions, for

which a market equilibrium exists, is unique and can easily be characterized.
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The relationship between competition and investment has preoccupied

economists at least since Schumpeter (1950). We examine how quality invest-

ment depends on search costs, which is the natural measure of competition in

our setting. A firm’s incentive to invest in quality depends on three quantities

that vary with search costs, namely, its margin per buyer, the typical number of

visitors of the firm and the marginal increase in the probability consumers stop

searching at its premises. A higher search cost increases the margin, reduces

the number of visitors and may increase or decrease the marginal rise in the

stopping probability. To the best of our knowledge, Ershov (2018) is the only

empirical paper measuring the effect of lower search costs on quality. Using

data from the Google Play store, Ershov argues that a re-categorization of part

of the store that took place in 2014 reduced search costs for game apps and

shows empirically that this led to lower quality apps. Our model provides a

result consistent with Ershov’s finding when the match utility distribution has

an increasing density and is supermodular.3 An increasing density ensures

that the price increases more in search costs than the fall in the number of

visitors of a firm, while supermodularity of the distribution function implies

that the marginal change in the acceptance probability of a visitor goes up

in search costs. For submodular distributions for which the density is not

too increasing, the marginal gains from an investment in quality increase in

consumers’ reservation value and therefore we find the opposite result.

3Following Athey (2002), we say that a differentiable λ-parametrized distribution of a
single random variable F (x;λ) is supermodular (submodular) if ∂2F /∂x∂λ> (<)0. The concept
of supermodularity (submodularity) is the same as increasing (decreasing) differences, that
is, F (x ′;λ′)−F (x;λ′) > (<)F (x ′;λ)−F (x;λ), ∀x ′ > x,λ′ > λ. If we interpret 1−F (x;λ), as the
demand at price x, super- (sub-)modularity implies that the marginal increase in demand
due to a quality increase is lower (higher) the higher x. It can also be interpreted as saying
that higher quality benefits less (more) those who draw high match values. As it turns out,
the notions of super- and submodularity also happen to be key to the understanding of the
adequacy of the investment in market equilibrium from the point of view of social welfare
(details later).
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As mentioned above, higher search frictions are typically associated with higher

prices. However, when quality is endogenous, the equilibrium price not only

depends on the reservation value of consumers but also on quality investment

and more quality need not result in higher prices. In fact, as it is well known

(see e.g. Wolinsky 1986, 2005), the equilibrium price is equal to the inverse of

the hazard rate, which is proportional to the elasticity of demand. Whether the

price increases or not in quality investment (keeping consumers’ reservation

value fixed) depends on the way quality affects the hazard rate. In fact, if an

increase in quality raises the measure of marginal consumers more than the

measure of inframarginal consumers, then demand elasticity increases and

the price falls. Therefore, for distributions satisfying the increasing hazard-

ratio ordering (details below), higher quality translates into higher prices. We

then conclude that when search costs go up and quality too as a result, the

equilibrium price increases provided that the distribution of match values has

the increasing hazard-ratio property. Otherwise, when higher search costs

lead to less quality being supplied in the market, prices may decrease. To

illustrate this latter possibility, we provide an example in which match utilities

are distributed according to the exponential distribution and show that both

the equilibrium price and quality decrease as search costs go up.

We finally study how the private incentives to invest in quality fare from a

social welfare perspective. The social planner maximizes the expected value

of the match minus the incurred costs of search and quality investment. We

first observe that, conditional on a given quality investment, consumer search

is socially optimal. Because the equilibrium price does not matter for social

welfare, this implies that the only source of inefficiency in the search market

stems from the inadequacy of the incentives to invest in quality.

The social marginal value of quality investment equals the difference between

the increase in the expected value of the match between a consumer and a
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firm and the rise in the incurred costs while searching. A firm, by contrast,

only cares about the marginal profit obtained from extra quality. We provide

a necessary and sufficient condition for over- (under-)investment in quality:

the market over- (under-) supplies quality from a social welfare viewpoint if

and only if the equilibrium number of searches increases (decreases) in quality.

With supermodular match value distributions with increasing density, we show

that the market over-supplies quality relative to the social optimum. Hence,

under the sufficient conditions that rationalize Ershov (2018) empirical result,

the market oversupplies quality. In the opposite case in which the match value

distribution is submodular and has a not too increasing density, the market

under-supplies quality.4

Related literature

The main contribution of this paper is to perform a positive and normative

study of the welfare aspects of quality provision in a competitive environment

with search costs. In a seminal contribution, Spence (1975) showed that a

monopolist may under- or over-invest compared to the social planner. Because

search costs lead to monopolistic competition (Wolinsky, 1986), some of the

insights of Spence resonate in our setting. For example, like in Spence’s article,

we also obtain that the market may provide excessive or insufficient quality

depending on assumptions on how quality shifts demand. However, a crucial

distinction is that while the monopoly price is pivotal to the determination of

the efficiency of quality investment, in our model with frictions the equilibrium

price does not matter and what really plays a role is the reservation value

4We also derive an alternative sufficient condition for over-investment: we demonstrate
that for distributions whose mean residual life, a notion that captures the difference between
the expected match value of the consumers who buy and the reservation value (details later),
decreases in quality investment, the market over-provides quality.
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of consumers. As we show in Section 8, if the market was taken over by a

monopolist, then quality provision would be optimal in our setting irrespective

of the distribution of match values. In addition, because we micro-found

demand by the underlying match value distributions, our study clarifies

how the measures of marginal and inframarginal consumers do matter for

comparative statics and efficiency.

As far as we know, work on the normative analysis of quality provision in

consumer search markets is scant.5 The first paper is by Wolinsky (2005).

There are two important differences between Wolinsky’s setup and ours. The

first is that he assumes that an individual firm has to invest in quality every

time a new consumer pays a visit to the firm. His model thus better applies

to sellers that invest in service quality and therefore the nature of quality is

short-run in his setup. In our model, by contrast, an individual seller invests

once and for all in quality, which corresponds to the more traditional view of

quality as a long-run decision. Given a quality level, the short-run nature of the

investment implies that consumers search too much from the point of view

of social welfare, while in our model of long-run investment consumer search

is efficient. The second main difference is that in Wolinsky’s model quality

enters additively in the consumers’ utility function. As we show in Section

5However, there is a related stream of early work that was mainly motivated by the question
whether professionals should be allowed to advertise prices and, in particular, how this price
advertising would affect quality provision. Chan and Leland (1982) study a model with all-or-
nothing search in which firms are Stackelberg leaders vis-á-vis consumers. As in Salop and
Stiglitz (1977), there are two types of consumers and in market equilibrium there is either one
or two price-quality combinations. They show that allowing for price advertising improves
consumer welfare. They extend their model to the case of sequential search in Chan and
Leland (1986) and derive conditions under which the same result arises. Rogerson (1988)
assumes a sequential search protocol and heterogeneous consumers both in search costs and
marginal des-utility of price. He derives an equilibrium with a continuum of price-quality
combinations and shows that allowing for price advertising, which activates the role of prices
as signals of quality, is shown to improve consumer welfare. A contrasting result is derived by
Dranove and Satterthwaite (1992) in a model in which prices and qualities are observed with
noise. Random variables are normally distributed and the equilibrium quality turns out to be
independent of search costs.
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7, with additive quality, neither demand nor the equilibrium price vary with

the investment and the market provision of quality turns out to be efficient

in our setting. A second, more recent, paper studying the efficiency of service

provision is Janssen and Ke (2019). They show that search frictions may give

rise to an equilibrium where service is provided even if service value is fully

transferable across firms. In equilibrium, at least two firms offer service and

therefore service provision is excessive from a welfare point of view. Finally,

Chen et al. (2019a) also study the optimality of quality provision in a consumer

search market. The main difference between their paper and ours is that they

consider the case of experience goods, that is, products whose quality can only

be ascertained after consumption. They find that equilibrium investment in

product quality is insufficient (excessive) when search cost is low (high).6

The relationship between the incentives to invest (in quality) and market

power has been of interest in economics at least since Schumpeter (1950)

and Arrow (1962). The literature, both theoretical and empirical, is extensive

and somewhat inconclusive due to the variety of models analysed, with specific

types of investment, functional forms and modes of competition (Vives (2008)).

In consumer search models, the costs of search lend themselves naturally as a

measure of competition. Fishman and Levy (2015) presents a model in which

firms either sell a product of high- or of low-quality. Also in a framework where

quality enters the match value distribution additively, they show that if the

share of high-quality firms is initially low, then higher search costs result in

more investment in quality; otherwise, as frictions go up, quality decreases.

In the symmetric firms model of Wolinsky (2005), higher search costs lead to

6A few papers in the consumer search literature have studied other efficiency aspects of
the market equilibrium. Anderson and Renault (1999) study the efficiency of entry; they find
that the market equilibrium always provides an excessive number of firms. In a related paper,
Chen and Zhang (2018) finds that entry is excessive from a welfare viewpoint when the costs of
entering the market are low enough, while for high entry costs entry is deficient for consumer
welfare.
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higher quality while if we assume that quality enters utility additively in our

model we get that quality and search costs are independent.7 Fishman and

Levy do not study the efficiency of the market equilibrium.

Generally speaking, our paper adds to a growing literature allowing for a

richer choice of firm strategies in consumer search models. In particular,

in Bar-Isaac et al. (2012) vertically and horizontally differentiated firms choose

price and design for their products. Following Johnson and Myatt (2006) in

that different product designs induce demand rotations, they show that low

quality firms choose niche, only appealing to a few, designs while high quality

firms go for broad, appealing to most, designs. Larson (2013) studies the

efficiency of product designs in a similar model to that in Bar-Isaac et al. (2012)

where product designs induce mean-preserving spreads of the match value

distribution. He shows that when search costs are low, the market choose

maximally dispersed utility distributions and this is efficient. Finally, in Gamp

(2019) consumers have heterogeneous (uniformly distributed) search costs

and are allowed to purchase without inspecting the products. He shows that

in such a setting all firms target niches in equilibrium. Our model is related

to these papers in that investments in quality induce demand shifts; these

demand shifts may in general increase or decrease the elasticity of demand,

which turns out to be important for the price effects of quality investments.8

7Two recent papers build on the framework of Fishman and Levy (2015). Gamp and
Krahmer (2019) studies firm incentives to invest in quality when some consumers are naive in
the sense that they neither observe nor infer product characteristics. In such an environment,
lowering search costs pushes firms to focus on the naive consumers and quality falls. Moraga-
González and Sun (2019) studies the incentives of firms to provide service quality in a model
in which quality enters the utility function multiplicatively and, like in Wolinsky (2005), firms
have to put effort every time they get a new consumer at their premises. They show that higher
search costs result in higher quality.

8Some other papers have considered strategies such as advertising and merging. Haan and
Moraga-González (2011) present a persuasive advertising game where firms gain prominence
by investing in advertising. Moraga-González and Petrikaite (2013) study firms incentives to
merge and the aggregate implications of mergers. Rhodes and Zhou (2017) also study firms
incentives to merge and retail various products but in a setting where consumers buy multiple
products.
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The paper is organized as follows. We introduce the model in section 2.2. Sec-

tion 2.3 is dedicated to the characterisation of the symmetric Nash equilibrium

in pure strategies. In this section, we also provide conditions under which

a market equilibrium exists and is unique. Section2.4 examines the effect of

higher search costs on the equilibrium price and quality investment. Section

2.5 provides illustrative examples. In particular, for a case in which match

values follow an exponential distribution, we show that both price and quality

decrease in search costs. Section 2.6 presents the characterisation of the social

optimum. In this section, we also provide conditions under which the market

over- or under-supplies quality. Section 2.7 provides a discussion of the main

results and some concluding remarks. To ease the reading, all the proofs are

relegated to an Appendix.

2.2 Model

The market has a unit mass of consumers and a unit mass of sellers. Without

loss of generality, the marginal cost of production is normalised to zero. In the

tradition started by Wolinsky (1986) and followed by many recent consumer

search models, the products are horizontally differentiated and consumers

search sequentially to find a satisfactory match. The novelty of our model is

that firms can make costly efforts to improve their products; we refer to this

effort as investment in quality.

Consumers are initially imperfectly informed about their fit with the products

of the firms and their prices, but they discover these features by paying visits

to the firms. We refer to this activity as search. Each time a consumer visits a

firm, she incurs a search cost, denoted by s. The purpose of search is to inspect

the products of the firms and see how well they fit the consumer needs and
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at which price they sell. In line with the literature, we assume that the search

cost is low enough so that consumers find it worthwhile to search; moreover,

we assume that consumers hold at all times correct (passive) beliefs about the

equilibrium investment in quality and the equilibrium price.9

Let pi be the price charged by firm i . A consumer m who buys product i gets a

utility equal to

um
i = εm

i −pi ,

where εm
i represents the value of the match between consumer m and product

i . We assume that the match values offered by a firm i are distributed according

to a continuous and twice differentiable distribution F (ε;λi ), with density

f (ε;λi ) and support [ε(λi ),ε(λi )]. The variable λi ≥ 0 is the choice of firm i

and represents the firm’s investment in quality: an increase in λi increases the

match value distribution in the sense of first-order stochastic dominance. To

put it in mathematical terms, we assume that

∂(1−F (ε;λi ))

∂λi
≥ 0 (2.1)

and finite for all ε (and strictly positive for some ε’s). The lower and upper

bounds of the support of ε may or may not depend on λi . We restrict the lower

bound to be sufficiently low so that the market equilibrium is interior.

Investment in quality is costly. Let K (λi ) represent the cost of investing λi ;

we assume that K is increasing and convex. The case of λi = 0 represents the

baseline case of no investment, and we assume that K (0) = K ′(0) = 0.

Interaction in the market is as follows. Firms simultaneously choose their

prices and quality investments. Then, without observing prices, investments

9As Bar-Isaac et al. (2012) and Larson (2013) argue, in the absence of common factors influ-
encing firms’ decisions, with (infinitely many) firms that pick price and quality independently,
it is reasonable to expect that a consumer cannot infer much about the deals available at other
sellers upon observing a deviation at one of the firms.
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and match utilities, consumers search sequentially in the market until they

find a satisfactory product. We focus on symmetric pure-strategy equilibrium,

that is, an equilibrium in which all the firms charge the same price and make

the same investment to improve their products.

Before moving to the equilibrium analysis, we give a couple of examples that

are captured by our general modelling of quality investments. The simplest

example is the additive case (cf. Wolinsky (2005)); in such a case, an investment

in quality λi increases consumer m’s utility from buying product i from εm
i −pi

to λi +εm
i −pi . In our formulation, this example is captured by the distribution

of match values F (ε−λi ). Notice that in this additive example the utility

increases by the same amount no matter the match value. An alternative

example is the multiplicative case; in such a case, an investment in quality λi

increases consumer m’s utility from product i from εm
i −pi to (1+λi )εm

i −pi .

In our formulation, this is captured by the distribution of match values F ( ε
1+λi

).

In the multiplicative case, consumers with high initial match values benefit

more from the increase in quality than the others.

2.3 Market equilibrium

In this section, we study the existence and uniqueness of a symmetric equi-

librium of the model. In a symmetric equilibrium all sellers choose the same

quality level and charge the same price; as a result, the utility distribution is

the same across all sellers. Moreover, all consumers search in the same way,

holding correct conjectures about prices and match utility distributions.
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2.3.1 Consumer optimal search

Let (p∗,λ∗) be the symmetric firm equilibrium. Because all the firms offer the

same utility distribution, we can rely on Kohn and Shavell (1974), who show

that the optimal search rule for a consumer who faces a set of independently

and identically distributed options with a known distribution is static in nature

and has the stationary reservation utility property.

Accordingly, consider the equation

h(ε) ≡
ˆ
ε

(z −ε) f (z,λ∗)d z = s. (2.2)

The left-hand-side (LHS) of Equation (Eq.) (2.2) is the equilibrium marginal

benefit of search to a consumer who has a match value ε at hand, which is

clearly a decreasing function of ε. The right-hand-side (RHS) is the cost of

an additional search. If the maximum of the LHS is smaller than the search

cost, then it is not worth for a consumer to enter the market. Otherwise, the

consumer enters the market and uses the unique solution to Eq. (2.2) as her

reservation value, which we denote ε̂.

Notice that the reservation value ε̂ is a function of the search cost s and the

equilibrium investment in quality λ∗. For a fixed λ∗, the reservation value ε̂,

as usual, decreases in the search cost s, revealing that consumer curtail their

search effort when the search cost goes up. It is easy to show that (see proof of

Proposition 1)

∂ε̂

∂λ∗ =
´
ε̂
∂(1−F (z;λ∗))

∂λ∗ d z

1−F (ε̂,λ∗)
> 0, (2.3)

which impies that, for a given search cost s, ε̂ is an increasing function of λ∗.

This means that when the market supplies better products in the sense of

FOSD, consumers are prepared to search more thoroughly in the market until

they find a satisfactory match.
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The equilibrium number of searches of a typical consumer is equal to10

S(ε̂;λ∗) ≡ 1

1−F (ε̂;λ∗)
. (2.4)

Taking the derivative of the number of searches with respect to quality invest-

ment gives:

dS

dλ∗ = ∂S

∂λ∗ + ∂S

∂ε̂

∂ε̂

∂λ∗

= −1

(1−F (ε̂;λ∗))2

∂(1−F (ε̂;λ∗))

∂λ∗︸ ︷︷ ︸
direct effect

− f (ε̂;λ∗)

1−F (ε̂;λ∗)

ˆ
ε̂

∂(1−F (z;λ∗))

∂λ∗ d z︸ ︷︷ ︸
“choosiness” effect

 ,

(2.5)

where we have used Eq. (2.3). On the one hand, higher quality reduces

the number of searches; on the other hand, more quality makes consumers

choosier, which increases the number of searches. Interestingly, we will see

later that whether higher quality increases the number of searches or not turns

out to be related to the efficiency of the market equilibrium.

2.3.2 Firm pricing and investment

We now characterise the symmetric equilibrium price and investment level

(p∗,λ∗). To do this, we write out the payoff to a firm, say i , that deviates from

the proposed equilibrium by charging a price pi and investing an amount

λi , taking as given other firms’ equilibrium decisions and consumers’ search

behaviour. After this, we compute the first order conditions (FOCs), apply

symmetry and study the existence of the symmetric (price and investment)

equilibrium.

10Every consumer searches at least a first time. The probability the first search does not
result in a match and the consumer searches again is F (ε̂;λ∗). The probability the first two
searches do not result in a match and the consumer searches again is F (ε̂;λ∗)2. Therefore, the
expected number of searches is

∑∞
t=0 F (ε̂;λ∗))t = 1/(1−F (ε̂;λ∗)).
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Given other firms’ decisions and consumers search behaviour, the payoff to

a deviant firm charging a price pi 6= p∗, and investing an amount λi 6= λ∗ is

equal to:

πi (pi ,λi ; p∗,λ∗) = pi
[
1−F (ε̂−p∗+pi ;λi )

]
1−F (ε̂;λ∗)

−K (λi ). (2.6)

This expression for the profits of a firm should be understood as follows. The

per consumer revenue of the deviant firm is pi ; the number of consumers

who visit the deviant firm is 1/(1−F (ε̂;λ∗)); the probability that one of these

visitors chooses to stop searching and buys the product of the deviant firm is

the probability of the event εi −pi ≥ ε̂−p∗, which gives 1−F (ε̂−p∗+pi ;λi ).

The costs of investing λi enter the profits formula negatively.

Taking the first-order derivatives of the profits function with respect to λi and

pi and applying symmetry (pi = p∗, λi =λ∗) gives the following FOCs:

p∗ = 1−F (ε̂;λ∗)

f (ε̂;λ∗)
(2.7)

p∗
∂(1−F (ε̂;λ∗))

∂λ

1−F (ε̂;λ∗)
−K ′(λ∗) = 0. (2.8)

Plugging p∗ into the second expression, we can rewrite the FOCs (2.7)-(2.8) as

follows:

p∗ = 1−F (ε̂,λ∗)

f (ε̂,λ∗)
(2.9)

0 =
∂(1−F (ε̂,λ∗))

∂λ

f (ε̂,λ∗)
−K ′(λ∗). (2.10)

For a given ε̂, if a symmetric equilibrium exists, all sellers choose p∗ and λ∗

satisfying (2.9) and (2.10) as their optimal strategy. Inspection of this system

of equations shows that it is “triangular”: the equilibrium λ∗ follows directly

from Eq. (2.10) as a function of the consumers’ reservation value; once λ∗

is derived, the equilibrium price p∗ follows from the corresponding inverse

hazard rate formula usual in monopoly and monopolistic competition settings

(cf. Wolinsky, 1986).
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Lemma 1 If the investment cost K (λ) is sufficiently convex, f is non-decreasing

in ε and ∂(1−F (ε̂,0))
∂λ > 0, then there exists a unique symmetric firm equilibrium.

The firm equilibrium is the pair (p∗,λ∗) that solves (2.9) and (2.10).

Proof. See the Appendix.

Note that the assumption in Lemma 1 that ∂(1−F (ε̂,0))
∂λ > 0 is innocuous when

investment shifts the entire distribution downwards, which will be the typical

case in the examples used in the remaining of the paper. However, more

in general, the FOSD assumption only implies that the term ∂(1−F (ε̂,0))
∂λ

will

be strictly positive for some ε’s, and therefore not necessarily for ε̂; that is

the reason for which we make this assumption explicit in the Lemma. The

assumption that f is non-decreasing ensures that the payoff is strictly concave

in pi but it is obvious that f not too decreasing can be sufficient.

2.3.3 Market equilibrium

In the above two sections, we have seen how consumers search optimally when

they expect a price p∗ and a level of investment λ∗; likewise, we have seen how

firms price and invest in quality when they expect consumers to search using a

reservation value ε̂. A market equilibrium exists if there is a triplet (ε̂, p∗,λ∗)

that simultaneously solves the consumers’ and the sellers’ problems. Because

the price p∗ is uniquely pinned down by ε̂ and λ∗ using Eq. (2.9), a market

equilibrium exists if the following system of equations has a solution in (ε̂,λ∗):

h(ε̂,λ∗) ≡
ˆ
ε̂

(z − ε̂) f (z,λ∗)d z − s = 0 (2.11)

l (ε̂,λ∗) ≡
∂(1−F (ε̂,λ∗))

∂λ

f (ε̂,λ∗)
−K ′(λ∗) = 0 (2.12)

This system combines the consumers’ search rule (Eq. (2.11)) and the sellers’

profit maximization problem (Eq. (2.12)).
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Equation (2.11), which represents the consumers’ stopping rule, is well known

in the literature. This equation defines an implicit relation between the

reservation value and investment. As we show below, this relation is monotoni-

cally increasing, which reflects the idea that there is more search in markets

in which the products are of higher quality. Equation (2.12) also defines a

relationship between the reservation value and investment but it turns out that

this relationship can be increasing or decreasing, depending on the properties

of the density function of match values. When the relation is increasing,

firms incentives to invest increase if consumers are prepared to search more;

otherwise, more search gives firms less incentives to put effort in improving

their products.

Our next result provides sufficient conditions under which a market equilib-

rium exists and is unique. We provide two sets of conditions, depending on

whether Eq. (2.12) defines an increasing or a decreasing relationship between

the reservation value and investment. Later we provide some examples

illustrating these two cases.

Proposition 1 If K (λ) is sufficiently convex, f is non-decreasing in ε and F

satisfies either of the following conditions:

(a) ∂ f
∂λ

f + ∂(1−F )
∂λ

∂ f
∂ε

≥ 0 and ∂(1−F (ε,0))
∂λ

= 0

(b) ∂ f
∂λ f + ∂(1−F )

∂λ
∂ f
∂ε < 0 and

∂(1−F (ε,0))
∂λ = 0,

then a unique market equilibrium exists. In equilibrium, the equilibrium price is

given by (2.9), while consumers reservation value ε̂ and firms quality investment

λ∗ solve (2.11) and (2.12).

Proof. See the Appendix.

A discussion on the conditions in Proposition 1 is now in order. In general, the

conditions in Proposition 1(a) hold for any supermodular distribution with
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non-decreasing density, i.e. distributions for which ∂ f
∂λ

> 0 and ∂ f
∂ε

≥ 0, and with

an upper bound independent of λ. One example is the family of distributions

F (ε,λ) = 1−
(
1− ε−λ

1−λ
)α

, α≤ 1, defined on [λ,1], which belongs to the family of

Kumaraswamy distributions and includes the uniform distribution F (ε,λ) =
ε−λ
1−λ .11 As mentioned above, the requirement that the density is non-decreasing

in ε is quite strong. Another example that satisfies the conditions in Proposition

1(a) is the family F (ε,λ) = (ε−λ)(1−λε)
(1−λ)2 , defined on [λ,1]. AAlthough this family

has a decreasing density in ε, it verifies the conditions.

The conditions in Proposition 1(b) will be satisfied for submodular distribu-

tions with not too increasing densities provided that the lower bound does

not change with λ. One example is the family of distributions F (ε,λ) = 1−(
1− ε

1+λ
)α, α≤ 1, defined on [0,1+λ], which includes the uniform distribution

F (ε,λ) = ε
1+λ . The power distribution F = (

ε
1+λ

)α, α ≥ 1, defined on [0,1+λ]

also satisfies the conditions in Proposition 1(b). As mentioned above, these

requirements are quite strong. The exponential distribution F = 1− e− ε
1+λ ,

defined on [0,∞] satisfies the conditions in Proposition 1(b) despite not being

submodular and having a decreasing density. In what follows, we shall assume

that an equilibrium exists and is unique.

2.4 Higher search costs

The relationship between the incentives to invest (for example in product

quality) and market power has been of interest in economics at least since

11The Kumaraswamy (1980) distribution function is

F (ε,λ) = 1−
[

1−
(
ε−λ
1−λ

)a]b

, ε ∈ [λ,1], a,b > 0.

The Kumaraswamy distribution is often used as a substitute for the beta distribution (see Ding
and Wolfstetter (2011)).
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Schumpeter (1950) and Arrow (1962). In consumer search models, the costs

of search lend themselves naturally as a measure of competition. We now ask

how the market equilibrium is affected by higher search costs. Interestingly,

investment can increase or decrease, and the equilibrium price, in contrast to

the conventional result in the literature, need not increase in search cost.

Before presenting our result, we draw attention to the fact that a higher quality

does not automatically translate into a higher price even if we keep consumers’

reservation value fixed. To see this, note that the equilibrium price is equal to

the inverse hazard rate of the distribution of match values (cf. Eq. (2.9)). An

increase in quality shifts the distribution of match utilities towards higher

values but the inverse hazard rate may increase or decrease because the

measure of inframarginal consumers may increase less than the measure of

marginal consumers. At this level of generality, thus, the demand can become

more or less elastic after quality increases. To make progress, we therefore

invoke the hazard rate ordering of random variables.

Definition 1 The random variable ε′ with distribution F (ε′,λ′) is said to domi-

nate the random variable ε with distribution F (ε,λ) in the sense of the hazard

rate if and only if

f (z,λ′)
1−F (z,λ′)

≤ f (z,λ)

1−F (z,λ)
, for all z and λ′ >λ.

The hazard rate ordering, which compares the “location” or the “magnitude”

of random variables, implies the first-order stochastic dominance ordering,

not vice versa (see Theorem 1.B.1 in Shaked and Shanthikumar (2007)). For

distributions that satisfy the hazard rate ordering, keeping everything else

constant, a higher quality translates into a higher price. We shall use this

ordering in what follows.
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The private gains from investing in quality are proportional to the equilibrium

price, the usual number of visitors of a firm, and the change in the probability

they stop at the premises of the firm:

p∗︸︷︷︸
↑

1

1−F (ε̂;λ∗)︸ ︷︷ ︸
↓

∂(1−F (ε̂,λ∗))

∂λ︸ ︷︷ ︸
?

=
∂(1−F (ε̂,λ∗))

∂λ

f (ε̂,λ∗)
(2.13)

The signs ↑, ↓ and ? indicate the relationship between the various factors

affecting the willingness to invest in quality and search costs, keeping quality

constant. When search costs increase, holding quality fixed, the reservation

value of consumer decreases which implies that the equilibrium price goes

up, the typical number of visitors goes down and the change in the stopping

probability may increase or decrease. The latter depends on whether the distri-

bution function is supermodular or submodular. In the case of supermodular

(submodular) distributions, a higher search cost results in a lower (higher)

marginal increase in the stopping probability. Hence, whether the incentives to

invest in quality increase or decrease in search costs is in general ambiguous.

The RHS of Eq. (2.13), which follows after using the formula for the equilibrium

price in Eq. (2.9), is useful to provide conditions under which higher search

costs result in more or less quality investment. One particular, useful, case

is when the match value distribution is uniform. In such a case, the density

f (ε̂,λ∗) is constant in search costs and therefore whether higher search costs

result in more or less investment only depends on whether the distribution

of match values is supermodular or submodular. For distributions other than

uniform, we also need to take into account how the measure of marginal

consumers changes in search costs, which depends on the increasing or

decreasing nature of the density function.

Proposition 2 (a) If the match value distribution is supermodular and has a

non-decreasing density (or, more generally, the conditions in Proposition
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1(a) hold), then, as search costs rise, the reservation value ε̂ decreases and

the equilibrium investment level λ∗ increases. If, in addition, the match

value distributions satisfy the hazard-ratio ordering, then the equilibrium

price increases in search cost.

(b) If the match value distribution is submodular and has a not too increasing

density (or, more generally, the conditions in Proposition 1(b) hold), then,

as search costs increase, the reservation value ε̂ and the investment level

λ∗ decrease. For match values following the exponential distribution

F = 1−e− ε
1+λ , defined on [0,∞], the equilibrium price decreases in search

cost.

Proof. See the Appendix.

Corollary 1 (of Proposition 2) (a) If match values are uniformly distributed

on [λ,1], then a higher search cost results in a higher quality and a higher

price.

(b) If match values are uniformly distributed on [0,λ], then a higher search

cost results in a lower quality.

The incentives to invest in quality are given by the LHS of Eq. (2.13). Condi-

tional on a consumer visiting a firm, the derivative ∂(1−F (ε̂,λ))/∂λ represents

the marginal increase in her buying probability generated by a rise in quality.

The density f (ε̂,λ) represents the measure of consumers at the margin. The

incentives of a firm to invest in quality are thus governed by the incremental

rise in the acceptance probability per consumer at the margin. An increase

in search costs gives consumers incentives to accept products that are less

satisfactory, which is reflected in a decrease in consumers’ reservation value.

When the match value distribution is supermodular and has an increasing

density, the fall in the consumers’ reservation value makes the increase in the
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acceptance probability bigger and the number of consumers at the margin

lower. Together, these two effects increase the incentives to invest in quality.

By contrast, for submodular distributions for which the density is not too

increasing, the marginal gains from an investment in quality increase in

consumers’ reservation value and therefore higher search costs result in a

lower quality investment.

Proposition (2) is illustrated in Figure 1. An increase in search costs shifts the

ε̂1(λ, s) schedule downwards. If the schedule ε̂2(λ) is decreasing as in Figure 1.1,

this results in a lower reservation value and a higher investment level. A lower

reservation value pushes the price up, while the effect of a higher investment

level on the price may be positive or negative. With distributions satisfying the

hazard-ratio ordering, the price increases in search costs.

If the schedule ε̂2(λ) is increasing as in Figure 1.2, an increase in the search cost

results in a lower reservation value and a lower investment level. The effect on

price is again ambiguous. A higher search cost lowers the reservation value and

this results in a higher price. At the same time, a higher search cost decreases

investment and this, again, can push the price up or down. For the case in

which the match value distribution is exponential, the equilibrium price will

decrease in search costs (see Example 3 below for more details).

The equilibrium price depends both on the reservation value of consumers

and quality investment. Therefore, the effect of higher search costs on the

equilibrium price is given by the total derivative:

d p∗

d s
= ∂p∗

∂ε̂︸︷︷︸
<0

∂ε̂

∂s︸︷︷︸
<0

+ ∂p∗

∂λ∗︸︷︷︸
?

∂λ∗

∂s︸︷︷︸
?

.

The first summand of this expression is clearly positive: an increase in search

costs lowers consumers’ reservation value and this tends to increase the
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Figure 1: Equilibrium investment and search cost

equilibrium price. However, the sign of the second summand is indeterminate

because of two reasons. First, depending on the properties of the match

value distribution, an increase in search costs may result in more or in less

investment in quality. Second, a higher quality may result in a lower or a higher

price, depending on how the elasticity of demand is affected. When the match

value distribution is supermodular, has an increasing density, and satisfies

the hazard-ratio ordering, a higher search cost results in more investment in

quality and this translates into a higher price. In such a case, altogether, a

higher search cost leads to a higher price. Alternatively, when the match value
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distribution is submodular, and has a decreasing density, a higher search cost

less to less investment, which may result in a lower price. Proposition (2) gives

an instance in which a higher search cost results in lower quality and lower

price.

2.5 Examples

In this section we provide some examples that illustrate the results obtained so

far. The examples are based on uniform and exponential distributions. The

first two examples satisfy the conditions in Proposition 1(a). The last two

examples verify the conditions in Proposition 1(b). The examples show that

supermodularity and submodularity are sufficient conditions for existence,

not necessary. We provide here a brief summary of the results and relegate all

the details to the Appendix.

Before presenting the examples, let us describe the usual measures of aggregate

performance. It is known that the equilibrium consumer surplus is equal to the

reservation utility of consumers, that is, C S = ε̂−p∗. Firms profits are equal to

π= p∗−K (λ). Summing consumer surplus and firm profitsm, we derive our

measure of social welfare: W = ε̂−K (λ).

Example 1 Match values uniformly distributed on [λ,1]

In this case, F is supermodular and has constant density so that the conditions

in Proposition 1(a) hold. Moreover, the distribution has a weakly increasing

hazard rate in λ. Hence, our Propositions imply that price and investment both

strictly increase in search costs. In the Appendix we also show that consumer

surplus decreases while profits increase in search costs. Total welfare falls in

search cost.
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Example 2 Match values exponentially distributed on [λ,∞)

In this case, F is submodular and has constant density so the conditions in

Proposition 1(b) hold. In this example, investment decreases in search costs but

the price still increases. In the Appendix, we also show that consumer surplus

falls, profits increase and total welfare decreases in search costs.

Example 3 Match values uniformly distributed on [0,1+λ]

In this case, F is submodular and has constant density so the conditions in

Proposition 1(b) hold. In this example, investment decreases in search costs but

the price still increases. In the Appendix, we also show that consumer surplus

falls, profits increase and total welfare decreases in search costs.

Example 4 Match values exponentially distributed on [0,∞)

In this example, F has a decreasing density but is neither supermodular nor

submodular in the entire support. Despite this, the conditions in Proposition 1(b)

are satisfied. In this instance, both investment in quality and the equilibrium

price decrease in search costs. In the Appendix, we also demonstrate that

consumer surplus decreases, while profits may increase or decrease in search

costs depending on the initial level of investment. Finally, total surplus falls in

search costs.

2.6 Efficiency

In this section, we ask whether the market provides too little or too much

quality from a social welfare perspective. To address this question, we derive

the social (first-best) optimum and compare it to the market equilibrium of

Proposition 1. Social welfare is measured by the sum of expected consumer

surplus and expected industry profit. If the investment level is λo , price is po
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and consumers are dictated to search with a reservation value ε̂o , then the

expected consumer surplus, denoted by C S, can be written as:

C S(ε̂o , po ,λo) =
´
ε̂o z f (z;λo)d z

1−F (ε̂;λo)
− s

1−F (ε̂o ;λo)
−po .

The first term of this expression is the expected value of the match, the second

term is the expected search cost and the third is the price.

The profits of a firm are equal to its revenues minus its costs. The revenue is

simply the price because the number of consumers per firm is normalized to

one and all consumers are served in equilibrium. The cost is just the investment

cost because the marginal cost of production is normalized to zero. Because

there is a unit mass of sellers, industry profit is equal to:

Π(po ,λo ; ε̂o) = po −K (λo).

Summing consumer surplus and industry profits we obtain an expression for

welfare:

W (ε̂o ,λo) =
´
ε̂o z f (z;λo)d z

1−F (ε̂o ;λo)
− s

1−F (ε̂o ;λo)
−K (λo). (2.14)

Notice that in the welfare expression the price po cancels out. This is because

the price is just a transfer between consumers and firms and has no bearing

on aggregate surplus. Welfare is then the expected value of the match minus

expected search and investment costs.

Taking the FOC of the social welfare expression in Eq. (2.14) with respect to ε̂

gives:

∂W

∂ε̂o
=−ε̂o f (ε̂o ,λo)(1−F (ε̂o ,λo))+ f (ε̂o ,λo)

[ˆ
ε̂o

z f (ε̂o ,λo)d z − s

]
= 0, (2.15)

Using integration by parts, this FOC can be rewritten as:ˆ
ε̂o

(z − ε̂o) f (z;λo)d z − s = 0. (2.16)

Comparing (2.16) to the market search rule (2.11), we observe that they are

exactly identical. This implies that for any exogenously-fixed investment level
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λ, consumer search in the market equilibrium is efficient, i.e. ε̂(λ) = ε̂o(λ).

Therefore, if the equilibrium has an efficient amount of investment, then

search will also be efficient; otherwise, inefficient investment will result in

inefficient search.

Using (2.16), we can simplify the welfare expression in Eq. (2.14) to:

W (ε̂o ,λo) = ε̂o(λo)−K (λo).

The socially optimal investment thus must maximize the reservation value of

consumers minus investment cost.

Taking the FOC with respect to investment gives:

´
ε̂o

∂(1−F (z,λo ))
∂λo d z

1−F (ε̂o ,λo)
−K ′(λo) = 0, (2.17)

where we have used the search rule in Eq. (2.16) to compute the derivative

dεo/dλo .

The social optimum is given by the pair (ε̂o ,λo) that solves Eqs. (2.16) and

(2.17).12 Comparing the FOCs for the planner and the firms, we can now study

whether the market provides too much or too little incentives to invest in

quality.

Proposition 3 The market (over-) under-provides quality and, consequently,

consumers search too (much) little if and only if

ˆ
ε̂

∂(1−F (z,λ))

∂λ
d z(<) > p∗∂(1−F (ε̂,λ))

∂λ
(2.18)

Proof. See the Appendix.

12Providing conditions under which the social welfare function is globally concave is quite
hard. We will not pursue this any further.
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The condition in Proposition 3 stems from a comparison of the social and the

private incentives to invest in quality. The LHS of Eq. (2.18) represents the per-

buyer marginal social gains from an investment in quality. The RHS of Eq. (2.18)

stands for the per-buyer private incentives to invest in quality. The social gains

measure the difference between the increase in the value of the match and in

the costs of search caused by raising quality. The private gains are proportional

to the market value of the incremental rise in the stopping probability of

consumers. While the planner cares about the quality of the match between

consumers and firms and search costs, the firms only care about the stopping

probability. The social planner and the firms thus have different valuations for

quality increments, thereby creating a source of potential market failure.

Situations of over- and under-investment can easily be seen in Figure 2. In

Figure 2.1, we have represented a case of over-investment. On the vertical axes,

we have the range of ε’s and on the horizontal axes we have the stopping/selling

probability. The red curve represents the match value distribution correspond-

ing to an investment level λ; the blue curve is the distribution corresponding

to a higher investment level λ′, λ′ > λ. The (per-buyer) private incentives to

invest in quality are proportional to the market value of the increase in the

selling probability of the consumer indifferent between searching and not

searching. This (per-buyer) private value is represented by the blue rectangle.

The (per-buyer) social incentives have to do with how the the expected match

value and the search costs are affected by an increase in quality. They are

represented by the area in between the two failure functions 1−F (ε,λ) and

1−F (ε,λ′). As it can be seen, the blue area is larger than the orange dotted area

so the market invests too much in quality. In Figure 2.2, we have represented a

case of under-investment.

Interestingly, the necessary and sufficient condition for over- or under-

investment in Proposition 3 is related to the relationship between quality
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Figure 2: Over- and under-investment in market equilibrium

and the number of times consumers search in the market. In fact, because

the equilibrium price is equal to the inverse hazard rate, the expressions in Eq.

(2.5) and Eq. (2.18) are the same. Therefore:

Corollary 2 (of Proposition 3) The market (over-) under-provides quality if

and only if a higher quality results in a higher (lower) number of searches.

2.6.1 A sufficient condition for over-investment in qual-

ity

Proposition 3 gives a necessary and sufficient condition under which the

market provides too much quality. The condition is however hard to check

because it involves equilibrium quantities, in particular the reservation value

and the equilibrium price. In this subsection, we give a proposition providing

sufficient conditions for over-investment based on primitives that are intuitive

and easy to verify. These sufficient conditions turn out to be the same as

those guaranteeing existence and uniqueness of equilibrium and a positive

correlation between higher search costs and quality. In Section 2.6.2 we provide

a sufficient condition for under-investment in quality.
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The sufficient conditions can more easily be obtained after rewriting condition

(2.18) in Proposition 3 as follows:
´
ε̂
∂(1−F (z,λ))

∂λ d z

1−F (ε̂,λ)
(<) >

∂(1−F (ε̂,λ))
∂λ

f (ε̂,λ)
, (2.19)

where we have used the equilibrium price in Eq. (2.9).

Proposition 4 If the distribution of match values F (ε,λ) is supermodular and

the density weakly increases in ε, then the market over-supplies quality.

Proof. See the Appendix.

The intuition behind this result is as follows. With supermodular distributions,

the density of match values increases in quality investment. This implies that

the marginal increase in the probability with which a consumer stops searching

and buys the product of the firm when quality goes up is larger the lower the

match value. As a result, the incremental rise in the stopping probability of the

marginal consumer indifferent between searching and not searching is higher

than that of the average among the inframarginal consumers. In mathematical

terms, with supermodular distributions we have

∂(1−F (ε̂,λ))

∂λ
>
´ ε
ε̂ ∂(1−F (z,λ))

∂λ d z´ ε
ε̂ d z

.

If, in addition, the density is increasing then the measure of marginal con-

sumers indifferent between searching and not searching is lower than that of

the average inframarginal consumer, that is,

f (ε,λ) ≤ 1−F (ε,λ)´ ε
ε d z

.

Together, these two conditions suffice for overinvestment.

Returning to Example 1, notice than when the match values are distributed

uniformly on [λ,1], the conditions in Proposition 4 hold so that firms invest
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too much from the perspective of social welfare maximisation. As a result,

consumers search too much.13

2.6.2 A sufficient condition for under-investment

In this subsection, we give a sufficient condition for under-investment. The

condition is the counterpart of that in Proposition 4, and is therefore intuitive

and easy to verify.

Proposition 5 If the distribution of match values F (ε,λ) is submodular and the

density weakly decreases in ε, then the market under-supplies quality.

Proof. The proof is similar to the proof of Proposition 4 and therefore omitted.

Returning to Example 3 in which match values are distributed uniformly on

[0,1+λ], note that the conditions in Proposition 4 hold. As a result, from the

perspective of social welfare maximization, firms investment is too low and

consumers search too little.

2.7 Discussion and additional results

2.7.1 The additive case

In this section, we discuss the special case in which quality enters the match

value distribution additively. This case in quite prominent in the literature

13Another example for which we obtain over-investment is when match values are

distributed according to the Kumaraswamy (1980) distribution F (ε,λ) = 1−
[

1− ε−λ
1−λ

]α
, ε ∈

[λ,1], α≤ 1. This distribution is supermodular and has an increasing density.
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and has been studied by e.g. Wolinsky (2005) and by Fishman and Levy (2015),

although in different contexts. The additive case is special because changes in

λ do not affect the shape of the density, but only its location.

Proposition 6 If the distribution of match values F (ε,λ) = F (ε−λ), then the

equilibrium quality is independent of search costs. Moreover, the market

provision of quality is socially optimal.

Proof. See the Appendix.

The additive case moves the distribution of match values in a special way. As a

matter of fact, when quality enters the distribution of match values additively,

the reservation value of consumers is affected exactly in the same additive way;

that is, if the pre-investment reservation value is ε̂, the post-investment is ε̂+λ
(details in the Appendix). This means that neither demand nor the equilibrium

price vary with the investment. In this case, the way the private gains and the

social gains are affected by the investment coincide, and consequently private

investment is optimal.

2.7.2 Monopoly

We conclude this section by studying the case in which a monopolist serves

the whole market. Suppose that a single seller controls the prices of all the

products in the market, while consumers search as usual, incurring a search

cost s each time they inspect one product.

Proposition 7 A monopolist supplies the socially optimal amount of quality.

Proof. See the Appendix.
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The key to an understanding of this result is that a monopolist does not

face competition other than from its own products. As a result, it has an

incentive to continue to increase its price till it equals the reservation price

of consumers, that is, p∗ = ε̂. Therefore, in deciding its investment in quality,

the monopolist looks at how consumers’ reservation value changes in quality,

which, as explained above, is exactly what the social planner takes into account.

2.7.3 Another sufficient condition for over-investment

The conditions in Proposition 4 are sufficient and therefore not necessary

for over-investment. We now provide an alternative characterisation of over-

investment. For this, we invoke the notions of mean-residual-life of a random

variable and the mean-residual-life stochastic ordering.

Definition 2 The mean-residual-life (MRL) function of the random variable ε

is defined as:

MRL(ε̂,λ) = E [ε− ε̂|ε> ε̂] =
´
ε̂ε f (ε,λ)dε

1−F (ε̂,λ)
− ε̂.

The MRL function is used much in industrial engineering: in our model, it

basically gives the expectation of the difference between the valuation of a

consumer who stops searching and the reservation value.

Proposition 8 If the distribution of match values F (ε,λ) has a MRL that is

weakly decreasing in λ, and 1−F (ε,λ) is log-concave in ε, then the market

over-provides quality.

The intuition behind this result is as follows. The notion of MRL refers to the

expectation of the match value conditional on stopping. When the MRL is
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decreasing in quality investment, this means that a higher quality reduces this

conditional expectation. Although more consumers stop search and buy, their

average value goes down in quality investment. For failure functions that are

log-concave, the frequency of consumers at the margin is not very large. The

firms, whose incentives are governed by he raise in the stopping probability

per marginal consumer, invests too much.

Before moving into an example to illustrate Proposition 4, we observe that for

FOSD to be compatible with a MRL decreasing in λ, the lower bound of the

support must be strictly increasing in λ.14

Proof. See the Appendix.

Example 5 Match values distributed on [λ,1] according to F (ε,λ) = (ε−λ)(1−λε)
(1−λ)2 ,

with 0 ≤λ< 1.

This distribution has a density decreasing in ε so this example violates the

conditions in Proposition 4. Yet, this example satisfies the conditions in

Proposition 8 and therefore the market over-invests in quality from a social

welfare perspective.

Example 6 Match values distributed according to the Kumaraswamy distri-

bution F (ε,λ) = 1−
[

1− ε−λ
1−λ

]α
, ε ∈ [λ,1], α> 1.

14To see this, notice first that FOSD requires the lower bound to be weakly increasing in
λ. By contradiction, suppose the lower bound of the support of F remains constant when λ
increases. Because the MRL is decreasing in λ, if λ1 <λ2, then for any ε it holds that:

´
ε(1−F (z,λ1)d z)

1−F (ε,λ1)
>
´
ε(1−F (z,λ2))d z

1−F (ε,λ2)

This inequality holds for any ε, in particular for the lower bound ε, which is independent of λ.
For ε= ε, we have F (ε,λ1) = F (ε,λ2) = 0. Then, the above inequality implies that:

ˆ
ε

(1−F (z,λ1))d z >
ˆ
ε

(1−F (z,λ2))d z.

This, however, contradicts FOSD because 1−F (ε,λ1) ≤ 1−F (ε,λ2) for any ε. So, we conclude
that the lower bound of F must increase in λ.
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This distribution also has a density decreasing in ε so we cannot apply Proposi-

tion 4. However, the conditions of Proposition 8 apply and therefore the market

invests too much from a social welfare perspective.

2.8 Conclusion

This paper has performed a positive and normative analysis of the market pro-

vision of quality in the workhorse model of consumer search for differentiated

products. An increase in quality shifts up the distribution of match utilities

offered by a firm. Lower search costs and/or higher quality makes consumers

choosier. The analysis has clarified how the incentives to invest in quality

depend on search costs and how they relate to the social incentives. Depending

on the nature of the distribution of match values, higher search costs may result

in higher or in lower quality. In particular, when the distribution of match

values is super- (sub-)modular and has an increasing (not too increasing)

density, then firms increase (decrease) their quality investments as search costs

go up.

From a normative point of view, we have seen that the only inefficiency

of the market equilibrium is due to the inadequacy of quality investment.

The market over- (under-) supplies quality from a social welfare viewpoint

if and only if the equilibrium number of searches increases (decreases) in

quality. When the market provides an insufficient (excessive) amount of quality,

consumers search too little (much). We have shown that settings in which

quality investments as search costs are positively (negatively) correlated are

associated to over- (under-)investment from a social point of view.

Our results are relevant to understand how innovations that reduce search costs

such as the Internet may affect the incentives to provide quality in markets. For
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example, digital platforms such as the online travel agents reduce considerably

the costs consumers incur to search for satisfactory products. Whether firms

respond to such developments by improving their products or not depends on

the relationship between the distribution of consumer valuations and quality.
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Appendix

Proof of Lemma 1.

Consider the function ofλ∗ defined by the RHS of (2.10). Atλ∗ = 0, this function

is strictly positive because K ′(0) = 0 and ∂(1−F (ε̂,0))
∂λ

> 0. For K (·) sufficiently

convex, the RHS of (2.10) will eventually turn decreasing and cross a single

time the horizontal axis. Once we obtain the unique solution of (2.10) in λ∗,

we can plug it into (2.9) to obtain the unique p∗.

The candidate firm equilibrium (p∗,λ∗) that solves (2.9) and (2.10) is indeed an

equilibrium because with K (λ) sufficiently convex and with f non-decreasing,

the payoff function (2.6) is jointly concave in both pi and λi . To see this, we

calculate the Hessian matrix:

H =

−
2 f (ε̂−p∗+pi ,λi )+pi f ′(ε̂−p∗+pi ,λi )

1−F (ε̂,λ∗)

∂(1−F (ε̂−p∗+pi ,λi ))
∂λ −pi

∂ f (ε̂−p∗+pi ,λi )
∂λ

1−F (ε̂,λ∗)
∂(1−F (ε̂−p∗+pi ,λi ))

∂λ −pi
∂ f (ε̂−p∗+pi ,λi )

∂λ

1−F (ε̂,λ∗)

pi
∂2(1−F (ε̂−p∗+pi ))

∂λ2

1−F (ε̂,λ∗) −K ′′(λi )

 (2.20)

With f non-decreasing in ε, the first leading principal minor of the matrix H

is clearly negative. The second leading principal minor of the matrix H can

be made positive with K (·) sufficiently convex so that the payoff function is

strictly concave in both pi and λi . �

Proof of Proposition 1.

Part (a). By the implicit function theorem, Equation (2.11) defines a relation

ε̂1(λ∗). At λ∗ = 0, ε̂1(0) is strictly positive because F (ε,0) is a well-defined

distribution. Moreover, ε̂1(λ∗) is increasing in λ∗. This, which follows from the

idea that there is more search when the products have higher quality, can be

seen by first rewriting Equation (2.11) by using integration by parts as follows:

h(ε̂,λ∗) ≡
ˆ
ε̂

(1−F (z,λ∗))d z − s = 0.
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Then, using the implicit function theorem gives:

∂ε̂1

∂λ∗ =−
∂h
∂λ∗
∂h
∂ε̂

=
´
ε̂
∂(1−F (z,λ∗))

∂λ∗ d z

1−F (ε̂,λ∗)
> 0.

¶
`
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`
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Figure 3: Existence and uniqueness of equilibrium

Secondly, we note that, by Lemma 1, when K (λ) is sufficiently convex, a

solution to Equation (2.12) exists. This solution defines a relation ε̂2(λ∗), which,

under assumption (a), decreases in λ∗. To see this, we apply the implicit

function theorem to Eq. (2.12):

∂ε̂2

∂λ∗ =−
1
f 2

(
∂2(1−F )
∂λ∗2 f − ∂(1−F )

∂λ∗
∂ f
∂λ∗

)
−K ′′(λ∗)

1
f 2

(
− ∂ f
∂λ∗ f − ∂(1−F )

∂λ∗
∂ f
∂ε̂

) .
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Under assumption (a), the denominator of ∂ε̂2/∂λ∗ is negative. If K is

sufficiently convex, the numerator is negative, thus the implicit function ε̂2(λ∗)

strictly decreases in λ∗. Moreover, from the assumption, it follows that when

λ∗ = 0, ε̂2(0) = ε≥ ε̂1(0) > 0, as mentioned above. As a result, ε̂1(λ∗) and ε̂2(λ∗)

cross once and only once, guaranteeing a unique solution. Figure 3.1 illustrates

this case.

Part (b). Under assumption (b), the denominator of ∂ε̂2/∂λ∗ is positive and by

sufficient convexity of K the numerator is negative. Therefore, ε̂2(λ∗) increases

in λ∗. Further, at λ∗ = 0, ε̂2(0) is equal to zero. Furthermore, under sufficient

convexity of K , the assumptions ensure that ε̂2(λ) is sufficiently increasing,

which implies that
∂ε∗1
∂λ∗ < ∂ε∗2

∂λ∗ . Therefore ε̂1(λ∗) and ε̂2(λ∗) surely cross one

another only once, which guarantees the existence of a unique solution. See

Figure 3.2 illustrates this case. �

Proof of Proposition 2. Note that the search cost only enters the market

equilibrium through the search rule given by Eq. (2.11), and has no bearing on

Eq. (2.12). Therefore, only the function ε̂1(λ∗), defined implicitly by Eq. (2.11),

is affected by changes in search costs. Holding λ∗ unchanged, an increase in s

must be compensated by a decrease in ε̂. Mathematically,

d ε̂

d s
=−

∂h
∂s
∂h
∂ε̂

=− 1

1−F (ε,λ∗)
< 0.

Hence, after an increase in search cost, the function ε̂1(λ∗) will shift downwards.

This, given the assumed monotonicity of ε̂2(λ∗) will result in a new market

equilibrium in which ε̂ decreases.

(a) Under the conditions in Proposition 1(a), ε̂2(λ∗) is decreasing. It follows,

thus, that ε̂ decreases in s while λ∗ increases in s. Because the density f is

non-decreasing in ε, a decrease ε̂ tends to lower the price. Still, the behaviour
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of the equilibrium price is ambiguous because the sign of ∂p∗/∂λ∗ can be

positive or negative. In fact, in this case we have:

d p∗

d s
= ∂p∗

∂ε̂︸︷︷︸
≤0

∂ε̂

∂s︸︷︷︸
<0

+ ∂p∗

∂λ∗︸︷︷︸
?

∂λ∗

∂s︸︷︷︸
>0

. (2.21)

For distributions satisfying the hazard-ratio ordering, the hazard rate f /(1−F )

decreases in λ∗ and it then follows straightforwardly that ∂p∗/∂λ∗ ≥ 0 and

therefore the sign of Eq. (2.21) is unambiguously positive.

(b) Under the conditions in Proposition 1(b), the function ε̂2(λ∗) increases and

we therefore conclude that both ε̂ and λ∗ decrease in s. The behaviour of the

equilibrium price is now given by the derivative:

d p∗

d s
= ∂p∗

∂ε̂︸︷︷︸
≤0

∂ε̂

∂s︸︷︷︸
<0

+ ∂p∗

∂λ∗︸︷︷︸
?

∂λ∗

∂s︸︷︷︸
<0

, (2.22)

where the difference with Eq. (2.21) is that the last term is negative now.

Because the first summand of the RHS of (2.22) is positive an the second

is ambiguous, we cannot conclude anything about the effect of higher search

costs on the price. For the exponential distribution F = 1− e− ε
1+λ , defined

on [0,∞], it holds that ∂p∗/∂ε̂ = 0 because the hazard rate is constant in ε.

Moreover, because this distribution satisfies the hazard rate ordering, we have

∂p∗/∂λ∗ ≥ 0. We then conclude that the equilibrium price decreases in search

cost. �

Example 1 Match values uniformly distributed on [λ,1]

Consider the case in which match values follow the uniform distribution

F (ε,λ) = ε−λ
1−λ ,

with support on [λ,1], where 0 ≤ λ < 1. The density function is f (ε,λ) = 1
1−λ ,

which is non-decreasing in ε and increasing in λ (so F is supermodular). The
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case of λ= 0 is the case of the standard uniform distribution. Note that ∂(1−F )
∂λ =

1−ε
(1−λ)2 ≥ 0, therefore an increase in λ leads to increase in match values in the

FOSD sense. Moreover, the conditions in Proposition 1(a) hold for this case:

∂ f

∂λ
f + ∂(1−F )

∂λ

∂ f

∂ε
= 1

(1−λ)3
> 0

and the solution to ∂(1−F (ε,0))
∂λ

= 0 is ε= 1.

Let the cost of investment in quality function be K (λ) = λ2

(1−λ)2 , which is increas-

ing and convex. The market equilibrium conditions (2.11)-(2.12) can be written

as:

ε= 1−
√

2s(1−λ) (2.23)

ε= 1− 2λ

(1−λ)2
(2.24)

It is easily seen that there exists a unique solution to this system of equations.

Inspection of the expression on the RHS of Eq. (2.23) immediately reveals that it

is increasing in λ, going from 1−p
2s to 1 as λ increases from 0 to 1. Meanwhile,

the expression on the RHS of Eq. (2.24) has derivative with respect to λ equal to

−2(1+λ)
(1−λ)3 < 0, so it is decreasing inλ, going from 1 to−∞. Because both expressions

are continuous, they must cross once and only once, therefore guaranteeing a

unique solution. We illustrate these observations in Figure 4. We plot Eqs. (2.23)

and (2.24) in Figure 4.1 for s = 0.05. The effect of an increase in search costs

can be seen in Figure 4.2, where we also plot Equation (2.23) for s = 0.1. The

equilibrium reservation value decreases while the investment level increases in

search costs.

The equilibrium price is p∗ = 1− ε̂ = 2λ∗
(1−λ∗)2 , which is increasing in quality

investment λ∗ and therefore in search costs. Despite the quality increase,

consumer surplus, which is equal to C S = ε̂−p∗ = 2ε̂−1, decreases in search
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Figure 4: Uniform distribution on [λ,1]

costs. Consumers participate in the market provided that λ∗ ≤ 3−2
p

2, or if

search costs are lower than, approximately, 0.15. The profits of a firm are:

π= p∗−K (λ∗) = λ∗(2−λ∗)

(1−λ∗)2
,

which are non-negative for all λ∗ ∈ (0,1), increase in λ∗ and therefore in search

costs. Welfare, defined as the sum of consumer surplus and firms profits, equals

W = (1−4λ∗)/(1−λ∗)2 and is also decreasing in search costs.
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Regarding the efficiency of the market equilibrium, Eq. (2.17) can be solved for ε

to obtain:

ε= 1− 4λ

(1−λ)2
(2.25)

The RHS of Eq. (2.25) is decreasing in λ and a direct comparison with the RHS of

Eq. (2.24) immediately shows that the incentives to invest are excessive from the

point of view of social welfare maximisation. Because of this, consumers search

too much.

è1 HlL

è2 HlL
è3 HlL

l*

è*

èo

lo

0.00 0.05 0.10 0.15 0.20 0.25 0.30
l0.0
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0.4

0.6

0.8

1.0

è

Figure 5: Market equilibrium and social optimum: uniform distribution on
[λ,1].

We illustrate this in Figure 5, which adds the decreasing schedule ε̂3(λ) to Figure

3.1. The new decreasing schedule depicts the RHS of (2.25). Recall that the

intersection between ε̂1(λ) and ε̂2(λ) gives the private equilibrium {ε̂∗,λ∗}. The

crossing point between ε̂1(λ) and ε̂3(λ) gives the social optimum {ε̂o ,λo}. There

is too much search and too much investment. �

Example 2 Match values exponentially distributed on [λ,∞)
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Consider next the case in which match values are exponentially distributed on

the set [λ,∞). The distribution function is

F (ε,λ) = 1−e−(ε−λ).

Note that ∂(1−F )
∂λ

= e−(ε−λ) > 0 so higher λ means higher match values in the

FOSD sense. The density function is f (ε,λ) = e−(ε−λ). This density increases

in λ (so F is supermodular) but decreases in ε. Nevertheless, the conditions in

Proposition 1(a) hold for this case because

∂ f

∂λ
f + ∂(1−F )

∂λ

∂ f

∂ε
= 0

and the solution to ∂(1−F )/∂λ = 0 is ε =∞. As in the previous example, let

K (λ) = λ2

(1−λ)2 .

The market equilibrium conditions (2.11)-(2.12) can be written as:

ε=λ− log s (2.26)

1 = 2λ

(1−λ)3
(2.27)

Inspection of this system of equations shows it is recursive. Equation (2.27) pins

λ down directly: λ∗ ' 0.23 and the reservation values follows after plugging λ∗

in Equation (2.26).

The equilibrium conditions (2.26)-(2.27) are depicted in Figure 6. In Figure 6.1

we have plotted Eq. (2.26) for a search cost s = 0.1. The vertical line represents Eq.

(2.27). The crossing point between the two lines gives the equilibrium reservation

value. In Figure 6.2 we show the effect of an increase in search cost from s = 0.1 to

s = 0.2. Clearly, a higher search cost decreases the reservation value of consumers

but has no bearing on investment. The equilibrium price is p∗ = 1, which

happens to be independent of the reservation value and investment.
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Figure 6: Exponential distribution on [λ,∞)

The profits of a typical firm are then:

π= p∗−K (λ∗) = 1− λ∗2

(1−λ∗)2
' 0.91

and consumer surplus C S = ε̂− p∗ = λ∗ − log s − 1 ' − log s − 0.77, which is

positive for sufficiently low search costs. �

Example 3 Match values uniformly distributed on [0,1+λ]
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Consider the case in which match values are distributed uniformly on the set

[0,1+λ]. In this case,

F (ε,λ) = ε

1+λ .

The case of λ = 0 is again the case of the standard uniform distribution on

[0,1] and as λ increases the distribution of match values increases in the FOSD

sense. The conditions in Proposition 1(b) hold. The corresponding density

function is f (ε,λ) = 1/(1+λ), which is constant in ε and decreasing in λ (so F is

submodular); moreover, ∂(1−F )/∂λ= ε/(1+λ)2, which is equal to zero when

ε= 0.

Let K (λ) = λ2

2 , which is increasing and convex. For the case at hand, the market

equilibrium equations (2.11) and (2.12) can be written as:

ε= 1+λ−
√

2s(1+λ) (2.28)

ε=λ(1+λ) (2.29)

It is easy to see that there is a unique pair (ε,λ) that satisfies the above system of

equations. Note that the RHS of Eq. (2.28) takes on value 1−p
2s when λ= 0

and increases in λ with a slope equal to 1− sp
2s(1+λ)

. The RHS of (2.29) takes on

value 0 when λ= 0 and increases in λ with a rate equal to 1+λ, which is greater

than the rate at which the RHS of Eq. (2.28) rises. We conclude that there is a

unique crossing point. We illustrate these observations in Figure 7. We plot Eqs.

(2.28) and (2.29) in Figure 7.2 for s = 0.01. The effect of an increase in search

costs can be seen in Figure 7.2, where we also plot Eq. (2.28) for s = 0.05. Both

the equilibrium reservation value and investment level decrease in search cost.

The equilibrium price, which is given by p∗ = 1+λ∗− ε̂ can be written using

(2.29) as p∗ = 1−λ∗2, which clearly increases in search costs. Consumer surplus

is C S = ε̂−p∗ =λ∗(1+2λ∗)−1, which increases in λ∗ and therefore decreases

in search costs. Consumers enter the market only if λ∗ ≥ 1/2 so the search cost
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Figure 7: Uniform distribution

has to be smaller than 3/16. Equilibrium profits are equal to π∗ = 1−3λ2/2;

to guarantee that firms make positive profits in equilibrium, we need that λ<
p

2/3, which holds when the search cost is not too low.

Regarding the efficiency of the market equilibrium, it is easy to verify that the

conditions in Proposition 5 hold. In fact, the density is constant in ε and strictly

decreasing in λ. As a result, the market under-provides quality.

Equation (2.17) becomes:
λ+ε+1

2λ+2
−λ= 0,
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Figure 8: Market equilibrium and social optimum; F (ε) = ε
1+λ .

which can be solved for ε to obtain

ε=λ(1+2λ)−1.

This function is clearly increasing in λ. Moreover, it is clearly below the equation

characterising the market equilibrium (2.29) for the relevant range λ<p
2/3.

This implies that the market under-provides quality. Figure 8 illustrates. The

crossing point between ε̂1(λ) and ε̂2(λ) gives the market equilibrium; the

crossing point between ε̂1(λ) and ε̂3(λ) gives the optimum. We see that λo >λ∗

so there is under-investment; as a consequence, ε̂o > ε̂∗, which means that

consumers search too little in equilibrium. �

Example 4 Match values exponentially distributed on [0,∞)

Consider now the case in which match values follow an exponential distribution

with parameter 1
1+λ and support [0,∞). In this case, the distribution is

F (ε,λ) = 1−e− 1
1+λε

and the density is f (ε,λ) = 1
1+λe− 1

1+λε. The case of λ= 0 is the case of exponential

with mean 1. Note that an increase in λ shifts the distribution downwards so
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match values increase in the FOSD sense. The density is decreasing in ε and its

behavior with respect to λ is ambiguous. Nevertheless, it is easy to verify that the

conditions in Proposition 1(b) hold for this exponential case. In fact

∂ f

∂λ
f + ∂(1−F )

∂λ

∂ f

∂ε
=− e− 2ε

1+λ

(1+λ)3
< 0,

where we have used the following derivatives:

∂ f

∂λ
=−e− x

1+λ (1+λ−ε)

(1+λ)3
,
∂(1−F )

∂λ
= εe− ε

1+λ

(1+λ)2
, and

∂ f

∂ε
=− e− ε

1+λ

(1+λ)2
.

Assume that K (λ) = λ2

2 . After simplification, the market equilibrium equations

(2.11) and (2.12) become:

ε= (1+λ) ln

[
1+λ

s

]
(2.30)

ε=λ(1+λ) (2.31)

It is easy to verify that the system of Eqs. (2.30)-(2.31) has a unique solution.

Like before, an increase in search costs shifts Eq. (2.30) downwards and therefore

the equilibrium reservation value and investment level decrease. In this case

the equilibrium price is p∗ = 1+λ∗, which also decreases as the search cost

increases.

The case at hand is illustrated in Figure 9. We plot Eqs. (2.30) and (2.31) in

Figure 9 for s = 0.5. The effect of an increase in search costs can be seen in Figure

9.2, where we also plot Eq. (2.30) for s = 0.6. The equilibrium reservation value,

the investment level and the equilibrium price decrease in search cost. �

Proof of Proposition 3.
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Figure 9: Exponential distribution

Because, consumers search efficiently for a fixed λ, to prove the result we only

need to compare the FOCs of the planner and the firms, given by Eqs. (2.12)

and (2.17). Taking the difference of the two FOCs gives:

∂W

∂λ
− ∂π

∂λ
=
´
ε̂
∂(1−F (z,λ))

∂λ d z

1−F (ε̂,λ)
−

∂(1−F (ε̂,λ))
∂λ

f (ε̂,λ)

= 1

1−F (ε̂,λ)

[ˆ
ε̂

∂(1−F (z,λ))

∂λ
d z −p∗∂(1−F (ε̂,λ))

∂λ

]
(2.32)

When (2.32) is positive, the solution to (2.17), which we denoted as ε̂3(λ), is

smaller than the solution to (2.12), which we have denoted up until now by
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ε̂2(λ). As a result, the crossing point between ε̂1(λ) and ε̂2(λ) will be below the

crossing point between ε̂1(λ) and ε̂3(λ). This implies under-investment. When

(2.32) is negative, we have over-investment. When (2.32) is negative, we have

over-investment. �

Proof of Proposition 4.

Because F is supermodular, the density f (ε,λ) increases in λ. This implies that

∂(1−F (ε,λ))
∂λ

decreases in ε. Therefore, for any ε and z > ε, we have:

∂(1−F (ε,λ))

∂λ
> ∂(1−F (z,λ))

∂λ

Taking the right hand integral in the inequality above gives:

ˆ ε

ε

∂(1−F (ε,λ))

∂λ
d z >

ˆ ε

ε

∂(1−F (z,λ))

∂λ
d z,

or
∂(1−F (ε,λ))

∂λ

ˆ ε

ε

d z >
ˆ ε

ε

∂(1−F (z,λ))

∂λ
d z. (2.33)

Similarly, because f (ε,λ) weakly increases in ε, for all z > ε, we have:

f (z,λ) ≥ f (ε,λ).

Taking the right hand integral gives,

ˆ ε

ε

f (z,λ)d z ≥
ˆ ε

ε

f (ε,λ)d z,

or

1−F (ε,λ) ≥ f (ε,λ)

ˆ ε

ε

d z. (2.34)

By combining (2.33) and (2.34), we get:

∂(1−F (ε,λ))
∂λ

´ ε
ε d z

f (ε,λ)
´ ε
ε d z

=
∂(1−F (ε,λ))

∂λ

f (ε,λ)
>
´ ε
ε
∂(1−F (z,λ))

∂λ d z

1−F (ε,λ)
,

which is the same as the over-investment condition in Proposition 3. �
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Proof of Proposition 8.

After integration by parts, we can rewrite the MRL function more conveniently

as follows:

MRL(ε̂;λ) =
´
ε̂(1−F (z;λ))d z

1−F (ε̂;λ)
.

Because the mean residual life of F (ε,λ) is weakly decreasing inλ, its first-order

derivative with respect to λ is non-positive:

[1−F (ε,λ)]
´
ε
∂(1−F (z,λ))

∂λ
d z − ∂(1−F (ε,λ))

∂λ

´
ε[1−F (z,λ)]d z

[1−F (ε,λ)]2
≤ 0.

Rearranging this expression, we get:

´
ε
∂(1−F (z,λ))

∂λ d z

1−F (ε,λ)
≤

∂(1−F (ε,λ))
∂λ

(1−F (ε,λ))2´
ε(1−F (z,λ))d z

. (2.35)

Now, because 1− F (λ,ε) is log-concave in ε, the right hand integral of the

function
´
ε(1−F (z,λ))d z is also log-concave in ε (see Theorem 3, Bagnoli

and Bergstrom (2005)). Therefore the second-order derivative of log(
´
ε(1−

F (z,λ))d z) with respect to ε is negative:

f (ε,λ)
´
ε(1−F (z,λ))d z − (1−F (ε,λ))2

[
´
ε(1−F (z,λ))d z]2

< 0.

Because the denominator of this expression is positive, this implies that:

f (ε,λ) < (1−F (z,λ))2´
ε(1−F (z,λ))d z

(2.36)

Combining (2.35) and (2.36) gives:

´
ε
∂(1−F (z,λ))

∂λ
d z

1−F (ε,λ)
≤

∂(1−F (ε,λ))
∂λ

(1−F (ε,λ))2´
ε(1−F (z,λ))d z

<
∂(1−F (ε,λ))

∂λ

f (ε,λ)
,

which, by Proposition 3, implies over-investment. �
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Proof of Proposition 6.

Let ε̂∗0 be the consumers reservation value when λ= 0, that is, the solution to:ˆ
ε̂0

(z −ε0)dF (z) = s. (2.37)

Likewise, let ε∗
λ

the consumers reservation value for λ> 0, that is the solution

to ˆ
ελ

(z −ελ)dF (z −λ) = s

By the change of variables t = z −λ, this is equivalent to:ˆ
ελ−λ

(t − (ελ−λ))dF (t ) = s. (2.38)

From Eqs. (2.37) and (2.38), it readily follows that ε̂∗
λ
= ε̂∗0 +λ. Therefore, in this

case in which quality enters the distribution of match values additively, the

reservation value is affected also additively by the investment in quality.

The firms’ equilibrium investment is given by the condition (2.10):
∂(1−F (ε̂∗

λ
,λ))

∂λ

f (ε̂∗
λ

,λ)
= K ′(λ)

Because F (ε̂∗
λ

,λ) = F (ε̂∗
λ
−λ) = F (ε̂∗0 ) and similarly f (ε̂∗

λ
−λ) = f (ε̂∗0 ), we have:

∂(1−F (ε̂∗
λ

,λ))

∂λ
= f (ε̂∗λ−λ).

Using this relation, we can rewrite the equilibrium condition (2.10) simply as:

1 = K ′(λ)

Hence, quality is independent of search costs.

The planner’s investment problem is given by the solution to the FOC:´
ε̂
∂(1−F (z−λ))

∂λ
d z

1−F (ε̂−λ)
= K ′(λ)

Using the relations above, this can be rewritten as:

1 = K ′(λ),

which shows that the firms and the planner have the same incentives. �
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Proof of Proposition 7.

Because the search rule does not depend on the price at which the products

sell, for a fixed investment, the reservation value is computed as before, that is,

as the solution to the equation:

ˆ
ε̂

(z − ε̂) f (z,λ)− s = 0.

Suppose the monopolist charges a price p for each of the products. The (per-

product) profits of the monopolist are then equal to

π= p −K (λ) (2.39)

provided that ε̂ ≥ p for otherwise consumers would not participate in the

market. This implies that the monopolist will continue to increase its price

until p = ε̂.

The first order condition for profits maximization with respect to λ is then:

∂ε̂

∂λ
−K ′(λ) = 0. (2.40)

Using the search rule, we can derive that (for details see the proof of Proposition

1):
∂ε̂

∂λ
=
´
ε̂
∂(1−F (z,λ))

∂λ d z

1−F (ε̂,λ)
(2.41)

so the FOC (2.40) becomes

´
ε̂
∂(1−F (z,λ))

∂λ d z

1−F (ε̂,λ)
−K ′(λ) = 0.

This expression is exactly identical to the FOC for the planner in Equation (2.17).

We then conclude that the monopolist provides a socially optimal amount of

quality. �
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Example 5 Match values distributed on [λ,1] according to F (ε,λ) = (ε−λ)(1−λε)
(1−λ)2 ,

with 0 ≤λ< 1.

Consider the case in which match values follow the distribution:

F (ε,λ) = (ε−λ)(1−λε)

(1−λ)2
, with support [λ,1], 0 ≤λ< 1.

The case of λ = 0 is the case of the uniform distribution on [0,1]. Taking the

derivative with respect to λ gives ∂[1−F (ε,λ)]
∂λ = (1−ε)2(1−λ2)

(1−λ)3 ≥ 0, so match values

increase in the sense of FOSD when λ goes up.

The corresponding density function is:

f (ε,λ) = 1−2λε+λ2

(1−λ)2
.

Notice that this density is decreasing in ε so this example violates the conditions

in Proposition 4. Yet, this example satisfies the conditions in Proposition 8 and

therefore the market over-invests in quality from a social welfare perspective.

To see this, notice first that the density f (ε,λ) is log-concave in ε. In fact,

∂

∂ε

∂ log[ f (ε,λ)]

∂ε
=− 4λ2(

1+λ2 −2λε
)2 < 0.

It is known that the log-concavity of f implies the log-concavity of 1−F .

We now compute the MRL of ε:

MRL(ε,λ) =
´ 1
ε 1− (z−λ)(1−λz)

(1−λ)2 d z

1− (ε−λ)(1−λε)
(1−λ)2

= (1−ε)(3−λ(4+2ε−3λ))

6[1−λ(1+ε−λ)]
.

Taking the derivative with respect to λ gives:

∂MRL

λ
=−

(
1−λ2

)
(1−ε)2

6
(
1−λ(1+ε)+λ2

)2 < 0,

so the MRL is strictly decreasing in λ. �
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Example 6 Match values distributed according to the Kumaraswamy distri-

bution F (ε,λ) = 1−
[

1− ε−λ
1−λ

]α
, ε ∈ [λ,1], α> 1.

The density function is

f (ε,λ) =
α

(
1− ε−λ

1−λ
)α−1

1−λ , (2.42)

When α > 1, this density function is decreasing in ε so we cannot apply

Proposition 4. However, note that

∂

∂ε

∂ log[ f (ε,λ)]

∂ε
=− b

(1−x)2
< 0,

which implies that 1−F is log-concave in ε. For this distribution, the MRL of ε

is:

MRL(ε,λ) =
´ 1
ε

(
1− z−λ

1−λ
)b

d z(
1− ε−λ

1−λ
)b

= 1−ε
b +1

,

which is weakly decreasing in λ.

We conclude that the conditions of Proposition 8 apply and therefore the market

invests too much from a social welfare perspective. �





CHAPTER 3
Quality Provision and Welfare

in a Search Market for services1

3.1 Introduction

This paper studies the market provision of quality and welfare in a competitive

environment with search frictions. Specifically, we consider a market for

services in which a large number of differentiated service providers compete

by setting prices, whereas consumers search sequentially to find satisfactory

matches. The value of a service to a consumer is twofold: not only she cares

about the level of quality a provider offers, but also about a buyer-specific

match value with this provider. In order to discover both these features, and

the corresponding prices at which services are offered, the consumer must

pay a costly visit to the service providers, referred as firms in the following

context. Firms must make an investment of effort in order to offer high-quality

services to consumers. The outcome of the investment is however stochastic

1This chapter is based on Moraga-González and Sun (2019).
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and firms may ultimately end up with offering a low-quality service. In this

setting, we study the market incentives to invest in quality and address the

question whether the market provides an excessive or an insufficient level of

quality.

Throughout most parts of this Chapter, we assume that the investment is made

on per visit basis. The direct implication of this assumption is that a firm must

make a tailored investment for each visiting consumer. We consider the per

visit investment fits better for services, where each firm has to tailor the service

for individual consumers to suit their needs. Under such setting, an effort

made to improve quality for one consumer usually does not easily transfer to

another consumer, hence naturally the investment of effort must be made for

each visiting consumer. The case of once and for all investment, which applies

better to a market only for goods, is discussed in Section 3.5.

A possible example fitting the above features is the market for mortgages

advisory services. There are many different types of mortgage products in

the market, and each mortgage provider has its own terms and conditions

concerning mortgages. It is hard for consumers to learn the product specifics

of a mortgage provider without visiting a mortgage advisor from that provider.

Moreover, consumers have idiosyncratic preferences, therefore an advisor

need to make costly investments/efforts to understand the economic states

and preferences of a consumer in order to recommend the most suitable

product and make a tailored promotion of the features of the products. For

example, an advisor can advocate that a mortgage product can be prepaid

without penalty. If a consumer expects she can build up savings and hence is

able to pay back in advance, this feature of the loan is then perhaps attractive

to her. Other examples are the markets for human resources; many companies

rely on the services of recruiters to find candidates of an opening. The desired
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qualities and skills for a position often are specific and can vary from company

to company. A recruiter can make an effort to understand the requirements

and recommend the most suitable person in his network.

We first examine the nature of market equilibrium. Depending on the pa-

rameters of the model, we may have either a market equilibrium where both

high- and low-quality products sell, or, else, a market equilibrium where only

high-quality products obtain demand. When the search cost is sufficiently

low, low-quality products do not sell in market equilibrium. This is because

consumers, upon visiting a firm that sells low quality, always find it profitable

to continue searching for a better deal. As search costs increase, the trade-off

between the gains and the losses of continued search turn more favourable for

the low-quality firms. When search costs increase beyond a certain threshold,

consumers who find relatively good deals at low-quality firms choose to stop

searching and consume their products.

We then study the private incentives to invest in quality provision. An individ-

ual firm continues to invest in quality until the difference between the profits

generated by a high-quality product and the profits created by a low-quality

product equal the marginal investment cost. Because search costs give market

power to the firms, both the profits from selling high- and low-quality products

increase as search costs rise. However, it turns out that the profits generated by

a high-quality product increase disproportionately more than those created by

a low-quality one. As a result, firms invest more in quality provision as search

costs go up. In spite of this positive effect of higher search frictions, in our

model it turns out that consumer surplus decreases in search costs. That is,

search costs themselves and the induced negative price effects have a greater

negative impact on consumer surplus than the positive effect brought about

by the induced increase in the quality of the products firms offer. In Wolinsky
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(2005) higher search costs also result in higher quality but, in contrast to our

finding, in higher consumer surplus.

We finally ask whether the market equilibrium is constraint-efficient. In

choosing its investment in quality, an individual firm cares about the additional

profit it makes when switching from low quality to high quality, and takes

consumer traffic from firm to firm as given. The social planner, by contrast,

chooses an investment plan for all the firms together, taking into account its

effect on consumer surplus and on the typical number of visitors a firm gets.

From the point of view of joint profit maximization, individual sellers invest

too much. Individual firms ignore that collectively their investments have a

bearing on consumer search, which affects the number of visits per firm and

in turn firms’ profits. As a matter of fact, the higher the investment is, the lower

the number of visits per firm, which reduces the profits of the firms. Sellers

also ignore the positive externality that higher quality has on consumers and

therefore, from the point of view of the consumer surplus maximization, firms

invest too little in quality. We show that when the search cost is relatively low

and the cost of investment too, the first effect has a dominating influence and

the market equilibrium over-provides quality from a social welfare standpoint.

If the cost of investment is large enough, or if search cost is sufficiently high,

the market under-provides quality.

The paper most closely related to ours is by Wolinsky (2005), which builds on

the classic model of consumer search for differentiated products introduced

by Wolinsky (1986) and further studied by Anderson and Renault (1999). In

contrast to our paper, Wolinsky finds that quality provision is constraint-

efficient. The main difference between Wolinsky’s model and our model is

that in Wolinsky’s paper quality provision affects neither search incentives nor

equilibrium prices. This results in that the contribution to profits of an extra
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unit of quality equals the contribution to consumer surplus, and therefore

investment is efficient. In our model, by contrast, investment affects the high-

and low-quality product composition of market supply, which has a bearing

on incentives consumers have to search for satisfactory products.

Another related study has been made by Fishman and Levy (2015). In their

paper, firms can either sell a product of high- or of low-quality, where quality

affects utility additively. Their main finding is that, depending on the initial

proportion of high quality firms, lower search cost can either increase or

decrease the proportion. Fishman and Levy, however, focus on the effects

of higher search costs on investment and do not study the efficiency of market

equilibrium.

Our paper adds to a growing literature allowing for a richer choice of firm

strategies in consumer search models. Larson (2013) studies how market

provision of product design varies with search costs. The market equilibrium

has all firms choosing extreme designs, i.e. a firm either chooses to offer the

most generic product possible, or the most nichy product possible. Armstrong

et al. (2009) introduce a search model allowing for a prominence firm, which is

sampled first by all consumers. They find that the prominent firm charges a

lower price than the non-prominent firms. Haan and Moraga-González (2011)

present a model in which firms gain prominence by investing in persuasive

advertising; they find that an increase in consumer search costs may boost

advertising efforts so much so as to lower firm profits. Moraga-González

and Petrikaite (2013) study the incentives to merge and the consequences

of mergers. Likewise, Rhodes and Zhou (2017) also study firms’ incentives

to merge. Their model adopts a retail market structure, which allows for the

existence of multiproduct firm. They find that asymmetric market structures

where multi- and single-product retailers coexist may endogenously arise in

equilibrium.
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The chapter is organized as follows. We introduce the model in section

3.2. Section 3.3 is dedicated the the analysis of competition with quality-

differentiated firms and includes comparative statics effects of a higher quality

gap between the products, a higher search cost and a higher share of high-

quality firms. The main section is Section 3.4 where we discuss the efficiency

of market equilibrium. Section 5 concludes. To ease the reading of the paper,

all proofs are placed in an Appendix at the end of the paper.

3.2 A search model with quality-differentiated firms

There is a continuum of firms and consumers. Without loss of generality, we

normalize the measure of consumers and firms to 1. There are two types

of products or services: high-quality (h) and low-quality products (`). In

particular, the type of a product depends on a Bernoulli random variable I . If

this variable takes on value I = 1, which happens with probability α ∈ [0,1],

then the firm offers a high-quality product; otherwise, when I = 0, the firm

offers a low-quality product. Because of the continuum of firms, we can also

regard α as the share of high-quality firms; under this interpretation, then, a

fraction 1−α of firms sell low quality.

Let ph (p`) be the price of a high-quality (low-quality) product. A consumer i

who buys product j gets utility equal to

u j =µ jεi j −p j , j = h,`,

where εi j is a match value between the consumer i and product j . We assume

that the match value is a random draw from a distribution F with support on

[0,1]; the probability density function corresponding to F will be denoted by

f . In addition, we assume f to be log-concave to ensure the uniqueness of
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search equilibrium. The factor µ j measures the marginal utility of an increase

in the match value and varies across products. In particular we assume that

µh >µ` > 0. Given that match values are distributed on the unit interval, mean

utility increases as µ j goes up. That is why h-products are regarded as products

of higher quality than `-products. 2

While vertical product differentiation is a constant in many markets, little is

known about its effects on competition under consumer search. In the first

part of the paper we focus on the nature of competition between high- and

low-quality products. Later in this paper we endogenize the type of product

a firm chooses to offer in the market and compare it to the choice of a social

planner. If the quality is endogenized, firms can freely choose their own α,

but it comes with a cost K (α). Under this setting, we can also interpret the

probability α as an investment effort. We assume that K (α) is an increasing

and convex function of α, with K ′(0) = 0 and K ′′ > 0. 3

Consumers engage in sequential search to discover the exact utilities they get at

the different firms. While searching consumers have correct conjectures about

the share of high-quality firms in the market as well as about the prices the

different firms charge; however, they do not know which quality a specific firm

sells and also not the value of the match with this firm unless they pay a visit to

it. Given these market characteristics, consumers search is random and takes

place as follows. A consumer randomly picks a first firm and visits it. Upon

2Our utility specification is similar to that in Anderson and Renault (1999). In our model
a higher µ j signifies a higher mean and a higher dispersion of valuations. Larson (2013) also
adopts this specification but restricts attention to match value distributions centred at zero.
Thus, in his model a higher µ j only implies a higher dispersion of valuations. Fishman and
Levy (2015) choose to model quality additively and in their model an increase in quality only
affects the mean valuation and not the dispersion.

3The assumption that K is increasing and convex captures the idea that R&D processes
to improve product quality often have decreasing returns and is quite standard in the R&D
literature (see e.g. Shaked and Sutton (1982)). In our model this assumption also helps ensure
the uniqueness of equilibrium.
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arrival at the firm, the consumer observes the type of the firm visited as well as

the value of the match with this firm. Then the consumer chooses whether to

stop searching and buy the product at hand or else continue searching for a

satisfactory product at another firm. Each time the consumer searches, she

incurs a search cost s. If a consumer quits the market without searching, she

gets zero utility; to avoid that the market collapses and all consumers quit right

away, we shall assume that the search cost is low enough.

3.3 Market equilibrium with exogenous quality

In this section we restrict out attention to the base case where quality, denoted

by α, is exogenous. In next section we will discuss what happens if firms can

choose their own level of quality. We focus on symmetric market equilibrium.

By this we mean an equilibrium where consumers use the same stationary

stopping rules and firms of the similar type charge the same prices. As we shall

see later, depending on the parameters of the model, we may have either a

market equilibrium where both high- and low-quality products are bought by

consumers, or a market equilibrium where only high high-quality products

are.

3.3.1 Consumer search behaviour

Assume for the moment that both high- and low-quality firms have positive

sales; later we will provide conditions under which this is true. Take a consumer

who is currently at a high-quality firm and has a product at hand that gives her
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utility µhε−ph . Since consumers have correct conjectures about the prices

firms charge, the gains from searching are given by:

Gh(ε) ≡α
ˆ 1

ε

µh(z −ε) f (z)d z + (1−α)

ˆ 1

p`−ph+µhε
µ`

(µ`z −p`−µhε+ph) f (z)d z.

Let ε̂h be the solution to Gh(ε)− s = 0; because Gh(ε) is monotonically decreas-

ing, a solution to this equation exists provided the search cost is sufficiently

low. The scalar ε̂h is referred to as the reservation match value at a high-quality

firm; and µh ε̂h −ph is the corresponding reservation utility at a high-quality

firm. In market equilibrium, a consumer who visits a high-quality firm and

draws a match value ε> ε̂h stops searching; otherwise the consumer continues

searching for a good match at another firm. Since there is a continuum of firms,

a consumer who walks away from a given firm is lost forever by this firm. Note

that ε̂h decreases as the search cost s increases.

Likewise, the gains from search for a consumer currently at a low-quality firm

with a product at hand giving her utility µ`ε−p` are given by the expression

G`(ε) ≡α
ˆ 1

ph−p`+µ`ε
µh

(µh z −ph −µ`ε+p`) f (z)d z + (1−α)

ˆ 1

ε

µ`(z −ε) f (z)d z.

The solution to G`(ε)− s = 0, denoted by ε̂`, gives the reservation value at a

low-quality firm; the corresponding reservation utility at a low-quality firm

is µ`ε̂`−p`. As before, in market equilibrium, a consumer who visits a low

quality firm and draws a match value ε > ε̂` stops searching; otherwise the

consumer proceeds by searching at another firm.

In an equilibrium where high- and low-quality firms obtain positive profits,

some consumers must stop searching at either type of firm. This implies that
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we must have ε̂`, ε̂h ∈ [0,1) and Gh(ε̂h) =G`(ε̂`) = s. As a result, the reservation

utilities at the two firms must be identical:4

U ≡µh ε̂h −ph =µ`ε̂`−p` (3.1)

The number U is referred to as the market utility; it is the surplus consumers

expect to get when participating in the market. On the other hand, we can

consider situations in which the low-quality firms do not sell anything; this

occurs because the gains from search at low-quality firms are always greater

than the search cost, i.e. ε̂` ≥ 1. In that case the gains from search at high-

quality firms are given by

Gh(ε) ≡α
ˆ 1

ε

µh(z −ε) f (z)d z.

Using (3.1) to simplify the search rule, we get that the reservation values ε̂`, ε̂h

must satisfy the following:

G=


α

ˆ 1

ε̂h

µh(z − ε̂h) f (z)d z + (1−α)

ˆ 1

ε̂`

µ`(z − ε̂`) f (z)d z = s if ε̂` < 1, (3.2)

α

ˆ 1

ε̂h

µh(z − ε̂h) f (z)d z = s otherwise. (3.3)

3.3.2 Equilibrium pricing

We now characterize the symmetric equilibrium prices of high- and low-quality

firms. In order to do so, we derive the payoff of a firm that deviates from the

price set by the rest of the firms of similar type. Next, we compute the first order

condition (FOC), apply the symmetry condition and solve for the equilibrium

4It is straightforward to check that when the reservation utility at high-quality firms is
different from that at low-quality firms then Gh(ε̂h) =G`(ε̂`) cannot hold.
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price. Our assumption that f is log-concave will imply that the price that solves

the FOC is an equilibrium price.

Let us first look at a situation where both high- and low-quality firms obtain

positive demand. Denote the equilibrium prices of high- and low-quality firms

by p̂h and p̂l . Consider a high-quality firm that deviates from equilibrium and

offers a price p ′
h 6= p̂h to the consumers who visit it. Taking as given consumer

search behaviour (ε̂h and ε̂`) and the prices of low- and high-quality firms, the

payoff to the deviant firm is:

πh(p ′
h ; p̂h , p̂`) = 1

1− [αF (ε̂h)+ (1−α)F (ε̂`)]
p ′

h

[
1−F

(
p ′

h +µh ε̂h − p̂h

µh

)]
. (3.4)

The first term in this expression is the number of consumers who typically turn

up at a given firm. The second term is the mark-up of the deviant firm. The

third term is the probability that a consumer who pays a visit to the deviant firm

chooses to stop searching there and buys the product of such a firm. Taking

the FOC, and applying symmetry we get the equilibrium price of a high-quality

firm:

p̂h = µh(1−F (ε̂h))

f (ε̂h)
. (3.5)

Let us now look at a situation where all consumers walk away from low-quality

firms no matter how good the match value with these firms is. In this case,

the expected number of visits only relies on ε̂h and therefore the payoff to a

deviant high-quality firm is:

π̂h(p ′
h ; p̂h) = 1

α(1−F (ε̂h))
p ′

h

[
1−F

(
p ′

h +µh ε̂h − p̂h

µh

)]
. (3.6)

Note that, apart from the different reservation value of consumers, the only

difference between the payoffs in (3.4) and (3.6) is the number of consumers
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who typically turn up at the deviant. In symmetric equilibrium, this profit is

also maximized by the price given in expression (3.5).

Plugging the equilibrium price into the profits expressions above, we obtain

the equilibrium profits of high-quality firms:

Πh =


1

1−αF (ε̂h)− (1−α)F (ε̂`)

µh(1−F (ε̂h))2

f (ε̂h)
if ε̂` < 1,

1

α

µh(1−F (ε̂h))

f (ε̂h)
otherwise.

The low-quality firms, provided they get positive demand, face a similar

problem and maximize the expression:

π`(p ′
`; p̂h , p̂`) = 1

1− [αF (ε̂h)+ (1−α)F (ε̂`)]
p ′
`

(
1−F

[
p ′
`
+µ`ε̂`− p̂`

µ`

])

Taking the FOC, and applying symmetry we obtain the equilibrium price of

low-quality firms:

p̂` =
µ`(1−F (ε̂`))

f (ε̂`)
. (3.7)

After using the equilibrium price in the profits expression above, we obtain the

equilibrium profits of low-quality firms:

Π` =


1

1−αF (ε̂h)− (1−α)F (ε̂`)

µ`(1−F (ε̂`))2

f (ε̂`)
if ε̂` < 1,

0 otherwise.

3.3.3 The market equilibrium

To close the construction of equilibrium, we now check conditions under which

both high- and low-quality firms obtain positive profits. For the low-quality

firms to have positive sales, it is necessary that consumers stop searching at

those firms whenever they happen to draw a sufficiently high match value, i.e.

it must be the case that ε̂` < 1. We begin to address this question by checking

the properties of reservation values ε̂h and ε̂`.
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Claim 7 Assume that both types of firms get demand, then in equilibrium ph >
p` and ε̂h < ε̂`.

It is easy show that ε̂h < ε̂`. Recall that from (3.1), in equilibrium the reservation

utilities of high- and low-quality firms must equal. Plug in the equilibrium

prices we get:

µh

(
ε̂h − 1−F (ε̂h)

f (ε̂h)

)
=µ`

(
ε̂`−

1−F (ε̂`)

f (ε̂`)

)
(3.8)

In order to let this equation hold, it must be that

ε̂h − 1−F (ε̂h)

f (ε̂h)
< ε̂`−

1−F (ε̂`)

f (ε̂`)

The log-concavity assumption ensures that 1−F (ε)
f (ε) is decreasing in ε, thus ε−

1−F (ε)
f (ε) is an increasing function of ε. Therefore the inequality above implies

that ε̂h < ε̂`. As a result,

ph = µh (1−F (ε̂h))

f (ε̂h)
> µh (1−F (ε̂`))

f (ε̂`)
> µ` (1−F (ε̂`))

f (ε̂`)
= p`

Lemma 1 If both types of firms have positive demand, then in equilibrium ε̂h

and ε̂` are decreasing in s. If only high-quality firms get demand, then ε̂h is

decreasing in s.

The proof is relegated to Appendix. The conclusions of Remark 7 and Lemma 1

however are rather intuitive. The high-quality firms have a cutting advantage,

which allows them to charge a higher price than their low-quality peers. In

addition, consumers are less choosy towards high-quality firms because even

with lower match values, they are compensated by the higher multiplier µh .

When the search cost falls, because per search is cheaper, the consumers

in general conduct more searches and stop searching only if match value is

sufficiently high. Hence we have the following characterization of market

equilibrium.
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Proposition 1 For a given α, let s∗ be the solution to

s∗ =α
ˆ 1

ε̃h

µh(z − ε̃h) f (z)d z (3.9)

where ε̃h solves:

µh

(
ε̃h − 1−F (ε̃h)

f (ε̃h)

)
=µ` (3.10)

(i) Assume that s > s∗. Then, there exists a unique symmetric equilibrium

where both high- and low-quality firms sell. In equilibrium firms charge

the prices given in (3.5) and (3.7), obtaining profits conditional on product-

type equal to

Πh = µh(1−F (ε̂h))2/ f (ε̂h)

1−αF (ε̂h)− (1−α)F (ε̂`)
and Π` =

µ`(1−F (ε̂`))2/ f (ε̂`)

1−αF (ε̂h)− (1−α)F (ε̂`)
.

(ii) Assume otherwise that s ≤ s∗. Then, in equilibrium the low-quality firms

obtain no sales, while the high-quality firms charge a price equal to (3.5)

and obtain profits equal to

Πh = µh(1−F (ε̂h))

α f (ε̂h)
and Π` = 0.
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Figure 10: ε̂h and ε̂l change with s. F is the unit uniform distribution, µh = 3,
µl = 1 and α= 0.7.
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Proposition 1 naturally follows from Remark 7 and Lemma 1. When search

cost is large, consumers tend to be less choosy. They stop as soon as they

find a reasonable match, regardless of the type of the firm. As search cost goes

down, while ε̂h remains below ε̂`, both of the reservation values become higher.

Finally when search cost drops to s∗, ε̂` approaches one, and p̂` approaches

zero. Afterwards, consumers stop buying from low-quality firms because

search cost is so low that it is always better for them to search for a high-quality

match.

Next we provide an example based on unit uniform distribution.

Example 1 Suppose F is the unit uniform distribution. By (3.9) and (3.10),

s∗ = α(µh −µ`)2

8µh

From (3.5) and (3.7), if s > s∗, both high- and low-quality firms obtain positive

demand, the equilibrium prices are:

ph = 1− ε̂h

p` = 1− ε̂`

Plug in the prices into (3.1) to obtain:

ε̂h = 1

2
+ U

2µh
(3.11)

ε̂` =
1

2
+ U

2µ`
(3.12)

It is straightforward to see that ε̂` > ε̂h . When s ≤ s∗, the price and reservation

value of high-quality firms can be denoted by the same expressions, the low-

quality firms have no demand.
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Plugging these values into the search rules (3.2) and (3.3) to solve for U , the

market utility is equal to:

U=


µhµ`−

√
µhµ`

(
8s

(
(1−α)µh +αµ`)

)− (1−α)α(µh −µ`)2
)

(1−α)µh +αµ`
if ε̂` < 1, (3.13)

µh −
√

8µh s

α
otherwise. (3.14)

Clearly in both cases U ≤µ` <µh .

3.4 Endogenous quality

Having described how high- and low-quality firms compete for customers,

their conditional profits and market utility, in this section we examine the

incentives of the firms to invest in the quality of their products or services from

a welfare perspective. Unfortunately, the analysis quickly becomes intricate

because of the asymmetries brought about by the existence of high- and low-

quality products. In order to make progress, we shall assume that F is the unit

uniform distribution in the rest of this Chapter.

Specifically, we assume that if a firm wants to offer a high-quality product or

service to a consumer who pays it a visit, then it needs to pay the investment

cost K (α). Correspondingly, the function K ′(α) should be seen as a marginal

cost of investing in quality. We believe that this formulation suits better a search

environment like ours where consumers cannot direct their search towards

high-quality firms. This is reasonable in situations where the investment

effort relates to the quality of the service provided by a salesperson, like

for example the quality of advice given by a financial advisor to a given

consumer. Nevertheless, later in Section 3.5, we show that our results extend

to situations where the investment cost is paid once and for all. Such extension

fits better in situations where investments in quality cause permanent product
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improvements and therefore quality must be treated as a long-run variable

rather than one-off.

3.4.1 Market provision of quality

Let us look at the incentives of the firms to invest in quality provision. In

choosing whether to invest in quality or not, an individual firm takes as given

consumer search behaviour. The marginal gain from investing in quality is

equal to the difference between the per-consumer profit from selling a high-

quality product and the per-consumer profit from selling a low-quality product.

Denoting the market equilibrium investment level as α∗, the per-consumer

profit of a high-quality firm is µh(1− ε̂h(α∗))2, while that of a low-quality firm

is µ`(1− ε̂`(α∗))2. Therefore the marginal gains from investing in quality equal

to:

M(α∗) ≡
{
µh(1− ε̂h(α∗))2 −µ`(1− ε̂`(α∗))2 if ε̂`(α∗) < 1,

µh(1− ε̂h(α∗))2 otherwise.

The marginal costs are K ′(α). In the formula of the marginal gains, we have

made explicit the dependency of the reservation values on the equilibrium

share of high-quality firms. In what follows, we may suppress this dependency

to shorten notation.

Using (3.11) and (3.12), M(α∗) can be written as follows:

M(α∗) ≡


1

4

[
µh

(
1− U (α∗)

µh

)2

−µ`
(
1− U (α∗)

µ`

)2]
if ε̂`(α∗) < 1,

µh

4

(
1− U (α∗)

µh

)2

otherwise.

where U (α∗) is given above in (3.13) and (3.14), depending on ε̂`.



82 3. Search Market for services

An individual firm will invest in quality so long as the marginal gains are greater

than the marginal cost. Therefore, a market equilibrium share of high-quality

firms satisfies the condition:

M(α∗)−K ′(α∗) = 0. (3.15)

We now note that the marginal incentives to invest in quality are strictly positive

and strictly decreasing in α∗. The latter follows from observing that

∂M(α∗)

∂α∗ =


1

2

(
U (α∗)

µh
− U (α∗)

µ`

)
∂U (α∗)

∂α∗ if ε̂`(α∗) < 1,

−1

2

(
1− U (α∗)

µh

)
∂U (α∗)

∂α∗ otherwise.

Take the partial derivatives of equation (3.13) and (3.14), simplify them with

the search rules reveals that:

∂U

∂α
=


(µh −µ`)(µhµ`−U 2)

2
(
µhµ`−U

(
µh(1−α)+αµ`

)) > 0 if ε̂` < 1, (3.16)√
2µh s

α3
> 0 otherwise. (3.17)

Equation (3.16) follows from U < µ` < µh . Because the marginal cost of

investing is zero at α∗ = 0, this implies that for any investment cost function

satisfying K ′(1) > M(1), there exists a unique interior market equilibrium share

of high-quality firms.

Proposition 2 There exists a unique market equilibrium share of high-quality

firms, which is equal to the solution of equation (3.15) if K ′(1) > M(1), and equal

to 1 otherwise.

Proposition 2 directly follows from the fact that Equation (3.15) is decreasing

in α∗ and M(0) > K ′(0) = 0.

We provide a graphical illustration of Proposition 2 in Figure 11. In the left panel,

we represent a case where search costs are relatively high, and consumers buy
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11.1: High search costs
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11.2: Low search costs

Figure 11: Market equilibrium share of high-quality firms

from low-quality firms as well as from high-quality firms. In particular we

set s = 0.1,µh = 3 and µ` = 1.5 and for the marginal costs of investment we

choose K (α) =α3/13. For these parameters, the equilibrium is reached when

ε̂` < 1. The marginal gains from investing in quality are represented by the

solid decreasing curve. The upward sloping curve represents the marginal cost

of investment. The equilibrium market share of high-quality firms α̂∗ is given

by the crossing point between the two curves and is indicated with a dashed

vertical line.

In the right panel we represent a case where search costs are low. In particular

we set s = 0.03 and keep µh = 3 and µ` = 1.5. When search costs are that

low, low-quality products may fail to sell in the market. This in fact occurs as

in equilibrium ε̂` = 1. Given that the marginal cost and the marginal gains

from investing in high quality cross one another to the right of 1− ε̂` > 0, we

obtain an equilibrium market share of high quality firms large enough so that

low-quality firms do not sell.

In both panels, a decrease in the marginal cost of investment shifts the red

curve to the right and correspondingly the market equilibrium share of high-

quality firms increases continuously from 0 to 1 as investment costs go down.
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3.4.2 Market equilibrium and search costs.

How does the market equilibrium share of high-quality firms change with search

costs? When investment costs are very low, the market equilibrium share

of high-quality firms is 1 and hence insensitive to the magnitude of search

costs. We therefore focus on the more interesting case where the equilibrium

is interior. Applying the implicit function theorem to equation (3.15) gives the

following relationship:

dα∗

d s
=−

∂M(α∗)
∂s

∂M(α∗)
∂α∗ −K ′′(α∗)

.

We have shown above that ∂M(α∗)/∂α∗ < 0 so the denominator of this

expression is negative. Note now that for the numerator we have:

∂M(α∗)

∂s
=


1

2

(
U (α∗)

µh
− U (α∗)

µ`

)
∂U (α∗)

∂s
if ε̂`(α∗) < 1,

−1

2

(
1− U (α∗)

µh

)
∂U (α∗)

∂s
otherwise.

which is clearly positive. This implies that an increase in search costs unam-

biguously raises the market equilibrium share of high-quality firms.

The intuition for this result is as follows. Note that an increase in the search

cost raises both the price the different types of firms charge as well as the

probability any firm retains a consumer who pays it a visit. The question is

then which per consumer profits increase more, those of a high-quality firm

or those of a low-quality firm. Note now that an increase in the search cost

increases the price of the high type exactly in the same proportion as that of

the low type:
∂ph

∂s
= ∂p`

∂s
=−1

2

∂U

∂s
> 0.

But because the high type has a larger chance to sell to a consumer who pays it

a visit, the high-quality firm gains more from the ensuing price increase than
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the low-quality firm does:

∂ph

∂s
(1− ε̂h) > ∂p`

∂s
(1− ε̂`).

Finally note that the chance that a high type sells to a consumer who visits

increases in search cost less than the corresponding chance for a low quality

firm:

0 < ∂(1− ε̂h)

∂s
=− 1

2µh

∂U

∂s
< ∂(1− ε̂`)

∂s
=− 1

2µ`

∂U

∂s
.

But because the marginal increase in the probability of selling to a consumer

who visits has value ph for a high-quality firm and value p` for a low-quality

firm, it turns out that the additional value obtained from a higher probability

of stopping searching is greater for the high-quality type:

ph
∂(1− ε̂h)

∂s
=−1− ε̂h

2

∂U

∂s
> p`

∂(1− ε̂`)

∂s
=−1− ε̂`

2

∂U

∂s
.

Do higher search costs decrease consumer surplus? An increase in search costs

has two effects on the market equilibrium. On the one hand, as we have

just seen, higher search costs give market power to the firms, which in turn

increase their prices and hence consumer surplus falls. On the other hand,

higher search costs give firms an incentive to invest in high quality, which

results in a higher market equilibrium share of high-quality firms and thereby

in a higher consumer surplus. It turns out that the net effect is negative. In fact,

for the case in which high- and low-quality products obtain positive sales we

have:

dU

d s
= ∂U

∂s
+ ∂U

∂α∗
dα∗

d s
= 2µhµ`K ′′(α)∂U

∂s

(µh −µ`)U ∂U
∂α∗ +2µhµ`K ′′(α∗)

< 0.

The same result obtains when the low-quality products do not sell in the

market:

dU

d s
= 2µhK ′′(α∗)∂U

∂s

(µh −U ) ∂U
∂α∗ +2µhK ′′(α∗)

< 0.
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Proposition 3 Assume that M(1) > K ′(1) so that the market equilibrium share

of high-quality firms α∗ is interior. Then, an increase in search costs raises the

market equilibrium share of high-quality firms but lowers consumer surplus.

Wolinsky (2005) also finds that investment in quality increases as search costs

go up. Fishman and Levy (2015) obtain a slightly different result. They find

that higher search costs raise the share of high-quality firms when the initial

proportion of high-quality firms is large enough; otherwise, higher search

costs result in a lower share of high-quality firms (cf. their Proposition 1).

The difference is not due to our different formulation of quality in the utility

function. Instead, it is due to our different formulation of investments costs.

While we assume that a firm has to make an investment every time a consumer

visits, they assume that the investment is done before the market opens.

3.4.3 Welfare

Does the market provide too much or too little quality from a social welfare

point of view? To address this question, we now study the social incentives to

invest in quality and compare them to the market incentives.

For this we adopt a second-best approach and study the problem of a social

planner who can choose the fraction of high-quality firms in the market, but

can neither decide how the firms price their products nor instruct consumers

when to stop searching. The timing of decisions remains the same so the

planner, the firms and the consumers all decide simultaneously taking as

given the decisions of the other players. We maintain the assumption that all

decision-makers have correct conjectures about the decisions taken by the

other parties. Let us denote the social welfare maximizing investment effort

chosen by the planner by αo .
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We assume that the social planner seeks to maximize social welfare, which

equals the unweighted sum of consumer surplus and firm profits. Given an

arbitrary investment levelα chosen by the planner, and given consumer beliefs

about the social welfare maximizing investment level αo , consumer surplus is

equal to the market utility:

U (α;αo) =


−s +α´ 1

ε̂h (αo )

(
µh z −ph(αo)

)
d z + (1−α)

´ 1
ε̂`(αo )

(
µ`z −p`(αo)

)
d z

1−αε̂h(αo)− (1−α)ε̂`(αo)
if ε̂` < 1,

−s +α´ 1
ε̂h (αo )

(
µh z −ph(αo)

)
d z

α(1− ε̂h(αo))
otherwise.

where the dependence of the reservation values ε̂h(αo) and ε̂`(αo) and the

prices ph(αo) and p`(αo) on αo has been made explicit. Given firm beliefs

about the investment level αo chosen by the planner, and given consumer

reservation values, firms price their products as usual: p j = µ j (1− ε j (αo)),

j = h,`. Using the equilibrium prices and solving the integrals in U (α;αo) we

get the following expression for consumer surplus:

U (α;αo) =


−s+µh

2 α(1−ε̂h (αo ))(3ε̂h (αo )−1)+µ`
2 (1−α)(1−ε̂`(αo ))(3ε̂`(αo )−1)

1−αε̂h (αo )−(1−α)ε̂`(αo ) if ε̂` < 1,

−s+µh
2 α(1−ε̂h (αo ))(3ε̂h (αo )−1)

α(1−ε̂h (αo )) otherwise,

Likewise, given an arbitrary investment level chosen by the planner α, and

given consumer reservation values, the aggregate expected profits of the firms

are then:

Π(α;αo) =


αµh(1− ε̂h(αo))2 + (1−α)µ`(1− ε̂`(αo))2 −K (α)

1−αε̂h(αo)− (1−α)ε̂`(αo)
if ε̂` < 1,

αµh(1− ε̂h(αo))2 −K (α)

α (1− ε̂h(αo))
otherwise.

Notice that because the social planner chooses a common investment level for

all the firms, it ultimately controls consumer traffic from firm to firm.
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Putting consumer surplus and firm profits together and simplifying, we obtain

an expression for social welfare as a function of actual investment effort of the

planner as well as firm and consumer beliefs about it:

W (α;αo) =


−2s +αµh(1− ε̂h(αo)2)+ (1−α)µ`(1− ε̂`(αo)2)−2K (α)

2(1−αε̂h(αo)− (1−α)ε̂`(αo))
if ε̂` < 1,

−2s +αµh(1− ε̂h(αo)2)−2K (α)

2α(1− ε̂h(αo))
otherwise.

Taking the first-order derivative and using the expression of W (α;αo) to rewrite

it gives:

∂W (α;αo)

∂α
=


µh (1−ε̂h (αo )2)−µ`(1−ε̂`(αo )2)

2 + (ε̂h(αo)− ε̂`(αo))W (α;αo)−K ′(α)

1−αε̂h(αo)− (1−α)ε̂`(αo)
if ε̂` < 1,

µh (1−ε̂h (αo )2)
2 − (1− ε̂h(αo))W (α;αo)−K ′(α)

α(1− ε̂h(αo))
otherwise.

Under sufficient convexity of the investment cost function, the first order

condition gives a maximum because the welfare expression W (α;αo) is strictly

concave. The concavity of welfare is shown in Appendix. Requiring firm and

consumer beliefs to be correct, i.e. α=αo , we obtain that the social optimum

is given by the solution to the equation:

P (αo)−K ′(αo) ≡ 0, (3.18)

where

P (αo) =


µh(1− ε̂h(αo)2)

2
+ ε̂h(αo)W (αo)− µ`(1− ε̂`(αo)2)

2
− ε̂`(αo)W (αo) if ε̂` < 1,

µh(1− ε̂h(αo)2)

2
− (1− ε̂h(αo))W (αo) otherwise.

Using the expressions for the reservation values and the fact that W (αo) =
U (αo)+Π(αo), we can write P (αo) is as follows:

P (αo) =


(µh −µ`)(3µhµ`−U (4Π+3U ))

8µhµ`
if ε̂` < 1,

(µh −U )(3µh −4Π−3U )

8µh
otherwise.
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Unfortunately the shape of the function P (αo) is hard to determine. To see this,

let us first compute:

P ′(αo) = ∂P

∂U

∂U

∂αo
+ ∂P

∂Π

∂Π

∂αo

=


− (µh−µ`)(2Π+3U )

4µhµ`

∂U
∂αo − U (µh−µ`)

2µhµ`

∂Π
∂αo if ε̂` < 1,

3U−3µh+2Π
4µh

∂U
∂αo + U−µh

2µh

∂Π
∂αo otherwise.

The sign of P ′(αo) is ambiguous. However, if K is assumed to be sufficiently

convex, then P ′(αo)−K ′′(αo) < 0 and equation (3.18) has a unique solution.

Given these observations, we conclude that a unique optimum will exist

provided that the investment cost function is sufficiently convex.

Proposition 4 Assume that the investment function K is sufficiently convex,

then there exists a unique welfare-maximizing share of high-quality firms αo ∈
[0,1] given by the solution to P (αo)−K ′(αo) = 0.

Does the market over- or under-provide quality? If αo < (>)α∗, then in

equilibrium the market oversupplies (undersupplies) quality in the sense that

private managers would invest more in their products than what the social

planner would do.

Over-investment occurs if at the market level of investmentα∗ we have P (α∗)−
K ′(α∗) < 0 while under-investment occurs otherwise. In different words when

at the market level of investment α∗ the difference P (α∗)−M(α∗) is strictly

negative (positive), the market provides too many (few) high-quality firms. For

parameter values for which both high- and low-quality firms obtain positive

profits, the difference is

P (α∗)−M(α∗) = 1

2

(
µh ((4−3ε̂h)ε̂h −1)−µ` ((4−3ε̂`)ε̂`−1)

)−W (ε̂`− ε̂h)

= (µh −µl )(3U 2 −4UW +µhµ`)

8µhµ`
(3.19)
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The first term is strictly positive while the second term is strictly negative.

Hence, the sign of P (α∗)−M(α∗) is ambiguous so the market may in principle

under- or over-provide quality.

For parameter values for which the low-quality firms do not get any sales, the

difference between P (α∗) and M(α∗) is

P (α∗)−M(α∗) =−1

2
(1− ε̂h)(µh(1−3ε̂h)+2W )

= (µh −U )(µh +3U −4W )

8µh
, (3.20)

whose sign again is ambiguous.

Claim 2 The market will over-provide quality if the investment cost K (α) is

sufficiently low, and under-provide quality if the investment cost K (α) is high

enough.

In choosing its investment in quality, an individual firm cares about the

additional profit it makes when switching from low quality to high quality,

and takes as given search behaviour and consumer traffic from firm to firm.

The social planner, by contrast, chooses an investment plan for all the firms at

a time, and internalizes the effect of its choice on consumer surplus and on

the typical number of visitors a firm gets. An individual seller thus ignores the

positive externality that a larger share of high-quality firms has on consumers;

by this effect, the market tends to have too few high-quality firms. In addition,

an individual firm ignores the negative effect that an increase in the share of

high-quality firms has on the typical number of visits of a firm. By this effect,

firms over-invest in quality.

Figures 12 and 13 illustrate the over- and under-investment as suggested by

Claim 2. Figure 12 corresponds to graph 11.1 of Figure 11 and we set µh = 3,

µ` = 1.5. Here the search cost is s = 0.1 and given the other parameters, it
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12.1: Over-investment (Small K (α))
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12.2: Under-investment (Large K (α))

Figure 12: Efficiency of market equilibrium

corresponds to an equilibrium where both high- and low-quality products sell

in market equilibrium. For graph 12.1 we choose the function K (α) =α3/13.

Notice that for this small investment cost the market equilibrium share of

high-quality firms as well as the social optimum are such that the reservation

value at low-quality firms is close to 1. This means that low-quality firms sell

very little and the incentives to invest in high-quality are therefore very high. If

we increase the investment cost to K (α) =α3/3 while keeping everything else

constant, low-quality firms sell much more and we obtain under-investment.

This can be seen in graph 12.2 of Figure 12.
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13.1: Over-investment (Small K (α))
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13.2: Under-investment (Large K (α))

Figure 13: Efficiency of market equilibrium
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In Figure 13 we pick a relatively low search cost, namely s = 0.03, while µh

and µ` remain the same. Recall that for low search costs the low-quality

products may not sell in market equilibrium. This is indeed what happens,

as we illustrated it by means of graph 11.2 of Figure 11. In graph 13.1 we can

see that there is over-investment in market equilibrium. If we increase the

investment cost to K (α) = 0.05+α3/13 then we obtain under-investment.

3.5 Long-run quality investment

In this section, instead of assuming that an individual firm has to invest in

quality every time a consumer visits the firm, we assume that firms make a

lump-sum investment before they enter the market.

It is straightforward to see that consumers’ optimal search strategies are not

affected by this change, and firms’ pricing remains the same. Correspondingly

market utility remains the same. What is now different is the private return to

investment in quality because the investment cost K (α) is no longer incurred

per visit. Given an equilibrium investment level of α∗, the marginal gains to an

individual firm from investing in quality are now equal to:

M(α∗) =


µh(1− ε̂h(α∗))2 −µ`(1− ε̂`(α∗))2

1−α∗ε̂h(α∗)− (1−α∗)ε̂`(α∗)
if ε̂`(α∗) < 1, (3.21)

µh (1− ε̂h(α∗))

α∗ otherwise. (3.22)

The marginal investment costs are K ′(α). As before in market equilibrium it

must be the case that M(α∗)−K ′(α∗) = 0. The social optimum is obtained in

exactly the same way as before.

P (αo)=


µh (1−ε̂h (αo )2)−µ`(1−ε̂`(αo )2)

2 + (ε̂h(αo)− ε̂`(αo))(W (αo)+K (αo))

1−αoεh(αo)− (1−αo)ε`(αo)
if ε̂` < 1,

µh (1−ε̂h (αo )2)
2 − (1− ε̂h(αo))(W (αo)+K (αo))

αo(1−εh(αo))
otherwise.
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14.1: Over-investment (Small K (α))
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14.2: Under-investment (Large K (α))

Figure 14: Long-run quality investment and efficiency

Because the denominators of the expressions in M(α∗) and P (αo) also depends

on α∗ and αo , we lose analytical tractability. In order to shed light on the

fact that our results do not really depend on the timing of investments in

Figure 14 we draw two plots showing that we can obtain both over- and

under-investment. In graph 14.1 we set µ` = 1.5, µh = 3, s = 0.1 as before.

The investment cost K (α) = α3/3. In this graph we can see that the social

investment level is smaller than the firm investment level. In graph14.2 we

increase investment cost to K (α) = 3α3, in which case we obtain a situation

where the equilibrium investment level is smaller than the welfare maximizing

one.

3.6 Conclusion

Quality provision is a central ingredient of market performance. While the

search cost literature has paid a lot of attention to pricing, little work exists

that studies how quality provision and efficiency relate to search costs. As far

as we know, the only exception is Wolinsky (2005), who finds that the market

equilibrium is constraint-efficient. This paper presents a new analysis of the

efficiency of quality provision in search markets.
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We have found that larger search frictions result in a greater provision of quality

in the market. This is because higher search costs give increase the market

power of high-quality firms in a disproportionate way relative to the low-quality

firms. In spite of this effect, which is good for consumers, price increases and

costlier search have a dominating influence and consumer surplus declines as

search costs go up.

We have also assessed the efficiency of market equilibrium. From the point of

view of the consumers, there is too little investment in quality; whereas from

the collective point of view of the firms there is too much investment. Whether

the market over- or under-provides quality depends on the level of investment

costs. As the investment cost decreases, the individual marginal gains of a

firm grows more quickly than the marginal gain from the perspective of social

planner.

Economists have debated a lot about the role of transparency for the function-

ing of markets. Search theory lends itself as a tool to better understand the

relationship between transparency, market power and pricing. While much

progress has been made over the years in that front, much less is known about

the relationship between R&D incentives and search frictions. This paper has

tried to help fill this gap by studying the influence of search frictions on quality

provision.
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Appendix

Proof of Lemma 1

Proof. Assuming both high- and low-quality firms get demand, then by using

implicit theorem on (3.8):

d ε̂`
d ε̂h

=
1− ∂

(
1−F (ε̂h )

f (ε̂h )

)
∂ε̂h

1− ∂
(

1−F (ε̂`)
f (ε̂`)

)
∂ε̂`

> 0 (3.23)

By (3.23) we know ε̂` is strictly increasing in ε̂h . Having this knowledge, apply

implicit theorem again on (3.2):

d ε̂h

d s
=−αµh (1−F (ε̂h))− (1−α)µ`

(
1−F (ε̂`)

d ε̂`
d ε̂h

)
< 0

Hence we conclude ε̂h is decreasing in s. Moreover, by chain rule:

d ε̂`
d s

= d ε̂`
d ε̂h

d ε̂h

d s
< 0

In the case when only high-quality firms get demand, it is quite straightforward

to see from the search rule (3.3) that ε̂h decreases in s.

Proof of Proposition 1

Proof. Suppose by contradiction, s < s∗ and ε̂` < 1. Note that (3.10) is derived

from (3.8). By the RHS of (3.10), ε̂` = 1 when high quality reservation value is

ε̃h . In other words, ε̂`(ε̃h) = 1 > ε̂`(ε̂h). Recall that ε̂`(·) is a strictly increasing

function from the proof of Lemma 1. By the monotonicity of ε̂`(·), ε̃h > ε̂h in

this case.
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By s < s∗,

α

ˆ 1

ε̂h

µh(z − ε̂h) f (z)d z + (1−α)

ˆ 1

ε̂`

µ`(z − ε̂`) f (z)d z = s

<α
ˆ 1

ε̃h

µh(z − ε̃h) f (z)d z = s∗

which leads to

(1−α)µ`

ˆ 1

ε̂`

(z − ε̂`) f (z)d z <αµh

(ˆ 1

ε̃h

(z − ε̃h) f (z)d z −
ˆ 1

ε̂h

(z − ε̂h) f (z)d z

)
< 0

By the above inequality however ε̃` > 1, which contradicts our assumption.

The proof when s ≥ s∗ is similar and hence is omitted.

Proof of Welfare’s Concavity

Proof. For situations where both high- and low-quality products are bought

by consumers, the second order derivative with respect to α is equal to (The

dependency on αo here is suppressed for the simplicity of notation):

∂2W (α;αo)

∂α2
=2(ε̂h − ε̂`)2s + (ε̂`− ε̂h)(1− ε̂h)(1− ε̂`)(µh(1+ ε̂h)−µ`(1+ ε̂`))

−(1−αε̂h − (1−α)ε̂`)3

+ 2(ε̂h − ε̂`)2K (α)+2(α(1− ε̂h)+ (1−α)(1− ε̂`))(ε̂h − ε̂`)K ′(α)

−(1−αε̂h − (1−α)ε̂`)3

+ (α(1− ε̂h)+ (1−α)(1− ε̂`))2K ′′(α))

−(1−αε̂h − (1−α)ε̂`)3
.

The denominator of this expression is obviously negative, so if we want the

SOC to be satisfied, we need the numerator to be positive. The first term of

the numerator is obviously larger than zero. The second term is also positive

because ε̂`− ε̂h ≥ 0 and µh(1+ ε̂h)−µ`(1+ ε̂`) = 3
2 (µh −µ`)+ U

2 (µh −µ`) > 0. If
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the sum of the rest is nonnegative, then the SOC holds. Note that we can write

the rest of the numerator as:

(ε̂h − ε̂`)2K (α)+
{

(ε̂h − ε̂`)
√

K (α)+ [α(1− ε̂h)+ (1−α)(1− ε̂`)]
√

K ′′(α)
}

2

+2(ε̂`− ε̂h) [α(1− ε̂h)+ (1−α)(1− ε̂`)]
[√

K (α)K ′′(α)−K ′(α)
]

.

Because K (α) is convex, the condition K (α)K ′′(α) ≥ K ′(α) suffices for W to be

concave.

When ε̂` ≥ 1 and low-quality products do not sell at all, the SOC is

∂2W (α;αo)

∂α2
=−2

[
s +K (α)−αK ′(α)

]+α2K ′′(α)

α3(1− ε̂h)
,

which is negative when the condition 2K (α)−2αK ′(α)+α2K ′′(α) ≥ 0 holds.

Note that 2K (0)−2K ′(0)+α2K ′′(0) ≥ 0. Further 2K (α)−2αK ′(α)+α2K ′′(α) is

an increasing function in α, which can be checked by taking its FOC K ′′′(α) > 0.

Therefore we conclude 2K (α)−2αK ′(α)+α2K ′′(α) ≥ 0.

Proof of Claim 2.

Proof. Note that W =U +Π, thus P (α∗)−M(α∗) can be rewritten as:

P (α∗)−M(α∗) =


(µh −µl )(µhµ`−4UΠ−U 2)

8µhµ`
if ε̂` < 1, (3.24)

(µh −U )(µh −4UΠ−U )

8µh
otherwise. (3.25)

The sign of (3.24) depends on the sign of the expression µhµ`−4UΠ−U 2, or

µhµ`−U 2 −4U
αµh(1− ε̂h)2 + (1−α)µ`(1− ε̂`)2

α(1− ε̂h)+ (1−α)(1− ε̂`)
+ 4U K (α)

α(1− ε̂h)+ (1−α)(1− ε̂`)

Obviously, for a given level of α, the expression is positive if K (α) is large and

negative otherwise.
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Similarly, the sign of (3.25) depends on the sign of the expression µh −4UΠ−U ,

by pluggingΠ into the expression, we get:

µh −4UΠ−U =−(µh −U )+ 8µhK (α)

α(µh −U )
.

which is again positive when K (α) is very large and negative when K (α) is very

small.



CHAPTER 4
Search In a Market with

Product Upgrades1

4.1 Introduction

This paper is motivated by the observation that in many markets, the quality of

the product is improved over time. For example, carmakers continuously intro-

duce new generations of cars that incorporate the latest affordable technical

advances, e.g. board computers, energy saving devices, etc.. Likewise, smart

phone producers update their product lines by adding phones that incorporate

faster chips, and enhanced capabilities. In these markets, consumers often

purchase a product repeatedly. In such cases, consumers’ past purchase

decisions may have an impact on their future purchase behaviours, while

the current purchase decisions can also be affected by the expectation of future

quality improvements.

The time-dependent effect cannot be captured in a typical one-period search

model, where consumers quit the market immediately after they find a match.
1This chapter is based on Sun (2018).
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Should there be an upgrade of the search product, consumers may very well

choose to participate in the market again. Moreover, if they participate again,

consumers likely recall the information they obtained during their first search.

Compared to a one-period model, this information might change their search

behaviour and the equilibrium. For example, consumers may intentionally

gather more information during their first searches, as they are aware that such

information will be valuable in the future.

In this paper, we develop a two-period version of the framework developed by

Wolinsky (1986). In the first period, consumers can search sequentially among

infinitely many firms to find a satisfactory good. In the second period, the

firms upgrade their products and consumers decide whether to search again

or not. Specifically, we assume a consumer’s match value with a firm is static

over time, but in the second period the match value is scaled up by the quality

upgrade.

We first ask how consumer optimal search shapes in the presence of product

upgrades. We find that consumers may not search in the second period and

instead stay loyal to the firm from which they bought in the first period. This

depends on the values of the scaling factor and the discount factor. We identify

two cases, (1) consumers actively search in both periods or (2) they search only

in the first period. The first case occurs if the upgrade is sufficiently large or

the discount factor is sufficiently small. In this case the reservation value in the

first period is lower than the reservation value in the second period, hence with

a positive probability consumers search in both periods. Moreover, we show

that the first period reservation value is bigger than the reservation value in a

standard one-period model. The reason for this is that the consumer wants

to reduce the probability of searching later. However, the cost of reducing the

probability to zero is too high given the extent of the upgrade and the discount
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factor. The second case happens when the quality upgrade is small and the

discount factor is large.

Next we move to the optimal pricing strategy of the firms in the two periods.

Corresponding to the two cases of consumer search behaviour mentioned

above, firms have two sets of equilibrium prices as well. We show that if there

is search in both periods, firms act as if they were in a standard search market

and set their prices according to the reservation values and scaling factor only.

On the other hand, if there is no search in second period, then firms set a

relatively low price in first period and a high price in second period. The

intuition for this is as follows. Because consumers’ outside option is low in the

second period due to the absence of search, firms can choose a more aggressive

pricing strategy. Therefore in the first period, firms have a bigger incentive to

compete for more consumers since they bring additional profit later, which

leads to a decrease in equilibrium price similar to the effects of switching costs.

We also examine the impact of a varying the degree of the quality upgrade and

the discount factor. We conclude that as the quality upgrade grows, consumers

on average conduct more search, which naturally follows from the fact that the

product becomes more differentiated after the upgrade. Moreover, the number

of searches increases in the discount factor as well. Besides, we show that the

total profit and consumer surplus both increase with the scaling factor under

certain assumptions.

The model used in this paper is related to the classic model of consumer search

introduced by Wolinsky (1986), which was further developed by Anderson and

Renault (1999). A few papers in the consumer search literature have studied

a multi-period search market. One example is the history-directed model

proposed by Armstrong and Zhou (2011). In their model firms offer a non-

search product in the first period and a search product in the second period.
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The firms are prominent vis-a-vis their existing consumers since at the start

of the second period, consumers sample their period one supplier first. They

find that firms set a below-cost price for period one in order to attract more

consumers for whom they are prominent in period two. A main distinction

between our model and theirs is that in our model in period one firms compete

in price as well as in the product fit. Therefore in the second period, the existing

consumers of a firm are already self-selected in the sense that only the high

valuation consumers buy from the firm in first period. The firms are aware of

this fact and take it into consideration when setting their period two price.

Chen et al. (2019b) present a dynamic model with finite horizon, in which

a consumer exits the market and is replaced by a new arrival with a certain

probability. Their main conclusion is that consumers will search with higher

reservation values since they anticipate they will be returning to the market.

In the working paper of Parakhonyak and Rhodes (2018), search is repeated

infinitely many periods. In each period, a fraction of consumers exit the market

and they are replaced by new consumers. In the aforementioned two papers,

product characteristics are assumed to be fixed over time; the new searches

made are mainly driven by the new consumers entering the market and the

returning cost of revisiting a previously inspected seller. However, in our

paper, there can be new searches in the second period without new entering

consumers or returning costs since the search in period two is a result of the

quality upgrading. Our model is able to capture the response of consumers to

the improvement of the product.

The chapter contributes to the literature on consumer search by introducing

product upgrades. In Wolinsky (2005), he studies the efficiency of quality

provision in a setting in which quality enters utility additively. He finds that

the quality supplied by the market is too low compared to the socially efficient
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level. Fishman and Levy (2015) present a model that allows firms to sell either a

high-quality or a low-quality product. Their main conclusion is that the effect

of higher search cost depends on the initial distribution of the two types of

firms. Moraga-González and Sun (2018) study the market provision of quality

in a consumer search market. They find that consumer’s search is optimal

and the inefficiency of market equilibrium only results from quality provision.

They discover that quality can be over-supplied as well as under-supplied and

provide the corresponding conditions.

The remainder of this chapter is organized as follows. We present the model in

Section 4.2. Section 4.3 discusses the optimal strategies of consumers and their

search rules should they choose to search. In Section 4.4, the optimal prices

in two periods are characterized. Section 4.5 studies the effect of changing

extent of the product upgrade as well as the discount factor. Lastly, section 4.6

provides the final concluding remarks.

4.2 A model of repeated search

There is a unit mass of consumers and a unit mass of firms in the market. The

marginal cost of production of the firms is normalized to zero. Time is discrete

and finite, indexed by t , where t = {1,2}. At the beginning of the game when

t = 1, consumers are imperfectly informed about their fit with the product of

the firms and the corresponding prices, but they can obtain this information

by paying the firms a visit. This activity is referred to as search. A consumer

incurs a search cost per search, which is denoted by s. The product upgrade in

period t = 2 is fully anticipated by consumers, and they take this into account

when searching in the first period.
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Specifically, let p1
i be the price of firm i at t = 1. A consumer l ’s utility of buying

a product from firm i is:

u1
l =−p1

i +εi l

where εi l is the match value, which represents the fitness between consumer l

and firm i . The match value is randomly drawn from a distribution F (ε) with a

continuous and twice differentiable density function f (ε) and a non-negative

support. Moreover, the failure function 1−F is assumed to be log-concave.

The match values are realized independently across all firms and consumers.

Further we assume that a consumer’s match value with a firm does not change

over time.

One period later at t = 2, the firms serve an upgraded product, from which

consumers can derive higher utility. The utility from consuming the new

product is the match value multiplied by µ (µ> 1). The firms update prices to

maximize their period two profit accordingly. Denote the second-period price

charged by firms as p2
i . A buyer l ’s utility of buying from firm i at t = 2 is:

u2
l =−p2

i +µεi l

A consumer can search at t = 2, or she can stay with her current firm (period

one supplier). We assume the consumer has perfect information about her

current supplier and buying from the supplier incurs no additional search cost.

This assumption is motivated by the fact that firms usually have easy access to

their active consumers and can keep them informed by various means such

as sending newsletters. Furthermore, consumers have good memory, which

means at period two they can recall all information about the firms they visited

before. If the consumer decides to leave her current firm and search again in

period two, she can always find a new firm as there is an infinite number of

firms.
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An important assumption is that upgrading affects utility multiplicatively. Sup-

pose that two consumers buy from the same firm in period one. The consumer

with an initial high match value will benefit more from an improvement than

the other consumer who has a low match value. Under the multiplicative

setting, the high valuation consumer is more loyal to the firm as she is less

sensitive to a raise in price than the low valuation consumer, and she is less

likely to search in the second period. On the other hand, the multiplicative

term implies that the products get more differentiated in the second period,

thus providing an incentive for all consumers to search more.

The discount factor δ ∈ (0,1) is introduced to capture the dis-utility from

delayed consumption. All firms and consumers share the same discount factor

and they seek to maximize the sum of total (discounted) utility/profit from two

periods. Suppose in each period t = {1,2}, a consumer buys from a seller i with

whom she has match value εt
i and pays a price p t

i , her total discounted utility

is the sum of utilities from the two periods:

ε1
i −p1

i +δ(µε2
i −p2

i )

Throughout the paper, we assume that the search cost is sufficiently small.

This assumption is required to ensure that in each period consumers prefer

to buy the product rather than quit. Specifically, we assume s is small enough

such that there exists a ε∗ that solves (4.1). Moreover, this ε∗ should be large

enough that ε∗− 1−F (ε∗)
f (ε∗) ≥ 0. 2

ˆ
ε∗

(z −ε∗)dF (z) = s (4.1)

For example, for the unit uniform distribution, the search cost must be less

than 1
8 in order not to violate this assumption.

2As 1−F is assumed to be log-concave, the inverse of the hazard function 1−F
f is decreasing

in ε, and ε− 1−F
f is increasing in ε. Therefore when s is sufficiently small, the solution ε∗ is

large enough such that the expression is positive.
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4.3 Consumer’s equilibrium

We focus on symmetric perfect Bayesian equilibrium. Symmetry requires that

the strategy adopted within a group is the same for any individual in that

group. Specifically, at any given period t , all consumers use the same εt as

their reservation value, and all firms charge the same pt as their price. In this

section we assume that all consumers are always active, which means that each

consumer makes one purchase at each period. In next section, we will show

that this assumption holds in equilibrium for a sufficiently small search cost.

4.3.1 Consumer’s expected utility

In order to find out the optimal stationary search strategy, in this subsection

we investigate how the expected utilities of a typical consumer vary with her

reservation values of the two periods. Denote the consumer’s total expected

utility of two periods by V , and her expected utilities at t = 1,2 by V1 and V2.

We work backwards and start from t = 2. Suppose all consumers search at

t = 1 and they use ε1 as their period-one reservation value. Note that ε1 is

assumed to be an arbitrary value for the purpose of the discussion. Let p̂2

be the period-two equilibrium price, it is assumed firms are symmetric and

the equilibrium price is the same for all firms. An interesting question then

is, will consumers search or not at t = 2? Intuitively, the answer depends on

ε1. Since a consumer’s match value with a certain firm is static over time, one

would expect that consumers having higher match values with their period-

one supplier are more likely to stay rather than search in the second period.

And a higher reservation value leads to a higher match value in general. In

what follows, we derive the expected utilities from searching and not searching

(staying) for a given reservation value ε1.
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First, consider the case of not searching. At t = 2, if the consumer decides not

to search for new products, then obviously her best option is to stay with her

current supplier. Because of symmetry of the equilibrium price, among all

the firms she visits at t = 1, this firm is the one with which she has the highest

revealed match value and gives the the highest net utility. Denote this match

value as z1. By definition, z1 is higher than the reservation value ε1. Recalling

that no additional search cost is needed, the utility from staying at t = 2 is:

U st ay
2 = z1 − p̂2 z ≥ ε1 (4.2)

Next consider the utility from searching. Note that at t = 2, if a consumer

decides to engage in search, she faces a standard search problem. The optimal

search rule is well established in the literature, for example, see Weitzman

(1979). The consumer adopts a stationary stopping rule and her optimal

reservation value, denoted by ε̂2, is given by the following (4.3):
ˆ
ε̂2

µ(z − ε̂2)dF (z) = s. (4.3)

The left hand side of (4.3) is the marginal benefit of an additional search given

that a consumer stops as soon as she meets a firm with a match utility that is

at least ε̂2. It is clear that the marginal benefit is decreasing in ε̂2, so for a fixed

search cost s, there exists a ε̂2 that uniquely solves (4.3). The expected utility of

searching at t = 2 then is: 3

U sear ch
2 =µε̂2 − p̂2 (4.4)

By comparing the expected utilities U st ay
2 and U sear ch

2 , we conclude that a

consumer will search if her period-one match value is less than the period-two
3The consumer’s expected utility from one more search is U2 = ´ε̂2

(µz − p̂2)dF (z) +
F (ε̂2)U2 − s, where the integral on the right hand side is potential gain if the realized match
value is larger than ε̂2. If the realized value is less than ε̂2, which happens with probability
F (ε̂2), the buyer searches one more time and recursively, her expected value of searching is U2

again. Regardless of the match value, the buyer pays a search cost s for one additional search.
Rearrange this equation and combine it with (4.3) leads to equation (4.4)
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reservation value, or z1 < ε̂2, since she can gain from searching. If otherwise

z1 ≥ ε̂2, she will stay with her current supplier as searching gives a lower utility.

Remark 1 If ε1 ≥ ε̂2, then no search will be conducted at t = 2. Otherwise, the

fraction F (ε̂2)−F (ε1)
1−F (ε1) of consumers will search again at t = 2 to find a better match.

The reason is simple. Because ε1 is the reservation value at t = 1, by definition

all consumers have z1 ≥ ε1. If ε1 ≥ ε̂2, then z1 ≥ ε̂2 as well and no consumer has

incentive to search at t = 2. Otherwise if ε1 < ε̂2, it is possible z1 falls below ε̂2.

The probability of z1 < ε̂2 conditional on z1 ≥ ε1 is characterized by F (ε̂2)−F (ε1)
1−F (ε1) .

Those consumers with a match value z1 ∈ [ε1, ε̂2) will participate in search at

t = 2 as it gives a higher expected utility. The other consumers continue to buy

from the same firm in the second period.

Having addressed this question of searching or staying, we move on to

consumers’ expected utility V2, given that the period one reservation value is

ε1.

V2 =


ˆ
ε̂2

µz − p̂2

1−F (ε̂2)
dF (z)− F (ε̂2)−F (ε1)

1−F (ε1)

s

1−F (ε̂2)
if ε1 < ε̂2 (4.5)

ˆ
ε1

µz − p̂2

1−F (ε1)
dF (z) if ε1 ≥ ε̂2 (4.6)

To understand this expression, consider first the simple case ε1 ≥ ε̂2. Remem-

ber from Remark 1, no one searches in this case so the search cost part does

not appear in (4.6). Moreover, all consumers have same match values as they

have in period one, which are at least ε1. Taking the expectation of µz − p̂2

conditional on z ≥ ε1 leads to (4.6).

In the second case, we know that consumers who have match values greater

than ε̂2 do not search. Their expected utility is similar to (4.6), except that the

smallest match value of those consumers is ε̂2, instead of ε1:

1−F (ε̂2)

1−F (ε1)

(ˆ
ε̂2

µz − p̂2

1−F (ε̂2)
dF (z)

)
(4.7)
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The integration variable z stands for the consumer’s match value with a

firm. Deducting the price gives the net surplus of buying from the firm. The

expectation of this net surplus can be obtained by taking the integral of z − p̂2

conditional on z ≥ ε̂2. On average, the probability of not searching is 1−F (ε̂2)
1−F (ε1) .

The consumers with match value less than ε̂2 benefit from searching, this

occurs with probability F (ε̂2)−F (ε1)
1−F (ε1) . The utility in this case is captured by:

F (ε̂2)−F (ε1)

1−F (ε1)

(ˆ
ε̂2

µz − p̂2

1−F (ε̂2)
dF (z)− s

1−F (ε̂2)

)
(4.8)

A consumer will not stop searching until her match value is at least ε̂2, thus the

integral part is the same as in (4.7). But unlike in (4.7), the consumer needs to

pay search cost in this case. Summing (4.7) and (4.8) leads to (4.5).

The consumer’s expected utility at t = 1 is much simpler. Assuming all firms

charge p̂1 in the first period and the consumer stops searching whenever she

meets a firm with a match value greater than ε1, her expected utility at t = 1

then is:

V1 =
ˆ
ε1

z − p̂1

1−F (ε1)
dF (z)− s

1−F (ε1)
(4.9)

Equation (4.9) is similar to the part in parentheses in (4.8), except that the

equilibrium price is p̂2. Besides, the consumer stops with reservation value ε1,

which leads to different expected search cost and utility.

Having found out the utilities V1 and V2 in each of the two periods, we next

turn to the V . The total expected utility from the two periods V is the sum of
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V1 and δV2:

V =



ˆ
ε1

z − p̂1

1−F (ε1)
dF (z)− (1−δ)s

1−F (ε1)

−δ
(ˆ

ε̂2

µz − p̂2

1−F (ε̂2)
dF (z)− s

1−F (ε̂2)

) if ε1 < ε̂2 (4.10)

ˆ
ε1

z − p̂1

1−F (ε1)
dF (z)+δ

ˆ
ε1

µz − p̂2

1−F (ε1)
dF (z)

− s

1−F (ε1)

if ε1 ≥ ε̂2 (4.11)

(4.12)

Notice that V is continuous at ε1 = ε̂2. A question of interest is, will consumers

choose ε1 < ε̂2 or the other way around in equilibrium? The answers of course

depends on the values of µ and δ.

4.3.2 Optimal search rule

In this subsection we give the optimal stationary search rule of consumers.

Lemma 1 If δ= 1, it is optimal for consumers to only search in the first period.

The proof is simple. From Remark 1, it follows that Lemma 1 is equivalent to

saying that when δ= 1, consumers will choose ε1 ≥ ε̂2 at t = 1, therefore they

will opt for not searching at t = 2. Note that when δ = 1, the total expected

cost spent on search is purely determined by the maximum of ε1 and ε̂2, while

is equal to s/(1−F (max{ε1, ε̂2})). 4 Suppose a consumer adopts search rule

with ε1 < ε̂2, her expected search cost will be s/(1−F (ε̂2)). However it can

be easily argued that, the consumer can improve her utility by increasing

ε1 to ε̂2 in this case. This is because her match utility at t = 1 will increase

from
´
ε1

(z−p̂1)
1−F (ε1) dF (z) to

´
ε̂2

(z−p̂1)
1−F (ε̂2) dF (z), while her expected match utility at

4When δ= 1, if ε1 < ε̂2, total search cost equals to s
1−F (ε1) + F (ε̂2)−F (ε1)

1−F (ε1) s = s
1−F (ε̂2) . If ε1 ≥ ε̂2,

consumers only search in first period and total search cost is simply s
1−F (ε1) .
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t = 2 and expected total search cost will remain unchanged as long as ε1 ≤ ε̂2.

Therefore strategy ε1 < ε̂2 is dominated by strategy ε1 = ε̂2 when δ = 1, and

consumers would not search at t = 2.

Proposition 1 If µ(1 − δ) > 1, in a symmetric equilibrium the consumers’

optimal strategy involves ε1 < ε̂2. Otherwise if µ(1−δ) ≤ 1, consumers will

choose a search rule with ε1 ≥ ε̂2 that no search will occur in period-two.

The proof of Proposition 1 is relegated to the Appendix. The intuition for

Proposition 1 is as follows. A consumer benefits from her search at t = 1 in

two ways. Naturally, she expects a higher match value if she searches more at

t = 1. Besides, a higher realized match value in period-one reduces the chance

that she needs to search again at t = 2 and saves her expected search cost she

has to pay at t = 2, which is captured by max{δF (ε̂2)−F (ε1)
1−F (ε1)

s
1−F (ε̂2) ,0}. However,

conducting more searches at t = 1 has its negative effects as well. At t = 1, the

consumer pays s for an additional search, while the cost of one future search is

cheaper as it is discounted by δ. From the perspective of a consumer at t = 1,

1
δ

is the relative price of one search at t = 1 in terms of one search at t = 2. As

δ decreases, search becomes relatively more expensive at t = 1. Thus when δ

is small, consumer prefers to stop early at t = 1 and postpones search to the

second period instead. When δ is sufficiently small for a givenµ, in equilibrium

consumers use a search strategy with ε1 < ε̂2.

A similar argument holds for the effect of µ. If µ gets larger, consumers in

general will be more choosy and demand a bigger reservation value ε̂2 at

t = 2. But for a given δ, as µ grows, it becomes more difficult for consumers to

maintain a reservation value ε1 ≥ ε̂2, since it is inefficient to search too much in

the first period. Therefore consumers do not have enough incentive to search

more at t = 1 and delay the extra search to t = 2.
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Proposition 2 The optimal search rule of consumers is as follows:

(i) If µ(1−δ) > 1, consumers search in both periods, with the reservation

values ε̂1 and ε̂2 given by the solution to:

ˆ
ε̂1

(z − ε̂1)dF (z) = (1−δ)s (4.13)

ˆ
ε̂2

(z − ε̂2)dF (z) = 1

µ
s (4.14)

(ii) If µ(1−δ) ≤ 1, consumers only search in the first period, with reservation

value ε̃ given by:

ˆ
ε̃

(z − ε̃)dF (z) = 1

1+δµ s (4.15)

Proof. When µ(1−δ) > 1, by Proposition (1), the optimal reservation values

satisfy ε1 < ε̂2. In other words, consumer’s expected utility is characterized by

(4.10), which should be maximized w.r.t ε1 with ε̂2 already being given in (4.14).

Take the derivative of (4.10) w.r.t ε1 we obtain:

∂V

∂ε1
=

f (ε)
(´
ε1

(z −ε1)dF (z)− (1−δ)s
)

(1−F (ε1))2

Note that the derivative is monotonically decreasing in ε1, therefore V is

maximized when the derivative is zero. The unique optimal solution is defined

by (4.13). Together with the optimized ε̂2, (4.13) and (4.14) then are the optimal

search rules of consumers if µ(1−δ) > 1.
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Similarly when µ(1−δ) ≤ 1, take derivative of (4.11),

∂V

∂ε1
=

f (ε1)
(´
ε1

(1+δµ)(z −ε1)dF (z)− s
)

(1−F (ε1))2

The optimal reservation value is obtained when ∂V
∂ε1

= 0. The solution in this

case is described by (4.15).

Note that in our model consumers search more intensively at t = 1 compared to

the standard Wolinsky’s (1986) model. This is because consumers do not only

search to find a good match for period-one, they also search for period-two.

Therefore they are more motivated than in the standard case of Wolinsky’s.

Moreover, notice that the three search rules (4.13), (4.14) and (4.15) are equal

when µ(1−δ) = 1. Thus the probability of search at t = 2 gradually decreases

to 0 as µ(1−δ) increases to 1.

4.4 Pricing

This section discusses firms’ pricing decisions. Remember from the previous

section, consumers would arrange their search strategy based on the values of

µ and δ. They may or may not be actively searching at t = 2. Then naturally,

firms will adjust their prices accordingly in the two cases to maximize their total

expected profit. In this section, the two cases are considered separately. Denote

the equilibrium prices as p̂1 and p̂2 when µ(1−δ) > 1, and the equilibrium

prices as p̃1 and p̃2 when µ(1−δ) ≤ 1.

Lemma 2 The equilibrium prices p̂2 and p̃2 satisfy:

1. If µ(1−δ) > 1, p̂2 ≤µε̂2.
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2. If µ(1−δ) ≤ 1, p̃2 ≥µε̂2.

Lemma 2 states that, if a consumer does not want to buy in the second period

from her period-one matched firm, she will search for new firms if µ(1−δ) > 1,

and quit the market if µ(1−δ) ≤ 1. The reasoning is as follows. Because the

optimal reservation value of searching at t = 2 is independent of µ and δ, being

always ε̂2, the expected utility from searching is µε̂2 minus price (p̂2 or p̃2).

From Lemma 2, whenµ(1−δ) > 1, by searching the consumer expects a positive

utility µε̂2 − p̂2, whereas by quitting she gets 0 utility. The consumer then of

course will search. When µ(1−δ) ≤ 1, she gets a negative utility µε̂2 − p̃2 from

searching, and she would prefer to withdraw from the market. The formal

proof of Lemma 2 is in Appendix.

4.4.1 The deviant’s profit

Suppose a firm deviates from the equilibrium prices to p ′
1 and p ′

2. The

total profits of the deviant in the two cases are discussed separately in this

subsection. Denote the total profit of two periods by π, and period-one and

period-two profit by π1 and π2, respectively.

Case 1: µ(1−δ) > 1

To analyse the deviating firm’s total profit, let us first proceed backwards and

consider its second period profit π2. Let ε′1 be the reservation value demanded

by consumers to buy from the deviant at t = 1. Taken ε′1 as given, the expected

profit π2 of this deviant is:

π2 = F (ε̂2)−F (ε̂1)

1−F (ε̂1)

p ′
2(1−F (

µε̂2−p̂2+p ′
2

µ ))

1−F (ε̂2)︸ ︷︷ ︸
Profit from fresh demand

+
p ′

2

(
1−F

(
max

{
ε′1,

µε̂2−p̂2+p ′
2

µ

}))
1−F (ε̂1)︸ ︷︷ ︸

Profit from repeating consumers

(4.16)
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To understand (4.16), consider the two sources of the firm’s demand at t = 2.

First, recall that when µ(1−δ) > 1, there is a fraction F (ε̂2)−F (ε̂1)
1−F (ε̂1) of consumers

who are willing to search for higher match values at t = 2. Those consumers on

average search 1
1−F (ε̂2) times before they find a match exceeding ε̂2. Because the

consumers are unaware of the deviant’s unique pricing strategy, they visit the

deviant as any other firm. Thus all firms, including the deviant, get on average

F (ε̂2)−F (ε̂1)
1−F (ε̂1)

1
1−F (ε̂2) new visits at t = 2. Once those consumers pay the search cost

and obtain full information about the deviant’s price, they would buy from it

if and only if µz −p ′
2 ≥µε̂2 − p̂2, or z ≥ µε̂2−p̂2+p ′

2
µ

. The probability of acquiring

a consumer conditional on visiting is 1−F (
µε̂2−p̂2+p ′

2
µ

), while multiplying the

number of visits gives then the fresh demand.

Next, the deviant expects some repeating demand as some of the consumers

from the first period buy again from it. The total demand in the first period is
1−F (ε′1)
1−F (ε̂1) , this is because the deviant gets 1

1−F (ε̂1) visits and those with match value

larger than ε′1 stay. At t = 2, a consumer returns to the firm instead of searching

if her utility from returning is larger than the expected utility from searching, or

z ≥ µε̂2−p̂2+p ′
2

µ
. Remember that all loyal consumers have a match value that is at

least ε′1, therefore if ε′1 ≥
µε̂2−p̂2+p ′

2
µ , all consumers would stay with the deviant.

As the maximum returning demand cannot exceed its period-one demand,

the total returning demand then relies on the maximum of ε′1 and
µε̂2−p2+p ′

2
µ

.

Finally, multiplying the demand by the price p ′
2 gives the returning profit of

(4.16).

Next consider the profit of the deviant at t = 1. Upon observing the deviant’s

price p ′
1, consumers form a conjecture about the price p ′

2 charged by this

deviant at t = 2. Based on the observed p ′
1 and the belief of p ′

2, the consumers

then adopt a different reservation value ε′1 to make their purchase decisions at
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t = 1. The deviant’s expected profit at t = 1 then is:

π1 = 1

1−F (ε̂1)
p ′

1(1−F (ε′1)) (4.17)

s.t. ε′1 −p ′
1 +δmax{µε′1 −p ′

2,µε̂2 − p̂2} = ε̂1 − p̂1 +δ(µε̂2 − p̂2) (4.18)

Equation (4.17) is easy to interpret, profit is simply price p ′
1 times demand

1−F (ε′1)
1−F (ε̂1) . The break-even condition of ε′1 is however more complicated. First

note that the RHS of (4.18) is the expected utility of a typical consumer who

does not meet the deviant. 5 A consumer who has match value z with the

deviant will get z − p ′
1 at t = 1 if she buys from the deviant. The consumer

expects she has to pay p ′
2 at t = 2 if she buys again from the deviant. The

consumer needs to decide whether she wants to search or return, she will

choose the one with higher expected utility, which is of course captured

by max{µz − p ′
2,µε̂2 − p̂2}. Note that she will not quit as shown by Lemma

2, searching gives a higher utility than quitting in this case. The marginal

consumer with match value ε′1 is indifferent between searching and buying

from the deviant, then the break-even condition (4.18) strictly holds for her.

Case 2: µ(1−δ) ≤ 1

Again start from t = 2, we assume consumers have a reservation value ε′1 for this

deviant at t = 1. In this case, no consumer would search at t = 2 in equilibrium.

Therefore a deviant firm expects no fresh demand will come and only the

repeating demand:

π2 =
p ′

2

1−F (ε̃)
(1−F (max{ε′1,

p ′
2

µ
}))︸ ︷︷ ︸

Profit from repeating demand

(4.19)

Unlike in the other case, searching at t = 2 gives a negative utility by Lemma

2. The consumers either buy from their period-one supplier again or quit the

5The expected utility is derived from (4.10). Plugging in the two search rules (4.13) and
(4.14) to obtain the RHS of (4.18).
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market. Then the consumers need a match value z ≥ p ′
2
µ

in order to stay with

the deviant. If ε′1 is sufficiently large, all consumers repeat buying from te

deviant. The demand then relies on the maximum of ε′1 and
p ′

2
µ

.

The deviant’s expected profit at t = 1 is:

π1 = 1

1−F (ε̃)
p ′

1(1−F (ε′1)) (4.20)

s.t. ε′1 −p ′
1 +δmax{µε′1 −p ′

2,0} = ε̃− p̃1 +δ(µε̃− p̃2) (4.21)

The RHS of the break-even condition is the expected two-periods utility in

this case. 6 A typical consumer only searches in the first period and has one

reservation value ε̃, thus the RHS of (4.21) only depends on ε̃. The LHS has two

parts, if the consumer with match value z buys from the deviant at t = 1, she

gets z−p ′
1. At t = 2, the consumer may get µz−p ′

2 if she continues to buy from

the firm. Otherwise if she quits, she gets 0 utility. From Lemma 2 consumers

will not search at t = 2 in this case. For a marginal consumer with match value

ε′, the LHS of (4.21) equals to the RHS.

4.4.2 Optimal prices

The deviant seeks to maximize its sum of profit from both periods given the

equilibrium prices of other firms. The total profit of the deviant is:

π(p ′
1, p ′

2) =π1 +δπ2 (4.22)

where π1 and π2 have been derived above.

Proposition 3 The symmetric equilibrium prices of firms:

(i) If µ(1−δ) > 1, consumers search in both periods, and firms charge,

6This is obtained from (4.11) and (4.15).
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p̂1 = 1−F (ε̂1)

f (ε̂1)
(4.23)

p̂2 = µ(1−F (ε̂2))

f (ε̂2)
(4.24)

(ii) If µ(1−δ) ≤ 1, consumers only search in the first period, and firms charge

p̃1 = (1+δµ)(1−F (ε̃))

f (ε̃)
−δµε̃ (4.25)

p̃2 =µε̃ (4.26)

Proof. (i) Suppose that µ(1−δ) > 1. Here we only consider ε′1 ≤
µε̂2−p2+p ′

2
µ

. It

can be shown that it is not profitable to deviate to ε′1 >
µε̂2−p2+p ′

2
µ . The detailed

proof can be found in Appendix.

The period two profit π2 in this case can be simplified to:

π2(p ′
2; p̂2) =

p ′
2(1−F (

µε̂2−p̂2+p ′
2

µ
))

1−F (ε̂2)

Taking the first-order condition and applying symmetry leads to (4.24).

Notice that when ε′1 ≤ µε̂2−p2+p ′
2

µ , the period-one profit π1 is independent of

the second period price, simply being:

π1(p ′
1; p̂1) =p ′

1(1−F (ε′1))

1−F (ε̂1)

s.t. ε′1 −p ′
1 = ε̂1 − p̂1

Still using the first-order condition and symmetry, we can obtain (4.23).

(ii) Suppose that µ(1−δ) ≤ 1. For this case, we prove in the Appendix that

the optimal prices of the deviant and other firms at t = 2 satisfy p ′
2 =µε′1 and

p̃2 =µε̃. Therefore the total profit of the deviant in this case is:

π(p ′
1, p ′

2) = (p ′
1 +δµε′1)(1−F (ε′1))

1−F (ε̃)

s.t. ε′1 −p ′
1 = ε̃− p̃1

In a symmetric equilibrium the first-order condition yields (4.25).
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It is worth pointing out that under the equilibrium prices and reservation

values, in the two cases consumers enjoy a non-negative surplus at both t =
{1,2}. Therefore consumers do have incentive to actively participate in the

market.

4.5 Comparative statics

This section discusses the impact of varying µ and δ on industry profit,

consumer surplus and number of searches.

Proposition 4 If f ′(ε) ≤ 0, the total two-periods profit of is increasing in µ.

Proof. The profit is the sum of prices of the two periods as the marginal cost of

production is normalized to zero.

π=


(1+µδ)

1−F (ε̃)

f (ε̃)
if µ(1−δ) ≤ 1 (4.27)

1−F (ε̂1)

f (ε̂1)
+δµ1−F (ε̂2)

f (ε̂2)
if µ(1−δ) > 1 (4.28)

where ε̂1, ε̂2 and ε̃ are defined by the search rules (4.13), (4.14) and (4.15). It is

easy to verify that π is continuous at µ(1−δ) = 1, since the three reservation

values are equal at this point. Therefore to show that π is increasing in µ, it is

sufficient to show that the first part and second part of π are both increasing in

µ.

First consider the case µ(1−δ) ≤ 1. By plugging (4.15) into (4.27),

π= s´
ε̃(z − ε̃)dF (z)

1−F (ε̃)

f (ε̃)
.

Note that because
´
ε(z−ε)dF (z) is log-concave, 1−F (ε)´

ε(z−ε)dF (z)
is increasing in ε. 7

7This follows from the fact that if a function g is log-concave, then g ′
g is decreasing. In this

case, 1−F (ε)´
ε(z−ε)dF (z)

=− g ′
g is increasing.
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Thus if f (ε) is decreasing in ε, the whole expression is increasing in ε. By (4.15),

ε̃ increases in µ, which implies that the π increases in µ as well.

When µ(1−δ) > 1, by combining (4.14) and (4.28), the second part of profit is

equal to
δs´

ε̂2
(z − ε̂2)dF (z)

1−F (ε̂2)

f (ε̂2)

Obviously by a very similar argument as above, this expression is increasing in

µ. Further note that the first part 1−F (ε̂1)
f (ε̂1) is independent of µ, thus the profit is

also increasing in µ in this case.

Proposition 5 Consumer’s total expected surplus is increasing in µ and δ.

Proof. The total surplus of consumers is characterized by:

C S =
{
ε̃− p̃1 +δ(µε̃− p̃2) if µ(1−δ) ≤ 1 (4.29)

ε̂1 − p̂1 +δ(µε̂2 − p̂2) if µ(1−δ) > 1 (4.30)

where p̂1, p̂2, p̃1 and p̃2 are equilibrium prices defined in (4.23), (4.24), (4.25)

and (4.26). Clearly C S is continuous at µ(1−δ) = 1 for the same reason as in

the previous proof, so it is sufficient to prove C S is increasing in µ and δ in

both cases.

First consider µ(1−δ) > 1. Note that

C S = ε̂1 − p̂1 +δ(µε̂2 − p̂2) = ε̂1 − 1−F (ε̂1)

f (ε̂1)
+δµ

(
ε̂2 − 1−F (ε̂2)

f (ε̂2)

)
.

By the log-concavity of f , the inverse of hazard function (1−F )/ f is decreasing

in ε. Therefore the expression ε− 1−F (ε)
f (ε) is increasing in ε. Further notice that

by the reservation value ε̂1 is increasing in δ and ε̂2 is increasing in µ, thus

dC S

dδ
=
∂
(
ε̂1 − 1−F (ε̂1)

f (ε̂1)

)
∂ε̂1

d ε̂1

dδ
+µ(ε̂2 − 1−F (ε̂2)

f (ε̂2)
) > 0,

dC S

dµ
= δ(ε̂2 − 1−F (ε̂2)

f (ε̂2)
)+δµ

∂
(
ε̂2 − 1−F (ε̂2)

f (ε̂2)

)
∂ε̂2

d ε̂2

dµ
> 0.
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When µ(1−δ) ≤ 1, the surplus can be reduced to

C S = (1+δµ)

(
ε̃− 1−F (ε̃)

f (ε̃)

)
.

Similarly ε̃− 1−F (ε̃)
f (ε̃) is increasing in ε̃ and by search rule ε̃ is increasing in µ

and δ. Moreover, 1+µδ increases in both µ and δ. The whole expression then

increases in µ and δ.

Proposition 6 Let N1 and N2 be the expected number of searches at t = 1, t = 2

and N the total number of searches.

1. For a given δ, N is increasing in µ.

2. For a given µ, N is constant for δ< 1− 1
µ

, and increases in δ afterwards.

3. If N2 > 0, N1
N2

decreases in µ and increases in δ.

Proof. Below is the expected number of searches N :

N =



1

1−F (ε̂1)︸ ︷︷ ︸
N1

+ F (ε̂2)−F (ε̂1)

1−F (ε̂1)

1

1−F (ε̂2)︸ ︷︷ ︸
N2

= 1

1−F (ε̂2)
if µ(1−δ) > 1

1

1−F (ε̃)︸ ︷︷ ︸
N1

+ 0︸︷︷︸
N2

= 1

1−F (ε̃)
if µ(1−δ) ≤ 1

The continuity of N is guaranteed by ε̂2 = ε̃ when µ(1−δ) = 1. By taking the

total derivative of N w.r.t. µ, it can simply be verified that the two parts of N

are both increasing in µ.

d N

dµ
=


f (ε̂2)

(1−F (ε̂2))2

d ε̂2

dµ
≥ 0 if µ(1−δ) > 1

f (ε̃)

(1−F (ε̃))2

d ε̃

dµ
≥ 0 if µ(1−δ) ≤ 1,

Therefore N is increasing in µ.
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Similarly, it can be shown that d N
dδ ≥ 0 if µ(1−δ) ≤ 1. When µ(1−δ) > 1, however,

N does not vary with δ as d ε̂2
dδ = 0. The intuition for this is that if µ(1−δ) ≤ 1,

the additional search made in first period by increasing δ gets cancelled out by

the less search at second period.

For part 3, note that when N2 > 0, N1
N2

= 1−F (ε̂2)
F (ε̂2)−F (ε̂2) . The total derivatives w.r.t.

reveal that

d N1
N2

dδ
= f (ε̂1)(1−F (ε̂1))

(F (ε̂2)−F (ε̂1))2

d ε̂1

dδ
≥ 0

d N1
N2

dµ
=− f (ε̂2)(1−F (ε̂2))

(F (ε̂2 −F (ε̂1))2

d ε̂2

dµ
≤ 0,

which proves the statement in 3.

4.6 Conclusion

In this paper we have presented a two-period search model with product

upgrade in the second period. Consumers are fully aware of the upcoming

upgrade and they respond by searching more in the first period to prepare for

the next period. Afterwards, consumers may also relegate part of the search to

the second period if the discount factor is small (search is cheaper in future) or

the upgrade is significant (finding ideal product in the first period is too costly).

Otherwise, consumers only search in the first period and they simply buy from

the firm they bought in the second period. If there is no search in the second

period, firms compete more fiercely in the first period for consumers, hence

reducing period-one equilibrium price. Nevertheless, firms are compensated

by the higher period-two price.
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Appendix

Proof of Proposition 1

Proof. The proof is organized as follows. Consider first only the caseµ(1−δ) > 1.

Suppose that the period-one reservation value chosen by a consumer is given

by ε1. If ε1 < ε̂2, where ε̂2 is given by (4.14), we denote the maximum expected

utility by V ε1<ε2 . Otherwise if ε1 ≥ ε̂2, we denote the maximum utility by V ε1≥ε̂2 .

Then we show that if µ(1−δ) > 1, V ε1<ε̂2 >V ε1≥ε̂2 . Therefore in this case it is

optimal to adopt a strategy with ε1 < ε̂2.

Recall that from (4.10), the consumer’s expected utility when ε1 < ε̂2 is:

Vε1<ε̂2 (ε1) =
(ˆ

ε1

z − p̂1

1−F (ε1)
dF (z)− (1−δ)s

1−F (ε1)

)
+δ

(ˆ
ε̂2

µz − p̂2

1−F (ε̂2)
dF (z)− s

1−F (ε̂2)

)
.

By the FOC of ε1, Vε1<ε̂2 is maximized when ε1 = ε̂1 if there are no constraints

on ε1, where ε̂1 is defined below.
ˆ
ε̂1

(z − ε̂1)dF (z) = (1−δ)s. (4.31)

By (4.3) and the assumption that (1−δ) > 1
µ

,

ˆ
ε̂1

(z − ε̂1)dF (z) = (1−δ)s < 1

µ
s =
ˆ
ε̂2

(z − ε̂2)dF (z),

which implies that ε̂1 < ε̂2. Thus the optimal is obtained at ε1 = ε̂1 and V ε1<ε̂2 =
Vε1<ε̂2 (ε̂1).

Next we turn to the case ε1 ≥ ε̂2. The consumer’s expected utility in this case is

given by (4.11):

Vε1≥ε̂2 (ε1) =
ˆ
ε1

z −p1

1−F (ε1)
dF (z)+δ

ˆ
ε1

µz −p2

1−F (ε1)
dF (z)− s

1−F (ε1)
.

Take the derivative of Vε1≥ε̂2 w.r.t ε1:

dVε1≥ε̂2

dε1
= f (ε1)

(1−F (ε1))2

[ˆ
ε1

(1+µδ)(z −ε1)dF (z)− s
]
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Note that the assumption µ(1−δ) > 1 is equivalent to µ> 1+µδ. Combine this

assumption with equation (4.3):ˆ
ε1

(1+µδ)(z −ε1)dF (z) <
ˆ
ε1

µ(z −ε1)dF (z) ≤
ˆ
ε̂2

µ(z − ε̂2)dF (z) = s

It is suffice to conclude that ∀ε1 ≥ ε̂2, Vε1≥ε̂2 is decreasing in ε1 as
dVε1≥ε̂2

dε1
< 0.

Then Vε1≥ε̂2 is maximized at the lower bound of ε1, or V ε1≥ε̂2 =Vε1≥ε̂2 (ε̂2).

It is easy to verify that V ε1<ε̂2 is larger than the maximum of V ε1≥ε̂2 by taking

the difference of the two:

V ε1≥ε̂2 −V ε1<ε̂2 =Vε1≥ε̂2 (ε̂1)−Vε1<ε̂2 (ε̂2)

= F (ε̂2)−F (ε̂1)

(1−F (ε̂1)) (1−F (ε̂2))

(ˆ
ε̂1

(z − p̂1)dF (z)− (1−δ)s

)
−
ˆ ε̂2

ε̂1

z − p̂1

1−F (ε̂2)
dF (z)

Substituting (4.31) into the above equation,

V ε1≥ε2 −V ε1<ε2 =
F (ε̂2)−F (ε̂1)

1−F (ε̂2)
(ε̂1 − p̂1)−

ˆ ε̂2

ε̂1

(z − p̂1)dF (z)

1−F (ε̂2)

= F (ε̂2)−F (ε̂1)

1−F (ε̂2)

[
(ε̂1 −

ˆ ε̂2

ε̂1

z

F (ε̂2)−F (ε̂1)
dF (z)

]
< 0

The second item inside the bracket is the expectation of ε between [ε̂1, ε̂2].

Obviously ε̂1 is smaller than the expectation since ε is non-negative and is

increasing on [ε̂1, ε̂2]. Since V ε1≥ε̂2 <V ε1<ε̂2 , we conclude that whenµ(1−δ) > 1,

adopting a strategy of with ε1 ≥ ε̂2 reduces consumer’s expected utility.

Whenµ(1−δ) ≤ 1, the proof is similar. In this case we first show that Vε1<ε̂2 (ε1) ≤
Vε1<ε̂2 (ε̂2). Take derivative of Vε1<ε̂2 w.r.t. ε1:

dVε1<ε̂2

dε1
= f (ε1)

(1−F (ε1))2

(ˆ
ε1

(z −ε1)dF (z)− (1−δ)s

)
.

Note that by the assumptions ε1 ≤ ε̂2 and µ(1−δ) ≤ 1:ˆ
ε1

(z −ε1)dF (z) ≥
ˆ
ε̂2

(z − ε̂2)dF (z) = 1

µ
s ≥ (1−δ)s.

As the FOC is positive, Vε1<ε̂2 (ε1) is maximized at the upper bound of ε1, and

V ε1<ε̂2 =Vε1<ε̂2 (ε̂2).
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Similarly take derivative of Vε1≥ε̂2 , the first order condition gives that V ε1≥ε̂2 =
Vε1≥ε̂2 (ε̃), where ε̃ is defined by:

ˆ
ε̃

(z − ε̃)dF (z) = 1

1+δµ s. (4.32)

Notice that Vε1<ε̂2 (ε̂2) = Vε1≥ε̂2 (ε̂2). Following from the fact that (4.32) is

the optimal search rule for ε1 ≥ ε̂2, we conclude that Vε1≥ε̂2 (ε̂2) ≤ Vε1≥ε̂2 (ε̃).

Therefore V ε1<ε̂2 ≤V ε1≥ε̂2 and consumers would use search rule with ε1 ≥ ε̂2

when µ(1−δ) ≤ 1.

Proof of Lemma 2

Proof. The proof is split into two parts:

(i) µ(1−δ) > 1. We use proof by contradiction. Suppose that the equilibrium

price p2 satisfies p2 >µε̂2, then at t = 2 consumers get a negative utilityµε̂2−p2

by searching. They either quit or return to buy from the same firms.

A consumer returns only if her match value z ≥ p2
µ ≥ ε̂2 > ε̂1. Note that if a

consumer has a match value less than p2
µ

, she does not want to return or search

since she gets negative utilities from both. Those consumers with match values

between [ε̂1, p2
µ ) quit the market in the second period. The total demand of a

firm at t = 2 is demand at t = 1 times the conditional probability of returning

at t = 2, where the demand at t = 1 is simply 1−F (ε̂1)
1−F (ε̂1) = 1. The conditional

probability of an old consumer having a sufficiently high match value is
1−F (

p2
µ )

1−F (ε̂1) .

The expected profit of a non-deviating firm then is:

π2 =
p2

(
1−F ( p2

µ )
)

1−F (ε̂1)
.
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Take the derivative w.r.t. p2,

∂π2

∂p2
=

f ( p2
µ

)

1−F (ε̂1)

(
1−F ( p2

µ
)

f ( p2
µ )

− p2

µ

)
<

f ( p2
µ

)

1−F (ε̂1)

(
1−F (ε∗)

f (ε∗)
−ε∗

)
< 0.

The above inequality follows from the fact that the log-concavity of 1−F ensures

that 1−F (ε)
f (ε) −ε is decreasing in ε. Moreover, from (4.1) and (4.3), we know ε̂2 > ε∗.

Therefore the inequality holds for p2
µ
≥ ε̂2 > ε∗, and in this case for any price

p̂2 >µε̂ a firm has incentive to drop the price.

(ii) µ(1−δ) ≤ 1. Next consider the second case when µ(1−δ) ≤ 1. Again use

proof by contradiction and assume p2 <µε̂2. Note that all consumers landing

at a non-deviate firm have a match value z ≥ ε̃> ε̂2. The marginal consumer

then has a utility of µε̃−p2 >µε̂2−p2 > 0. Since the marginal consumer’s utility

is strictly larger than the expected utility from search (µε̂2 −p2) or quit (0), a

non-deviating firm can increase its its price by ∆= ε̃− ε̂2 without losing any

demand. Thus p2 <µε̂2 cannot happen in equilibrium since firms can benefit

from such a deviation.

Proof of Proposition 3: continued

Proof.

(i) Continued. Here we prove that ε′1 > µε̂2−p̂2+p ′
2

µ
cannot happen in an

equilibrium by considering the following two cases.

Case (a): ε′1 >
µε̂2−p̂2+p ′

2
µ

and ε′1 ≤ ε̂2.

π2 in this case is:

π2 = F (ε̂2)−F (ε̂1)

1−F (ε̂1)

p ′
2

(
1−F (

µε̂2−p̂2+p ′
2

µ
)
)

1−F (ε̂2)
+ p ′

2(1−F (ε′1))

1−F (ε̂1)
.
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Note that by the assumptions ε̂2 ≥ ε′1 >
µε̂2−p̂2+p ′

2
µ in this case, we can conclude

that p ′
2 < p̂2. Take the derivative w.r.t p ′

2 of π2:

∂π2

∂p ′
2

= 1−F (ε′1)

1−F (ε̂1)
+ F (ε̂2)−F (ε̂1)

1−F (ε̂1)(1−F (ε̂2))
f (
µε̂2 − p̂2 +p ′

2

µ
)

1−F (
µε̂2−p̂2+p ′

2
µ

)

f (
µε̂2−p̂2+p ′

2
µ )

− p ′
2

µ

 .

The derivative is positive if
1−F (

µε̂2−p̂2+p′2
µ )

f (
µε̂2−p̂2+p′2

µ )
− p ′

2
µ ≥ 0, which can be obtained from:

1−F (
µε̂2−p̂2+p ′

2
µ )

f (
µε̂2−p̂2+p ′

2
µ

)
− p ′

2

µ
≥

1−F (
µε̂2−p̂2+p ′

2
µ )

f (
µε̂2−p̂2+p ′

2
µ

)
− p̂2

µ
≥ 1−F (ε̂2)

f (ε̂2)
− p̂2

µ
= 0.

The first inequality follows from p ′
2 < p̂2. The second inequality is derived

from the log-concavity of 1−F and
µε̂2−p̂2+p ′

2
µ

< ε̂2. As ∂π2
∂p ′

2
> 0, the deviant is

motivated to increase its price, and this case cannot be an equilibrium.

Case (b): ε′1 >
µε̂2−p̂2+p ′

2
µ

and ε′1 > ε̂2.

Let p ′ = p ′
1 +δp ′

2, the total expected profit of the deviant can be written as:

π(p ′
1, p ′

2) =p ′(1−F (ε′1))

1−F (ε̂1)
+ F (ε̂2)−F (ε̂1)

1−F (ε̂1)

δp ′
2(1−F (

µε̂2−p̂2+p ′
2

µ
))

1−F (ε̂2)
, (4.33)

s.t. (1+δµ)ε′1 −p ′ = ε̂1 +µδε̂2 − p̂1 −δp̂2. (4.34)

For a non-deviant, the profit is:

π(p̂1, p̂2) = p̂1(1−F (ε̂1))+δp̂2(1−F (ε̂2))

1−F (ε̂1)
+ F (ε̂2)−F (ε̂1)

1−F (ε̂1)

δp̂2(1−F (ε̂2))

1−F (ε̂2)
.

(4.35)

Note that the second part on the RHS of (4.33) is maximized when p ′
2 = p̂2.

max

F (ε̂2)−F (ε̂1)

1−F (ε̂1)

δp ′
2(1−F (

µε̂2−p̂2+p ′
2

µ ))

1−F (ε̂2)

= F (ε̂2)−F (ε̂1)

1−F (ε̂1)

δp̂2(1−F (ε̂2))

1−F (ε̂2)
.

To justify this deviation, there must exist a p ′ such that the first part is larger

than that of a non-deviating firm:

p ′(1−F (ε′1))

1−F (ε1)
> p̂1(1−F (ε̂1))+δp̂2(1−F (ε̂2))

1−F (ε̂1)
.

Otherwise this deviant suffers a loss by deviating.
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This maximization problem of the first part of (4.33) is a function of p ′,

substitute ε′1 and take the derivative of p ′ to get:

∂
(

p ′(1−F (ε′1))
1−F (ε̂1)

)
∂p ′ = f (ε′1)

1−F (ε̂1)

(
1−F (ε′1)

f (ε′1)
− p ′

1+µδ
)

.

Note that from ε′1 > ε̂2 ≥ ε̂1, we have p ′ = (1+δµ)ε′1 − ε̂1 −δµε̂2 + p̂1 +δp̂2 >
p̂1 +δp̂2 > (1+δµ) 1−F (ε̂2)

f (ε̂2) , which further leads to:

∂
(

p ′(1−F (ε′1))
1−F (ε̂1)

)
∂p ′ < f (ε′1)

1−F (ε̂1)

(
1−F (ε̂2)

f (ε̂2)
− 1

1+µδ
(1+µδ)(1−F (ε̂2))

f (ε̂2)

)
= 0.

In other words, the profit is maximized when p ′ is minimized. Recall that

ε′1 > ε̂2 and p ′ increases in ε′1, then p ′ < (1+δµ)ε̂2 − ε̂1 −δµε̂2 + p̂1 +δp̂2 =
ε̂2 − ε̂1 + p̂1 +δp̂2,

max
p ′

p ′(1−F (ε′1))

1−F (ε̂1)
< (ε̂2 − ε̂1 + p̂1 +δp̂2)

1−F (ε̂1)
(1−F (ε′1))

≤ (ε̂2 − ε̂1 + p̂1)(1−F (ε̂2))+δp̂2(1−F (ε̂2))

1−F (ε̂1)

≤ p̂1(1−F (ε̂1))+ p̂2(1−F (ε̂2))

1−F (ε̂1)
.

(ε̂2− ε̂1+ p̂1)(1−F (ε̂2)) ≤ p̂1(1−F (ε̂1)) because for any∆, (∆+ p̂1)(1−F (ε̂1+∆))

is maximized when ∆= 0. Deviating from equilibrium reduces profit for the

deviant, and the firm has no incentive to deviant from equilibrium prices in

this case.

(ii) Continued. Here we show in this case the price at t = 2 is equal to the

marginal consumer’s utility. Suppose that p̃2 <µε̃, then by a similar argument

as in the proof of Lemma 2, a firm can increase its profit by setting a higher

price such that p̃2 ≥µε̃.
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Next we show that it is not possible to have p̃2 > µε̃ in an equilibrium. The

profit π2 and its derivative w.r.t. p̃ are:

π2 = p̃

1−F (ε̃)

(
1−F (

p̃

µ
)

)
∂π2

∂p̃2
=

f ( p̃2
µ )

1−F (ε̃1)

1−F ( p̃2
µ )

f ( p̃2
µ )

− p̃2

µ


Recall that under the assumption that search cost s is sufficiently small, we

have ε∗− 1−F (ε∗)
f (ε∗) ≥ 0, where ε∗ ≤ ε̃. Therefore,

0 ≤ ε∗− 1−F (ε∗)

f (ε∗)
≤ ε̃− 1−F (ε̃)

f (ε̃)
≤ p̃2

µ
−

1−F ( p̃2
µ )

f ( p̃2
µ )

From the above inequality we conclude that ∂π2
∂p̃2

≤ 0. Firms will pick price

p̃2 =µε̃ in equilibrium.
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Summary

In a search market, consumers cannot directly observe important features of

the products, which creates market power for individual firms. In recent years,

there is a rising interest in the area of quality provision under search frictions.

On one hand, the fact that quality is not directly observable may create perverse

incentives for the firms to invest in quality; therefore the provision of quality

may be insufficient. On the other hand, firms may further derive market power

from market frictions and this may push firms to pursue the right investments.

This thesis is devoted to the question of whether in a frictional market firms

have the right incentive to price and provide quality and how the degree of

frictions affect welfare.

Product Quality and Consumer Search. The first chapter studies the provision

of quality in a consumer search market for differentiated products. A raise

in quality improves the distribution of match utilities offered by a firm in the

sense of first-order stochastic dominance. We show that higher search costs may

lead to less investment in quality and, correspondingly, the equilibrium price

may decrease in search costs. We provide conditions under which the market

may under- or over-supply quality. When the market provides an insufficient

(excessive) amount of quality, consumers search too little (much).

Quality Provision and Welfare in a Search Market for Services. The second

chapter studies the market provision of service quality and welfare in a
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consumer search market. Services can be of high- or of low-quality. Service

providers that pay an investment cost are more likely to offer high-quality

services. With higher search costs, the gains from investing in high-quality

increase and the market equilibrium has more high-quality services. In spite

of this beneficial aspect of higher search costs, consumer surplus decreases as

search costs rise. From the collective point of view of the firms, an individual

firm invests too much in quality; from the standpoint of consumers, firms

invest too little. It turns out that the market over-provides service quality on

welfare grounds when the search cost is low, while it under-provides service

quality when the search cost is high.

Product Upgrading in Repeated Search Market. The third chapter studies

a search market in which the quality of the product is improved over time.

Consumers and firms care about their total discounted utility/profit of the

two periods. We characterise the optimal consumers search rule and firms

pricing. Depending on the scale of the upgrade, consumers may search only

in the first period or in both periods. In the first case, consumers search more

in the first period to save the trouble to search again later. In the second case,

consumers also search more in the first period compared to a single-period

game to lower the probability they have to search again in the second period.

Firms’ pricing strategy depends on consumers’ search behaviour. If there is no

search in the second period, firms set a relatively low first-period price to attract

more consumers in that period and set a higher price in the second period.

If there is search in the second period, firms must compete for consumers

in both periods. Since the consumers they get in the first period may leave

in the second period, firms compete less fiercely in the first period and more

aggressively in the second period. The level of the upgrade in the second period

has an impact on search and profits. The higher the quality improvement, the

more consumers search on average, since higher quality also implies that the
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products are more differentiated. The impact of quality on price is two-fold: on

one hand, firms offer a better product, which allows them to charge a higher

price; on the other hand, consumers use a higher reservation value when they

search, which induces a drop in price. We show that if the density of match

values is decreasing, total profit increases in quality as well.
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Samenvatting

Op een zoek markt kunnen consumenten niet rechtstreeks de belangrijke

kenmerken van de producten in acht nemen, waardoor de marktmacht voor

de individuele ondernemingen wordt gecreëerd. Enerzijds kan het feit dat

kwaliteit niet direct waarneembaar is, perverse prikkels voor de bedrijven

creëren om in kwaliteit te investeren; daarom kan de kwaliteitsborging onvol-

doende zijn. Anderzijds kunnen bedrijven marktmacht verder ontlenen aan

marktfricties en dit kan bedrijven ertoe aanzetten om de juiste investeringen te

doen. Dit proefschrift is gewijd aan de vraag of bedrijven in een wrijvingsmarkt

de juiste prikkel hebben om te prijzen en kwaliteit te bieden en hoe de mate

van wrijvingen het welzijn beïnvloedt.

Product kwaliteit en consumenten zoeken. In het eerste hoofdstuk wordt de

kwaliteit van een consumenten zoekmarkt voor gedifferentieerde producten in

de studie aangeboden. Een verhoging van de kwaliteit verbetert de distributie

van matchhulpprogramma’s die worden aangeboden door een bedrijf in

de zin van stochastische dominantie van de eerste orde. We laten zien dat

hogere zoekkosten kunnen leiden tot minder investeringen in kwaliteit en,

bijgevolg, de evenwichtsprijs kan dalen in zoekkosten. Wij bieden voorwaarden

waaronder de markt kwaliteit kan onder- of overaanbod. Wanneer de markt

onvoldoende (excessieve) kwaliteit biedt, zoeken consumenten te weinig (veel).

Kwaliteitsvoorzieningen en welzijn in een zoek markt voor diensten. In het

tweede hoofdstuk wordt het marktaanbod van
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dienstkwaliteit en-welzijn in een consumenten zoekmarkt onderzoeken. Dien-

sten kunnen van hoge of lage kwaliteit zijn. Serviceproviders die investe-

ringskosten betalen, bieden eerder hoogwaardige diensten aan. Met hogere

zoekkosten neemt de winst van investeren in hoogwaardige kwaliteit toe en

heeft het marktevenwicht meer hoogwaardige diensten. Ondanks dit gunstige

aspect van hogere zoekkosten, neemt het consumentensurplus af naarmate

de zoekkosten stijgen. Vanuit het collectieve standpunt van de bedrijven

investeert een individueel bedrijf te veel in kwaliteit; vanuit het standpunt

van consumenten investeren bedrijven te weinig. Het blijkt dat de markt over

servicekwaliteit zorgt om welzijnsredenen wanneer de zoekkosten laag zijn,

terwijl het onder de servicekwaliteit blijft wanneer de zoekkosten hoog zijn.

Productupgrades in herhaalde zoekmarkt. Het derde hoofdstuk bestudeert

een zoekmarkt waarin de kwaliteit van het product in de loop van de tijd wordt

verbeterd. Consumenten en bedrijven geven om hun totale gereduceerde

nut / winst van de twee periodes. We kenmerken de optimale zoekregel voor

consumenten en de prijs van bedrijven. Afhankelijk van de schaal van de

upgrade, kunnen consumenten alleen zoeken in de eerste periode of in beide

periodes. In het eerste geval zoeken consumenten in de eerste periode meer

om de moeite te besparen om later opnieuw te zoeken. In het tweede geval

zoeken consumenten ook meer in de eerste periode in vergelijking met een

spel met een enkele periode om de kans te verkleinen dat ze in de tweede

periode opnieuw moeten zoeken. De prijsstrategie van bedrijven hangt af

van het zoekgedrag van consumenten. Als er in de tweede periode niet wordt

gezocht, bepalen bedrijven een relatief lage prijs in de eerste periode om in

die periode meer consumenten aan te trekken en in de tweede periode een

hogere prijs. Als er in de tweede periode wordt gezocht, moeten bedrijven in

beide periodes om consumenten concurreren. Aangezien de consumenten

die ze in de eerste periode krijgen, in de tweede periode kunnen vertrekken,
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concurreren bedrijven minder fel in de eerste periode en agressiever in de

tweede periode. Het niveau van de upgrade in de tweede periode heeft invloed

op de zoekopdracht en de winst.Hoe hoger de kwaliteitsverbetering, hoe meer

consumenten gemiddeld zoeken, omdat hogere kwaliteit ook betekent dat

de producten meer gedifferentieerd zijn. De schok van kwaliteit op de prijs

is tweeledig: enerzijds bieden bedrijven een beter product, waardoor ze een

hogere prijs kunnen vragen; aan de andere kant gebruiken consumenten een

hogere reserveringswaarde wanneer ze zoeken, waardoor de prijs daalt. We

laten zien dat als de dichtheid van matchwaarden afneemt, de totale winst ook

in kwaliteit toeneemt.
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